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Introduction

Temporomandibular disorders encompass a
spectrum of joint and muscle conditions, among which

internal derangement (ID) of the temporomandibular

Aidos Rakhizavev

Department of Oral and Maxillofacial Trauma and Orthognathic Surgery, The First Affiliated Hospital of Xinjiang

Medical University, Urumgqi Xinjiang, China

Abstract

Temporomandibular joint (TMJ) disc perforation-an end-stage manifestation of internal
derangement — causes pain, dysfunction, and osteoarthritic changes. This review briefly
covers its etiology, pathophysiology, diagnosis, and treatment. Chronic mechanical
overload and inflammation degrade the disc’s matrix, leading to perforation. While MRI
can suggest perforation, arthroscopy remains the definitive diagnostic tool. After a trial of
conservative therapy, small or moderate perforations may be addressed arthroscopically
(lysis/lavage, margin debridement, or discopexy), with studies reporting significant pain
relief and improved mouth opening. Larger or degenerative tears often require open
surgery (disc repair, discectomy, interpositional grafts, or joint replacement). Emerging
tissue-engineering techniques (e.g., stem cell-seeded scaffolds) show promise for
regenerating irreparable discs. Future research should prioritize randomized trials,
standardized outcomes measures, and biologic therapies to optimize long-term TM]J

function.

Keywords: temporomandibular joint, disc perforation, arthroscopic surgery, open joint

surgery, regenerative therapy.

joint (TM]) is common [1]. In late stages of ID (Wilkes
stage III-V), progressive disc displacement can culminate

in articular disc perforation, where a full-thickness defect
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forms in the fibrocartilaginous disc [2]. Disc perforation
compromises the disc’s cushioning ability, allowing
abnormal articulation between the mandibular condyle
and the temporal bone, which accelerates cartilage wear
and osteoarthritis. Histologically, perforated discs show
disorganized collagen fibers and focal inflammation [3].

Clinical symptoms often include persistent joint pain,

Etiology and Pathophysiology

Disc perforation typically arises from chronic
mechanical overload and inflammatory degeneration. Non-
reducing anterior disc displacement subjects the disc to
abnormal compression and shear forces, which, over time, thin
and weaken the disc structure [5]. The biochemical milieu also
changes: increased cytokines and matrix metalloproteinases
degrade collagen and proteoglycans. In a recent histological
case report, a perforated disc sample showed reduced collagen
I and fibrillin-1, increased MMP-3/9 expression, and abundant
macrophages around the lesion, indicating active extracellular
inflammation. These factors

matrix breakdown and

Diagnosis and Classification

Diagnosing TMJ disc perforation relies on imaging
and arthroscopy. Magnetic resonance imaging (MRI) is widely
used for TMJ evaluation, but its accuracy in detecting disc
perforations is limited, with fair agreement between MRI
findings and arthroscopic confirmation [7]. No standardized
MRI criteria for perforation exist, and studies have shown only
moderate sensitivity—thus, a negative MRI cannot reliably
exclude a small perforation. Arthrography (contrast imaging)
can occasionally reveal communication between joint
compartments, but it is invasive and associated with potential
discomfort and contrast-related risks [8]. In practice, diagnostic
arthroscopy remains the gold standard because it allows direct
visualization of the disc and any defects.

Clinically, certain signs can raise suspicion. Joint
crepitus — a coarse “sand or glass”- like noise — is an
advanced sign and often correlates with condylar cartilage
roughening and probable perforation [9]. In contrast, a clicking
sound tends to occur earlier in internal derangement and has
been associated with lower perforation risk. Other risk factors

crepitus (a grinding noise), and limited mouth opening
[4]. Given the potential for joint degeneration and
ankylosis, effective management of disc perforation is
critical. This review provides a comprehensive update on
surgical treatments for TM] disc perforation, comparing
arthroscopic and open

approaches, summarizing

outcomes, and highlighting future directions.

compromise the disc’s load-bearing capacity, making it
susceptible to tearing. Clinically, co-factors like trauma and
rheumatoid arthritis can contribute; one study found ~13% of
perforation patients had trauma history and 13% had RA [6].
Dysfunctional habits (e.g., bruxism, unilateral chewing) may
also accelerate wear. Importantly, longer symptom duration is
strongly associated with perforation, as is advanced Wilkes
stage with degenerative changes. In essence, disc perforation is
an end-stage pathology of joint degeneration, where the
protective disc fails and direct osseous contact leads to a vicious
cycle of joint damage.

identified include radiographic osteoarthritic changes and
altered disc morphology on imaging [10]. Based on these
patient features, predictive models have been proposed: one
recent model combining symptom chronicity, MRI evidence of
osteoarthritis, and joint crepitus achieved an area under the
curve (AUC) of 0.836 for perforation prediction [11].

Disc perforations are also classified by location and
size. One categorization divides perforations into five types:
type | (posterior perforation), type 11 (anterior), type 111 (lateral),
composite (multifocal), and destruction (extensive). This
classification guides surgical planning: e.g., posterior-type
defects may be approached with posterior disc anchoring,
whereas anterior perforations might require anterior fixation or
grafting. Additionally, correlation exists with Wilkes staging:
stage IV joints (non-reducing displacement with OA)
frequently have perforations,

reflecting severe joint

degeneration [12].
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In summary, a combination of clinical assessment,
MRI (to rule infout other pathology), and arthroscopic

Treatment Strategies

Treatment of TMJ disc perforation typically follows a
stepwise approach. Initially, conservative therapies—such as
anti-inflammatory medications, occlusal splints, physical
therapy, and joint injections—are attempted. A recent
retrospective study reported that comprehensive conservative
management significantly improved pain and range of motion
in patients with disc perforation or retrodiscal rupture [13].
Approximately three-quarters of such patients experienced
partial symptom relief, suggesting that non-surgical measures
tried  first.
nonoperative treatment can delay definitive care. Current

should generally be However, prolonged
opinion is shifting toward not delaying surgical intervention
excessively: recommendations suggest limiting conservative
management to about 3 months and proceeding to intra-
articular procedures (e.g. arthrocentesis or arthroscopy) if
symptoms persist [14]. This reflects a balancing act—avoiding
unnecessary surgery while preventing advanced joint damage
from chronic dysfunction.

Once surgery is indicated, two broad strategies are

considered: minimally invasive (arthroscopic) and open.

Surgical Techniques

Procedures: TM]J

allows diagnosis and simultaneous treatment. Level I

Arthroscopic arthroscopy
arthroscopy (arthrolysis and lavage) is used to break
adhesions and flush inflammatory mediators. In
perforation cases, arthroscopic ablation (e.g. with shaver
or laser) can smooth the perforation margin. Quinn et al.
reported treating 44 perforated joints with arthroscopic
lysis and abrasion (some using Holmium laser); patients
showed significant mouth-opening improvements and
pain reduction, leading the authors to suggest that
arthroscopy might replace open discectomy in selected
perforations [17].

Level II (interventional) arthroscopy includes

disc suturing (discopexy) or resection. In Yang's

confirmation is used to diagnose and classify disc perforation,
which then informs treatment choice.

Surveys of TMJ specialists indicate that most favor disc
removal (discectomy) for symptomatic perforations, with many
reserving total joint replacement for salvage situations.
Nonetheless, opinions vary. Emerging evidence supports
arthroscopic approaches as effective, especially in early or
moderate cases [15]. In practice, the treatment plan is
individualized. Generally, if the perforation is small and the
remaining disc can potentially be salvaged, arthroscopy for
lavage, debridement, and repair is attempted first. If the
perforation is large, the disc irreparable, or there is advanced
osteoarthritis, open arthrotomy with discectomy (and possibly
interpositional grafting or joint replacement) may be chosen
immediately [16]. Other factors influencing the choice include
patient age, comorbidities, and surgeon expertise.

In summary, the treatment paradigm is first trying
conservative care; if inadequate, proceed to minimally invasive
surgery for moderate disease; and reserve open techniques for
severe, refractory cases. This approach maximizes the chance
of symptom relief while minimizing morbidity.

arthroscopic repair technique, sutures are placed to re-
anchor the disc. Liu et al. applied this to 112 patients (135
joints) with perforations, achieving a 90.4% success rate
at 12 months [18]. The technique is biomechanically
robust but technically demanding it often requires
specialized cannulas and instruments, limiting its
widespread use. Recent modifications aim to simplify the
procedure without custom tools.

Arthroscopic discectomy (complete removal of
the torn disc) is also described. Novel two-portal
arthroscopic discectomy techniques using coblation or
shavers have been reported, enabling complete excision
of nonfunctional disc tissue with minimal invasiveness.

Indications for arthroscopic discectomy include cases
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where the disc is irreparable but degenerative changes
are not so severe as to preclude minimally invasive
management [19]. Advantages of arthroscopy include
smaller incisions, less postoperative pain, and faster
recovery. It also allows direct joint evaluation and
osteoplasty if needed. Limitations are the learning curve
and potential difficulty in advanced arthritis or ankylosis.

Open Joint Surgery: Open arthrotomy remains a
cornerstone for many perforation cases. Procedures
include open disc repair, disc excision, and possibly joint
reconstruction. Disc Repair: When the perforation is
moderate and the remaining disc tissue of good quality,
open suturing or anchoring can be done. One technique
(“modified disc anchorage”) fixes the disc edges to the
condylar neck with anchors and sutures. In a clinical
series of 31 patients, this method achieved a 96.8%
effective reposition rate and significant pain relief at 6
months [20]. This suggests that, for select perforations
(e.g. type I, Il from earlier classification), open repair can
restore joint anatomy effectively.

Disc Excision and Interposition: If the disc is
severely damaged or non-salvageable, it may be resected.
This leaves a gap that is often filled with interpositional
material to prevent bone-on-bone contact. A wide array
of grafts have been used: autologous fat (abdominal or
septal), temporalis muscle/fascia, dermal-fat grafts,
auricular cartilage, and even alloplastic spacers. In
surveys, 46% of surgeons report using abdominal fat as
an interpositional implant after discectomy, and 10% use
temporalis fascia [21]. Early animal studies demonstrated
that autologous dermal grafts into disc perforations
result in fibrous tissue growth across the defect, whereas

untreated controls did not heal. Clinical reports similarly

Emerging Therapies and Future Directions

Recent advances in regenerative medicine offer
promising avenues for disc perforation repair. A 2024
review emphasized that only about 75% of TM] disc
perforations are currently repairable with existing
surgical techniques, highlighting the need for novel
solutions [24]. Tissue engineering strategies aim to heal

or replace severely damaged discs. These include seeding

describe successful reconstruction with autologous
cartilage or fascial-fat flaps. Open discectomy is
especially indicated when perforation coexists with
crepitus and condylar degeneration; it effectively relieves
mechanical obstruction and can be combined with
condylar shave, eminectomy or total joint replacement as
needed. Downsides of open surgery include larger
incisions, risk to facial nerve, longer recovery, and
potential for postoperative joint noises and fibrosis [22].
Importantly, advocates of disc preservation argue that
joint replacement should be postponed when possible, to
allow for condylar remodeling and to avoid lifelong
implant issues.

Comparative Analysis and Indications: In
general, arthroscopic methods are preferred for younger
patients or earlier-stage disease (Wilkes III-IV) because
they preserve native structures and have good mid-term
outcomes. Open approaches are often reserved for late-
stage cases. In practice, many surgeons tailor their
approach: for symptomatic perforations without severe
osteoarthritis, arthroscopy (with or without repair) is
attempted; if this fails or in the presence of ankylosis,
open discectomy and reconstruction are performed. A
recent international survey found that 66% of TM]J
surgeons would choose discectomy for persistent
symptomatic disc perforation, while about 31% would
instead opt for alloplastic joint replacement, especially if
deterioration is advanced [23]. This reflects the wide
range of practice. Ultimately, success depends on careful
case selection: small perforations with good disc mobility
may do well with arthroscopy, whereas large, chronic

perforations often need open solutions.

stem cells (e.g., autologous TMJ-derived mesenchymal
stem cells) onto biodegradable scaffolds shaped like the
native disc. In a rabbit model, synovial MSCs seeded into
scaffold

fibrocartilaginous tissue formation at perforation sites

a  fibrin demonstrated  hyaline-like
after 12 weeks, suggesting potential for disc regeneration

[25]. Three-dimensional (3D) printing and custom
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bioreactors have also been investigated:
polycaprolactone (PCL) scaffolds fabricated via 3D
printing, when seeded with adipose-derived stem cells
and cultured wunder dynamic loading, achieved
integrated tissue formation resembling the native disc in
vitro and prevented degeneration when implanted in
vivo. Additionally, growth factor delivery systems —such
factor-p  (TGF-P)-loaded
nanoparticles—and gene therapy approaches targeting
IL-1B

constructs) are under exploration to modulate joint

as transforming growth

proinflammatory cytokines (e.g., antisense
inflammation and promote matrix synthesis [26].
Although still experimental, such approaches could one
day regenerate a functional disc.

Biological treatments have also been studied.
Autologous platelet-rich plasma (PRP) injections into the
joint have shown symptomatic relief in TM] disorders,
although specific data for perforated discs remains
limited; a recent systematic review reported significant
improvements in pain and maximal interincisal opening,
but heterogeneity in protocols precludes definitive
conclusions [27]. Allogeneic collagen matrices (derived
from bovine or porcine sources) have been used as disc
small clinical series,

implants in demonstrating

satisfactory functional outcomes and low

immunogenicity at one-year follow-up. There is also

Conclusions

TMJ disc perforation represents a complex
surgical problem at the interface of joint mechanics and
biology. Both arthroscopic and open surgical approaches
can be effective when appropriately applied, but neither
is universally superior. Key surgical techniques—
arthroscopic lavage, disc discopexy, open repair,
discectomy with grafting —each have specific indications,
advantages, and limitations. According to recent surveys,
most experts favor discectomy (with or without
interpositional graft) for symptomatic perforation,
although minimally invasive approaches are increasingly

used first-line. Critically, long-term outcomes depend on

interest in chondroprogenitor cell transplantation: in a
minipig model, implantation of nasal chondroprogenitor
cells on a hyaluronic acid—gelatin scaffold into TM] disc
defects resulted in durable fibrocartilage regeneration
after six months [28]. Overall, current regenerative
therapies are in early stages; rigorous clinical trials are
needed to assess safety, efficacy, and long-term
integration.

From a clinical research standpoint, the field
lacks high-quality evidence. Most outcome data come
from retrospective series. Future priorities include
randomized controlled trials comparing arthroscopic
versus open treatments for disc perforation repair,
standardized scoring of pain and function (e.g., use of the
Research Diagnostic Criteria for TMD [RDC/TMD] and
visual analog scales), and long-term follow-up (=5 years)
to assess joint health (e.g., progression of arthrosis, need
for reoperation) [29]. Imaging advances, such as MRI
arthrography with intra-articular gadolinium and novel
molecular biomarkers detectable via positron emission
tomography (PET), may improve perforation detection
and patient selection [30]. Understanding which patients
benefit most from repair versus replacement—
accounting for factors like age, systemic disease (e.g.,
diabetes, rheumatoid arthritis), and parafunctional habits

(e.g., bruxism) - remains a critical research challenge.

early intervention and appropriate technique selection.
Currently, a portion of perforations remains unrepairable
by conventional means, underscoring the need for
advanced therapies. Future research should focus on
evidence-based protocols, better diagnostic criteria, and
regenerative treatments aimed at restoring disc integrity.
By integrating surgical innovation with biologic repair
strategies, the goal is to improve patient outcomes and
preserve TMJ function over the long term.
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TemmopoMaHaMOyasipabl OYBIH AVCKiHIH HepOpaMsICBIHbIH XVIPYPIMAABIK,
cTpaTerusiaapbol: AFbIMAAFbI TaCiagep KoHe OoaamIak OarbITTaphbl

Paxuzaes A.K.
1 PhD-aoxTopanTt, IIIbiH>XaH MeAUIIMHAABIK, YHUBEPCUTETIHIH OipiHILi eHIiAec aypyxaHachl, 5KaK-0eT >KapaKaTbl >KoHe OPTOTHATUSABIK, XUPYPIU
Oeaimmeci, Ypimmi, [sikan, Kerrai

Tyiingeme

Temnopomanaubyaspast 6ysiH (TMK) auckinig nepdopansacer - inmki Oy3bLABICTBIH COHFBI CaTbIAaFbl KOpiHici
- aybIPCBIHYABI, AMCPYHKIUAHBI JKoHE OCTEOAPTPUTTIK ©3repicTepai Tyaslpaanl. bya Ioaysa OHBIH STHOAOTVCH,
MaTo(pU3MOAOTUACH, AMATHOCTUKACH KoHe eMi KbICKaIlla KapacThpbliabl. Co3plAMaAbl MEXaHMKAABIK KYKTeMe JKoHe
KaOBIHY AVICK MaTpUIIacklH Oy3aAbl, Oya mepdopanusra okeaedi. MPT mepdopanusasl 6oakaca 4a, apTPOCKOINS
TYTKiAiKTi AMarHOCTUKAaABIK Kypaa 004bin Kala Oepeai. KoHcepBaTuBTI eMai chiHayAaH KeliiH IIaFbIH HeMece opTallla
nepdopaumsiiapAbl  apTPOCKONMAABIK >KOAMEH Iemryre 0oadaabl (AM3HUC/IIAIO, >KUEKTepal TasapTy HeMece
AVICKOTIEKCHISI), 3epTTeydepAe aybIPCBIHYABIH aliTapAbIKTall OachLAYLIH >KoHe aybI3ABIH aIllbLAYLIHBIH >KaKCapFaHbIH
xabapaagbl. YAKeH HeMece JeTeHepaTMBTI KO3 >Kachl >KMi alllbIK OIlepalVsIHBl Ka’keT eTedi (AMCKiHI >KeHJey,
AVICKDKTOMUSI, MHTEPIIO3ULINABIK TPaHCIIAaHTaMsI HeMece OyBIHAApABI aybICTHIPY). JKaHadaH 4aMBIII KeJe >KaTKaH
TiHAIK MH>XKeHepus daicTepi (MbIcaabl, AiH >KacyIlladapbIHbIH TYKBIMAApbl) KaAIIbIHA KeAMENTIH AVCKidepai KaAIlbIHa
KeATipyre yMiT Oepeai. boaarak sepTTeyaep paHjgoMu3anuAlaHFaH ChIHaKTapFa, CTaHAapTTaAfaH HoTIKeAepre JKoHe
TM] ¢yHKIMACHH y3aK Mep3iMAl OHTallaaHABIPY YIIIiH OMOAOTMAABIK Tepanusira 6ackIMABIK Oepyi Kepek.

TyitiH co3aep: TeMIIopoMaHANOYASPALI OYBIH, AVCKiHIH TepPOpamsaACh, apTPOCKONNIABIK XUPYPINs, alllbIK

OYBIH XMPYPIUACEH, pereHepaTyBTi Tepamil.

Xupyprudeckue crpaternu npu nep¢gopanmm 4ucka BUCOYHO-HIMKHe4eAI0CTHOTO cycTaBa:
CoBpeMeHHBIEe TOAXOADBI ¥ OyAyIIyie HalIpaBaeHs

Paxusaes A.K.
1 PhD-aokropanT, OTae4eHre 4eAI0CTHO-AUIIEBOI TPaBMBI I OPTOTHATITIeCKOw Xupypruy, Ileppas gouepHssa 6oapHua CHHBIB3IHCKOTO

MeAMIIMHCKOTO yHuBepcuTeTa, Y pumun Cunpnssas, Kuraii.

Pesiome

[lepdopaumss aucka BMUCOYHO-HIDKHeuearocTHOro cycrasa (BHYC) - koHeunast craagmst IpOsIBAEHIS
BHYTPEHHETO pacCTPOIICTBa, KOTOPasl BEI3BIBAaeT 001D, AMCPYHKIMIO M OCTe0apTpO3HbIe n3MeHeH:sl. B zanHoM 0630pe
KpaTKO OIMCaHBl DTMOAOTNs, aTOPMU3NOAOTN, AMATHOCTHKA 1 AedeHne Imepdopanun aucka BHUC. Xponngeckas
MexaHI4JecKasl Ieperpyska 1 BOCIaleHMe pa3pyllaloT MaTpUIy AUCKa, YTO IpuUBoAUT K nepdopaunu. Xors MPT
MOXXET IPeAIOAOXNUTh Iepdopanuio, apTPOCKOIN OCTAeTCsI OKOHYATEABHBIM AMArHOCTUMYECKUM MHCTPYMEHTOM.
Ilocae MOMBITKM KOHCEpBaTMBHON Tepanmmuy HeOOAbIIMe WAM yMepeHHble mHepopaluy MOXKHO YCTPaHUTh
apTPOCKONIIMYECK! (AM3NUC/TIpOMBIBaHNe, KpaeBas 00paboTKa 1AM AVICKOIIeKCHA), TPV DTOM MCCAeJ0BaHMsI COOOIIAIOT
0 3HAYNTEeAbHOM OOJerdeHNy OOAM U yAy4IIEeHNM OTKpBIBaHIA pTa. boaee KpyIiHEIe 1AM AereHepaTBHEIE Pa3pPBIBBI
9acTo TpeOyIOT OTKPBITON omlepalnuy (BOCCTaHOBJAEHUE AVCKa, AMCKOKTOMMS, MHTePIIO3MULIMIOHHbIE TPaHCILAaHTaThl
1A 3aMeHa cycTraBa). Hopble MeToAbI TKaHeBOI MH KeHepuM (HalpuMep, KapKachl, 3acessHHbIe CTBOAOBBIMU KATKaMI)
00eIaloT pereHepMpoOBaTh HEBOCCTAHOBUMEIE AVICKM. B Oyaymiux mccaeloBaHMSIX IPUOPUTET CAelyeT OTAaThb
PaHAOMM3UPOBAHHBIM VCIIBITAHUAM, CTaHAAPTU3MPOBAHHBIM pe3yabTaTaM U OMOAOTMYECKUM MeToJaM AeYeHUs AAs
onTuMm3anun goarocpounon ¢pyaxmym BHUC.

Kaiouesple caoBa: BMCOYHO-HM>KHEUYEAIOCTHOM CycTas, Nepdopalus AycKa, apTpOCKoIudeckas XUPYpTus,

OTKpBITasl XMPYPIUs CyCTaBOB, pereHepaTuBHasI Teparisl.


https://orcid.org/0009-0004-2602-3478
https://orcid.org/0009-0004-2602-3478

Astana Medical Journal ASTANA
e2790-1203 MED'CAL ASTANAI\;IEDICAL

JOURNAL UNIVERSITY

https://doi.org/10.54500/2790-1203-2025-3-125-amj002

Hloay maxara

AESI/IH(I) €KOVAHDIH 3aMaHay TEXHOAOTIMIAaPbI:

VHHOBaNMsidap, TUiMAiAiK J)K9He 0Oaamiak nepcreKkTmusaiap

bacniakosa A.M. 1, Tammmosa JK.K. 2, Ypaszaesa A.b. 3,

Tvcyukaamesa K.III. 4, Kymap I'.B. 5

19HI/I EeMIOAOT Kae, aCbhIHBIH ITPO(PEeCCOPHI, Mapat OCHaHOB atpiHAarsl bateic Kasakcran meauiimaa
Received: 26.02.2025 A deap H 1rpodeccop p A Kaszak Aur

Accepted: 24.03.2025 yHausepcureti, AkTo0e, Kazakcran

Published: 30.06.2025 2 OnuaeMmoa0rus KageapachIHbIH OKBITYIIBICE, Mapar Ocnanos atsingarsl bateic Kasakcran meguinsaa

* Corresponding author: YHUBEpPCUTETI, Axrebe, Kazakcran
Baspakova Akmaral,
E-mail: akmaralzkgmu@gmail.com 3 Dmmaemmoaorus KageapachHbig gorteHTi, Mapat Ocrranos ateiHgarer batsic Kasakcran Meanmyaa

usepcureti, Aktobe, Kazakcran

Citation: Astana Medical Journal, yuneep K
2025, 125 (3), amj002 4 Drmaemmoaorns KagepachHblH JoueHTi, MapaTt Ocrianos aTeiHgarsr batsic Kasakcran Meanisa
yausepcureri, AKkrebe, Kazakcran

This work is licensed under a

. L 5 OnumaeMmoaorus KadeApachIHbIH OKBITYIIBICE, MapaT Ocnianos aTeiHaarsl bateic Kasakcran megunaa
Creative Commons Attribution 4.0

International License yaupepcurerti, AKkrebe, Kazakcran

Tyiingeme

Ae3VHpeKIVTHBIH 3aMaHay! TEXHOAOTYIAapbl MeAUITHAAQ, TaMaK ©HepKacibiHAe,
TeAeKOMMYHMKaIIMsl >KedidepiHAe >KeHe KayilTi >KargaiblHAAa KayiIci3AikTi
KaMTaMachl3 eTyJe IIelyll pea aTkapaabl. YAbTPaKyATiH cdyadeaeHy, O30HAAY,
HaHOMaTepualjapAbl NaiijalaHy >KoHe OMoAe3VH(EKINs CUAKTHl MHHOBAIVABIK
94icTepai a3ipaey naToreHAl MUKpOOPraHU3MAEPAi KO0 TMiIMAIAITiH aliTapAbIKTal
aprteipaabl. Ilponecrepai aBTOMaTTaHABIPY >KoHE MHTEAAEKTyaAAbl Xyiieaepai
eHrizy agaM ¢aKTOpPBIH a3ailTyFa >KoHe Ae3MHQEeKUVIIHBIH A9AAITriH apTTHIpyFa
MYyMKiHAIK Oepeai. CoHbiMeH Oipre Kayimcizaik, KOAJ4aHBIAATBIH KypaadapAbIH
VBITTBIABIFBIH TOMEHAETY JKoHe 0i34iH a3ipaemMeaepimis e3ekTi 005 Kasa Oepeai.
Ae3rHPeKINABIK TeEXHOAOTUAAapAbl AaMBITY YHEMAEYAL Ky3ere acBIpyMeH KaTap
KayiIlci3 >KoHe SKOAOIMAABIK Tasa odicTepai Kypy Ooawin Tabblaaabl; MYHAAI
TeXHOAOIMsAAapAbl OipikTipy UmMPPABIK >KOAMEH >Ky3ere acBIPBIAYBl THiC.
boaamrakta ae3mMH(EKIUAHBIH aBTOHOMALI OKdHe JKeTiagipiareH Typaepi
JKOCTIapAaHyAa.

Tynia ce3aep: 3amanayu Ae3MHQEKINS TEXHOAOTUSAAApHI, YAbTPaKyATiH

Ae3avHQeKI Vs, O30HMEH  ©HJey, MUKpoOKa Kapchl HaHOMarepuaaAap,

Astana Medical Journal, 2025, 125 (3)
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aBTOMAaTTaHABIPBIAFaH Ae3MH(pEeKUMs >Xyliedepi, TMrueHa, KOFaMABIK JeHCayABIK

caKTay, 3apapcChI3JaHABIPY d4icTepi, Ae3MH(eKIMAAarbl NHHOBALMIAap, ITaTOTeHAL

MUKPOOpPraHM3MJAepMeH Kypecy.

1. Kipicmie

Ae3yH(peKunss THICTi IMIMeHaHbl CcaKTayJblH

JKoHe  MHQeKIUAAapABIH — adAblH  aAyAbIH — >KoHe
AeHCayABIK caKTay, TaMaK eHepkocibi, cyasl TasapTy
JKoHe KOIITereH OHEepKaCillTiK ©eHAIpyllilep CHUAKTLI

opTyp4i
HBIFAlTyABIH MaHBI3ALI (PaKTOPHI OOABII TaOblaaas! [1].

casdasapza KOFaMABIK, AEHCay ABIKTHI

Kyxnaaer aypyAapAblH, MUKpPOOKa

TYPaKTbIABIKTbIH JKoHe

Kapchl
KO3ABIPFBIIITAPABIH ~ OyKia
daemre

TapaAybIHbIH ocin Kezae JKaTKaHBbI,

Ae3aVH(QEKUVSHBIH  THiMAI, ceHiMal >KoHe  >KaHa
TeXHO/AOTMsIAapblHa CYpPaHBICTBI apTThIpAbl. OaapabliH
iminge XuUMMAABIK ~ Ae3uH(peKUsAAay — Kypaadapsl
(MBICaABl, XAOp HeridiHAeri epiTiHAidep, cyTeri acKbIH
TOTBIFBI SKoHe CIIMpTTEp) SKOHe TePMUSABIK,
3apapchI3JaHABIPY OHJAaFaH Kblagap OOVIBI KOAAQHBIABIII
KeJe >KaTKaH eH KeHe daicrepain 6ipi 00ABIIT TaObLA1aABbL
Coran kapamacraH, Oya cTpaTerusAap VBITTBLABIK,
MaTepuaAAblH HalllapAaybl, SHEPTUAHbBIH KOFaphl KYHbI
>KoHe Te3iMai MUKpoOTapAbIH naiija 001y KayTli CUAKTHI
KOIITereH KeMIiJikTepMeH OaiilaHbBICThI eKeHiH aifTa
KeTy KaxkerT [2].

TypakTBIABIK TI€H TUIMAIAIKTI apTTRIPYy YILUiH

Ae3VHQEKUVSTHBIH, —~ VHHOBAIIUAABIK — TEXHOAOTVAaph
asipaenai. VYaprpakyarin (UV-C) aesunHeKumscs
MUKPOOPTaHM3MAePAiH KOTIIITiAiriH 0AapAbIH

TeHETUKAaABbIK MaTepluaablHa 3aKbIM Ke[lTipy APKblIAbI

MHaKTMBalMsiday KabideTiHe OallaaHBICTBI KeHiHeH
KaObladaHyJa [3]. OzonMmeH OHAeY 3UISTHABI
KaAABIKTapAbl KaaablpMail MMKpoOTapMeH Kypecy

CTpaTerysChl peTiHAe IIepCIeKTUBaAbl 94ic  OOABII

Tabb1agpl. MukpoOKa Kapcsl HaHOMarepuaadiapablH
TypAepi,
HaHOOeAIleKTepi

>KaHa Heri3siHeH  KyMic  >KoHe  MBIC

Ae TIaToreHJepai ys3aK MepsiMai

2. 3epTTey aaicTepi
Conrer 5 xpaga Web of Science, Scopus,

PubMed xsne Google Scholar maaimerrep 6aszaceiHia

MaKcaTThl TypAe KOIO yIIiH >KacaaraH. COHbIMEH KaTtap,
aBTOMaTTaHABIPBIAFaH Ae3MHQPEeKUVIABIK OKylieaepai
KeHiHeH eHri3y poOOTOTeXHMKa MeH >KacaHAbl MHTeAAeKT
(K1) myMKiHAIKTepiH MaiidalaHaasl, Oy aypyXxaHaaap
MEeH KOFaMABIK KOAiK KOIIIIiAiK

CUSIKTBI azam

JKMHAJAATBIH >KepaepJe XXYprisideTiH de3nHpexsiay

npoueAypaiapblHbIH TUIMALAITiH alTapAbIKTan
apTTeIpAbI [4] .

Counrol XeTiagipiareHn 3apapCpI3JaHAbIpy
TeXHOAOTUAAAaPbIH KOAZaHYABIH bipkaTap

apTHIKIIBIABIKTapHl Oap. Aaaiija, 0aapabl ©HEpKaCIITIK
ayKbIMJa YHeMA] api TMiMAl eHAipy, COHAall-aK 0AapAblH
agaM JeHcayAbIFbIHA 9cepi >KOHiIHAeri Maceaeaep o4i
TOABIK INENIiMiH TamKaH >KOK. ©Ocipece, ce3iMTaa
arsalapra (Hemece OpraHM3M >KylledepiHe) BIKTMMa
acepaepiH Oarasay caaacblH/a aliTapABIKTall 3epTTeyaep
KakeT. OpOip TexHoaorms Oeariai Oip >karjaitaapra
OentiMmaeain >xacaaraH. OzaapAblH TuiMAiziri xeaeci
Jakropaapra OaliaaHBICTH: ITAaTOTE€HHIH TYpi, Tepi MeH

Oerki KabaTThIH (PU3NKAABIK-XUMIABIK KacHeTTepi,

KopIiaraH OpTaHbIH TeMIlepaTypacChl ME€H blA¥aAAbLAbIFbI

CUSIKTBI DKOAOTMUSIABIK, >Karjaiiaap, COHpali-aK,
TEeXHOAOIMSHBI KOA4aHy Taciai [5].

Ocprra” OayiaaHbICTHI, 0i3aiy 0acThl
MaKcaTTapBIMBI3AbIH oipi —  3apapchI3JaHABIPY
TEeXHOAOTVSAAPBIH  >KaH-KaKThl  FBIABIMU  TYPFBIAQ
CcUIaTTan, oJAapAbl TMIMAI IaiijadaHy — apKbLABI
pecypcrapast BICBIpAIl eTyAeH caKTay. bya

TEeXHOAOTUAAApP KOHiIHAETi TOABIK 9pi HaKThI aKIlapaTThIH

Oepiayi HaKThl KOAJ4aHy caJachblHa CoJiKeC KeAeTiH eH

OHTaVABl Ae3MH(EeKIMA CcTpaTervsidapblH —TaHAayFa
MYMKiHAiK Oepeai.
JKapusidaHFaH —~— OacblABIMJap, — 3epTTeylep  SKoHe

TeXHUKaABIK ecelTep NnaijalaHblAAbl.
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Bapanix akmapar Ae3MHQEKIIVLT
TeXHOAOTVSICBIHBIH, COHFBI JKeTiCTIKTepiHe, COHBIH ilIiHAe
COHFBl o93ipaeMesepre >KeHe oOJAapAbl ic >Ky3iHge
KoJJaHyfa ©Oaca Hasap aydapa OTBIPBII TaHAAAABL
Tazgay ymiiH AesumHpexnms calacblHAAFBI  ©3€KTi
3epTTeyaepre >Kyliedi MIOAy KoaAaHbLAABL Jepekrepai
CaABICTBIPY TUIMAIAIK Agopekeci, KOAAaHy KayiIlcizairi

JKoHE€ bBIKTMIMAaA DKOAOIMAABIK ToyeKeaAep CIUSIKTBL

KpuUTepuiiep OOMBIHINA XYprisiaai. Y aprpaxyarin (UV-
C) aesundexumsaiay, Iaa3MaablK OeaceHaipiareH cy

(PAW), cybIK 1m1a3Ma MeH MeTalad HaHOO®AIIeKTepAi,

COHAal-aK, MeTaAA noauMepai >KaObIHAAPABI
KO aHaThIH apaaac d4ic CUSIKTBI SKaHa
Ae3UMHQEKIVAABK ~TeXHOAOTUAAAPABl KapacTHIPaThIH

3eprreyaepai KaMThIAbI.

3. AacTypai agesuH$eKIs daicTepi: apTBIKMIBIABIKTapbl MeH KeMIIiaikTepi

¥3aK yakpIT OO 3apapCchl3AaHABIPY A€HCayABIK
cakTay, KOFaM/BbIK A€HCayAbIK caKTay MeH ©HepPKoCiITiK
eHgipicTepae aZaM JAeHCayABIFBIH KOpFay4blH HeTisri
KYpaajapblHbIH Aacrypai

3apapcChi3AaHABIDY aAiCTepi - XUMMAABIK, MeXaHNKaAbIK

Oipi Ooapm  Keaai.
>KoHe (PU3MKAABIK TaCiadep — MUKPOOTHIK AacTaHyAbl
azaiTyja >KoHe JKYKIIaAbl aypyAapAblH TapalybIHBIH
aaABIH aaAyja TuiMai KbI3MeT aTKapasl. Aaaiiga Oya
OYpBIHHAH KOAAQHBIABINI KeJe KaTKaH dAicTepain y3ak
yaKBIT OOJIBI ITalijaaaHblAy bl Oeariai Oip mekTeyaepai ae
Tyablpa Oacragbl. OcbiraH GaliaaHBICTHI, Kasipri TaHga
aHarypABIM >KeTiaaipiareH opi caabICTBIpMaabl Typae
ap3aH 0alaMa TeXHOAOTUsAapFa AeTeH CYpPaHBIC apThIII
oreip.  Ocwbl  OeaimMge  0i3  Herisri  gacTypai
3apapchl3jaHABIPY 0AapAbIH

9PKaliChIChIHA TOH KeMIIiAiKTepAl TaajaiMbl3 [6].

daicrepin SKoHe

XuMusiaplk,  Ae3uHpeKIusAay Kypaajapbl
OeTkeil 3aTTapAbl CYMBIKTBIKTapMeH AJe3MHpeKIusaay
yLUIH >XMi KOAAaHBLAATBHIH KypadjdapAblH KaTapblHa
kaTagpl. Ozap MUKpPOOPTaHU3MAEPAIH >KacyllaAblk,
KYPBLABIMAAapPBIH BIABIPATY, aKybI3gapAbl
JAeHaTypanusAalay >KoHe MeTaboAM3M IIpoliecTepiHe
Keaepri >Kacay apKbIAbl >KyMbIC icteiigi. Harpmii
IUIIOXAOPUA KoHe XAOp AMOKCUAI CHUSKTBI XAOpAaHFaH
JdesuHpeKIMsAlay Kypaadapel IaTOTeHAEPAiH KeH
CIIeKTpiHe  Kapchl

DaxTepusaapAbl,

TniMai  60aybl MYMKiH: oaap

BUPYCTapAbl Hemece

caHpIpayKyJaKTapAbl oHall >kos aaaabl. Cyawl TasapTy

>KoHe OeTkell 3aTTapAbl AesMH(eKnusAAay  YIIiH
KOAAaHbLAAABL, oaap oyxia saeMae KeHiHeH
KOAJaHblAaAbl.  Aaaliga, TpuUXAOpMeTaHAap  MeH

XAOpaMUHAEp CMAKTBL yABl ©HIMAepAi eHaipy Oya

XUMVISIABIK 3aTTapAbIH eMipre JKoHe KopllaraH OpTara

Kayil TeHAipeTiHiH 6iagipeai. CyTeri acKbIH TOTHIFBI ME€H
CipKe KBIIIKBIABI - Oy MUKpOOTapAbl THiMA]L JKoHe miccis
©ATipeTiH KYIITi TOTBIKTBIPFRII 3aTTap [7]. OaapabiH
AeHcayABIK caKTay >kKoHe TaMakK eHepKacibiHAe TniMAiairi
JKOFapbl, MYKIAT ©6HAeYAl KaKeT eTeAl XKoHe OeAariai 6ip
3aTTapAbl KOppO3usIFa YIIBIPaTYhI MYMKIH.
CrmpTTep, COHBIH imIiHAe DTaHOA MEH M3OIIPOIIaHOA
KOAABI 3alaAChI3ZaHABIPY MeH OeTKell 3aTTapaarsl
MUKpOOTapABI KOO VIIIiH KeHiHeH KoAJaHbr1aasl. Oaap

SKoHe AUTIVATL

aKybI3gapAbl

MeMmOpaHaaapAbl epitin, OakTepusaapfa Kapchl Te3

bIABIpaTaAbl

opekeT eTeai. TepTTik aMMOHMIT KOCBLABICTAPHI (KBaTTap)
KeIlTeTeH aypyXaHaJlapJa, TaMaK ©HJey 3aybITTapblHAa
JKoHe YI IIapyallblABIKTapblHAA >KaOABIKTBI Taszalay
JKoHe 3apapcChl3gaHABIPY VINH KoAgaHblaagbl. bya
XMMMSIABIK 3aTTap HaTOTeHAePAiH KeH ayKbIMBIH JKOsIAbI,
Oipak MUKpOOTap yaKbIT ©Te Kele oAapFfa Te3iMAiaikTi
AAMBITBIN, OJapABIH Je3nHeKUmsaday Kypaadaps
peTiHae y3aK Mep3iMai TMiMAiAiriH TeMeHAeTyi MYMKiH
[8]. Kpiaymen aesmH(peknusaaay oaicTepi, MBICaaEL,
macrepaey, Oy apKBIABI CTepuAjey >KoHe KYpFak

BICTBIKIIEH crepuajey, TaxXipubese KeHiHeH

KOAJaHbIAAABL. KesicoiMmMen GepizeTtin SKOFaphl

TeMIepaTypaasl Oy (kebinece 121°C Temmneparypaga 15-
30 MuHYT OOVBI) — Cy OYBIHBIH KeMeriMeH OapAbIK
Tipmriaik  ¢popMasapblH, COHBIH imniHAe OaxTepust
CIIopaAaphblH >KOIOFa apHaAfaH TUiMAl aBTOKAaBTay a4ici
6oapinn TaOblaaabl. bya Tacia MeguumMHaABIK Kypaadjap
MeH 3epTXaHaAbIK >KaOABIKTapAbl Ae3uH(peKINsIAayAblH
CTaHAAPTTHI 94icCiHe altHaAABL. Aaaiiga, Oya o4ic apHaribl
>KaOABIKTBL Ka)KeT eTedi >KoHe OJKblAyFa Te3imcis
MaTepuaajapra KoadaHyra keameiigi. Kasipri yakpirra

YAKEH KOJeMJeri IlacTepaey o4iCi a3bIK-TYAiK >KoHe
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CyChIH ©HepKaciOiHJe KeHiHeH KoaJaHblaaabl. bya agic

CYMBIKTBIKTApAbl ~ apaablK — TeMmIlepaTypara  JeliiH
KBI3ABIPYAaH Typaakrl - Mblcaabl, 63°C TemniepaTtypaa 30
MuHYT HeMece 72°C TemmepaTypada 15 cexyng ycray.
bya mMuxpoOrapablH caHbIH a3aiiTKaHBIMEH, TaFaMHBIH
AsMi  MeH TYCiH caKTall, OHBI >KapThl >KblA4aH acTaM
AeliH  >KapaMAbl

YaKbITKa Kylige ycTam

ITactepaey Taram apKbLAbI TapadaThiH OaKTepusAapABIH

aaaapl.

KebiH X051 aAaAbl, AeTeHMeH OHBIH IIIeKTeyaepi de Oap.
Msicaasl, Oy 94ic KblAy¥Fa TO3iMAl ITaTOreHAepTe KapChl
THiMai emec, COHABIKTaH 01 TeK Oeariai 6ip Typaeri

Kyprax
TypraHzan,

TaraMJapfa FaHa >KapaMdpbl. BICTBIKIIE€H

cTepuajey — aTaybl aMTBIII JKOFapbl
TeMIlepaTypaHblH oacepimeH (adeTTe 160-180°C, kxem
AereHge Oip carar 0OIibl) OapABIK Tipi arsaaapAbl >KOIO
oaici. bya oegic mpHBI OyibIMgap MeH MeTaaAd
KypaaJapAbl TUiMAL cTepuajeyre >Xapamasl [9].

Cy aesmnpexnusasayia PuU3MKaABIK daicTepae
KeHiHeH KOAJaHBIAaThIH TUIMAL KypaA 00ABIII TaObLAAABL.
Cysriaep (¢uarTpaep) MeH yAbTPaKYATiH coyaeaep Tipi
ar3ajapra acep eTill, 0AapAbIH TipIIiAiK QYHKIIMAAaPBIH
Oysaanl. AyaHbI TazapTy >koHe cyanl eHAey yirin HEPA
cysriaepin KeHiHeH KOaAJaHy KaxkeT. MukpoarsazapAbl
ayaZzaH >KoHe cyAaH (U3MKaABIK  >KOAMEH >KOIOFa
0oaaapl. Mpicaarpl, cysri cygaH OakTepusidap MeH
KaparaibelM ar3alapAbl (IIpoTo3oa) PpU3MKAABIK TYpAe
aAbIIl TacTaliAbl, alalija OHBIH IeKTeyaepi Oap: keitOip
BUpYCTap MeH oTe ycak, OeAllleKTep Cy3rigeH OTiIl KeTyi
MyMKiH. Cysriaepais THiMAiairin cakray yIIiH, oaapabl
TYPaKThl TypAe KYTiIl-ycTay >KoHe ayBICTBIPBII OTBIPY
KakeT. JKplay IIBIFapMaliTBIH —CTepuagey aaicTepi,
MBbICaabl, TaMMa-coydedep MeH yabTpakyarin (YK)
coyaeaep, aya MeH CyAabl, COHAail-aK OCBIFaH YKcac
opTasapAbl KeHiHeH

Ae3nHeKIIAaY yIIiH

KoAJaHblAaabl.  'aMMa-coyaeaep  MuKpoarzadapAbl
TOABIFBIMEH KOs alaAbl, al YABTPaKYATiH coyaeAepAiH
UV-C gnanazons (100-280 HM), sSIFHM OpTalila TOAKBIHABI
UV-C, Tek MuKpoar3adapAbl MHaKTMBaIlMsAaIll — KaHa
KOJIMali, ayaFa, CyFa >kKoHe KaTThl 3aTTapAbIH OeTTepiHe
ocep ere aaaanl. UV-C coayaeci AHK KypBLABIMBIH
3aKbIMJay apKbLABI ocep eTeai, Oya MUKpoar3alapra e3
ca/MarblHaH XY3JeTeH ece apThIK DHepIrUsAMEH bIKIIaa
eTeai. Aaaliga, IlaToreHJepre TikeaAeil acep eTIiece,
MBICabI, OpraHMKaAbIK

3aTTapAblH HoaybiHa

DaliaaHBICTBI HeMece KoJeHKe ocepiHeH (CoyAeHiH
HbIcaHFa ToablK >kerneyi) UV-C ceyaeciHiy Tmimaiairi
Uuv-C

coyaelepiH KOAJAaHY YIIiH apHaifbl >KaOABIK KaKeT, api

TOMeH,ZI,eyi MYMKIH FaMMa—CayAeAep MeH

Oya  oaictepaiH  Tmimgizirine  OeTki  KabaTTBIH
KOAXKeTIMAIAIri MeH Kegepri KeATipeTiH 3aTTapAblH
0oayBI CHAKTHL paKTOpAap acep eTyi MyMKiH [10].

bya Maceae Tazac TyaBIpaThIH TyCTapfa TOABL.
XuMusAslK ~ Ae3MHQEKIUIABIK ~ 3aTTapAblH  ajaM
AeHcay/bIFbIHa KayilTi eKeHi >KoHe oAapAblH KOpIllaraH
opTara acepi - elll gay TyAbIPMaiThIH aKkuKaT. COHbIMEH
KaTap, OJAapAbl y3aK YakKbT KOAJaHY HOTIDKeCiHAe
Te3IMAI MUKpoOar3ajap IITaMMJapbIHBIH I1aiida 00AybI
aa alaHAayIIbLABIK TYFbI3aABbl. Krraymen
AesvHpeKlMsAay INBIH MoHIHAe ©Te THIMALI d4ic.
JerenmeH, OyA Tacia keIl Mellep/e SHePIus TYThIHaAbI
>KoHe JKblAy¥Fa ce3iMTaa MaTepuaajapra Kapamaiiabl. Aa
cysy (puastpanusa) men UV-C coyaeaenaipy aaicrepi
TYpaKTHl TeXHMKAABIK KbI3MeT KopceTyAi Tadam eTeAi
>KoHe KoOiHece Kelbip MaTepmaagzap MeH OeTki
KaOaTTapra TepeH eHe aAMaybIMeH IekTeaesi. byaan
Oeasex, Oya

dgicrep y3aK Mepsimai

KaMTaMachl3 eTe aaAMaligbl, sFHU OeTKell 3aTTapAbl

KOP¥FaHBIC

KaliTaaaMa AacTaHy¥a alllbIK Kylide KaAABIPYbl MYMKiH
[11]. MuxpoarsasapdaH aaactay Kasipri TaHaa KeOiHe
A3CTYpAi aesuHpeKMsAay d4icTepi apKBIABI >Ky3ere
aceIpblAadbl. Aaaliga, Kasipri 3aMaHFBl TaJamnTap -
©HIMAi4iK, DKOAOIVSI KoHe KOplllaraH OpTaHbI KOpray -
Oy4 KJAaCCUKAABIK d4iCTepAiH KeMImiAiKTepiH alKbIH
KOpCeTill  OThIp, 8pi O4apMeH IIeKTeAill Kaayra
OoaManThIHBIH Adaeageviai. Ocel cebenti, DoaamrakTa
TeXHUKaABIK TYPFBIAQH MYMKiH 0oafaH >Karjaiiga,
J)KaHa TeXHOJAOTIHusAAapra Heri3geAreH Taciddep iszdeair,
>KaHa OyBIH 3amMaHayu Ae3VHQEKIMAABIK
TeXHOAOTIVAAAPHI AFHM, KaliTa >KaHFBIPTY TEXHOAOTMUSCHI

(revitalization technology) aammaer gem Kyriayze.

MyHgait  TexHoaAoTMsAap — epTeHri  Ae3mHQeKI
MdAeHMeTiH KaABIITaCTHIPHIIL, raroreHai
MMKpOar3ajapMeH Kypecreri DacekeaecTik

apTHIKIIBIABIKTEL aliTapABIKTail apTThpa adaAbl, Oya
OypBIH-COHABI 0O/MaFraH AeHTelire JKeTyi MyMKiH - KoHe
A9A OCBIHAAN >KaHAINBIAABIKTHEI ajam3aT OoJallakTaH

KyTeai [12].
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4. 3aMaHayM ZI,ESI/IH(I)QKLH/IHAay'AbIH TeXHOAOIVIsIAaPpbl

Ecki agicrepMeH caAbICTBIpFaHAQ, 3aMaHayu

Ae3uH(peKINAlay TEeXHOAOTMsIAaphl - alTapABIKTail
KeTicTikke ne. OaapAbIH TMiMAiAiri >KOFaphl, KOPIIIaFraH
oprara Tepic acepi a3, api TypakThl JaMy KarlijalapblHa
cail keaeai. bya cmakTe MHHOBalMsAap, BUPYCTapAbI
TOABIK  J>KOMMaca Ja, OJAapAbl KaAIlbIHa  KeaAy
MYMKiHAITiHEH albIpBIN, HOTIDKeCiHAe "KaAIbIHa Keay
coTcizairi"”

(failure to recover) aen

YIIBIpaTy
3UAHCBI3AaHABIpaabl. MyHaal Taciagep ecki ajicrepre

aTaAaTbIH

OUOAOTUSIABIK, Kylire apKbLABI
TOH IIleKTeylepai eTeyre MYyMKiHAIK Oepeai. bya
TeXHOAOTMsIAap Kasipri TaHAa Te3iMaiairi apTa 6acraraH
IaToreHAepre Kapchl, COHJall-aK OapablK cajdajapaa
TTMieHa MeH Kayilci3AiK TadalTapblHa cail KeAeTiH >KaHa
THiMal Tociagepai ycbiHaabl. IlaTtorenaepre Tesimaizik
IIeH CaHUTapABIK-DIMUAEMMUOAOIMAABIK, —TalallTapAbIH
KyIIeioi - mHQeKknuaAMeH KYpecTiH >KaHa JAdyipiHe ToH
KYOBLABICTapABIH TeK Oip Oeairi raHa. Kasipri yakpITTa,
FaCBIpABIH COHBIHA Kapali, 0i3 MBbIHajail aTaAFaH
AesuHPexiysiaay aaicrepin: UV-C-MeH eHAey, 0O30HCHI3
JKOAMEH CyAbl 3alaAChl3AaHABIPY, aHTUOaKTepuaaAbl
HaHOMaTtepuaalap KOAJaHyJa. XKana
TEXHOAOIMSIAapMeH Karap, A4e3MHQeKIus IpolieciHe
apHaJAFaH >XKaHapTBHLAFaH IIelliMaep ae maiiga 004yAa,
Typae
3a41aAChI3AaHABIPY HeMece TyTac Oip FMapaTThIH Kopi3

MEBICaAbl, AVHOJAEYM >KOJAAaFBIH aBTOMATTHI
KyiieciH Ae3mHpeKIMAAaY - MYHBIH OapABIFBI OTBI3 Kb
OypEhIH eaecTeTyTe Ae KeAMenTiH myMKiHgikrep [13]. UV-
C cayaeaenaipy, sFHM yAbTPaKYATiH cayae, Kasipri TaHaa
€H IlepclleKTHBaAbl Ae3uH(eKusalay aaicrepinig 6ipi
Ooapm caHadagbl. bya Texnoaorms OeTkeil 3aTTapAbl
HeMece aya arblHAZapbiHJa 0OoaaThiH OakTepusaap,
BUpYCTap >KoHe 3eHAep CMUAKTbI MMUKpOarsalapAbl KOs
aaaasl. UV-C coyaeaepi muxpoarsasapasy AHK Hemece
PHK KypbIABIMBIH OY3BII, 0AapAbIH KeOelo KabiaeTiH
>kos1a51. OCBl MexaHM3MHIH apKacslHAa Oya a4ic aya, cy
JKoHe GerTepai

3apapchl34aHAbIpyAa, acipece

MeAULMHAaABIK MeKeMedep MeH KOFaMABIK TaMaKTaHy
casaceiHAa eTe Tmimai. Azaaiiga, UV-C coyaeaeHaipy
JKOFaphl THiMAldiriHe KapamacTaH, cayJe IaTOTeHMeH
Tikeaell >XaHaCybl KepeK >KoHe apHaiibl >KaOABIK IIeH
Kayincisgik mapaaapblH KaxeT eTedl. Tikeaeil coyae
KO3iHIH agaM TepiciHe HeMece KO3iHe TyCyl KayimTi,
ceOebi Oya coyaeaep 3MsIH KeATipyi MyMKiH. Xa0p cyJa
ITUIIOXAOPUA MOHBIHA HeMece TUIIOXAOPABI KBbIIIKbLAFa
aitHaaaApl, Oya mponecc cyaslH pH  aeHreitine
Oaraansictel. Aa xaop auokcuai (ClO,) — ©Geariai
raToreHAepAid OacbIM OeairiH Tipmriaik >XylteaepiHe
mabypla >Kacay apKBIABL OJAapAbl >KblaAaM KOs
asaAbl.

OszonMeH TazapThlAFaH CyAbl imly KayiIcis
OoaraHABIKTaH, Oya o4ic, acipece aacTaHFaH aybI3 Cy
ceben OoafaH >Kafgaiiaapaa, ilex-KapbiH aypyAapbIHaH
3apgall ILIereTiH adamgap YuuiH eTe Tuimai. Kaami
IlepMaHTaHaThl CUSKTHL, XA0P 4a ayblp MeTaaAapAbl cyaa
TOTBIKTBIPBIIN, epiMeNTiH Kyiire alfHaAABIPBIN, OAapAbl
TyHOaFra Tycipedi. bya mpornecriH HaTmKeciHAe
KOpFachlH MeH MBIC ceKiadi 3MsIHABI KocIlalapjaH
TazapraH Ta3a Cy aablHaAbl. XA0pMeH Ae3uHpeKnusay -
Cy TazapTyAblH ap3aHAay opi KapamaiibiM Tociai. Ocbl
cebemnTi IaFplH JK9HE OpTa CyMeH KaMTy >KylieAepiHiH
ke0ici 241 KyHTe AeliiH OCHl 94iCTi KOAJaHaABL.

OsonmMmeH eHAey — Ka3ipri ke3Ae KeH K0AJaHbICKa
ne 604a OacraraH >XaHa TeXHOAOTUA. O TOTBIKTHIPEBIIIT
JKoHe MUKpoOTapra Kapcel KacueTTepre ue >KoHe
OHIMJAepAl 3apapChI3gaHAbIPyJa aya IIMKi3aThl peTiHae
KOAJaHblAaAbl  (YaKbIT —>KarblHaH JA9CTypAi ipi
CTepuAu3aTopAapMeH TeH HaTmKe Oepeai). bya aaic
a3BIK-TYAiK ©HJey calacblHAa Ja KOAAaHblAa OacTaAbl.

AecTypai crepumamsanus o4icTepiMeH KaTap,
KM  apkblapl  OacKapblaaTBIH —KOHABIPFBLAAPD MeH
pobOTTaHABIPBLAFaH KYPblAFbLAAD

Ae3VHQEKII VT

CUSIKTBI
aBTOMAaTTaHABIPbLAFaH Xylieaepinig

>Kbl14aM AaMybl - KYKIIaabl aypyAapfa KapcCbl KypecTe
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MaHBI3ALI iArepisey ©Goaeim TaOblaaanl. MyHAaix
Xyiteaep AesuHbeKumsalay yAepiciH esairiHeH aTkapa
azadbl, COHABIKTAH eHOeK pecypcTapblH YHeMJeT!,
MeAUIIMHA MeKeMeAepiHae, KoAiK MHPpaKyphLABIMBIHAQ
(MBICaabl, KOIMIiAiK asdaM >KMHaAaThIH TeMip>KOA >KoHe
aBTOBOK3aAJdapaa), COHJall-aK KOFaMABIK JeHCayAbIK,
caKkTray cadacblHJa >KyKTeMmeci >KOfapbpl Ke3 KeAreH
HblCaHAa KoOAJaHyfa oTe TuiMai. Agam Kareairin
OapbIHIIA a3alTHIN, >KYMBIC OHIMAIAINIH apTTBIpAaAbL.
Msicaas: UV-C mamgapMeH >KaOABIKTaAFaH poOOTTap

,ZLeSI/IHCI)eKLU/I;IHbI adaM KaTbICybIHCbHI3 >Kypr13e ajaaAbl.

KM xyiteaepi KOpIIaraH OpTaHbIH aprypai
>KargaiiaapbeiHa OeitiMmaeairr, Ae3MHQEeKIIVT
IapaMeTpAepiH OipaeH osrepre aAaAbl. bya

TeXHoJOIMs1Aap Ae3MHQEeKIUs callachlH apTTHIPHIIL,
JacTaHy KayIliH TOMeHJeTyre MyMKiHAiK Oepeai.
Conrimen Kartap, CymIK I1a3mara (cold plasma)
Heri3AeareH aaicTep Je Ae3uHpeKumsaga 60aalarsl 30p
HIenrim Tociaae

perinae  KapacTeipblayga. bya

MMKpOar3ajdap TOMeH TeMIlepaTypaaAbl MOHAaAFaH
I1asMara YIIeIpanasl. bya maasma: Oakrepusiiap MeH
MIKpOar3alapAblH >Kacylla KaOblpradapblH Oy3asbl;
1Kl CI)epMeHTTiK peaknusaaapabl Te>KelAl, ochlaaiina
oaapAsl Kosabl. CybIK I11a3Ma - MeAUIIMHa KypaajapbiH
>KoHe a3bIK-TYAIKTi 3apapchl3gaHAbIpYda KOAAaHbLAAAbI.
by aaicTiH apTHIKIIIBIABIFH - adaM AeHCayABIFbIHA 3VSH
KeATipeTiH XMMUAABIK 3aTTapAbl KOAAAHYABI KadkeT

eTrenai, COHABIKTaH >KyMcak, ce3iMTaa >KarJaiiaapJa

KOAJaHyFa ©Te KOAayiABbl.

BAQKTpOCTaTI/IKaZILIK 6YpKy KoHE TyMaHAaTy

TEeXHOAOIMACH: KeH ayMakKTap MeH HbICaHAapAbl
,ﬂ,eSI/IH(I)eKLU/ISIAay,ZLI)IH Tarel Oip ere TmimMai Tociai -
DAEKTPOCTaTUKaABIK OYyPpiKKilITep MeH TyMaHAAaTKbIIIT
TexHoAorusaaap. bya aaicte aesmHpeKIUAABIK epiTiHAL
aya apKblABl ycaK OeAlekTep TypiHAe IIaIIbL1aAbl;
OypikkimTep >kafgaiibiHAa Oya  Oealekrep  OH
3apsIATaAbII, OeTKelidepre TapTelAaAbl. HaTimkecinge
Oipkeaki Tapasaaabl >XKoHe KO KETIEeNTiH OyphIITapra
Aa XeTeai, Oya CYHBIK epiTiHAIMeH eHAeyTe KaparaHAa
Tuimgaipek. Ocblaaitiia, Oya TexHoAOIusAAap AdCTYpAi
9/iCTepMeH caAbICTBIPFaHJa d4J4eKaliga ©HiMAl opi
TnimMai. 3amaHayn Ae3MHQEKUMS TeXHOAOTUsAAaphl
OapAaBIK apTHIKIIBLABIKTapbIHa KapaMacTaH, Oeariai Oip
KUBIHABIKTapABl Aa KaTap aablll Keaedi. EH aagpiMen,
0AapAbIH ©Te KpIMOaT 004ybl OyA TeXHOAOIMSAAapABIH
KOFaMHBIH Kelibip cadalapbIHAa KeHiHeH K0A4aHbLAYbIHa
mektey koioa. CoHbBIMeH KaTap, KeIlTereH 3aMaHayl
XylieAep apHalbl >KaOABIKTap MeH >KOfaphl OiAiKTi
MaMaHJapAbl ereai.

Tajar AerenmMen,  6ya

TeXHOAOTMAAAPABIE, ~ MHQPEeKUNSIHB  Oakplaay  MeH
IUTMEHaHbl caKTay caJachlHa €HIisiayi - aeHcayablK
caKkTay MeKeMe/epiHeH OacTall, TYPMBICTBIK OpTa MeH
KOFaM/BIK KeHiCTiKTepre AeliHri opTypai cadasapja
TUIMAIAIKTIH eAdyip apTyblHa aaAbIll Keadi. Aajarsl
yaKbITTa, OYA TeXHOAOTMsAAapAbIH 9pi Kapail AaMybl
HoTVDKeCiHAe, ceHiMAL opi  yHeMal

’KaHa OybIH

Ae3uH@eKI s Kypaljapsl Iaiiga 00AaTeIHEL ce3cis [14].

5. ,Z',e3I/IH(l)EKI_H/I}I TeXHOAOIVsIAapbIHbIH CaAbICTbIpMaabl TaldAaybl

Aesundexnnsaiay  TeXHOAOTUSAAPHI  CaAackl
COHFHI KbLAAAPHI e4eyAi e3repicTepre yIsrpanl, Oyringe
Oya ogictep JAeHcayablK cakTay, ©OHEpPKaCiIl >KoHe
TYPMBICTBHIK, KOAAaHY CUSKTBHI TYPAi cadadapAa KeHiHeH
MeaunmHaaplk,

KOAJaHBIAYAa. eH/AeY,

crepuan3anumsilay >KoHe Cl)I/I3I/IKaAbIK Gﬂ,iCTep CUSKTBI

KbIAyM€EH

Aactypai  gesmHpexkums  Tociadepi o4l ae  xui
KOAJaHblAFaHBIMeH, 030H MeH UV-C coyaeaeHaipyai
OipikTipeTiH 3amMaHayu 94icTep, MUKpOOKa Kapchl 3aTTap
MEH KYPBIAFbLAAp ©34€pPiHiH THiMAlAiri, >KaHAPTBIAYEI
KOHE YHEMAIAITIMeH YAKeH KBI3BIFYIIBLABIK, TYABIPBIIL

oTerp [15]. XuMuAabK AesmHeKIMAAaY Kypaalapsl -

aHTHUCEeNTUKAABIK ocepi KeH, KOAAAHBICHI >KeHia

0oAFaHABIKTAH 941 e KeHiHeH KoAJaHblAaAbl. Xaop,
CyTeri acKbIH TOTBHIFBI (IIEPOKCHJ), CIMPTTEP CUIKTHI

XUMMAABIK —areHTTep KOA JKeTiMAli opi KeIlTereH

ImaToreHAepAi komwda Tuimai. Aaaliga, oaapMeH

OaltaaHBICTEI OipKaTap MaHBI3ABI KeMIIlidiktrep Ae Oap.
XuMUAABIK Ae3UH(eKTaHTTapAblH KeOi KOppO3MAABIK
acepre me, SIFHU MaTepuaalapabl 3aKbIMAAaybl MYMKiH;
TOKCHMKaABIK HeMece BDKOAOTMAABIK >KaFblHaH 3VAHABL
YaKpIT eTe Kede MUKpoarsalap Oya 3aTTapra Tesimaiaik
(pesucTeHTTiAiK) KaABIITaCTBIPYBI

MYMKiH; Kebip

OeTkell 3aTrTap MeH Marepuaajapra KoOAJaHyFra
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KapaMcChl3, XUMMUAABIK KaaAbIKTapbl ajgaM
A€HCayAbI¥bIHa 3USTH Ke/lTipyi BIKTUIMAaA. Ocsr
IIexKTeyaepre KapaMacTaH, IJIHFaIZAIJIAbIFI)I MeH

AdAeAAeHTeH TuiMaiairine OallaaHBICTBI  XUMIUSIABIK,
Ae3uH(QeKINMAAAFbIIITap KONTereH caslaslapda a4i e
Heri3Ii Kypaa peTiHge IalidaAaHbIABIII Keaedi [16].
TepMmusiavlk ae3anHQEKIMSIMEH CaABICTHIPMAaABI
Taa4ay, CUSIKTBI

aBTOKJaBTay >KoHe  IlacTepaey

TEPMIUSIABIK, ~ JAe3uH(eKIMsa odaicTepi MeaUITMHAABIK
>KaOJBIKTapABl CTepMUAM3AIMsIlAaY MeH KaH eHiMAepiH
TazapTy YIIiH eTe TuiMAi. Kblayra HerizgeareH Tociasep
- acipece OaKTepMAABIK CIOpadap CUAKTBL TO3iMAi
MMKpoOa¥F3alapAbl )K0I0Ja CeHiMA] 94ic O0ABITI TaDbLAaABbI.
Azaitaga, ©6ya aaicTepaiH OipkaTap IekTeyaepi Oap;
JKOFapBl TeMIlepaTypaHbl y3aK yaKbIT OOIibl cakTay
Ka>KeTTiAiri, apHaiibl >kaOABIKTap MeH >KOFaphl SHEPI:I
IIBIFLIHBIH TaAall eTyi, Keithip MaTepraajapAblH KbLAyFa
0ariaAaHbICTHI

To3iMci3airiHe KOAAaHY

mekTeAyi. COHbIMeH KaTap, SHePIUAHBI KO TYTHIHATHIH

ASICBIHBIH

TePMIUAABIK, Ae3MH(eKIMs KOopIlllaFaH opTaFa Tepic
acepiH TmTi3im, TypakThl (sustainable) mremim petinae
KapacTBIpyFa 9pJAalibIM Keae Oepmeiigi, acipece sHeprist
TUIMAiAIr >KOFapsl 0oAy¥a THic eHAipic cadalapbIHAA.
UV-C cayaeaengipy (UV-C coyaeHiH KbICKa TOAKBIHABI
TYPpi) )XbIAy HeMece XUMUABIK 3aTTapAbl KoajaHOa-aK
MUKpoOar3ajdapabl >Kol0oga eTe THIMAl 94ic caHaaaAbl
CoHgblkTaH, 0Oya  TeXHOAOIMsI  aypyXaHadapAa,
MeKTelTepJe >XKoHe Oacka Ja KOFaMABIK OpBIHAApJ4a
UVv-C

Ae3VHQeKIVACHHBH da Oeariai Oip mekreyaepi 6ap, oa

KeHiHeH KO/AJaHyfa KoJalapl. /lereHMmeH,
TeK IaToTeHAepre cay/e TikeAel TyCeTiH Xarjaliza FaHa
TimMai. OpraHuKaablK KaaABIKTap HeMece KoAeHKe TYCiIl
TypraH >kepaep 0Oya ogictiy THiMaiairin eadyip
TOMeHJeTyi MyMKiH. Aa ¢puapTpanus yAKeH OeAIIexTep
MeH OaKTepusAapAbl JKaKChl CY3ill IIBIFapa aAFaHBIMEH,
04 MUKpOar3aaap4bl ©ATipMeliAl, ycak BUpycTap CUSAKTEI
MUKPOOPTaHM3MAEPAiH OTill KeTy MYMKIHAITL >KOFaphl.
CoHABIKTaH PUABTPALTUAABIK Xylteaep yHeMi
TeXHMKaAbIK KbI3MEeT KepceTyai Tadall eTeAi, cysriaepai
>KIi  ayBICTBIPBIII OTBIPY KakeT, oliTIlece OAapAblH
TniMaiairi temengeiiai. OszoHMeH JesMHPeKUNIAAY
HeMece MMKpOOKa Kapchl HaHOMaTepuaadjap CUSKTBI
>)KaHa TeXHOAOIM:AAap apKbLABl HaKTHIpaK OarbITTaAfaH

>KoHe DKOJAOTMAABIK TYPFbIJaH TUIMAl IemriMAep TaOyFa

6oaaapl. O30H - Cy, aya >KoHe apTyp4i OeTkell 3aTTapAbl

eIKaHAamn 3USIHABI XUMUSIABIK, KaAABIKCBI3
,Zl,eSI/IH(I)eKLU/ISIAayFa Ka0iZeTTi KYIITi TOTBIKTBIPFBIIIL.
O30H OCHI TYpFBIAA KaKCHl MbIcal 00aa adaAbl. Aaaliga,
030H Oeariai Oip KOHIIeHTpalMsAgaH acKaHJa YABI
00212a4bl, COHABIKTAH OHBI KOAJaHyJa ajaM Kayircizairine
KaTBICTHI

mapajap KaxeT. Aa MMKpoOKa Kapchl

HaHOMarepuaaap OeTkeii 3arrapga
MUIKpPOOPIraHU3MAEPAIH ©cCyiH TeXell, y3aK Mep3iMai
KOpPFaHBIC KaMTaMachI3 eTeai. bya Matepuaagap, scipece:
yHeMi JAe3amHQeKUMs Tajall eTideTiH opTajda, MBICAAbI
MeAUIIMHAABIK >KaOAbIKTapAa, COHAAM-aK TYPMBICTBIK,
TOKbIMa OyibIMAgapbIHAA JKoHe a3BIK-TYAiK
KallTaMaJapblHAa >Xui KoaaaHblaadbl. /ereHmeH, Oya
HaHoMaTepuasalap o3 TUIMALAITIH Kepcere
OacTaraHbIMEeH, 04apAblH TOKCUMKOAOTUAABIK, KacueTTepi
MeH KOpIIIaFaH OpTaFa 9cepi TOABIK 3epTTeAin O0AMaraH.
bya GarpiTTarsl seprreyaep aai e >KaaracyAbl KaKeT
XKW Oyringe

KOAAaHBLABIII

ereai [17]. Pobororexumuka MeH

AesvHQexIAAay  Kylteaepi peTiHae
keaeai. bya xyiteaepre agam apaaacybl KaXkeT eMec,
cebeOi

aBTOMAaTTaHABIPBIA¥aH TYpA€ >KYMBIC icren adaAabl.

oaap JXI men ceHcopaap — apKbLABI
MyHgai TexHoAOIMsAAapAbl KOAAaHy acipece: ayKbIMAbI
KeHiCTiKTepAe, KOIIIiJiK >XMi >KMHaJaThlH >Kepaepae,
KOAMEH Ae3MH(pEeKIUs XXYPridy KUBIH HeMece MYMKiH
UVv-C

IaMJAapMeH >KaOAbIKTaAFaH poOOTTap OeaMeHi ajam

eMec OpblHAapJda ©Te KoJaiiabl. Mbicaasl,
KOMETIHCi3 Te3 api TOABIK Ae3uH(peKInsaai adaasl [18].
ABTOMaTTaHABIPY Ae3MHQEKIN: YAepiciHig TniMAiairin
ApTTHIPHIN, eHOEeK IIBIFBIHAAPBIH a3aliTca 4a, MyHAal
aypyxaHa

nmalijadaHy eTe KpiMOaTka Tycyi MyMkiH. COHBIMeH

>KaOABIKTapABI cekiaai MeKkeMeepae
Karap, Oya >KXylteaepAiH OHTaNABI >KYMBIC icTeyi yIiH

oJdapabl YHeMi TexXHMKaAblK KbI3MeTTeH  OTKi3i,

Kaanbpaey KadKeT. Opbip Ae3uHpeKIsAAay
TeXHOAOIMACBIHBIH, ~ ©31HAIK apTBIKIIBIABIKTaphl MeH
mekreylepi 0ap, COHABIKTAH HaKTBl >KaFAaliAbIH
TaJallTapblHa call KeAeTiH 9AiCTi TaHAay ©Te MaHBI3AbI.
XuMusablK, ge3nHPeKINs KypaldAapbl KOpIIaraH opTa
MeH ajaM JAeHcayAbIFbIHA 3VAH KeATipyi MyMKiH 0oaca
Aa, >KbIAy MeH QU3MKaABIK odicTep o3 TuiMaiairin
KepceTinn Keaedi. Aaaiija, 0AapAblH DSHEPINS IILIFHIHBI

Korapel. Aa osoHMeH oHAey, UV-C coayaeaeHaipy,
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MIKpOOKa Kapchl HaHOMaTrepumaadap >kKoHe Oacka Ja Anaiiga, 3aMaHayu JKoHe A3CTYpAi
JKOFapbl TEXHOAOTMAABIK dAicTepAl KOAAaHy VIIiH Aes3yHQeKIMAAay dAICTepiH YINTACTLIPy apKbILABI FaHa
apHaﬁbI )Ka6,Z|,I)IKTap MeH KaCi6I/I Aafﬂ,bl/lap Ka’xer. apTypAi >I<am,a17[/1apzl,a TybIH,ZI,a]ZTbIH I'IrmeHa,

boaamrax seprreyaepAiH OarbITBl — CTepPUAM3ALIVITHBI
aBTOMAaTTaHABIPBIAFAH KYliedep apKblABI XYprisy. bya
aAictepain 6acThl apTHIKIIBIABIKTAPEL - XKOFapPhl A9AA4iK

TIeH Kyp4eai aliMakTapAa TUiMAl JKYMBIC icTey KabiaeTi.

KayiIci3gik >XKoHe THMIMAIZIK MaceaeaepiHe >KaH->KaKThI

IrerriM TabyFa 601a4kbl.

6. Icke acpIpyaarbl KUBIHABIKTap MeH Kejepriaep

Aaaiiaa 3aMaHayu AesuHpexnusAay

9aicrepin TOABIK, 9pi Kayimlcis Typde KoAJAaHY
OapricbiHZa OipKaTap KWMBIHABIKTap MeH IeKTeyalep
TyBIHAAMABL. By TexHoaormsaaapAblH TMiMA1AiTi >KOFapbI
0o/AFaHBIMEH, OJapAbl KOFaMABIK JAeHCayABIK CaKTay
XylieciHge KeHiHeH api JKeqea Typ4e eHrisy YIIiH a4i ge
OipkaTap FBIABIMI, TEXHMKAABIK >KoHE IIPaKTHKAABIK
Maceaeaepai  IIemry KeHiHeH

Ka>keT. Byringe

KOAJAHBIABIII  KYpreH JdCcTypai aesmHpeximsaay
Tociagepi - MbIcaabl, XMMUAABIK epiTiHAidep, CIMPTTIK
Kypaazap >kKoHe XXBLAYMeH 0HJeY d4icTepi - KOIT SKBLAABIK
ToXXipubegeH oTKeH. Aaaliga Oya aaicrepain e o3iHAIK
KeMIIiAiKTepi

Oap. Mpicaabl:  ae3auHpeKIMAAQYIIIbI

3aTTap4plH TaJdallTapfa call eMec HeMece APTBIK

MeAallepae KOAZAQHBIAYBI caljapblHaH OeTki

Marepmnaajdap  3akKbIMAaHYbIHa oKein COKTbIPpaABbI.

CoHbIMEH KaTap MUKPOOPIaHM3MAEpAiH  TYpakThl
(pesucreHTTi) TYpaAepi maiida 00Aybl BIKTMMaaA, Oya
eM/Jey HeMece 3a4aAChI34aHAbIPY YAEePiCiHiH THiMAiAiriH
temeHAeTeai. Ocbrran OaliaaHBICTBI, Kasipri 3aMaHFBI
dAicTepAl eHri3y Ke3iHAe Kayillcidgik, TmimMaiaik >KoHe
TYPaKTHIABIK TaJalTapblH eCKepe OTHIPHII, BIHFALABI
ImenriMAep MeH YIiAecTipiareH Taciajepai KoajaHy
Kasipri

TEXHOAOIM:14apPbl >JKOFaphbl TI/IiMAiAiKKe ue 6OAFaHbIMEH,

kaxetr [19]. 3aMaHFBl  Ae3mHpeKIusAay
oJapabl KeH KeJeMJae KoJAjaHyFa Keaepri 00AaTbiH
Oipkatap Maceaeaep Oap. EH aaapimen, 06i3 >kaHa
TeXHOAOTMSIAapABIH TeK KayillcisAiriH fraHa Oafaaarl,
0Jap4blH Y3aK Mep3iMAl acepiH eckepMeyiMmi3 MYMKiH,
Oya e3 KeseriHge OaliKaAMaWTBIH KayinTepre okeAayi
Aoacrypai

keOiHece IIeKTeyai aymakra FaHa acep eTe adajbl,

BIKTVIMAA. AdesvHpeKIMAAay — Taciaaepi
COHABIKTaH oJap OapAbIK >KaFdaifFa KOJAaliABl eMec.

3amaHayu TexHoaorusaap - Meicaapl, UV-C, o3oHMeH

eHJey, AHTUMUKPOOTEI HaHOKaOaTTap >KoHe
poOOTTaHABIPLIAFAH KYylledep - oaJAeKaliga TUIMAL,
ayKbIMABIpaK, >KoHe Kayircisaey. Aaaiida oaapAbl eHIi3y
YIIiH KOMaKThl Kap>Kbl, apHailbl Kypaa->KaOJbIK >KoHe
MaMaHJaHABIPBIAFAH  KBI3MeTKepaep  KaxeT. bya
TaJarTap acipece IIaFbIiH K9CiTOPBIHAAP MeH Kapa>kaTbl
IIEeKTeyAi AeHCayABIK caKTay MeKemeJepi yIIiH yAKeH
KUBIHABIK, TyAbIpaAbl. Tarer Oip ©3eKTi Maceae - TeK KaHa
AdCTypAai  aaicrepai

MaMaHZapAblH >KaHa TeXHOAOTIusdapra CeHiMci3AiKIleH

KOAJ4aHaTblH MeEKeMeaep MEH

Kapaybl. bya xaHa Xylteaepdi eHrisyai kemeyiagertir,
KOCBIMIIIA OKBITYABl >KoHe >KYMBIC TOpTIOiH KaiiTa
Kapayapl Tadamn etedi. CoHgaii-ak, 9p MeM.JeKeTTe
3aHHaMaABIK >KoHe cepTu¢UKaTTay TalallTapbIHbIH
apTypaiairi - >kaHa Ae3MH(pEKIUAABIK ©HIMJAep MeH
TEeXHOAOTUSAAAPABIH HapbIKKa IIBIFYbIHA TOCKAYbLA
6oaaThiH MaHBI3AB PpakTopaapAbH 6ipi. Ockl ceOenTeH
KoeNTereH >KaHa IIelliMJep 94i ge KeH Tapada aaMan
oTEIp. bacter Maceaeaepain Oipi - Kayimcizaikke
0alfAaHBICTEl TYUTKIAAEPAIH 941 TOABIK IIIEIIi/AMeTeHi.
Korapel xmuigikrepge THiMAI >KYMBIC iCTEMTIH >KaHa
TeXHOAOTMIAap KOAJaHbLAFaHBIMEH, CoyAeAeHy AeHTelliH
KaTaH Oakbllam, y3akK yaKBIT OOIBI coyale TyCyiHe >K0Aa
bepmey kaxxeT. COHBIMEH KaTap, acipece aypyxaHaaap
CUAKTBL OpTaja >KaHa TEXHOAOTUSHBI IIalidalaHyAbIH
KOpIllafaH oOpTafa >KoHe ajaM JeHcayAbIFbIHA V3akK
Mep3iMal acepiH TOABIK TYCiHy YIIiH 94i Ae KOCBIMIIa
3epTTeyaep Kaxer.

Kywmic Hemece MbIC HeTidiHAeTi aHTMMMKPOOTHI
HaHOKaOaTTap  CHMSAKTBI ~ TexXHOAOoIusAJAap  KeHiHeH
KOAJaHBICKA eHyi YIIiH OCBl 3epTTeyAep MaHBI3ABl peAa
aTkapaAbl. Keaseci  yaken Moceae  —  >KaHa
TexHOAOIMAAapAb Oap MHPpaKypHAbIMFa OeltimMaey.
daicTrepmen KOIITEereH

Aacrypai

CaAbICTbIpFaHAa
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apTHIKIIBLABIKTapEl OOAFaHBIMEH, OyA MHHOBALMAABIK
IIelriMAepAiH KeH TapaAybl yaKbITTBI KaXKeT eTeAl.

OraH K04 >XeTKi3y YIIIiH Kegepriaepai TepeHipex
3epTTey, KYKBIKTBIK >KYyleaepAal >KeTiaaipy, KOFamAabl
aKIlapaTTaHABIPY

Iapajapsl MeH >KaHa

TeXHOAOTMSIAaPABIH KYHBIH TOMeHJeTyre OarbITTalfaH
>Kobasap Kaker.
Tex COHZa FaHa

Kasipri 3aMaHFbl

,Zl,eSI/IH(I)eKLU/ISIA ay TeXHOAOIMsAapbl 6apAI)IK caJara

KoAaaiiasl 004a aaaabl.

7. MymMKiHAIKTep MeH OOaaniak OarbITTapbl

Koaganblay aykbIMBl KeHeNill Kede >KaTKaH
Ae3uHPeKINAlay TEXHOAOTMsAaphl VIINiH op eaderi
HOPMAaTUBTIK TaslarTap MeH cepTudukarray pacimaepi
apTypAai. Jdactypai XuMmAABIK Ae3uHPeKUMs daicrepi
OypBIHHAH >KaKChl KOAFa KOlblAFaH 0o.ca, 3amMaHayu
TeXHO/OTus1Aap KeDiHe Kypaeai >KoHe y3aKKa CO3blAaThIH
peTTey mporiecieH eTyre MaKOyp. Msicaanl, UV-C —meH
AesuHpeKIMsIAay OKylelepi ajaM ar3achlHa ocepiHe
KaTBICTBl KayiIlCi3gik TaaanTapblH cakTay Kepek. Aa
aHTMOAKTepUAABIK, ~ HaHOKAITaMaJapfa  AMIIEH3I
aay YUIiH oaapabl KOpIIaraH OpTara acepi TypFbIChIHaH
Oarasay KadkeT — Oy KyTIIeTeH 3VSIH KeATipMey VIIiH

MaHbI3ABL. OCHI cepTuduKarray

Kypaeai

KOMITIaHMsIAapAbI

y3aK opi

poieci KOIITereH SKaHa

AesuHdexiyaiay IlemiMaepiH o3ipaeyjeH Hemece
04apAbl eHri3yseH Oac TapTyFa uTepMeaeliai. 3amaHayu
AeSI/IHCbeKLU/I}IAay TeXHOAOIIAaPhbl THiMAL opi
JKaHaIlIblA OO/AFaHBIMEH, 0Aap KayilTilik ToyekeadepiH
TYbIHAATaAbl, COHABIKTAH OJapabl MYKUAT Oakblaay
KakeT. Mpicaasr,

y/lepaKY/lI‘iH coyaeaeny

MUKpOaf3alapfa Kapcel eTe OeaceHAl OO/AFaHBIMEH,
AypBIC NalijalaHblAMaraH >Kardaliga Tepi KylikrepiH

HeMece KO34iH KacaH KaOBIFbIHBIH

TYABIPYBI
Aes3vHPeKI Ay

3aKbIMAaHYbIH

MYMKIiH. Coa CUSIKTHI, O30HMEH

Ke3iHZe Trasgpl TepeH OKYTKaH
agaMJapAa THIHBIC aly >K0AAapbIHBIH TITIpKeHyi HeMece
Dacka Aa 3USHABI acepAep TybIHAAYhI BIKTUMaA, dcipece
O30H KOHIIeHTpalMsACh pyKcaT eTiAreH AeHIelideH achlIl
KeTKeH >kafgaliga. CoHbIMEeH KaTap, aHTMOaKTepIIABIK,
HaHOKaNTaMaJap4blH, acipece KypaMblHAa KyMic, TUTaH
AMOKCKAI HeMece MBIC Dap TypAepiHiH y3ak Mep3imai
acepaepi TOABIK 3epTTeayi KakeT. OCBIHBIH OapABIFBI
Kayilci3aik MapaaapsiH KYIIeNTy Al Tadam eTeai.
Kasipri

TeXHOAOTVSIAAPBIHEIH KYpPA4eAaiairi MeH Kayil TOeHAipy

3aMaHFbI Aes3vHPeKI Ay

AeHTelliHiH >KOFapbl 00AybIHa Oail1aHBICTHI, OAapAbI

ToXXipubOere eHrizy OapbICBIHAA MiHAETTI Typde KaTaH
Kayilci3gik IIapaaapbl MeH >KaH-)KaKTbl TayeKeadepAi
Oarazay Kyprisiayi Tuic.

Anaitaa, Oya yaepic OipkaTap KMBIHABIKTapFa
Tan 0oaaabl. Kemnreren kacimopblHAap MeH AeHCcayAbIK
caKkTay = MekeMeaepi  gacTypai  aesmHpexumsaay
dAicTepiH y3aK yakbIT OOIBI KOAAAHBII KeATeHAIKTeH,
J)KaHa TexHoJAOIusidapra OelliMgeayae aiTapAbIKTail
TOCKaybladap TybIHAAABL. MyHgait yiibIMdap YIIiH
>KaHaIllblA dAICTepAl €HIi3y - TeK TeXHOAOIMAABIK eMec,
COHBIMEH KaTap YMBIMAACTBIPYIIBIABIK —©3repicrepai
Ta/aIl eTeTiH Kypdaeai npornecc [21].

Kemnrreren AdcTypAi

OpHaTblA¥aH,

FUIMapaTTapaa

AesuH(pEKINSA  Kylteaepi OypHIHHaH
COHABIKTaH 04apAbl )KaHa TeXHOAOTMIAapMeH aybICTEIPY
HeMece JKaHapTy KOCBIMINA yaKbITThI, KyII-XKirepai >koHe
TeXHMKaABIK 0iaiMAl KakeT eTedi. AypyXxaHadap MeH ipi
KOMMepUMAABIK HBICAHJAp 3aMaHayM aya TasapTy
KylieAepiH - MbICaAbl, 11a3MaAbIK Cy3riaey Hemece UV-
C apkblabl TazapTy- €Hri3y VIIiH >KeaJeTy KylieaepiH
>KaHapTyBl THic. A1 poOOTTaHABIPBIAFAH Ae3MHQEKIINT
KYypaaJapblH MeJUIIMHa MeH TYPMBICTBIK OpTaja
KOAJaHy TaszaJay Tociadepi MeH >KyMEIC TopTiOiH Je
e3repTy KakeTTiriH Oiagipeai. ConbimMen KaTap, Oya

Kyiteaepai K0A4aHBICTarbl MHPpaKyphLAbIMFa Oellimaey

Ae OHall emec, Oya KOCBIMINA CBIHAKTap MeH
LIBIFBIHAAPABL  Tadanm  erTeai.  Kasipri  3amaHrbl
Ae3uHQEKIMAABIK, —~ TEXHOAOTUSAap KeH  ayKbIMABI

aHTUMUKPOOTBIK ocepre me OoAfaHBIMeEH, Keidip >kaHa
maiiga OoaraH maToreHAep Oya ocepre Tesimaiaik
TaHBITYBl ~ HeMece OipHemle — Ae3smMH(EKINAAAYIIBI
KypaaAapAbl OipiKTipint KOAAaHYABI Ka>KeT eTyi MYMKiH.
Maceasen, keibip  OaxkTepus  cmopajdaphl — MeH
O6moxabbIpIIaKTap yABTPaKYATiH coyaere Ae, XMMUAABIK,
AesvHQeKIMAayIIblAapra 4a Te3iMAl 0OABII Keaedi,

COHABIKTAH OJapA4bl XKOIO YIIiH BipikTipiaren sicrepai
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KOAJaHY Muxkpoarsaaap

TYBIHAAVTBIH KayillTep Y341KCi3 ©3Tepill OThIpFaHABIKTaH,

KasKeT. TapanblHaH
0i3 ae Oya yAepicrepre GelliMAeAiIll OTBHIPYBIMBI3 KepeK.
Ocpl cebenrTi, >)kaHa TeXHOAOTHUsAAP €HTi3iATeH KaFjaiija,
04apABIH THiMAiAITIH y3aK yaKbIT GOVBI KaMTaMackl3 eTe
ajzaTblHAAl eTill eHAipiayi aca maHbI3AbI [22]. Kasipri
3aMaHFbl CTepuAM3alNs d4icTepl AdCTYpPAl XMMMAABIK
Ae3VH(QEeKINAABK 3aTTapfa KapafaHja 9KOAOTUAABIK
TYPFBIAAaH Kayimcis 004yasl Ke3JereHiMeH, KeuoOip
94icTep KopllaraH OopTara Kepi acep eTy KayIiH a4i Je
cakTar OTBhIp. MbICaabl, O30H - KYIITi TOTBIKTBIPFBIII
peTiHae - Oeariai Oip IIeKTeH achIIl KeTce, cipece TYPFBIH
ynaep

A€HCayAblfblHA 3VISIH Ke/lTipeTiH ayaHbIH JaCTaHybIHa

CUSIKTBI >KaOBIK KeHicTikTepae, ajzam

cebert Ooaypl MyMKiH. OcplFaH yKcac >KaFdail

HaHOTEXHOAOTUAABIK >KaOBIHAAPABI MUKpPOOKa Kapchl
MakcaTTa Xui Koa4aHy OapbICbIHAa 4a OaliKaaaAbl - Oya
ToXipube KeH Tapaablll yATepreHiMeH, OHBIH V3aK
Mep3iMAl DKOAOTMAABIK, >KoHe OMOAOIMAABIK dcepaepi
TOABIK 3epTTeamereH. Ochl KallTTapFa CypakK KOSTBHIH
Oozcak: 0i3 OCHI >KafgaligaH KaJall oapi Kapall gaMu
azaMbI3 JereH CYPaKTBhIH JKaAFBI3 TUiMAL >KayaOsI -
TYPaKTHI JaMy KaflJalapblH OacIIBIABIKKA ada OTBIPHIIL,
Kasipri FBLABIM  MeH

TEXHOAOIMSHBI DKOAOTUSIABIK

SKOAMEH Ocpira”

TYp¥blAaH

GaﬂAaHbICTbI, KaHa TeXHOAOImsIAapAbl apl OoJdapAbIH

YTBIMABI AaMBITY.
JKeKe/lereH KOAJaHy caJadapblH TepeHipek 3eprTey -

oJapAbl opi agaMra, opi TaOmMFaTKa KayiIcis ety

3. Taakbraay
oprypai

DINMAEMUMOAOTIMUAABIK

casaaapaa CaHUTapPABIK-

TaAanTapAbl cakTayAbl
KaMTaMachl3 eTeTiH >Kyliedep aypyAapAblH adAblH aay
>KoHe KOFaMABIK AeHCayABIKTBI KOpFay YIIiH aca KaxkeT.
MyHgail casdaaapra AeHcayAbIK cakKTay, a3bIK-TYAiK
©HJipici, k©aiK JXoHe ajamMJap ©Mip CypeTiH Hemece
JKYMBIC icTeliTiH opbiHAap >XaTaAbl. COHFBI OH >KblA
inrigae

,Zl,eSI/IH(I)eKLU/IﬂAay TeXHOAOIMsIAapbIHAAFbI

>KaHaIlIblAABIKTapMeH KaTap

iarepizeymriaikrep opbiH aa4abl. Bya esrepicrep gactypai

anTapAbIKTa

XMMUAABIK Ae3MH(eKIsAAaYy 94icTepiHeH KeM TyCHeNnTiH,
Oipak ®KOAOTIMAABIK TYPFBIAAH aHaFYPABIM Kayilciz api
TUIMAI MHHOBAIIMAABIK TociaAepAi KaMTUABL. 3aMaHayu

,ZI,GSI/IH(I)QKI.II/I}IAI)IK, TEXHOAOIMSIAAap YBITTBI XUIMMAABIK

JKOABIHAAFBI  Heridri KagaM  0O0ABIII — TaOBLAAABL.
/lacTaHyMeH Kypec TaciadepiH esrepTyre KabiaeTTi
3aMaHay¥ TeXHOAOTUAAapABIH d4eyeTi 30p 00AFaHBIMEH,
oAap 9Ai KYHTe AelliH KeHiHeH K0AJaHbICKa eHe KOIFaH
koK. Kasipri Tagaa Oya TexHoaormsaap TeK KOHaK
yliaep MeH aypyxaHaAap CUKTBI JKeKeleTeH cadaldapaa
FfaHa IIIeKTeyAi Typ4e HalidadaHbiayda. bya o03bIK
mrermiMaepAiy Oasy eHriziayiHig Herisri ceGenTepine -
JKOFapbl KVYHBI, oKIMIIiAiK paciMaepaiH Kypaeaiairi,
KayiIci3gikke KaThICTBI alaHAayLIbLABIKTap, €CKi JKYMBIC
TocCiaaepiHiH >KaHa TeXHOAOTUsAapMeH Yyliecneyi >KoHe
KYPBIAFbLAAPABIH TeXHMKAABIK KUBIHABIKTAPBI >KaTaAbl.

AtaaraH KeJepridepai TMiMAi eHcepy yuIiH OipHerre

OarpITTa >KYMBIC )KYpl"lSy Ka’keT: 3eprTey MeH
Ta>1<ip I/I6eAiK-KOHCprKTOpAI)IK KYMbBICTap¥a
Kap>XbIAaHABIPYABL  apTTBIPY, peTTeyLHi paci MAepAi

OHTallAaHABIPY, KayillCi3AiK IIapadapblH KYLIEHTY SKaHe

KaHa TeXHOAOImsAap Typaabl aKIlapaTTaHABIPYAbL

apTThIpyFa OarbITTadraH OardapaaMazap 93ipaey. bya

Maceaeaep Ke3eH-Ke3eHiMeH Iernriareq cayibIH,

3aMaHay¥ Ae3MHQEKIIVABIK TeXHOAOTUsAAap KOFaMABIK

AeHCAyABIKTBI ~ HBIFAITYy MeH  KOprayfa, eHOeK

)Kafﬂ,af/[llapblH JKaKcapTyfa, COHAaf/I-aK LT_IeKTey/li

pecypcTapAbl OapbIHINA TUIMAL TaiijadaHy apKbLAbI
OHAipicTiK

yaepicrepai SKOHe

KOpIllafaH opTara OapbIHINA a3 3UAH KeATipe OTBHIPHIII

ApPTBIK  HIBIFBIHCBI3

>KYy3ere acpIpyra eAeyAi YA€c KOcCa aaaAbl.

3aTTapAblH KOAAAHBIAYBIH a3aiiTa OTBIPBIN, TUIMALAIKTI

apTTBIPYABl >KoHe ajaMMeH Tikeaell OallaaHBICTHI

OaprIHIIa mporecrepai

Anaiiaa oya

KBICKAPTY

aBTOMAaTTaHABIPYABL

MaKcaTblHAa
KO3JeMAl.
TeXHOAOIMAAAPABIH ~ KOITeTeH apThIKIIBLABIKTapbiHa
KapamacTaH, 0AapAbl €HTi3yJeTi KMBIHALIKTAp, >KOFaphbl
IIBIFRIHAAP  JKoHe KaHAail Jda Oip  IIemimMHiH
y3aKkMeps3imMai TuiMAiJdiri cexkiagi Moaceaesep ©3€KTi
Ooapin oreip. CrepuansannsaayAbly HEFypAbIM TUiMAL
9Pl OPHBIKTEI 94iCTePiHe A€T€H CYPaHBIC COHFBI XKbLAJaPhl
JKaHa TeXHOJAOTMAAApABIH mHaiida  OoaybiHa — ceben
0044bI.

UV-C

OakTepusaaapAabl Xoioga ete TnimMai. Oa oaapasiy AHK

Uuv Ae3VHPEKITNICH - cayaeci
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HeMece PHK aenreiiinge acep eTiIl, TOABIFBIMEH KOSAABI.
bya saic aypyxaHasapaa, KOFaMABIK, OpbIHAapAa >KoHe
aya TazapTy KYPBLAFbLAapblHAA KeHiHeH KOAJaHblAajbl,
ce0ebi KOHTAKTCi3 a4ic peTiHAe KaaAbIK KaldblpMaii-ak
KayillTeH IIBIFyFa MYMKIiHAIK Oepeai.

OsoHn sxoHe cyreri Ilepokcuai Oyaapsl -
Ae3uH(QeKINMAlaHATEIH 3aT >KaObIK Oeamege 0OoaraH
Xargayga, >KOraphl AeHreliJe 3apapcChl3gaHAbIpblaajbl
(Cypert 1). ConsiMeH KaTap, ra3 KMBIH >KeTiAeTiH imki
aiMaKTapra TepeH eHill, TMiMAl >KyMBIC icTelil, aaaiiga
OHBIH KOHIIEHTpalMsAChIH KaTaH Oakblaay - MiHAETTI
Taaam 00ABIIT TabbLAAABL. AHTUMUKPOOTBHIK,
HaHOOOsyAap - KyMic, MBIC >K9He TUTaHABI AMOKCUJ,
DeilllekTepiMeH ©HJeareH OeTTik >KaObIHAAp V3aK
Mep3iMai ocepre me ©O04bIN, >XXUi HeMmece YHeMi
4e3MHcpeKum1Aay4HH Ka>KeTTidirin  asamnraabl. bya
>KaOBIHAAp eMJey MeKeMeepi MeH aypyXaHaaap CUAKTHI
KOfapsl OallaaHBICKa 1€ KOFaMABIK OpBIHAApJa
Kayimcisgik JeHrelfiH TeMeHJeTrell, Oacka aaAbIH aay
IIIapalapblH aAMacThIpa a1aThIH MaHBI3ABI Kypaa 60AbIT
TabpLAaAbI.

[Tarasma HerisiHgeri aesmaeknus - Oya a4ic
MUKPOOTBIK ~KYPBIABIMAApAbl >KOIO YIIiH Ilda3dMa

TeXHO/OTMSICBIH KOAJaHaAbl. Mounsanusaaanran
razaapApl IaifijadaHa OTBIPBII, XUMMAABIK 3aTTapAbl
KOAAaHOAMTBIH, TUIMA] )KoHe aHTUCeNITUKAABIK acepi Oap
94ic Ooaplm TabblAaABl, acipece MeAULMHAABIK Kypaa-
>KaOABIKTapABl 3apapchl3JaHABIPY >KoHe ayaHBl TasapTy
YIIiH KOAAaHblAaAbl. DAEKTPOCTaTUKAABIK Oy pikkimTep,
XW-nien

KyiieaepiHe KOCBIAFaH CEHCOPAAp CUAKTHI COHFBI OYBIH

Gackapbl1aThIH poborrap MHTEpHEeT

Kylledepi IuUIMeHaABIK YWBIMJAapra IlepcoHasljap

KaTBICYBIHCHI3, Je3MH(eKIslay MeH IaToreHaepi

THiMai Typae >Kolora MYyMKiH4ik Oepeai. CoHFBI

MeJUIIMHAABIK, ~ >KeTiCTikTep Ooaarrrakka Kapait

KapKbIHABI AaMy Ke3eHiHJe OOABII, >KOFapbl TUiIMAiAIK,
HKOAOTUAABIK TYPaKTBIABIK XKoHe opTypAi >Karjaiiiapra
OeltiMmaeay MYMKiHAIriH ycbiHagbl. Kasipri  samaHFBI

Ae3VHPEKITVT TEeXHOAOIVIAaPBbIHBIH TUiMA1AIT1

MeH ©HiMgiairi aactypai aesmHekus ogicTepiMeH

CaABICTBIpFaHAa, Kasipri  3aMaHFBI  Ae3MHQEKII

TEXHOAOTMSIAaPhl SKbIAAAMABIK, TeH TUIMAIAIK

TYPFhICBIHAH OipKaTap apTHIKIIbBLABIKTapFa ue. Jdactypai

XUMUAABIK, ~ Ae3uH(eKTaHTTap  KeobiHece  KOAMeH
KOAJaHyAbl, y3aK, KUi KOAJaHyAbI Talall eTce, 3aMaHayu
IHIernriMAep aBTOMaTTaHABIPY apKblAbl Y34iKCi3 KOpFaHbIC
KabiZeTiH KaMTaMachl3 €Till, MUKpOOTapAbl >KOIO
Tuimaiairia 6iHemre ecere apTTeipadbl. Meicaarsr, UV-C
Ae3H(PEeKINST ~ MUKpoOTapAbl  >KOIOABI  OipHemre
CeKyHATaH OipHellle MMHYTKA AEWMiHTi yaKbITTa >Ky3ere
acwBIpajbl JKoHe XVMMILIABIK KaAABIK KaAAbIpMaiiAbl. bya
9/ic aya TazapTy >KoHe CTepuAbaey YILiH epeKIille TUiMAL
Ooapm  Tabwpraagrl. Coa  CHAKTHE, HaHOXaOBIHAAP
OeTTepaiH aHTMMUKPOOTBIK KacHeTiH Y3aK YaKbITKa
cakTarl, >KOfapbl OallaaHbIcKa Me aliMaKTapja AaCTypAi
Ke3eHJ4iK TazadayjaH a3 >KMidikTe eHJeyal Tasall eTeai.
ILaazma HeriziHAeTi cTepmaM3anys IpoLecTepi >KOFaphl
AeHrelijeri 3apapchl3aHABIPYABl KaMTaMachl3 eTedi, al
030H SKoHe HPV CUSIKTBI XUMMUSIABIK,
Ae3VH()EKIVAAAFbINTap TOKCUKAABIK KaAABIKTApAbIH
maiiga 0oAMayblH KaMTamachls etedi. CoOHBIMEH Karap,
aKbLAADI ceHcopaap MeH K1 HerisiHgeri
aBTOMaTTaHABIPY >Kyliteaepi Oakplaayabl >KeTiaaipirm,
TajarTapra COMKeCTiKTi KaMTaMachl3 eTy YIIiH HaKThl
yaKBITTaFBl TY3eTyJAep eHridyre MyMKiH4ik Oepegi, 6ya
Ae3MHQEKIVISIHBIH OHTAaMABl >KYMBICBIH KaMTaMachl3
ereai.  Ocol eHOeK

KeTIiCTIKTepAiH  apKachlHAa

IIBIFBIHAAPBL  a3asdAbl, KaTeAiKTep asalbll, >KaAIlbI
MeAUIIMHAABIK CTaHAApTTap MeH ©HAIpiCTIK TuUrueHa
anTapAbIKTan JKakcapaabl. AesuHpexiys
TeXHOAOTMIAapbIHBIH OOJalllafFbl JKapKbIH OOAFaHBIMEH,
KOITereH KUBIHABIKTapMeH KaTap Xypedai. Keaeci gamy
KV-nnen

aBTOMAaTTaHABIPY >KoHE€ DKOAOIMAABIK Ta3a, TYPaKTbL

Ke3eHi HaHOTEeXHOOTMsI, GackapbL1aTHIH
Ae3vHQeKINs IIemriMaepi caaackIHAAFbl 3epTTeyaep
HOTIDKeciHAe Iaiiga 001aabl A€l KyTidye. OHepkacinTe
TUTHEeHaHBbIH >KaKcapyblHa, COHbBIMEH KaTap a3bIK-TYAiK
eHJey MeH (apmMalieBTIKa

cadacCblHAAQrbl  >KaKCbI

eHAipicTik ToXXipubeaep TasalnTapbiH
KaHaraTTaHABIPATLIH, opi YHeMAL 9pi 9KOAOTUAABIK
THUIMAI TexHOJAOTMsAJAapra CYpaHBIC ©OCKeH Karjaliiga,
Kasipri KOAAAQHBIABIII >KYPIeH opTypai Xylieaepai
3aMaHayH, TUIMAiAiri

Kayimcisairi  MeH >KOFaphbI

TexHoAormslap aaMacrbIpalbl.
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4. KOpBITBIHABI

3aMaHFbI Ae3VHQEeKITVT

Kaszipri

TeXHOAOIMsIAapbl ~ ASCTypAl  adictepre

aBTOMaTTaHABIPBIAFaH IIeIIiMAepAai

KaparaHJa
THiMAipeK  api
ycbiHaabl. Oaap TuiMAiairi >karbIHaH FaHa eMec, COHbIMEeH
KaTap aBTOMaTTaHABIPbIAFaH >KoHe KOpIlaraH OpTara
MiHci3 yiiaeceai. UV-C coyaeaeHaipy, HaHOXKaOBIHAAD,
NaasMa HeriziHgeri crepuamsaums >keHe JKIl-mien
DackapblaaThIH POOOTTHIK KYylielep MUKpoOTapFa Kapchl
KypecTe MaHBI3Abl JKeTiCTiKTepre K04 >KeTKi3iIl, yaAbl
XUMMSAABIK 3aTTapAblH  KOAJAAHBIAYBIH —aliTapAbIKTal
TOMEHAeTeAl.

JerenmeH, >KOrapbl Kap>KbIABIK, IIbIFBIHAAP MeH

KayiIlci3gik Maceaeaepi CHMAKTBI Kedepriaep TOABIK

LIelTiAMeliiHIlle, OCbl TEeXHOAOTUMAAApPABIH KeHiHeH

TapalyblHa TOCKaybla 0oaybl MyMKiH. CaHUTapABIK-
SIUAEMUOAOTUAABIK — TadalTapbIHBIH KYIIeloi Kasipri
3aMaHFbl JAe3MH(EKUVIABK TeXHOAOTUAAapABIH TypAi
casaaapga, ocipece MaHBI3Abl OHAIpIC >KoHe KbI3MeT
KepceTy opTalapblHAa, Oojallakra MiHAETTI Kypaara
alfHaAaTBHIHBIH Oiaaipeai.

Myaaepaep KaKTbIFBICHI OPBIH aAMajpbl.

Kap>xplLaaHABIPY KO31 >KOK.

ApTopaapabpiy yaeci. Konnenrtyaamsanms —
Ab., xasy xeHe pegakumsaaay — Ab., XKT., AV,

MaTepuaa XMHakTay >kKeHe capaaay — K. T, I' K.
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Pesiome

CoBpeMeHHBIE MeTOABI Ae3VHQPEKIUU SBASIOTCA KAIOUEBBIMU AAsl oDecriedeHMst 0e30IIaCHOCTU B TaKMX
obaacTsAX, KaKk MeAMIIVHA, IIMINEeBasl IIPOMBIIIAEHHOCTh, CETU TeAeKOMMYHUKAIIMII ¥ CHUCTEMBI II0AAEp KaHM
OesonacHocTy. VIHHOBAaIIMOHHOE pa3BUTIIE HOBBIX METOAOB, TaKye KaK yAbTpadrOAeTOBOEe U3AyIeHIEe, O30HIPOBaHIE,
AUCIIEpCHsT MeAKOYACTUIl U Oroaorndeckas Ae3mHQEeKs, 3HaYUTeAbHO YBEAMIUBAeT YCIEITHOCTh YHUYTOXXEHII
I1aTOTE€HOB.

ABTOMaTM3aluis IPOLIECCOB ¥ MCIIOAB30BaHUE WHTEAAEKTYaAbHBIX CUCTEM IIO3BOASIIOT YMEHBIIUTH
yeA0BeuecKnil (PaKTOp U IIOBBICUTH TOYHOCTh Ae3uH(eKuuy. IIpy »TOM aKTyaabHBIE BOIPOCH O€30IIaCHOCTH U
MUHUMM3aUY TOKCMYHOCTU IIPUMEHIEMBIX METOAOB OCTAIOTCS BHE 4OAXKHOTO BHUMAHNSI, HECMOTPSI Ha IIPOBOAVIMBIE
paspaboTku.

Passutne Ae3MHQEKUVOHHBIX TEXHOAOIMII 3aKAIOYaeTcsl B CO3jaHuU Oolee Oe30IaCHBIX U DKOAOTMYECKU
YIICTBIX METOAOB C OCyIecTBAeHMeM BKOHOMUM; MHTerpalys TaKUX TeXHOAOIMiI AOAKHBI OBITh peaAn3OBaHBI B
udposoM IaaHe. B OyaymieM naanmnpyercs nossaeHne 601ee aBTOHOMHBIX M Pa3BUTHIX GOPM Ae3MHEEKINIL.

Karouesble caosa: CoBpeMeHHbIe TexHOAOTUN Ae3uHGeKINY, yabTpadnoaeTosas aesuHdexins, oopaboTka
030HOM, aHTUMMKpPOOHbEIe HaHOMaTepuaAbl, aBTOMaTU3MPOBaHHbIE CUCTEMBI Ae3MH(EKINN, TUTMeHa, oOIeCTBeHHOe

3ApaBOOXpaHeHNe, METOAbI CTeEpMAN3al N, MTHHOBALIMIN B ,Zl,eSI/IH(l)EKI_II/II/I, 6opb6a C ITaTOT€HHBIMIYI MUKPOOPTaHN3MaMIL.
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Abstract

Modern disinfection methods play a crucial role in ensuring safety across various sectors such as healthcare,
the food industry, telecommunications networks, and security systems. The innovative development of new techniques
- including ultraviolet (UV) radiation, ozonation, fine particle dispersion, and biological disinfection —significantly
enhances the effectiveness of pathogen elimination.

The automation of processes and the integration of intelligent systems help minimize human error and increase
the precision of disinfection procedures. At the same time, critical safety concerns remain, particularly regarding the
need to reduce the toxicity of applied methods, despite ongoing advancements.

The evolution of disinfection technologies focuses on creating safer, more environmentally friendly methods
while ensuring cost efficiency. The integration of such technologies must be implemented within a digital framework.
In the future, more autonomous and advanced forms of disinfection are expected to emerge.

Keywords: modern disinfection technologies, ultraviolet disinfection, ozone treatment, antimicrobial
nanomaterials, automated disinfection systems, hygiene, public health, sterilization methods, disinfection innovations,

pathogen control.
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Pe3some

XpoHrdeckne He3aKMBaloIIye TpopuUdecKye 3Bl HVDKHMX KOHEYHOCTeN OCTaloTCs
aKTyaAbHOI Ip00.1eMOIl COBpeMeHHO! MeANITMHEL 110 4aHHBIM 5IIAeMI0A0TMIEeCKIX
MccAeJ0BaHMII, OT XPOHMYECKNX 3B Ha HOTax cTpadaioT 1-2% B3pOcAOro HaceAeHNs B
PasBUTBIX CTpaHax, IpUYeM Cpeau AUL] cTapIe 65 AeT pacIpOCTpaHeHHOCTh BO3pacTaeT
20 4-5%. CoBpeMeHHBIe IIPOTOKOABI 1€YeHIsI 3a9acTYIO0 OPYEHTUPOBAHbI Ha OTAEAbHBIE
acreKkThl MaTOAOTMYECKOTO IIpollecca, He YUUThIBas HeOOXOAVMMOCTM KOMILAEKCHOTO
peadMANTaIIMOHHOTO I10AX0Aa.

CucreMarusanus  COBpeMeHHBIX  peaOMAUTAlMOHHBIX  IIOAXOJ0B  IO3BOASET
peKoMeH0BaTh MHAVBUAYaAU3UPOBaHHBIE MIpOrpaMMBI peabuanTaiumy,
YIUTBIBAIOIIME KaK MEAUIVHCKME, TaK M IICHXOCOIIMaAbHBIE acIIeKTHl 3a00./1eBaHIL.
Takoil oaxo4 €rocoOCTBYeT MOBBINEHMIO HPPEeKTUBHOCTU A€UeHUs U yAYUIIeHUIO
KadyecTBa O KM3HM IIalMeHTOB. Passutme 5(PpQPeKTUBHON CUCTeMBI COIIMAAbHO
II0AJEeP>KKI, 0OecTiednBaroIeil A0CTYII K HeOOXOAVMBIM pecypcaM M yCAyTaM, SIBASeTCs
Ba>KHOI 3ajaydeil B OpraHmM3aniy IIOMOIIY AQHHO TPYIIIle MalJIeHTOB.

Karouesble caoBa: s3Ba CTOIBL, peabmantaius, 3aboaeBaHne mnepudepmIecKmx
apTepuii, KadyecTBO KU3HM, MeXAUCIIUIIAMHAPHOEe B3aMMOJEVICTBIe, MAaHUpOBaHIe

yXoO4a 3a InmalijiieHToM, yIipaBAaeHune 3ab001eBaHMEM.
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1. Beeaenue

AAUTeAbHO He3aKuBaloIe TpopuIecKue SA3B5l
HIVDKHUX KOHEUHOCTeN ITpeACcTaBAsSIOT co0OM cephe3HyI0
MeJUKO-COIMaAbHYIO npobaemy, OKa3bIBAIOIIYIO
3HauMTeAbHOe BAUSIHME Ha CUCTeMY 34paBOOXPaHeHIs U
KayecTBO >KM3HM IanueHTos [1]. PacripocrpaHeHHOCTD
JAHHOJ IIaTOAOIMU  Cpeau

PasBUTHIX CTpaH cocTaBaseT 1-2%, yBeaAnmdusasich 40 4—

B3pOCA0ro HacCeAeHNsI

5% y awuy crapire 65 aet [2]. B Poccuiickoit @egepariym
€XerogHO PerucTpupyercsi OKOAO 2,5 MIAAMOHOB
IallIeHTOB C TpOPUUYECKMMM A3BaMU  Pa3ANIHOM
STUOAOTUM, UTO IMOJUYepKMUBaeT MacIITaObl IPOOAeMBI

[3].

DKOHOMMYeCKass  Harpyska,  CBA3aHHasdA  C
AedeHyeM TpOQPUUYECKMX SI3B, SIBASETCS 3HAYUTEABHOIL:
3aTpaThl Ha BeJeHle OAHOTO TalliieHTa BapbUPYIOTCS OT
3 000 g0 11 000 eBpo B roa, cosgaBasl CylLeCTBEHHOE
AaBaeHne Ha 6104>XeT 3gpaBooxpanenns [4]. Kpome Toro,
60-70% TmaIMeHTOB CTaAKMBAIOTCS C BPeMEeHHON WAM
CTOJMIKOI1 yTpaTO¥ TPyAOCIIOCOOHOCTH, YTO IPUBOAUT He
TOABKO K CHVDKEHMIO KauecTBa >KMU3HU, HO U K Cepbe3HBIM
COITaAbHO-DKOHOMUYECKIM ITOCAeACTBIIM [5].

Hecmotpss  Ha

AOCTVM>KEeHML COBpeMeHHOI?I

MeAUIIVIHBI, Teparin:si Tpoq)quCKMX SI3B OCTaeTcCs

HeAoctaToyHO 9¢dekTuBHOI. Yacrora penuaAnBOB
3ab0.4eBaHNs OCTaeTCs BEICOKOI: B TeueHIe IIepBOTo Ioja
rocle SIUTEAU3ANNU 3Bl IIOBTOPHOE WU3BI3BAEHUE
Haba104aetcs y 40% manyeHToB, K TpeTbeMy rogy —y 60%,
a Ipu IsATHAeTHeM Haba04eHnn —y 65% caydaes [6].

CyH_IECTByIOH_U/Ie IIPOTOKOABI A€YEHIMS 4YacTo

COCpeA0TOYEeHEI Ha OTA€ABHBIX acIieKrax
IaTOAOTUYECKOTO mpolecca, He Y4UThHIBas
HEeOoDXOAMMOCTh KOMILA1€KCHOTO Ioaxoaa.

2. MeToaoaorusa

MudopManoHHBI MTOMCK IIPOBOAUACA B Daszax
Aannbix PubMed, Scopus, Web of Science u eLibrary 3a
nepuog, 2014-2024 rr. B 0030p BKAIOUEHHI IepBUIHBIE
(aeckpunITUBHBIE M aHAaAUTHYECKMe) U BTOpMUYHEIE
1ccAeA0BaHMS

(cucremaTtnyeckue 0030pHI,

MeTaaHaAM3bl), MeTOAMYeCKMe peKOMeHJAalluy U

KAMHN4YeCKNe pPpyKOBOACTBaA. TTomck OCyIEeCTBASACS IIO

HeAOCTaTO‘IHOQ BHUMaHIE YAEAJeTCId obecrieueHIIO

IIpeeMCTBEHHOCTI MeXAY CTalVIOHAPHBIM u
aMOyAaTOpHBIM ®TallaMU peaOMAWTanNM, a TaKXe
OTCYTCTBYIOT €AVHBIE CTaHAAPTHl peadMAUTALIVIOHHBIX
MeponpuATuii [7].

AHaaAn3 Hay4HOIl AWTepaTyphl IIOKa3bIBaeT
AepUITUT CUCTeMaTU3MPOBAHHBIX JaHHBIX O IT0AX0Aax K
STAIHOV peabuANTalNM IalVEeHTOB C TPOPUIECKIMU
SI3BaAMIA.

OTCyTCTBYIOT 4YeTKue aATOPUTMBI BBIOOpPa

pea6I/I/lI/ITaLU/IOHHbIX METOA0B B 3aBUCMMOCTU OT CTagNn

paHeBOro Iporecca u KoMopOuaHoro ¢ona. B
CYIIeCTBYIOITUX peKoMeHJaIusxX HEeAO0CTaTOYHO
YUUTHIBAIOTCS IICUXOAOTYECKIIe ACIIeKThI
peabmantanium U HeOOXOAMMOCTL  COLMAABHOIN
aganrauuy nauueHnTos [8]. Kpome Toro, ocraercs
Ma/AOU3y4YeHHBIM BOIIPOC HKOHOMIYECKOIL

9P PeKTUBHOCTY Pa3AMYHEIX MOJeAell OpraHu3aIun
peabuanTanonHoit oMoty B Kazaxcrane.

Taxum obpasom, aKTyaAbHOV 3adaden sBASIETCS
crcTeMaTH3ar s COBpeMeHHBIX AAHHBIX 00
OpTaHM3alyy KOMILAeKCHOM peaOMAMTalNy IajieHTOB
C XpOHMYECKUMU TpO(pUUECKMMM s3BaMM, OILleHKa

¢ PexkTUBHOCTM  pa3AMYHBIX  METOAOB  JA€dYeHMs,
oIpe/eleHye PoAU MYAbTUANCIIUIIAVHAPHOIO ITI0OAXO0Aa,
paspaboTKa IpejAOXKEHMII IIO COBEPIIEHCTBOBAHMIO
crUcTeMBI peaOMANTAIIVIOHHON IIOMOIIY, a TaK>Ke aHaAU3
DKOHOMMYECKUX aCIIEKTOB U BAVSHNS peabuAnTanuy Ha
KauyecTBO KM3HU I1allVIeHTOB.

IIeap obG30opa: crucreMaTn3anuss COBPEMEHHBIX
AAHHBEIX 00 OpraHM3aIUy KOMIIAEKCHON peaduAnTaIum
[aIEHTOB C XPOHMYECKUMU TPOPUUECKUMHU SI3BAMU

HIU>KHUX KOHEYHOCTEeN.

non

KAIOYeBBIM CAOBaM: "TpoduuecKkie sA3BbI", "XpOHIYeCcKye
paubl’, "peabuanranus’, "wound healing”, "trophic
ulcers", "rehabilitation". B pesyasTare aHaansa oro6paHo
6oaee 200 MCTOYHMKOB, U3 KOTOPHIX A4 A€TaABHOTO

paccmoTpenns BkAlodeHs! 30 myOAMKaIuii.
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3. CoBpemeHHOe COCTOsTHIIE ITPO0aeMbI

3aboaepanus nepudepudeckux aprepuii (3I1TA)
ABAAIOTCA OAHOM M3 BeAyIIMX IPUYMH pPa3BUTHA
XPOHMYECKUX $3B HIDKHUX KOHeuHOcTeit. Ilo saHHBIM
mccAe]0BaHMIi, YaCTOTa XPOHMYECKNX 3B Y IaIlIeHTOB C
3ITA sapsupyercsa ot 20% a0 70% [9-12]. BeposTHocTs
PasBUTIST OCAOKHEHUI, CBSI3aHHBIX C 3a001eBaHMAMU
nepudepudeckKux — apTepmii, |y  IallMeHTOB  C
XpOHMJYecKMMH si3BamMu gocturaer 37-70% [10,13-16].
Ilpu orcyrerBUM

CBOEBPEMEHHOIO 1 aA€KBaTHOIO

BMeIllaTeAbCTBA  WUINIEMUSI  HIUDKHUX  KOHEYHOCTE,
cpsa3aHHas ¢ 3I1A, mpuUBOAUT K yXYAIIIEHUIO COCTOSTHUS
paHBl B TedyeHMe IepBOoro roja B 35% caydaeB u
yBeAU4NBaeT PUCK 0OAbINON ammytauuu Ha 22% [16].
IIaTnaeTHsAs CMEpPTHOCTH IOCAe ITOCTAaHOBKU AMarHo3a
UIIEeMMYECKOIT sI3BBI Ha 55% IIpeBHIIIaeT COBOKYIIHYIO
CMEPTHOCTh OT paKka MOJOYHON >Keae3bl U paka
IpeAcraTeAbHO >Keae3dl [17].

T'ao06aapHbIE AMUAEMUOAOTIECKIIE
MCCAEAOBAHMSI IIOKA3bIBAIOT, YTO OKOAO 236,62 MaH

gen0BeK (5,56%) B BozpacTe 25 aeT u cTaplie cTpajaioT

3aboaeBaHmneM nepudeprdecKux apTepuii, mpu sTom 73%

U3 HUX IIPOXHMBAIOT B CTpaHaX C HUBKUM U CpeAHUM

CTPYKType

3aboaeBaeMocTy IepuPepUIECKUMN apTepUaAbHBIMU

ypoBHeM  goxoga [18]. B  oOmieit
3a004€BaHMSIMU KEHIITMHBI COCTaBAsIOT 52,23% [19].
OcoDeHHOCThI0 AaHHOM IIaTOAOIUN SIBASIETCSI
BBICOKasl 40451 OeccuMIITOMHOro TedeHus. boaee 50%
manueHToB ¢ 3IIA He TIpeaBABASIOT >Kaao0 Ha
HavaAbHBIX CTaAVsIX 3a00aesanms [20,21]. ATepockaepos,
SIBASIACE OCHOBHBIM ITaTOT€HETUYECKUM IIPOIIECCOM
CepAeYHO-COCYAVICTEIX 3a00AeBaHMil, MOXKET OCTaBaThCs
KAVHIYECKN HEBBIPa>KEHHBIM Ha IPOTSKEHUM MHOTUX
€T, HauMHasACh B AETCKOM BO3pacTe U IIPOsIBAAICH
TOABKO B 3peA0OM U HO>XIAO0M Bospacte [22,23].
®uHaHCOBBIE 3aTpaThl, CBSI3aHHbIE C JedyeHUeM

MManVeHTOB C XPOHMYECKUMMU TpOCl)I/ILIeCKI/IMI/I sJ3BaMI

HVDKHIUX KOHEYHOCTEN, IIPeACTaBASIOT 3HAauYUTeAbHYIO
HarpysKy Ha CUCTEMY
2014-2015

HarmoHnaasHOM caAy>k0bl 3apaBooxpaHenHus (NHS) Ha

34paBOOXpaHEeHS. B

Beankobpuranun B rojax  pacxo/bl
AedeHlne AaHHOM MaTtoAorum cocrasuan 837-962 man
(YHTOB CTepAMHIOB, 4YTO ®DKBMBAaJAeHTHO ITouTH 1%
HallMOHaABHOTO OIOJ’KeTa 34paBooXpaHeHms [24,25].
IIpumeuaTearno, uto 90% 3aTpaT HPUXOAMAOCH Ha
JAedeHIe sI3B CTOIBI, a He Ha aMIIyTallul, a ABe TpeTu
pacxol0B OblAM CBA3aHBI C OKa3aHUEM MeAUIIMHCKON
IIOMOIIY B ITIEPBUYHOM U aMOy1aTOPHOM 3BEHBSIX.

B Poccuiickoit Pegepanium cpeaHsisi CTOUMOCTD
AedeHNs MalllieHTOB, TOCIIUTaAN3VPOBAHHBIX 10 TTIOBOAY
SI3BBI CTOMBI IO ITIKade Barnepa, cocrasmaa: 1 cragmst —
2450 €, 2 cragus — 2821 €, 3 craaus — 3937 €, 4 cragust —
5340 € [26]. OcHoBHBIMMI daKTOpaMM, OIIpeAeAsIONIMU
CTOMMOCTbD A€YeHsI, SIBASLAVICD AAUTE ABHOCTD
npeObIBaHNUA B CTallllOHape, O0BEM XUPYPIUYECKOTO
BMeIlIaTeAbCTBa U  HeoOXOAMMOCTb  COCYAVICTOI
XUPYPTUNL.

B CHIA pacxoabl Ha JedeHMe TIALIEHTOB C
sI3BaMI HIMKHMX KOHEYHOCTell cocTaBAsioT 1,9 mapa
AOAAApOB B TOA B OTAeA€HUIX HEOTAOXKHOI ITOMOIIN U
8,78 MaApa A4044apoB CpeAu TOCHUTAAM3MPOBAHHBIX
caAydaeB. /leTaabHOCTh B BTONM TIpyIIe HallMeHTOB
Aocturaet 2,0%, cericuc perucrpupyercs B 9,6% caydaes,
a ammyrtanus nposogurca y 10,5% mnarnmenros [27].
Aunaberuueckas sI3Ba

CTOIIbI yBeAIMBaeT

MHAVBUAYaAbHbIE pacxoant Ha MeAUIIITHCKOe
obcay>xuBaHue B cpeaueM Ha 11 710-16 833 g0aaapos B
rog [28].

B IOxnoit Kopee sarparel Ha amIIyTalMIO
HIVDKHIX KOHEYHOCTeN yBeAMdnUAnch ¢ 17 MAH g4041apoB
B 2011 roay Ao 25 maH goaaapos B 2016 rogy. CpeaHss
CTOMMOCTD O4HOM aMITyTanium Beipocaa ¢ 6100 s0aaapos

240 7300 g0a4apoB 3a aHaAOTMYHBIN ITepuog [29].

4. CycTteMbl OpraHM3aly MeAUIIMHCKOV ITOMOIIN

ATepockaepoTudyeckoe MopakeHue
nepudepudeckux — apTepuii  —  9TO  CHCTeMHOe
3a00aeBaHne, COIIPOBOKJaloIeecs BBICOKOII

A€TAaABHOCTBIO UM WMHBaAUAMU3aiiein. Y IIallMEHTOB C

repeMesKaloneiics XpoMOTOl CyIlIeCTBeHHO BO3pacTaeT
PUCK pasBUTHS CePAEUHO-COCYAUCTHIX OcA0KHeHui [30].
Beaenne Takmx mnamueHTOB TpeOyeT yuyacTus

CHeIMaANCTOB  pa3AM4yHBIX mnpoduaern. B cocras

MYABTUAMCIIUIIAMHAPHOM  KOMaHABI  BXOAAT: Bpad-
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peabuanToaor,  COCYAMCTBIN

Xnpypr,

TepalleBT, DproTeparieBT, KUHe3MoTepalieBT, CrieqaancTt

KapA1o4or,

110 (QYHKIMOHAABHOM AMArHOCTUKE, IICUXOTepareBT U
colMaAbHBIN paboTHUK [31].

MyabpTUAUCINIIAVHAPHAS KOMaHAa pelrtaeT psig,
KAIOUEBBIX 3aJad. B mepByio odepesb OCyIIecTBASETCS
KOMIILZeKCHasl OlleHKa peadMANTAIIVIOHHOTO MTOTeHIIaa
ITallMIEeHTa, YTO II03BOASET BBIBUTH €T0 BO3MOXXHOCTU U
orpaHnueHns. Ha ocHOBaHUM IIPOBEAEHHON OLIEHK!
OIpejeAsIIOTCsl  I1eAM BOCCTAaHOBUTEABHOTO /edeHUs,
KOTOpbIe

HaIlpaBA€HbBI Ha yay4diieHne

Cl)yHKLU/IOHaAbHOI‘O COCTOsMHMA UM KadeCTBa >JKU3HU
ITalqVieHTa. 3aTeM paSpa6aTI)IBa€TC}I VHAVBUAYaAbHasI
InporpaMma

pea6I/I/H/ITaLU/II/I, BKAIO4YaloIlasa

MEpPOIIPUAITI, HeO6XO,ZI,I/IMI:Ie AL AOCTVI>KEHI
ITIOCTaBAE€HHBIX LIe/leI7[. KOMaHAa TaK>Xe OCyIIeCTBASIET
KOHTpPOAD 3a BbIIIOAHEHIIEM Ha3HAY€HHbIX MepOHpM)ITVIf/I,
qTo I1I03BOAsET

CBOEBPEMEHHO  KOPPeKTHpPOBaTb

IporpaMMmy AedeHus. BaxxHoit 3agauein saBAsSeTCH
KOOpAVHALMS B3aIMOAEVICTBYsI CIIeIMaACTOB Ha BCeX

9Tallax peaOMAMTALNM, YTO CIIOCOOCTBYeT ITOBBIIIIEHNIO

5. KoMmmoHeHTbI peadnanTaniOHHON IIPOTrPaMMbI

KoMnaekcHast peaOuanTalioHHas MIporpaMmMa
BKAIOYaeT HeCKOAbKO KAIOUEBBIX KOMIIOHEHTOB, Ka>KAbI
U3 KOTOPBIX HaIpaBAeH Ha yAydYIIeHNe COCTOSHMU:
Baskupim

ITIallieHTa u MUHMU3alio PUCKOB.

DAEMEHTOM SIBASIETCA MeAVKaMEHTO3Hasl —Teparmus,
rogAep>kusamommas obiee 3a0posbe. Ocoboe BHIMaHIE
yAeaserca (uU3MIeCcKOl peadmamTanmy, KoTopas
BKAIOYaeT KaK WHAVBNAYyaAbHBlEe, TaK ¥ TpPYIIIIOBbIe
3aHSTIL, HallpaBAeHHBIe Ha yAy4IlleHe ITOABVKHOCTU U
BOCCTaHOBAEHMEe  (PYHKIIVMOHAABHBIX  BO3MOKHOCTEIL.
Ilcuxoaorndeckas moaaepsKKa UTpaeT He MeHee BasKHYIO
pOAb, TIOCKOABKY OHa CIIOCOOCTBYyeT IIOBBIIIEHNIO
MOTHBAIIMM IALIMEHTOB U MX YBEPEHHOCTU B IIpoliecce
AedeHus. B mporpaMmy TakKe BXOAUT U3MeEHEHNeE
obpasa >XM3HU M KOHTPOAb (PAaKTOPOB PUCKA, TAKMUX KaK
HeIlpaBMABHOE INMTAaHME, Ma/AOIIOABVIKHBIN  0Opa3
KM3HU WUAU BpeAHble IPUBBIUKM. /OIIOAHUTEABHO
IIPOBOAUTCA OOydYeHUe IIalleHTOB, HallpaBAeHHOe Ha
NpopUAAKTUKY OCAOKHEHMII M  IIOBBIIIEHNE WX
OCBeJOMAEHHOCTM O IIPaBUABHOM yXOJ4e 3a CBOUM

3a0poBbeM [32].

9} PeKkTMBHOCTM M  COr1acoBaHHOCTM  Ae4eOHBIX
MEepPOIPUATUIL.

Peabuanramus nanmeHTOB ¢ TPOPUUIECKUMU
s3BaMIM HVDKHUX KOHEYHOCTeN IPOBOAUTCS IO3TAITHO,
9TO  TI03BOAsET  ODecredmTh  IIpeeMCTBeHHOCTb
MeAMUIIMHCKOM ITIOMOIIN U ITOCTeIIeHHOe BOCCTaHOBAEHE.
Ha mnepsoM »Tame (cTaliOHapHOM) OCYILeCTBAseTCs
paHH:LA

rocaeoIiepalioHHasl peabuanTanus,

BKAIOUAIOIIasl ~ MHTEHCUBHYIO  (U3MOTepanuio U
CcTabMAM3anuio OOIero COCTOSHMS IaIlyeHTa. Bropoii
9TaIl IIPOXOANT B CIIELIVIaAN3VIPOBAHHOM OTAEA€HNN, T e
HPUMEHSIOTCA

KOMIIZA€KCHBbIEe IIporpaMMmbI

peabuanTanum c JICTIOAb30BaHVEeM
MyAbTUAVCIIUIIAMHAPHOIO 1ogxoaa. Ha Tpetbem srame
(amOyaaTopHOM) peabMANUTAIIMIOHHBIE MepPOIPUITI
HIPOAOAXKAIOTCS, YA€AAeTCs BHUMaHMe IHPOPUAAKTUKE
peryasipHoe
cayJasix,

peLnMANBOB, a TakKXke IPOBOAUTCI

HabaAlO4eHMe  aHrmoxmpypra. B KOTAa
KOHCepBaTMBHAasA TepaIs OKa3bIBaeTCs Hed(PPeKTUBHOTA,
HaLyeHTaM

BBITIOAHSIETCA XUpyprmieckoe

BMeIIIaTeAbCTBO C ITocAeyIomeii peabuanTanueii [32].

ITpu sTOM B psge crpaH, BKaiodasa Kasaxcraw,

OTMeYalroTCAa o1rpeaeaeHHble OTpaHNYEHISI B

IIpeaoCTaBAEHNL pea6I/I/lI/ITaL[I/IOHHOI7I ITOMOIIINI.

Hanpumep, B Kazaxcrane OTCYTCTBYIOT

CTaHAQPTU3NPOBaHHbIE IIporpaMMbIl pea6I/I/lI/ITaLU/I]/I

rocae DHAO0BaCKYASIPHBIX BMeIlIaTeAbCTB opu
3aboaeBaHNIX epudepraecknx aprepuit (3ITA) [33].

Ileppuunas MeAUIMHCKas IOMOINL UTpaeT
KAIOYEeBYIO POAb B IpOPUAaKTUKe TPOPUIECKUX 3B
HIDKHMX KOHeuHocTell. OCHOBHOe BHMMaHNeE yAeAsIeTCs
KOHTPOAIO TaKuX (PaKTOPOB PICKa, KaK CaXapHEI AradeT,
COCyAuCTasl I1aTOAOTHUA, OXUpEeHMe ¥ HUKOTMHOBAs
3aBUCUIMOCTb.

CBoeBpeMeHHas1 ~ AMarHOCTMKAa ¥ Havalo
Tepanuy 3HaYMTeAbHO CHIDKAIOT BEPOSITHOCTh Pa3BUTIAL
OCAOKHEHUII. YuuTbiBasl, 4yto 75% manuenTtos c¢ 3ITA
mornGaloT OT  CepAeYHO-COCYAUCTBIX —OCAOXKHEHMIA,
KapAMOA0TMIecKoe COIPOBOXKAEHME SBASETCS BakKHOI
JacTpIo AedyebHOTO mIporiecca [30,34].

XpoHnyeckue KOHEYHOCTel

SI3BBI HVIDKHUX

OKa3bIBaIOT 3Ha4YTeAbHOEe BAVISIHUIE Ha
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IICIXODMOLIMIOHAaAbHOE COCTOsAHNE ITallVIeHTOB, ITOBBIIIIAas

pHUcK TPEBO>KHO-AEIIPECCUBHBIX PacCTpOIICTB.
OrcyTcTBre 0XXM4aeMOTo TepaneBTndeckoro »¢gdexra
yCyIryOAsieT ICUXOAOTUYECKUIT AMCKOM(POPT U CHUKAET
MOTUBAIIUIO K AeueHuIo [35].

Vccaeaosanns MOATBEPKAAIOT KAIOYEBYIO POAb

CceMbl U OAUBKMX B Opranmsanmm yxoda 3a nnalji€eHTaMIm.

3. BeiBoabI
OnrumMaapHasa peabmanTanys AAHHOM
KaTeropuu HaleHToB Tpebyer HPVIMEHEHS
TPeXDTaIIHO CUCTEMBI, obecrieynBaroIen
IIpeeMCTBEHHOCTh MeXAY CTal[MOHAPHBIM u
aMOyJaTOpHBIM ~ ®TamamMu. KalOueBBIM D1eMeHTOM
a¢pPpexTnBHON peabuaurarnun SIBASIETCS

MYABTUAVCIUIIAVHAPHBINA II0AX04, IIpeAIloAaraiouii

XNpypros,

CoMaAbHBIX

y4dacTtue pea6I/I/H/ITOAOFOB, COCYyAMCTBIX

KapA1O0AOIOB, IICUXOTeparieBToB,

pabOTHMKOB U CHEIMaAMCTOB II0 (PYHKIIMOHAABHON

AVIaTHOCTHIKE.

Ocoboe BHUMaHIe caeayer YAeAATD
amOyaaToOpHOMYy  ®Tally peaOMAMTAaUNM, KOTOPBII
BKAIOYaeT KOHTPOAb (aKTOpPOB pUCKa CepaedHo-
COCYAWCTBIX OCAOXHEHMI!, MOHUTOPUHI COCTOSHM
HaleHToB U oOpas3oBaTeAbHble  ITPOrPaMMBbI,
HallpaBAeHHBle Ha IIOBBIIIIEHMe IIPUBEP>KeHHOCTHU

AeYeHMmIO.
HeoTnemaemoit 4acTbi0  peadMAUTAIIIOHHOTO
mporecca  SIBASETCS

KOMIIAeKCHas1 coumnaAabHasx

MOJAEeP>KKa, BKAIOYaIOMIast IICUXO0AOTUYECKOe
COIIPOBOXKJEHMe, IIOMOIIb B COLIMAAbHOM aZanTaluy U
KOOpAMHALINIO

AOCTyTIa K MeAULIMHCKUM u

peabuAnTanMOHHBIM ycAyTaM. BaskHyI0 poas B yxode 3a

AurtepaTtypa

AKTUBHOe ydYacTue pOACTBEHHUKOB B JedyeOHOM
IIpoliecce MOBbIIIAEeT ero 3PpPpeKTnBHOCTS [1,36].
Cosganne sQPeKTUBHOI CHCTEMBI COLMAaAbHOI
IIOAJEPXKKM,  BKAIOYAIOIell  OBITOBYIO  ITOMOIIb,
IICMXO/AO0TMYECKYI0 peabuAnTanuio M KOOPAMHALIIO
MEeAUITMHCKOM ITOMOINM, SIBASETCS BasKHENIIeNn 3ajauen

B BeAeHUU ITallIeHTOB C AaHHOW ITaToaoruei [37].

Hal/eHTaM UIpaeT aKTUBHOE ydyacTue 4A€HOB CEeMbH,
4TO CII0COOCTBYeT YAY4IIeHIIO nX

IICUXODMOIIMOHAABHOTO  COCTOSIHMSI UM IIOBBIIIIAET
3¢ PpexTUBHOCTS peabuanTanumn.

Cucremarmsanmsl COBPeMEHHBIX IIOAXOJOB K
peabuanTaniuy I03BOAsIET PEeKOMEHJ0BaTh BHeApeHUe
IIepCOHAAM3VIPOBAHHBIX

IIporpamm, Y4YUTBIBAIOIMX

MEeAMIIMHCKME, IICMXOAOTMYECKMe MU  COIMaAbHBIe
acrexkTsl 3a0oaeBaHns. Takoll IM0OAX04 CIIOCOOCTBYeT
MOBBINIEHNIO  D(PPEeKTUBHOCTY JAe4eHMs], CHIDKeHHUIO
JacTOTBI PenMAMBOB U YAYYIIEHMIO KadecTBa >KM3HU
ITaLIIeHTOB.
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OTCYTCTBUM KOH(PAMKTa MHTEPECOB.

DuHaHCHMPOBaHMe. Ncrounnkos
¢uHaHCHpOBaHN AaHHOV pabOTHI HET.
Bkaaa asropos. Konuenryaamsamusa - AT,

XK.O.; merogoaorusa - X.O.; skcneptusa - b.C.,, C.C,
KM., PK.; dopmaasnsit anaans - b.C.; HammcaHme
(moaroToBka  OpuUruMHaAbHOTO yepHOoBUKa) - A4.T., JK.O.;
HamucaHue 1 pegakruposanue - A.T.

Bce aBTOpBHI 03HAaKOMMANCH C OKOHYaTEABHOI
Bepcueil pyKommcu ¥ IoAnmcaan Gpopmy Iepeiadn

aBTOPCKMX ITpas.

1. Klein, T. M., Andrees, V., Kirsten, N., Protz, K., Augustin, M., Blome, C. (2021). Social participation of people
with chronic wounds: a systematic review. International Wound Journal, 18(3), 287-311. https://doi.org/10.1111/iwj.13533

2. Bernardoni, S., Ferrazzano, L., Palladino, C., Artusi, C., Bonvicini, F., Campodoni, E.,

Sandri, M. (2025).

Multiple-Layer Chitosan-Based Patches Medicated With LTX-109 Antimicrobial Peptide for Modulated Local Therapy

in the Chronic

https://doi.org/10.1002/mabi.202400375

Management of

Wounds. Macromolecular

Bioscience, 25(2), 2400375.

3. Ilorexaes, H. H., ®puro, H. B., Muuenko, A. B., Avsos, A. H., [lanteaees, A. A., Kuraesa, H. B. (2018).
XpoHnyeckne, 4AUTEABHO He 3a’KMBaIOIINe S3BbI ¥ PaHbl KOXKU U ITOAKOXKHOM KAeTdaTku. Kaunuveckas depmamorozus

u eereporozus, 17(6), 7-12. https://elibrary.ru/item.asp?id=36950246



https://doi.org/10.1111/iwj.13533
https://doi.org/10.1002/mabi.202400375
https://elibrary.ru/item.asp?id=36950246

Astana Medical Journal. 2025, 125 (3) 20f9

Potekaev, N. N,, Frigo, N. V., Michenko, A. V., L'vov, A. N., Panteleev, A. A, Kitaeva, N. V. (2018). Xronicheskie,
dlitel'no ne zazhivayushhie yazvy" i rany" kozhi i podkozhnoj kletchatki (Chronic, long-term non-healing ulcers and
wounds of the skin and subcutaneous tissue) [in Russian]. Klinicheskaya dermatologiya i venerologiya, 17(6), 7-12.
https://elibrary.ru/item.asp?id=36950246

4. Maheshwari, G. (2024). Chronic wounds: A rising public health concern. Wounds APAC, 7(6).

https://woundsasia.com/journal-articles/chronic-wounds-a-rising-public-health-concern/

5. Frykberg, R. G., Banks, ]J. (2015). Challenges in the treatment of chronic wounds. Advances in wound care, 4(9),
560-582. https://doi.org/10.1089/wound.2015.0635

6. Armstrong, D. G., Boulton, A. J., Bus, S. A. (2017). Diabetic foot ulcers and their recurrence. New England
Journal of Medicine, 376(24), 2367-2375. https://doi.org/10.1056/NE]Mral615439

7. KaSaXCTaH, P. Kaununuecknin IIPOTOKOA AMArHOCTUKM ¥ A€4YE€HIS aTepOCKAEPO3 6pIOLHHOI7[ aopThl 1

apTepuii HVYDKHIMX KOHeuHocTell. Bsoagnas yacts. https://www.zdrav.kz/

Kazaxstan, R. Klinicheskij protokol diagnostiki i lecheniya ateroskleroz bryushnoj aorty" i arterij nizhnix
konechnostej (Clinical protocol for diagnosis and treatment of atherosclerosis of the abdominal aorta and arteries of the
lower extremities) [in Russian]. Vvodnaya chast’. https://www.zdrav.kz/

8. Nash, D., McClure, G., Mastracci, T. M., Anand, S. S. (2022). Social deprivation and peripheral artery
disease. Canadian Journal of Cardiology, 38(5), 612-622. https://doi.org/10.1016/j.cjca.2021.12.011

9. Bolton, L. (2019). Peripheral arterial disease: Scoping review of patient-centred outcomes. International
wound journal, 16(6), 1521-1532. https://doi.org/10.1111/iwj.13232

10. Jockenhofer, F., Gollnick, H., Herberger, K., Isbary, G., Renner, R., Stiicker, M., Dissemond, J. (2016).

Aetiology, comorbidities and cofactors of chronic leg ulcers: retrospective evaluation of 1 000 patients from 10

specialised dermatological wound care centers in Germany. International wound journal, 13(5), 821-828.
https://doi.org/10.1111/iwj.12387

11. Szeto, S. G., Wan, H., Alavinia, M., Dukelow, S., MacNeill, H. (2023). Effect of mobile application types on
stroke rehabilitation: a systematic review. Journal of NeuroEngineering and  Rehabilitation, 20(1), 12.
https://doi.org/10.1186/s12984-023-01124-9

12. Lazareth, I, Taieb, J. C., Michon-Pasturel, U., Priollet, P. (2009). Ease of use, feasibility and performance of

ankle arm index measurement in patients with chronic leg ulcers: Study of 100 consecutive patients. Journal des maladies
vasculaires, 34(4), el-e7. https://doi.org/10.1016/j.jmv.2009.02.007

13. Criqui, M. H., Aboyans, V. (2015). Epidemiology of peripheral artery disease. Circulation research, 116(9),
1509-1526. https://doi.org/10.1161/CIRCRESAHA.116.303849

14. Forssgren, A., Nelzén, O. (2012). Changes in the aetiological spectrum of leg ulcers after a broad-scale

intervention in a defined geographical population in Sweden. European Journal of Vascular and Endovascular Surgery, 44(5),
498-503. https://doi.org/10.1016/j.ejvs.2012.07.016

15. Hirsch, A. T., Criqui, M. H., Treat-Jacobson, D., Regensteiner, J. G., Creager, M. A., Olin, J]. W., Hiatt, W. R.
(2001). Peripheral arterial disease detection, awareness, and treatment in primary care. Jama, 286(11), 1317-1324.
https://doi.org/10.1001/jama.286.11.1317

16. Steffen, M. W., Undavalli, C., Asi, N., Wang, Z., Elamin, M. B., Conte, M. S., Murad, M. H. (2015). The
natural history of untreated severe or critical limb ischemia. Journal of wvascular surgery, 62(6), 1642-1651.
https://doi.org/10.1016/.jvs.2015.07.065

17. Snyder, R. J., Hanft, J. R. (2009). Diabetic foot ulcers--effects on QOL, costs, and mortality and the role of
standard wound care and advanced-care therapies. Ostomy/wound management, 55(11), 28-38.
https://europepmc.org/article/med/19934461

18. You, Y., Wang, Z,, Yin, Z., Bao, Q., Lei, S., Yu, ]., Xie, X. (2023). Global disease burden and its attributable



https://elibrary.ru/item.asp?id=36950246
https://woundsasia.com/journal-articles/chronic-wounds-a-rising-public-health-concern/
https://doi.org/10.1089/wound.2015.0635
https://doi.org/10.1056/NEJMra1615439
https://www.zdrav.kz/
https://www.zdrav.kz/
https://doi.org/10.1016/j.cjca.2021.12.011
https://doi.org/10.1111/iwj.13232
https://doi.org/10.1111/iwj.12387
https://doi.org/10.1186/s12984-023-01124-9
https://doi.org/10.1016/j.jmv.2009.02.007
https://doi.org/10.1161/CIRCRESAHA.116.303849
https://doi.org/10.1016/j.ejvs.2012.07.016
https://doi.org/10.1001/jama.286.11.1317
https://doi.org/10.1016/j.jvs.2015.07.065
https://europepmc.org/article/med/19934461

Astana Medical Journal. 2025, 125 (3) 30f9

risk factors of peripheral arterial disease. Scientific Reports, 13(1), 19898. https://doi.org/10.1038/s41598-023-47028-5

19. Song, P., Rudan, D., Zhu, Y., Fowkes, F. J., Rahimi, K., Fowkes, F. G. R., Rudan, I. (2019). Global, regional,
and national prevalence and risk factors for peripheral artery disease in 2015: an updated systematic review and
analysis. The Lancet Global Health, 7(8), €1020-e1030. https://doi.org/10.1016/52214-109X(19)30255-4

20. Hoyer, C., Sandermann, J., Petersen, L. J. (2013). The toe-brachial index in the diagnosis of peripheral arterial
disease. Journal of vascular surgery, 58(1), 231-238. https://doi.org/10.1016/j.jvs.2013.03.044

21. Chinaliyev, A., Saparbayev, S., Zhakiyev, B., Chinaliyeva, G., Khassenov, D., Sagandykov, L., Karimsakova,

B. (2024). Femoro-popliteal endovascular interventions. Videosurgery and Other Miniinvasive Techniques, 19(2), 187-197.
https://www.mp.pl/videosurgery/

22. Hong, Y. M. (2010). Atherosclerotic cardiovascular disease beginning in childhood. Korean circulation
journal, 40(1), 1. https://doi.org/10.4070%2Fkcj.2010.40.1.1

23. Mainieri, F., La Bella, S., Chiarelli, F. (2023). Hyperlipidemia and cardiovascular risk in children and
adolescents. Biomedicines, 11(3), 809. https://doi.org/10.3390/biomedicines11030809

24. Kerr, M., Barron, E., Chadwick, P., Evans, T., Kong, W. M., Rayman, G., Jeffcoate, W. J. (2019). The cost of
diabetic foot ulcers and amputations to the National Health Service in England. Diabetic Medicine, 36(8), 995-1002.
https://doi.org/10.1111/dme.13973

25. Edmonds, M., Manu, C., Vas, P. (2021). The current burden of diabetic foot disease. Journal of clinical
orthopaedics and trauma, 17, 88-93. https://doi.org/10.1016/j.jcot.2021.01.017

26. Ignatyeva, V.1, Severens, J. L., Ramos, I. C., Galstyan, G. R., Avxentyeva, M. V. (2015). Costs of hospital stay

in  specialized diabetic foot department in Russia. Value in  Health  Regional  Issues, 7,  80-86.
https://doi.org/10.1016/j.vhri.2015.09.003
27. Skrepnek, G. H., Mills Sr, J. L., Armstrong, D. G. (2015). A diabetic emergency one million feet long:

disparities and burdens of illness among diabetic foot ulcer cases within emergency departments in the United States,
2006-2010. PloS one, 10(8), €0134914. https://doi.org/10.1371/journal.pone.0134914

28. Rice, J. B., Desai, U., Cummings, A. K. G., Birnbaum, H. G., Skornicki, M., Parsons, N. B. (2014). Burden of
diabetic foot ulcers for medicare and private insurers. Diabetes care, 37(3), 651-658. https://doi.org/10.2337/dc13-2176

29. Chun, D. I, Kim, S., Kim, J., Yang, H. J., Kim, J. H., Cho, J. H., Won, S. H. (2019). Epidemiology and burden
of diabetic foot ulcer and peripheral arterial disease in Korea. Journal of clinical medicine, 8(5), 748.
https://www.mdpi.com/2077-0383/8/5/748#

30. Ramsingh, J., Kingsmore, D. (2019). Peripheral vascular disease. In Textbook of Vascular Medicine (pp. 473-
483). Cham: Springer International Publishing. https://doi.org/10.1007/978-3-030-16481-2 44

31. Walker, C. M., Bunch, F. T., Cavros, N. G., Dippel, E. J. (2015). Multidisciplinary approach to the diagnosis
and management of patients with peripheral arterial disease. Clinical interventions in aging, 1147-1153.
https://doi.org/10.2147/cia.s79355

32. Knyazeva, T. A., Badtieva, V. A., Trukhacheva, N. V. (2021). Basic principles and approaches to medical

rehabilitation of patients with atherosclerosis obliterans of lower limb arteries. Voprosy Kurortologii, Fizioterapii, i
Lechebnoi Fizicheskoi Kultury, 98(4), 54-61. https://doi.org/10.17116/kurort20219804154

33. O6 yrBepxaenuu Ipasna okasaHms MeAMITMHCKON peabyanTanun. [Ipnkas MuHmcTpa 34paBooXpaHeHys
Pecniybanku Kazaxcran ot 7 oktsi0opst 2020 roga Ne KP ACM-116/2020. https://1gp.kz/docs/npb22/37.pdf

Ob utverzhdenii Pravil okazaniya medicinskoj reabilitacii (On approval of the Rules for the provision of medical

rehabilitation) [in Russian]. Prikaz Ministra zdravooxraneniya Respubliki Kazaxstan ot 7 oktyabrya 2020 goda Ne KR
DSM-116/2020. https://1gp.kz/docs/npb22/37.pdf
34. Hirsch, A. T., Haskal, Z. ], Hertzer, N. R., Bakal, C. W., Creager, M. A., Halperin, ]. L., White, R. A. (2006).

ACC/AHA 2005 practice guidelines for the management of patients with peripheral arterial disease (lower extremity,



https://doi.org/10.1038/s41598-023-47028-5
https://doi.org/10.1016/S2214-109X(19)30255-4
https://doi.org/10.1016/j.jvs.2013.03.044
https://www.mp.pl/videosurgery/
https://doi.org/10.4070%2Fkcj.2010.40.1.1
https://doi.org/10.3390/biomedicines11030809
https://doi.org/10.1111/dme.13973
https://doi.org/10.1016/j.jcot.2021.01.017
https://doi.org/10.1016/j.vhri.2015.09.003
https://doi.org/10.1371/journal.pone.0134914
https://doi.org/10.2337/dc13-2176
https://www.mdpi.com/2077-0383/8/5/748
https://doi.org/10.1007/978-3-030-16481-2_44
https://doi.org/10.2147/cia.s79355
https://doi.org/10.17116/kurort20219804154
https://1gp.kz/docs/npb22/37.pdf
https://1gp.kz/docs/npb22/37.pdf

Astana Medical Journal. 2025, 125 (3) 40f9

renal, mesenteric, and abdominal aortic) a collaborative report from the American Association for Vascular
Surgery/Society for Vascular Surgery,* Society for Cardiovascular Angiography and Interventions, Society for Vascular
Medicine and Biology, Society of Interventional Radiology, and the ACC/AHA Task Force on Practice Guidelines
(writing  committee to develop guidelines for the management circulation, 113(11), e463-e654.
https://doi.org/10.1161/CIRCULATIONAHA.106.174526

35. Platsidaki, E., Kouris, A., Christodoulou, C. (2017). Psychosocial Aspects in Patients With Chronic Leg
Ulcers. Wounds: a compendium of clinical research and practice, 29(10), 306-310.
https://doi.org/10.25270/wnds/2017.10.306310

36. Gillick, M. R. (2013). The critical role of caregivers in achieving patient-centered care. Jama, 310(6).
https://psycnet.apa.org/doi/10.1001/jama.2013.7310

37. Janke, T. M., Kozon, V., Barysch, M., Valiukeviciene, S., Rackauskaite, L., Reich, A., Blome, C. (2023). How
does a chronic wound change a patient's social life? A European survey on social support and social
participation. International Wound Journal, 20(10), 4138-4150. https://doi.org/10.1111/iwj.14309

¥3aK >Ka3plAMalTBIH asKThIH TPO(PMKaABIK )XapaaapbIMeH aybIpaThbIH HayKacTapAbl
KellleHAi OHaATyAbl YMBIMAACTBIPY: OJe0MneTKe MI0AY

Xacenos A.T. !, Kyp6an X.O.? Cepik b. 3, Canap6aes C.C. * Koimnbaes JK.M. 5, Cyaeiimenosa P.K. ¢

1 PhD aokropant, AcraHa MeauiiuHa yHusepceuteti, Acrana, Kasakcran
2 PhD goxropant, Acrana MmeAunyHa yHusepcuteti, AcraHa, Kasakcran
3 KoraMABIK AeHCayABIK SKoHe IUITeHa Kadeapachl AOIleHT-3epTTeyIici, AcTaHa MeAnIHa yHuBepcureTi, AcraHa, Kasaxcran
4 FBLABIMM-KAMHUKAABIK, KYMBIC JKOHIHAETI MeAUIIMHAABIK AupeKTop, «Aa-Kamu» kannukacsl, Akrede, Kasakcran
5 TpasmaToaorus, opToneans KagelpachkHbIH AOIeHTi, AcTaHa MeAuIIHa yHUBepcnuTeTi, Acrana, Kazakcras.
¢ KoraMABIK AeHcayABIK SKoHe IUIveHa KadeapachIHbIH MeHrepymici, AcraHa MeAUIHa YHUBEPCUTET],

Acrana, Kazaxcran

Tyiingeme

Temenri asgKTapAbIH CO3BLAMAABl Ka3blAMaWTEIH TPOPUKAABIK >Kapalapbl 3aMaHayu MeAMITMHAHBIH ©3eKTi
Maceaeci 604bIII Kaaa Oepeai. DIMAeMIOAOTUAABIK 3epTTeyAep OOMBIHINA, AAMBIFaH eljepae epeceK XaABbIKThIH 1-2%-
BI CO3BLAMAABI asK >KapadapblHaH 3apAam Iereai, aa 65 ’KacTaH ackaH ajaMJap apacblHAa OyA KepceTkim 4-5%-Fa
Aetiin aptaasl. Kasipri emaey xarTramMmadapsl IaTOAOTVAABIK YAEPiCTiH KeKe acIleKTiepiHe FaHa OarbITTaABII, KeIlIeHAl
OHAATY ToCiAiHIH KaXKeTTiAiriH eckepe Gepmeriai.

Kasipri samaHFbI OHaATy TaciaAepiH XXylieaey aypyAblH MeAUIIMHAABIK >KoHe IICUX031eyMeTTiK acleKkTiaepin
ecKepeTiH keKe OHaATy OaFAap1aMadapblH YCBIHYFa MYMKIHAIK Oepeai. MyHAali Tocia eMaeyaiH TuiMAiairiH apTTHIpEI,
HalMeHTTepAiH eMip callachlH >KakKcapTyfa bIKHaa eTedi. KaskeTTi pecypcrap MeH KbI3MeTTepre KOA >KeTKi3yAi
KaMTaMachl3 eTeTiH TMiIMAlI 91eyMeTTiK KoAJAay >KyileciH AaMBITy OCBHl MaIjMeHTTep TOObIHa KeMeK KepceTyAi
YIIBIMAACTHIPYAaFbl MaHBI3AbI MiHAET OOABIIT TaOBLAAABL.
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Didar Khassenov !, Zhandos Kurban?, Serik Bakhtiyar?3, Samat Saparbayev 4,

Zhandos Koishibayev?, Roza Suleimenova ¢

1PhD student, Astana Medical University, Astana, Kazakhstan
2PhD student, Astana Medical University, Astana, Kazakhstan
3 Associate Professor-Researcher of the department of public health and hygiene, Astana Medical University, Astana, Kazakhstan
4 Medical Director for Scientific and Clinical Work at Al-Jami, Aktobe, Kazakhstan
5 Associate professor of the department of traumatology, orthopedics, Astana medical university, Astana, Kazakhstan

¢ The head of the department of public health and hygiene, Astana medical university, Astana, Kazakhstan

Abstract

Chronic non-healing trophic ulcers of the lower extremities remain a pressing issue in modern medicine.
According to epidemiological studies, 1-2% of the adult population in developed countries suffers from chronic leg
ulcers, with prevalence increasing to 4-5% among individuals over 65 years old. Current treatment protocols often focus
on isolated aspects of the pathological process, neglecting the necessity of a comprehensive rehabilitation approach. The
management of such patients requires the implementation of a three-stage rehabilitation system ensuring continuity
between inpatient and outpatient care.

Systematization of modern rehabilitation approaches enables the recommendation of individualized
rehabilitation programs that consider both medical and psychosocial aspects of the disease. Such an approach enhances
treatment effectiveness and improves patients” quality of life. The development of an effective social support system
that ensures access to necessary resources and services is a crucial task in organizing care for this patient population.

Keywords: foot ulcer, rehabilitation, peripheral artery disease, quality of life, interdisciplinary communication,

patient care planning, disease management.
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Abstract

Currently, periprosthetic knee infection is a burden on orthopedic services worldwide. The gold

standard for the treatment of periprosthetic infection is a two-stage revision arthroplasty, which
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consists of removing the infected endoprosthesis, debridement, placement of a cement spacer
with an antibiotic at the first stage, and installing a revision endoprosthesis at the second stage.
Often, revision endoprosthetics results in bone defects that require replacement.

Objective. The aim of this study was to compare the use of a single layer of bone cement and
the double cementing method for the replacement of bone defects in revision knee arthroplasty.
Materials and Methods. The patients were divided into the main and control groups of 20
people each. In the main group, revision knee arthroplasty was performed using a dynamic
cement spacer with an antibiotic and the double cementing method. In the control group,
revision knee arthroplasty was performed using a dynamic cement spacer with an antibiotic and
one layer of bone cement. The volume of intraoperative blood loss, the length of the patient's
stay in the hospital, and the length of stay in the intensive care unit were assessed. Knee joint
function was assessed 6 and 12 months after surgery using the Knee Society Score and Oxford
Knee Score scales. Radiological stability of the endoprosthesis was assessed using the Modern
Knee Society Score scale.

Results. Statistically significant differences were observed between the two groups in the
number of knee points according to the Knee Society Score scale (p = 0.005), in the number of
functional points according to the Knee Society Score scale (p = 0.01), in the number of Oxford
Knee Score points (p = 0.007). When comparing the frequency of instability of components
between the main and control groups, a statistically significant decrease in cases of radiographic
instability was noted in the main group (p = 0.026). A statistically significant difference in the
volume of blood loss was revealed between the groups, in the main group, blood loss was 100
mL less than in the control group (p = 0.03). There were no statistically significant differences
between both groups in the number of days in the hospital (p = 0.073) and intensive care unit (p
=0.072). There were no statistically significant differences in the duration of surgery between the
groups (p = 0.73). When comparing the frequency of infectious complications between the main
and control groups, no statistically significant differences were found (p = 0.405), however, the
absolute number of cases of periprosthetic infection was lower in the main group.

Conclusion. The double cementing method has been shown to improve knee function and
reduce the incidence of radiographic instability of spacer components in revision knee

arthroplasty at 12 months postoperatively.

Keywords: double cementation method, revision arthroplasty, knee joint, bone defects, bone ce-
ment, dynamic spacer.

1. Introduction

Periprosthetic is one of the most serious and
dangerous complications in large joint endoprosthetic
[1,2 In the Republic of Kazakhstan, the incidence of
periprosthetic  infection  following  total joint
endoprosthetics has been increasing annually. For

example, 2012, 42 cases were registered, while in 2023, the

number rose to 403 [3]. The percentage of periprosthetic
infection in 2023 was 2.5% of all cases of endoprosthetics,
which is consistent with world statistics [4]. In the USA,
the percentage of periprosthetic infection varies from 2.0
to 2.7% and up to 1.6% in Canada of all cases of total
endoprosthetics [1,5].
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The world practice of treating periprosthetic
infection is revision endoprosthetics, which includes the
removal of endoprosthesis components that have a
biofilm on their surface, thorough debridement, copious
rinsing of the joint cavity with antiseptic solutions and
installation of a cement spacer with an antibiotic [6].
During the removal of endoprosthesis components and
revision, bone defects may occur. The use of modern
methods for replacing bone defects in revision
endoprosthetics, such as modular metal augments,
metaphyseal sleeves with pressed coating of porous
titanium and structural cones of porous tantalum,
autologous bone grafting, allogeneic bone grafting,
impact bone grafting, structural bone allografts, mega-
endoprostheses, or individual endoprostheses is limited
due to the presence of periprosthetic infection [7].

In this case, the method of choice remains the use
of thick layers of bone cement or factory-made cement

spacers with tibial augments [7, 8]. Despite the fact that

2. Materials and Methods

The described study was conducted in accordance
with international standards and was approved by the
Local Ethics Commission (Protocol No. 4 of December 21,
2020). All patients participating in the study provided
written consent for data processing and publication.

The patients were divided into 2 groups: the main
group included 20 patients (prospective study), the
control group also included 20 patients (retrospective
study). Patients were included in the studies according to
the following criteria:

- DPatients with a confirmed diagnosis of
periprosthetic knee joint infection;

- Presence of bone defects of the femur and/or tibia
of type 2A, 2B and 3 according to AOR[;

- Patient age from 40 to 79 years;

- Patient consent to participate in the study.

The exclusion criteria were as follows:

- Patient age less than 40 and more than 79 years;

- Presence of bone defects of type 1 according to
AORT;

- Hemiparesis on the side of the proposed

operation;

the use of bone cement is acceptable in case of
periprosthetic infection due to the possibility of loading
the bone cement with an antibiotic, these methods have
certain limitations. Thus, the use of thick layers of bone
cement is limited to defects of type 1 and 2A according to
AORI due to the risk of thermal necrosis of the adjacent
bone [9-12]. Factory-made cement spacers with tibial
augment have a limited range and are not registered in
the Republic of Kazakhstan [8].

The aim of our study was to compare the use of the
developed the double cementing method with the
method of using a single layer of bone cement to replace
bone defects in revision arthroplasty with a dynamic
cement spacer for periprosthetic knee joint infection.

Hypotheses of the study: the use of the double
cementing method improves the functional results of
treatment and reduces the incidence of radiographic

instability when using a dynamic spacer.

- Neoplasms of other localizations with or without
metastases;

- Patient refusal to participate in the study;

In the main group, patients underwent surgical
intervention in the volume of revision knee arthroplasty
with the installation of a dynamic cement spacer with an
antibiotic and the use of the double cementing method.
In the control group, patients underwent revision knee
arthroplasty with the installation of a dynamic cement
spacer with an antibiotic and the use of one layer of bone
cement.

The formed groups were comparable by the
following criteria: gender, age, size of defects, the number
of revision surgeries on this joint.

During the patient's stay in the hospital and at the
time of discharge, the following parameters were
assessed: the number of hospital beds; the number of bed
days spent in the intensive care unit; the duration of the
operation; the amount of intraoperative blood loss;
assessment of knee joint function, radiographic stability,
the number of recurrences of cases of periprosthetic
infection. A follow-up examination to assess the function

and radiographic assessment of the installation of the
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knee joint endoprosthesis components was carried out 6
and 12 months after the operation. Knee joint function
was assessed according to the Knee Society Score scale
(KSS) and the Oxford Knee Score questionnaire (OKS).
Radiographic stability of the endoprosthesis was
assessed using the Modern Knee Society Radiographic
Evaluation System.

In the main group, all patients underwent revision
knee arthroplasty using a dynamic cement spacer with an
double
Endoprostheses from Johnson & Johnson DePuy and

antibiotic and the cementing method.
Beijing Chunlizhengda Medical Instruments were used
as spacers. Bone cement DePuy Synthes Endurance GMV
Gentamicin, 40g was used. The essence of the double

cementing method is the use of two layers of bone cement.

The first layer of bone cement acts as an augment and
repeats the shape of the bone defect, the second layer of
bone cement is fixative and serves to fix the
endoprosthesis components in the bone. After access to
the knee joint through medial arthrotomy, the
endoprosthesis components are removed one by one, and
a thorough debridement of the knee joint cavity is
performed (Figure 1). Then the joint cavity is abundantly
washed with antiseptic solutions up to 10 liters. After
installing the trial components of the endoprosthesis and
determining the volume of the resulting bone defects,
augments are formed from bone cement. Augments can
be formed in two ways: using the "cast" method or

forming an augment of the required size.

Figure 1 - Knee joint after endoprosthesis removal and tissue debridement. Extensive defects in the bone tissue of the

femur and tibia are noted

Formation of an augment by a “cast” was used if
the shape of the bone defect was irregular (Figure 2).
After applying bone cement to the inner layer of a
previously prepared dynamic spacer component and
installing the component in the required position, a “cast”

of the defect was formed in the area of the applied bone

cement (Figure 3). If necessary, excess bone cement was
removed. After polymerization of the bone cement, a
second layer of bone cement was applied and the
components of the dynamic spacer were installed in the

final position (Figure 4).

Figure 2 - Extensive defect of the femur of irregular shape
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Figure 4 - Final installation of the dynamic spacer

The formation of an augment of the required size
using the trial components was performed if the bone
defect did not require significant processing of the bone
edges. After selecting the necessary components of the
dynamic spacer, bone cement was prepared and an
augment of the required size was formed (Figure 5a).
After polymerization of the bone augments, a second

layer of bone cement is applied to the components of the

dynamic spacer and the formed augments (Figure 5b),
the spacer is installed in the final position (Figure 6). The
postoperative wound was sutured layer by layer and

drained with active drainage.

Figure 5 - (a) Tibial reinforced liner with 8 mm bone cement augment; (b) Tibial liner with cement augment with a second layer of

bone cement applied

Astana Medical Journal, 2025, 3, 125
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Figure 6 - (a) Installed tibial insert with cemented augment; (b) final placement of dynamic cemented spacer

In the control group, revision knee arthroplasty
was performed using a dynamic cement spacer with an
antibiotic and a single layer of bone cement. The essence
of the traditional use of bone cement in a single layer is
the application of bone cement in a single layer to the
spacer components. After access to the knee joint through
a medial arthrotomy, the endoprosthesis components are
removed one by one, and a thorough debridement of the
knee joint cavity is performed. Then the joint cavity is
abundantly washed with antiseptic solutions up to 10
liters. After installing the try-in components of the spacer,
bone cement is applied in one thick layer to the inner

surface of the tibial component and it is installed. At this

3. Results

In the main group, the distribution of patients by
gender was represented by 5 men (25%) and 15 women
(75%), and in the control group - 4 men (20%) and 16
women (80%). The median age in the main group was 62
(Q25 - Q75; 6 - 68.5), in the control group 62.5 (Q25 - Q75;
28 - 65.5). Bone defects of the femur and tibia
intraoperatively in the main group were assessed as F1 -
in 6 cases (30%), F2A - 3 cases (15%), F2B - 11 cases (55%),
T2A - 4 cases (35%), T2B - 13 cases (65%), T3 - 3 cases
(15%). In the control group, bone defects were assessed
as: F1 - 8 (40%), F2A - 4 (20%), F2B - 8 (40%), T1 - 1 (5%),
T2A - 6 (30%), T2B - 11 (55%), T3 - 2 cases (10%). The
median of previous revisions in the main group was 1
revision (Q25 - Q75; 1 - 1) with outliers in the amount of
2 and 3 revisions in different cases, and in the control
group, the median was 2 revisions (Q25 - Q75; 1.5 - 2).

When analyzing the comparability of both groups

of patients, no statistically significant differences were

point, the bone cement fills the bone defect. The
postoperative wound was sutured layer by layer and
drained with active drainage.

Statistical data were recorded and further
processed in Microsoft Excel from the Microsoft Office
2016 package and Statistica 12.0 software for statistical
analysis developed by Statsoft. The nonparametric
Mann-Whitney criterion and the parametric Pearson’s
criterion x2 (chi-squared) criterion were used for data
processing. Differences between the groups were

considered significant at p<0.05 [13].

found in gender, age of patients and the size of bone
defects of the femur and tibia. In the control group, the
median of previous revisions was 1 more than in the main
group (p = 0.04) (Table 1).

When assessing the number of bed days in the
main group, the median was 21 days (Q25 - Q75; 18.5 -
26.5). The median in the control group was 19 days (Q25
- Q75; 17 - 24). Assessment of days spent in the intensive
care unit: in the main group, the median was 1 day (Q25
- Q75; 1 - 1), in the control group also 1 day (Q25 - Q75; 0
- 1). No statistically significant differences were found
between both groups in the number of days in the

hospital (p = 0.073) and intensive care unit (p = 0.072).
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Table 1 - Comparative criteria of both groups
Comparison criter ia Main group Control group
Number of men 5 (15%) 15 (75%)
Number of women 4 (20%) 16 (80%)
Age (Median) 62 (Q25 - Q75; 6 - 68,5) 62,5 (Q25 - Q75; 28 - 65,5)
The size of femur defects F1 6 (30%) F1 8 (40%)
F2A 3 (15%) F2A 4 (20%)
F2B 11 (55%) F2B 8 (40%)
The size of tibial defects T2A 4 (35%) T1 1 (5%)
T2B 13 (65%) T2A 6 (30%)
T3 3 (15%) T2B 11 (55%)
T3 2 (10%)

The number of postponed

revision operations (Median)

1(Q25-Q75;1-1)

2 (Q25-Q75; 1,5 - 2).

The median duration of surgery in the first group
was 105 minutes (Q25 - Q75; 77.5 - 130), and in the second
group also 105 minutes (Q25 - Q75; 92.5 -127.5). The
median intraoperative blood loss in the main group was
200 ml (Q25 - Q75; 100 - 300), in the control group 300 ml
(Q25 - Q75; 200 - 625). A statistically significant difference
in the volume of blood loss between the groups was
revealed, in the main group there was 100 ml less blood
loss than in the control group (p = 0.03). There was no
statistically significant difference in the duration of
surgery between the groups (p = 0.73).

The median duration of surgery in the first group
was 105 minutes (Q25 - Q75; 77.5 - 130), and in the second
group also 105 minutes (Q25 - Q75; 92.5 -127.5). The
median intraoperative blood loss in the main group was
200 ml (Q25 - Q75; 100 - 300), in the control group 300 ml
(Q25 - Q75; 200 - 625). A statistically significant difference
in the volume of blood loss between the groups was
revealed, in the main group there was 100 ml less blood
loss than in the control group (p = 0.03). There was no
statistically significant difference in the duration of

surgery between the groups (p = 0.73).

When assessing the function of the knee joint 12
months after surgery, the Knee Society Score and Oxford
Knee Score scales were used. The median knee score
according to the Knee Society Score scale in the first
group was 83 points (Q25 - Q75; 83 - 88), while in the
control group it was 78 points (Q25 - Q75; 71.5 - 83). In
the double cementation group, the median functional
score according to the scale was Knee Society Score 80
points (Q25 - Q75; 75 - 85), while in the single-layer bone
cement group it was 65 points (Q25 - Q75; 60 - 80). In the
main group, the median Oxford Knee Score was 18 points
(Q25 - Q75; 15.5 - 20.5), while in the control group it was
24.5 points (Q25 - Q75; 18.5 - 31). When assessing knee
joint function, statistically significant differences were
found between groups in the median Knee Society Score
(p =0.005), in the functional Knee Society Score (p =0.01),
and in the Oxford Knee Score (p = 0.007).

When comparing the frequency of component
instability between the main and control groups,
statistically significant differences were found (x2 = 4.95;
p =0.026). In the control group, instability was diagnosed

in 65.0% of patients, while in the main group it was 25.0%,

Astana Medical Journal, 2025, 3, 125
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indicating the potential clinical efficacy of the method
used in the main group.

When comparing the frequency of infectious
complications between the main and control groups, no

statistically significant differences were found (x? = 0.69;

4. Discussion

Bone cement is widely used in the treatment of
periprosthetic infection, as it can be a carrier of an
antibacterial drug and allows for a dosed release of the
antibiotic [14, 15]. Bone cement also has the following
advantages: availability, low cost and an easy-to-perform
method.

Despite the obvious advantages, according to a
number of studies, bone cement can only be used for
small defects. According to the study by Qiu et al., the use
of bone cement is permissible for type 1 defects according
to the AORI classification (up to 5 mm) [9]. Thus, Dorr
L.D. describes the result of using bone cement to replace
type 1 defects in 54 patients with an observation period
of 84 months. In 1 case, loosening and the presence of
non-progressive lines of enlightenment at the
cement/bone border were noted [7]. Similar conclusions
were obtained in other studies. Thus, polymethyl
methacrylate is proposed to be used only for the
reconstruction of bone defects with two conditions. First,
the articular surface defect should not exceed 50% of the
area of the given surface and second, the depth of the
defect should not be 5 mm or more [14-16].

Researchers Lotke et al. demonstrated the
possibility of using bone cement for defects from 10 to 20
mm. 33 patients with a bone defect of 10 mm and 23
patients with a bone defect of 20 mm were operated on.
After 7 years of observation, in 43 cases (76.8%) the
authors noted the presence of non-progressive lines of
enlightenment at the bone/cement border, in one case
revision arthroplasty was performed [7].

Huten D. in his study shows the negative side of
using thick layers of bone cement. The study concluded
that there is a connection between the high frequency of
loosening of the components of the knee joint

endoprosthesis and the appearance of lines of

p = 0.405). In the main group, infection developed in 10.0%
of patients, in the control group - in 25.0%. However, the
differences did not reach the level of statistical

significance.

enlightenment at the cement/bone border during
radiography when using thick layers of bone cement [17].
Also, when wusing bone cement to fix the
endoprosthesis components, repeated revision is difficult
and may contribute to additional bone loss when
removing the cemented component [18-21]. The risk of
thermal necrosis associated with an exothermic reaction
during polymerization of large layers of bone cement
increases the risk of instability of the endoprosthesis
components [22]. When using an injection type of bone
cement, there remains a risk of fat embolism, the
possibility of increasing the cement pressure in the bone
marrow canal [24, 25]. The use of thick layers of bone
cement can lead to local disruption of the blood supply
due to thermal necrosis, which can lead to instability of
the prosthesis [25]. On the other hand, the double
cementing method has shown its effectiveness. In our
previous studies, a case from the practice of successful
use of the double cementing method in a patient with
recurrent knee joint infection was described. The patient
has good knee function and no signs of inflammation at
the control examination. The follow-up period was 4.5
years [26]. Also, in our other study, the method of double
cementation was compared with the use of metal
augments, which is a standard technique for replacing
bone defects. All patients were diagnosed with aseptic
instability of the components of the knee endoprosthesis.
The method of double cementation showed the same
functional effectiveness compared to the standard
method of defect replacement, but the operation time and
blood loss were less in the double cementation group.
Although there was no statistically significant
difference in the number of cases of recurrent
periprosthetic infection, the absolute number of cases
was lower in the double cementation group. Perhaps,

with a sufficient sample, this method can show
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statistically significant results in reducing the incidence

of recurrent periprosthetic infection.

5. Conclusions

The use of a dynamic cement spacer using the dual
cementation method showed better treatment outcomes
compared to the use of a single layer of bone cement. The
method wused allowed  statistically significantly
improving the function of the knee joint when assessed
12 months after surgery, reducing the number of cases of
radiographic  instability =~ of the endoprosthesis
components and reducing the volume of intraoperative
blood loss. Based on the data obtained, it is possible to
recommend the use of the dual cementation method to
replace bone defects of the femur and tibia in revision
knee arthroplasty using a dynamic spacer.
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Ti3e OybIHBIHBIH HepUNIPOTe3AiK MH(PEKIMACHIH AMHAMUKAABIK [JeMeHT apaAbIKIIeH
eMgeyae KOC IleMeHTTey d4iciMeH >KaM0ac X9He XiAiHIIiK cylleKTepiHiH aKayaapbIH
aybICTBIPY
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1 AMpeKTOpABIH KAVHIKAABIK, Maceaeaep KoHiHAeri oprHOacapsl, Akagemuk H./. baTrieHOB aTBIHAAQFBI YATTHIK, FELABIMY TPaBMaTOAOTVL
>KoHe OpToIleanst opTaabirbl, Acrana, Kasakcran.
2 No4 oproneaus Oeaiminig MeHrepymici, Akagemnx H./. BaTrieHOB aThIHAAQFbI YATTHIK, FHIABIMU TPaBMaTOAOTVS
>KoHe opTorteanst opTaabirbl, Acrana, Kasakcras.
3 Ara re1ABIMU KbI3MeTKep, Akademuk H./. baTrieHOB aTbIHAAFBI YATTBIK FBLABIMY TPaBMaTOAOTVAS
JKoHe opToIieans opTaabirbl, Acrana, KasakcraH.
4 No4 TpaBMaroaorus 6eaiMImeciHiy oprornea-TpasMaToaorsl, Akagemuk H./. baTrieHOB aTbIHAQFBI YATTBIK, FBLABIMU
TPaBMaTOAOIII K9He OPTOIIeAVs OpTaabiFbl, ActaHa, Kaszakcran.
5 XKorapsl OKy OpHBIHaH KeitiHri 6iaim Oepy 6eaiMiHin Menrepyurici, Akagemuk H./. baTrieHOB aTbIHAQFBI YATTBIK FHLABIMI
TPaBMAaTOAOII K9He OpTOIIeAVst OpTaabiFbl, ActaHa, Kaszakcran.
¢ TpaBMaTOAOTIIS >KoHe opTolteAust KadeApackHbIH A0IeHTi, Peceit XaabIKTap AOCTBIFBI YHUBEPCUTET],
Mackey, Peceit ®egepariyscor.
7 No4 TpaBmaroaorus 6eaiminig MeHrepymici, Akagemuk H./. batrieHOB aThIHAQFbI YATTHIK, FRLABIMU
TPaBMaTOAOT: KoHe OpTOoIleANs OpTaabiFbl, ActaHa, Kaszakcran.
8 No 4 TpaBmarToaorus OeaimilleciHig TpasmaToaor gapirepi, Akagemuk H./. barrieHos aThiHAAFbI
TPpaBMaTO/AOT KoHe OPTOIIeANs YATTBIK FRLABIMY OpTaAblFbl, ActaHa, Kasakcras.
9 No4 TpaBmaTOA0rMs G0aiMIIeciHiH TpaBMaToa0T gopirepi, Akagemuk H./. barreHoB aTbiHAaFbI
TPpaBMaTOAOTVISI KOHe OPTOIIeAVsI YATTHIK FBLABIMU OpTaAbl¥bl, AcraHa, Kasakcran.
10 No4 TpaBmaToaorus 6eaiMIneciHig TpaBMaToaor gapirepi, Akagemuk H./. baTrieHOB aTbIHAQFBI YATTHIK, FBLABIMU
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Tyiingeme

Kazipri yakbeITTa nepumporesaik Tize mHQPEKIUACH OYKia 91eMae OpTONeAUAABIK KbI3MeT YIIIiH aybIpTIIaAbIK
6oabi TabblaaAbl. [Tepunporesaik MHPeKIVIHBI eMAeYAIH aATHIH CTaHAAPTHI €Ki Ke3eHAl peBU3UAABIK apTPOILAacTIKa
0oabl TabbLAaABl, OA >KYKTBIPFaH DHAOIIPOTE3Al aAbBIIl TacTayAaH, TasapTyAaH, OipiHIII KeseHAe aHTMOMOTUKIIEH
IIEMEHTTIK apaAblK OpHATyJaH KoHe eKiHII Ke3eHAe PeBU3UAABIK DHAOIpPOTe3AeyAi opHaTydaH Typaabl. KebiHece
PeBU3UAABIK DHAOIIPOCTETHMKA aybICTBIPYADbI Ka>KeT eTeTiH CylieK aKkaydapblHa oKeleAi.

bya 3epTTeyaiH MakcaThl peBU3NABIK Ti3e apTpOIllacTMKachblHAA CYiieK aKayJAapblH ayBICTBIPY YIIiH Oip
Ka0OaTTHI CyTieK IIeMeHTiH KO0AAaHy MeH KOC IIeMeHTTeY dAiCiH CaaBICTHIPY 0OAABL.

Oaicrep. Haykacrap apxaiicsichl 20 azaMHaH TypaThIH HeTisri koHe Oakblaay TomTapbiHa 0eainai. Herisri
TOIITa Tide OYBIHBIHBIH PEBUBUAABIK apTPOIL1aCTUKACh aHTMOMOTHKIIEH JKoHe KOC IIeMeHTTeY dAiciMeH AMHaMIKaABIK
LIeMeHTTi apaAbIKIleH OpblHAaAAbl. bakplaay TOOBIHAQ Tide OYBIHBIHBIH PeBU3UAABIK apTPOIIAacTUKAaChI
aHTMOMOTHUKIIEH KoHe CYylieK IleMeHTiHiH Oip KabaTsl Oap AMHaAMMKAABIK, IIeMeHT apaAblK KYpPaAblH KOAAaHY apKbLABI
opbeiHZaaAbl. Ornepanus Ke3iHAeri KaH >KOFaATy KeJeMi, HayKacThlH CTaljMoHapJa 004y VY3aKTBIFbI, >KaHCaKTay
OesimiHAe 00y y3aKTBIFLI OaradaHAbl. Tide OyBIHBIHBIH KbI3METi ollepalusigaH KeliiH 6 >koHe 12 aitgaH keitiH Knee
Society Score >xoHe Oxford Knee Score mkazaacsl apkblabl 6aradaHAbL. DHAOIIPOTE3AIH pajuOAOTUAABIK TYPaKTHLABIFBI
Modern Knee Society Score mkaaacs! apKbLabl OaFraaaHAbI.

Hotmxeaep. Exi Tonn apaceiga Knee Society Score mkaaacer OovisIHIIa Tise yaiiaapbsiHbIH caHbiHAa (p = 0,005),
Knee Society Score 11kaaacsr OoripIHIIIa (PYHKIIMOHAAABIK YIT1aiiaapasiH caneiHaa (p=0,01), Oxcdopa Tize yraitaapbIHbIH
canpiiga (p = 0,007) craTmcTMKaaAblK MaHBI3ABI allbIpMaIlbLABIKTap Oalikaaabl. Herisri >xeHe Oakblaay TomTapbl
apachblHJaFBl KOMIIOHEHTTepAiH TYPaKCHI3ABIK >KHUIiAiriH caaBICTHIPY Ke3iHge Herisri TomTa paamorpadpusAbk
TYPaKCBI3ABIK >KaFAaliAapbIHbIH CTaTICTUKAABIK MaHbI3ABI ToMeHJeyi Oarkaaanr (p = 0,026). TonTap apaceiHga KaH
JKOFaATy KeJAeMAepiHiH CTaTUCTMKAABIK MaHbI3AbI aliblpPMaIlIbLABIFE aHBIKTaA/bl, HETi3Ii ToITa KaH JKOFaATy OaKblLaay
TOObIHa KapafaHaa 100 ma-re a3 604451 (p = 0,03). AypyxaHaga (p = 0,073) >xoHe KapKbIHABI Tepanus OeaimMiHge (p =
0,072) xyHaep caHbI OOMBIHIIA €Ki TOII apachlHAA CTaTUCTUKAABIK MaHBI3ABI aliblpMallblAbIKTap O0AFaH KOK. TomTap
apacblHAa OoIlepariisl Y3aKTHIFBIHAA CTaTUCTUKAABIK MaHBI3ABI alfbIpMaIlIblABIKTap O0aFaH oK (p = 0,73). Herisri >xoHe
Daxpl1ay TOIITapbl apachIHAAFbI MH(PEKIMABIK aCKbIHY AapABIH KUiAiTiH caaBICTBIPFaH Ke3A€e CTaTUCTMKAABIK MaHbI3AbI
alibIpMalIbIABIKTap TaOblAFaH XOK (p = 0,405), azariga, Herisri Tonra nepunporesAik MHQEKIUs KardallapbIHBIH

abCcoAIOTTi caHbl TOMEH 00AABI.

Kopeitbiabl. KocapaaHran IleMeHTTey ogici onepaumsgan Keninri 12  aliga peBU3MSAABIK —Tize
apTpoIllacTMKachlHAa Tide QYHKIMACBIH >KaKcapTaAbl >KoHE apaAblK KOMIIOHEHTTEPAIH peHTTeHOrpaUsabIK
TYPaKChI3ABIFDI JKUiAITiH TOMeHAeTeAl.

TyiiH ce3aep: KOC IIeMEHTTeYy 9JiCi, peBM3MAABIK apTpOILlacTMKa, Tize OyBIHBI, CyleK akayaAapbl, Cyliek

IIeMEeHTi, AMHaMMKaABIK apaAbIK.

3aMemeHNe KOCTHBIX 4edeKTOB 0OeapeHHO 1 00abIie0epIiOBOVI KOCTE METO40M
ABOVIHOTIO IIeMeHTUPOBaHNS IIPY A€UeHN IIepUIIPOTe3HON MHPeKIMI KOAeHHOTO CycTaBa
C ICII0Ab30BaHNeM AMHAMIYeCKOTO IIeMeHTHOTIO cIiericepa

baarasapos C.C. !, beaoko6s1a0B A.A. 2, batnien A.H. 3, Pamazanos JK.K. ¢, Joaros A.A. 5,
Pumamescknit A.B. ¢, Abuaos P.C. 7, Mopomian A.B. 8, Atennaesa A.M. °, Kpukansoiin A.A. 1°

1 3amecTuTeAb AUPEKTOPA IO KAUHIYecKoi paborte, HarnonaAbHbIN HayYHEIN IIEHTP TPaBMaTOAOTUU ¥ OPTOIIe AN

umMmeHnn akagemunka H./. batnienosa, Acrana, Kazaxcran.
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2 3aBeayomuii otaeaeHueM oproneaun No4, HarmonaabHblil HayqHBI LEHTP TPaBMaTOAOTUM U OPTOIIe AUM
nMeHu akagemuka H./. batrienosa, Acrana, Kazaxcras.
3 CTapLLU/HZ Hay4HBI COTPYAHMK, HalmonaAbHbIM HayuHbIT eHTP TPaBMaTOAOTUM 1 OPTOIeAUN
nMeHn akagemuka H./. batrienosa, Acrana, Kazaxcras.
4 Bpau TpaBmaro.or otaeaenus Tpasmaroaorum No 4, HarinoHaAbHBIN HayYHBIN LIEHTP TPaBMaTOAOIUY M OPTOIIe AN
nMenn akagemuka H./. BatrieHosa, Acrana, KazaxcraH.
5 3aBeayIolmmii oTaeAoM oOpasosaHs, HarimonaabHbI HayYHBIN IIEHTP TPaBMaTOAOIMM U OPTOIIeANI
nMenn akagemuka H./. batrienosa, Acrana, KazaxcraH.
¢ Aonent kadeaprl TpaBMaTOAOrUM 1 OpTONIeAnu, Poccuiickmii yHuBepcuTeT Apy>KObl HapOAOB,
Mocksa, Poccuiickast Pegepariyis.
7 3aBeayolnit oTaeaeHueM TpasMaroaoruy No4, HaijmonaapHbIi HaydHbIN HEHTP TPaBMaTOAOTUM M OPTOIIeANI
nMeHn akagemuka H./. batnieHosa, Acrana, KazaxcraH.
8 Bpau TpaBMaToa0r oTAeaenus TpapmaToaoruyu No 4, HamyonaAbHbI HaydHBIiT II@HTP TPaBMaTOAOIUM U OPTOIIe AUM
nMeHn akagemunka H./. batrieHosa, Acrana, Kazaxcras.
° Bpau TpaBMaToa0r oTAeaenus TpapmaToaoruyu No 4, HaryonaAbHbI HaydHBI 1I@HTP TPaBMaTOAOTUM U OPTOIIe AUM
nMeHn akagemuka H./. batrieHosa, Acrana, Kazaxcras.
10 Bpau TpaBMaTOAOr OTAeAeHus TpaBMaroaoruy No4, HarjoHaApHBI HayYHBIN LIEHTP TPaBMaTOAOIMY 1 OPTOIIe AV
nMenn akagemuka H./. batiieHosa, Acrana, KazaxcraH.

Pesome

B HacCTosj111ee BpeM}I Hep]/[HpOTeSHaSI I/IHCI)eKLU/I}I KOA€HHOrIo CYCTaBa SIBASIETCS CepLéSHOﬂ HpO6/l€MOI7[ AA5L
OpTOHe,ZI,I/I'-IeCKI/IX C/ly)K6 BO BCeM Mmpe. 3040THIM CTaHAapTOM Ae4deHIs1 HepI/IHpOTGBHOﬁ I/IHCI)eKHI/II/I SABASCTCA
,ZLByXE)TaHHaS[ peBI/ISI/IOHHa}I aprOH/laCTI/IKa, KOTOpa}I cocromT m3 yﬂ,aAeHI/IH I/IHCI)I/ILU/IPOBaHHOTO BHAOHPOTQSa,
AE6PI/I,Z|,MQHT3, yCTaHOBKI/I IJeMEeHTHOIO Cneﬁcepa C aHTUOMOTMKOM Ha HepBOM DTare u YCTaHOBKI/I peBI/ISI/IOHHOFO
DHAOIIpOTE3a Ha BTOPOM BTarlle. HepeAKo peBI/ISI/IOHHOG BH,ZI,OHpOTQSI/IpOBaHI/Ie IIpUBOAUT K o6pasoBaHmo KOCTHBIX
AedeKToB, TpeOyIOIIX 0CAeAYIOMIero 3aMeIeH .

He[lbIO AAHHOTO Mccaeia0BaHVsI OnL10 CpaBHEHI/Ie JICIIOAB30BaHIMSI OAHOIO CA05 KOCTHOTIO IIeMeHTa 1 MeToJa
,ZI,BOI7IHOI‘O HeMeHTI/IpOBaHI/I}I A5 3aMeIleHVIsT KOCTHBIX Ae(l)eKTOB HpI/I pEBI/IBI/IOHHOM BHAOHpOTQSI/IpOBaHI/H/I KOA€HHOTIO
cycrasa.

METOAI)I. HaL[I/IEHTbI ObLAU paSAe/leHbI Ha OCHOBHy}O n KOHTpO/HJHyIO I‘pyHHI)I, Ka>xaas1 13 KOTOPLIX BK/AO4YaAaa
rmo 20 ueaosek. B ocHOBHOIT TpyIilie peBU3VMOHHOE BHAOHPOTGSI/IPOBaHI/Ie KO4€HHOTO CcycCTaBa ITIpOBOANAOCH C
VICITIOAB30BaHMEM AVMHaMMN4YeCKOTIO IIeMeHTHOTIO cneﬂcepa C aHTUOMOTUKOM U MEeTOA0M ABOﬁHOI‘O L[eMeHTI/IpOBaHI/I}I. B
KOHTpOAbHOf/I rpyr[ne peBI/ISI/IOHHOG BHAOHPOTESI/IPOBaHI/Ie KOAeHHOIro CYCTaBa HpOBOAI/I/lOCB C HNCIIOAB30OBaHMEM
AVTHAMIYEeCKOIO IIeMeHTHOTIO Cneﬁcepa C aHTUOMOTUKOM U OJAHVIM CAO€M KOCTHOIO IIeMeHTa. OL[eHI/IBa/lI/ICL oO0beMm
MHTpaOHepaLII/IOHHOI;I KposorioTepu, AAUTEABHOCTb Hp96LIBaHI/I}I IIaniMeéHTa B CTallliOHape " AAUTEeAbHOCTDb
Hpe6bIBaHI/I$I B OT4AeAeHUU MHTEHCUBHOM TepaHI/H/I. CDyHKI_U/IIO KOA€HHOTIO Cy(,’TaBa OLleHBaAU qepes 6 ul2 MecsAaneB
rocae omepanyy mo mkaldaM Knee Society Score m Oxford Knee Score. PenrtreHOoA0Imueckyio craOMABHOCTB
®HAOIIpOTe3a olleHMnBaAu 1o 1kale Modern Knee Society Score.

PeSy[leaTbI. CraTucTudecky 3Ha4lMMbIe pa3/11/1!11/1;1 Me)K,Zl,y ,Zl,ByM}I rpyrmaMI/I Ha6/lIO,ZI,a/H/ICL I10 KOAI/I‘IeCTBy
6aaa10B KoaeHa 1o mKkale Knee Society Score (p = 0,005), mo xoandectsy (pyHKIIMOHAABHEIX 0aA10B 110 mKale Knee
Society Score (p = 0,01), mo koamdectsy Gaaaos Oxford Knee Score (p = 0,007). Ilpu cpasHeHunm gacToTh
HeCcTadbMABHOCTY KOMIIOHEHTOB MeXAy OCHOBHON U KOHTpO/lI)HOIZ rpynmnamMm B OCHOBHOI Irpy1iie OoTMedaeTcC:a
CTaTUCTUYECKN 3HaulMOe CHIDKeHMe C/AydaeB peHTIeHOAorndeckoil HectabmuasHoctu (p = 0,026). BrlsiBaena
CTaTUCTUYECKN 3Ha4YlIMasl pa3HuIia B obpeMe KpOBOIIOTEPU MEXAY I'PYIIIIaMl, B OCHOBHOII Irpyiirie KpoBOIIOoTep:1 Oblaa

Ha 100 MAa MeHbIIIe, YeM B KOHTpoAbHOI rpytie (p = 0,03). He BpIsIBA€HO cTaTUCTUYECKN 3HAYMMBIX Pa3AMINIl MeXAY
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obeyMu rpymnIaMu 1o KoAn4ecTBy AHeit B craniuoHape (p = 0,073) n oraeaennnu nnrencusHoit Tepannu (p = 0,072). He
BBISIBAEHO CTaTUCTUYECKM 3HAUMMBIX Pa3ANdMil IO IPOAOAKUTEABHOCTU Ollepaliuy MexXay rpynmnamu (p = 0,73). ITpu
CpaBHEHMI YacTOTHl MHQEKLUVOHHBIX OCJAOKHEHUII MeXKAYy OCHOBHOV M KOHTPOABHON TPYIIIaMM CTaTUCTUYECK!U
3HAYMMEBIX pa3An4anii He BersaBAeHO (p = 0,405), ogHako aBCOAIOTHOE KOAMYECTBO CAyYaeB IIepUIIPOTE3HON MHPEKIINI
OBL10 HIDKE B OCHOBHOI I'PYIIIIE.

BoiBoAbL. PesyabTaThl 1CCA€40BaHNS IIOKa3aAy, YTO METOJ, ABOVHOTO IIeMEHTUPOBaHNUs yAydIIaeT PyHKIINIO
KOJAEHHOTO CyCTaBa ¥ CHIDKAeT YacTOTy PEeHTTeHOAOTMYEeCKOV HeCcTaOMABHOCTYM JAMHAMMUYECKUX CIIeNICepOB IIpU
PEeBU3MOHHOM DHAOIPOTE3MPOBAaHNIY KO1E€HHOTO CyCTaBa yepes 12 MecsIies Iocae oreparuin.

Karo4eBbie ca0Ba: MeTOg ABOJIHOIO IIeMEeHTUPOBaHs, peBU3MIOHHOE DHAOIIPOTe31IpOBaHlie, KOAeHHBII CyCTas,

KOCTHEIe Ae(eKThl, KOCTHHII IIeMEeHT, AMHAMIIeCKII criericep.
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Abstract

Autophagy is a fundamental cellular process responsible for recycling cytoplasmic
components, playing a crucial for maintaining cellular homeostasis and influencing
cancer progression. Breast cancer comprises various molecular subtypes with different
levels of aggressiveness and therapeutic responses.

This study aimed to investigate differences in autophagic activity and flux between two
breast cancer cell lines-MDA-MB-231, a triple-negative aggressive subtype, and MCE-7,
a luminal hormone-sensitive subtype-compared to non-tumorigenic MCF-10A breast
epithelial cells. We also evaluated the effects of pharmacological modulation on
autophagy to understand how autophagic status may influence cancer cell behavior.
Methods. We conducted an in vitro study with MDA-MB-231, MCF-7, and MCF-10A cells.
Autophagic activity was measured by analyzing LC3B and p62 protein levels through
western blotting and immunofluorescence microscopy. Pharmacological modulation
included nutrient deprivation to induce autophagy, 3-methyladenine to inhibit initiation,
and Bafilomycin Al to block degradation. Data were analyzed descriptively and
comparatively to highlight differences in marker expression.

Results. Both cancer cell lines showed higher basal autophagy than MCF-10A. MCEF-7
cells accumulated p62 and LC3B-II, suggesting impaired degradation. MDA-MB-231
cells showed reduced p62 and increased LC3B-II, indicating active flux. Upon
pharmacological treatment, MDA-MB-231 cells responded with expected marker

Astana Medical Journal, 2025,125 (3)
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changes, confirming functional autophagy. In contrast, MCF-7 cells showed further

accumulation of LC3B-II and p62, reinforcing impaired degradation.

Conclusion. This study highlights distinct differences in autophagy between breast

cancer subtypes. MDA-MB-231 cells maintain active autophagy, potentially supporting

their aggressive behavior and adaptability. MCEF-7 cells exhibit a block in degradation,

which may limit their response to metabolic stress and therapy. These insights

underscore the importance of considering autophagy status in breast cancer treatment

strategies.

Keywords: autophagy, autophagic flux, breast cancer, triple-negative breast cancer.

1. Introduction

Autophagy is a lysosome-mediated intracellular
degradation pathway that enables the recycling of
dysfunctional or wunnecessary cellular components,
including proteins, lipids, and organelles. This
evolutionarily conserved process plays a vital role in
maintaining cellular homeostasis and facilitating
adaptation to environmental stress. It begins with the
formation of an autophagosome—a double-membraned
vesicle that engulfs cytoplasmic targets —and ends with
fusion to the lysosome for degradation. Dysregulation of
autophagy is implicated in various diseases, including
neurodegeneration, infections, and cancer [1-5].

In cancer biology, autophagy exhibits a dual and
context-dependent role. During early tumorigenesis, it
acts as a tumor suppressor by clearing damaged proteins
and organelles, thereby maintaining genomic stability
and homeostasis. However, in established tumors,
autophagy supports tumor progression by promoting
survival under metabolic and therapeutic stress,
contributing to drug resistance and metastasis [6-11].
Thus, autophagy represents a promising yet complex
therapeutic target in oncology. Among its molecular
markers, LC3B is associated with autophagosome
formation, whereas p62/SQSTM1 accumulates when
autophagic degradation is impaired, serving as an
autophagy receptor.

Breast cancer remaining the leading oncological
disease among women worldwide, including in
Kazakhstan. In Kazakhstan, it ranks first among cancer

types, with its prevalence continuing to rise [12-13].

Efforts such as expanded access to early screening and
improvements in diagnostic and treatment methods have
achieved certain successes [12,14]. Breast cancer is a
highly heterogeneous disease, classified into distinct
subtypes based on receptor status: estrogen receptor
(ER), progesterone receptor (PR), and human epidermal
growth factor receptor 2 (HER2). Triple-negative breast
cancer (TNBC), which lacks all three receptors, accounts
for approximately 15% of cases and is particularly
aggressive and resistant to hormonal therapies. Despite
progress in screening and the development of targeted
therapies—such as endocrine aromatase
inhibitors, HER2-targeted antibodies,
inhibitors —TNBC
clinical challenges, with metastatic relapse observed in

up to 40% of patients [5,15].

therapy,
and CDK4/6

continues to present significant

Recent studies suggest that autophagy contributes
to breast cancer progression and therapy resistance, with
regulatory patterns varying among subtypes [7]. While
autophagy inhibition may sensitize some tumors to
chemotherapy, it may conversely promote survival in
more aggressive cancers. Therefore, a more nuanced
understanding of autophagy regulation across breast
cancer subtypes is essential for optimizing therapeutic
strategies.

The present study aims to evaluate and compare
the autophagic profiles of two breast cancer cell lines,
MDA-MB-231 (TNBC) and MCF-7 (luminal A), under
basal conditions and upon autophagy modulation. To

this end, we applied nutrient deprivation (starvation),
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early-stage autophagy inhibition with 3-methyladenine,
and late-stage inhibition with bafilomycin Al. Western
blot analysis of LC3B and p62 was employed to assess
autophagic activity and flux. As a physiological control,

MCF-104A, a non-tumorigenic mammary epithelial cell

2. Materials and Methods

Cell culture

Human breast cancer cell lines such as MDA MB-
231 and MCF-7 were obtained from the NUSOM cell
repository. Characteristics of the cell lines are
summarized in Table 1. Cells were cultured in Dulbecco’s
Modified Eagle Medium (DMEM, 11574486, Gibco, USA)
containing 4.5g/mL glucose and supplemented with 10%
fetal bovine serum (FBS, F9665, Sigma-Aldrich, USA),

Table 1 - Characteristics of cell lines used in the study

line, was included to evaluate basal level of autophagic
activity without stress stimuli.

These findings aim to enhance our understanding
of the dynamic behavior of autophagy in different breast
cancer subtypes and may help identify potential

vulnerabilities to autophagy-targeted therapies.

1mM sodium pyruvate, 1% of penicillin-streptomycin
antibiotic mixture and 4 mM L-glutamine. Culture were
maintained as monolayers in a tissue culture incubator at
37°C in a humidified 5% CO, atmosphere and passaged
every 1-2 days to sustain exponential growth. All cell
lines were routinely tested and confirmed to be free of

mycoplasma contamination.

Cell line Receptor Status Subtype Notable characteristics
MCEF-7 ER+, PR+, HER2- Luminal A Hormone-responsive model, slow growing
MDA-MB-231 ER-, PR-, HER2- Basal-like (TNBC) Highly invasive, drug resistance model

Treatment options

To induce autophagy via nutrient depriviation,
cells were washed twice with phosphate-buffered saline
(PBS; Biological Industries, 02-023-1A) and incubated in
Balanced Salt Solution (EBSS; Biological
Industries, 02-011-1A). To inhibit early-stage autophagy

Earle’s

initiation, 10 mM 3-methyladenine (3-MA) was used for

4 h. To block late-stage autophagy, 100 nM bafilomycin
Al (LC Laboratories, B-1080) was applied for 4 h to
prevent autophagosome-lysosome fusion and lysosomal
acidification. These pharmacological modulators, along
with the starvation condition, were used to assess

autophagic flux, as illustrated in Figure 1.

Autophagic flux

PAS Autophagosome

L

ATGIULKT )
|
comper) Al

Starvationmm) —— || o4E°

Autolysosome

Release

.
= . o,
° °

Fusion of autophagosome with lysosome

T

Baf.A1

Figure 1 - Modulation of autophagic flux in MCF-7 and MDA-MB-231 cells



Astana Medical Journal, 2025, 125 (3)

20f13

Note: Schematic representation of autophagy
regulation under experimental conditions. Starvation
(EBSS) induces autophagy by nutrient depletion. 3-MA
inhibits autophagy at the early stage by blocking class III
PI3K activity and autophagosome formation. Baf. Al
impairs  late-stage

autophagy by  preventing

autophagosome-lysosome  fusion and lysosomal
acidification. This experimental setup allows assessment
of autophagic flux by comparing LC3-1I and p62 levels in
the presence or absence of these modulators.

Fluorescence imaging of live-cell staining

Cells were seeded in 12-well plates at a density of
1.5 x 105 cells/well and allowed to adhere for 24 h. For
visualization of active mitochondria, cells were incubated
with 50 nM TMRE (Tetramethylrhodamine ethyl ester)
for 20 min at 37°C and then rinsed with PBS. Lysosomes
were stained using 50 nM LysoTracker Deep Red DND-
99 for 30 min at 37°C. Nuclei were counterstained with 1
pg/mL Hoechst in PBS for 5 min at RT, and excess dye
was removed with two PBS washes. Fluorescence
imaging was performed using the EVOS FL Auto
Imaging System with a 20x objective. Excitation/emission
settings were: TMRE with 549/573 nm (RFP filter set),
LysoTracker Deep Red with 647/668 nm (RFP filter set),
and Hoechst with 358/461 nm (DAPI filter set).

Western blotting

Expression of autophagy-related proteins LC3B
and p62 was assessed via immunoblotting in accordance
with [16-17]. Cells were lysed in RIPA buffer [0.1 M NaCl,
5 mM EDTA, 0.1 M sodium phosphate (pH 7.5), 1%
Triton X-100, 0.5% sodium deoxycholate, 0.1% SDS] with

protease inhibitor cocktail. Lysates were centrifuged at

3. Results

Morphological differences between cell lines

The morphological characteristics of MDA-MB-231
and MCF-7 cells
interference contrast (DIC) microscopy. As shown in
Figure 2 & 3 (DIC panels), MCF-7 cells display a
cobblestone or polygonal shape typical of epithelial cells,
while MDA-MB-231 cells exhibit an elongated, spindle-

were assessed by differential

13,400 x g for 15 min at 4°C, and protein concentrations
were measured using the BCA Protein Assay Kit. Equal
amounts of protein (20 pg/lane) were resolved by 12%
SDS-PAGE and transferred to PVDF membranes. The
membranes were blocked for 1 h at room temperature
(RT) in Tris-buffered saline with 0.01% Tween 20 (TBS-T)
with 5% nonfat dry milk, then incubated overnight with
primary antibody (anti-LC3B 1:1000, or anti-p62 1:5000,
GAPDH 1:5000) in PBS. After TBST washes, membranes
were incubated with horseradish peroxidase-conjugated
secondary antibodies (anti-rabbit or anti-mouse) for 1 h
at RT. Blots were developed using ECL substrate (1-5 min
exposure) and visualized on a ChemiDoc imaging system
then analyzed with Image Lab software.

Statistical Analysis

All data are presented as mean =+ standard
deviation (SD) from at least three separate experiments.
Analyses were performed using Microsoft Excel® (2016).
Statistical significance was determined using Student’s t-
test. Significance thresholds were set as follows: p < 0.05
(*), p<0.01 (**), p<0.001 (**), and p < 0.0001 (***); NS

indicates non-significant differences.

shaped morphology with a mesenchymal-like
appearance. Images captured at both low (4x) and higher
(20x) magnifications demonstrate the difference in cell
shape and size between the two lines. The observed
morphological differences correspond to distinct cell

phenotypes and physical properties.
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Figure 2 - Differential interference contrast (DIC) images of MCF-7 and MDA MB-231 cells. Upper
and bottom panels show 4x and 20x objectives magnifications, respectively

Live-cell imaging with TMRE and Hoechst was
used to assess mitochondrial membrane potential and
nuclear integrity. As shown in Figure 3, TMRE staining
revealed active mitochondria, appearing as red
fluorescent networks throughout the cytoplasm in both

cell lines. Hoechst staining showed intact, round nuclei

without signs of fragmentation or condensation in either
cell type. The mitochondrial network appeared more
elongated shape and scattered arrangement in MDA-MB-
231 cells compared to the more compact arrangement in
MCE-7 cells (Figure 3).

in vivo staining with TMRE

MCF-7

MDA MB-231

Magnification

Figure 3 - Fluorescence micrographs of in vivo stained cells where mitochondria were stained with TMRE (red),
and nuclei with Hoechst (blue). Upper and bottom panels show MCF-7 and MDA MB-231 cells with its magnification,

as respectively
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Fluorescence imaging of live MCF-7 and MDA-
MB-231 cells stained with LysoTracker Deep Red DND-
99 and Hoechst is presented in Figure 4. Acidic
compartments predominantly lysosomal staining (red) is
localized predominantly in the perinuclear region in both

cell types, consistent with active lysosomal populations.

MCEF-7 cells formed compact colonies with tight cell-cell
contact, while MDA-MB-231 cells displayed scattered
and loosely associated cell clusters. This difference in
colony formation reflects the inherent differences in

cellular adhesion properties and organization.

in vivo staining with LysoTracker

Hoechst

MCF-7

MDA MB-231

LysoTracker

Merge

Figure 4 - Fluorescence images of in vivo stained MCE-7 cells where lysosomes were stained with LysoTracker
Deep Red DND-99 (red), and nuclei with Hoechst (blue). Upper and bottom panels show MCF-7 and MDA MB-231

cells, as respectively

Basal autophagic activity in cancer vs. non-cancer cell
lines

To assess the basal autophagy levels under
standard culture conditions, the non-tumorigenic MCF-
10A human mammary epithelial cell line was used as a
control alongside breast cancer cell lines MCF-7 and
MDA-MB-231. As shown in Figure 5A, differences in the
expression of autophagy-related markers LC3B-II and
p62 were observed among the three cell lines. Visually,
p62 levels appeared slightly elevated in MCF-7 and
reduced in MDA-MB-231, compared to MCF-10A. LC3B-

11 levels were the lowest in MCF-10A among the three cell
lines, while MCF-7 cells showed the highest levels, and
MDA-MB-231 cells

Quantification of protein levels normalized to actin is

displayed intermediate levels.
presented in Figures 5b and 5c. MCF-7 cells expressed
p62 at approximately 1.3 times higher than the non-
tumorigenic control MCF-10A, while MDA-MB-231 cells
showed a twofold decrease relative to MCF-10A (Figure
5b). LC3B-II levels were over fivefold higher in MCF-7
cells and approximately twofold higher in MDA-MB-231

cells compared to MCE-10A (Figure 5c).
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Figure 5 - Basal autophagic activity in MCF-10A (non-cancer), MCF-7, and MDA-MB-231 cells under normal

growth conditions. (a) Level of autophagy-related markers LC3-II, p62/SQSTML1 as assessed by western blotting; (b)

Quantification of p62 levels normalized to actin; (c) quantification of LC3B-II levels normalized to actin

Autophagic modulation and flux analysis in MDA-

MB-231 and MCF-7 cells
To assess dynamic autophagic flux, MDA-MB-231
and MCF-7 cells

using

were subjected to autophagy
modulation (Strv),
Bafilomycin Al (Baf.A), and 3-methyladenine (3-MA),

with or without lysosomal inhibition (Baf.A). The protein

nutrient  deprivation

levels of autophagy markers LC3B and p62 were
examined under six conditions: Control (Con), Con +
Baf.A, Starvation (Str), Str + Baf.A, 3-MA, and 3-MA +
Baf.A. As shown in Figure 6a, western blot analysis of
MDA-MB-231 cells demonstrates modulation-dependent
changes in LC3B-II and p62 levels. Immunoblotting
shows that both p62 and LC3B-II levels increase in all
conditions involving Baf.A, consistent with lysosomal
inhibition leading to accumulation of autophagy
substrates. Starvation led to a noticeable decrease in p62
compared to control, while co-treatment with Baf.A
reversed this reduction. Treatment with 3-MA alone
resulted in an accumulation of LC3B-I levels, indicating
inhibition at an earlier stage of autophagosome

formation.

As shown in Figure 6b, western blot analysis of
MCE-7 cells indicates similar trends. Baf.A treatment
resulted in increased levels of both p62 and LC3B-II,
reflecting blocked autophagic degradation. Starvation
led to a reduction in p62 and LC3B-I levels, with
restoration upon Baf.A co-treatment. Interestingly, 3-MA
alone led to an accumulation of both p62 and LC3B-II,
possibly due to impaired autophagosome formation and

disrupted autophagic flux.
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Figure 6 - Response to autophagic modulation in MDA MB-231 and MCE-7 cells. (a) Western blot showing
LC3B and p62 protein levels in MDA-MB-231 cells and (b) in MCF-7 cells under six treatment conditions: Control
(Con), Con + Baf.A, Starvation (Strv), Str + Baf.A, 3-MA, and 3-MA + Baf.A

4. Discussion

Our study provides insight into the differential
autophagic profiles of non-cancerous and cancerous
breast epithelial cell lines under basal and modulated
conditions. The observed morphological differences
between MCF-7 and MDA-MB-231 cells support their
known biological
epithelial and indolent, and MDA-MB-231 exhibiting

mesenchymal traits aligned with aggressive, metastatic

behaviors—MCEF-7 being more

potential.

We found that both MCF-7 and MDA-MB-231 cells
exhibited elevated basal autophagic markers compared
to non-tumorigenic MCF-10A cells. This is consistent
with previous findings suggesting that cancer cells often
upregulate autophagy as an adaptive mechanism to
maintain cellular homeostasis and survival under stress
[18-19]. It is important to distinguish between autophagic
activity and autophagic flux. While autophagic activity
reflects the initiation and extent of autophagosome
formation, it does not necessarily indicate whether
degradation is completed. For instance, elevated LC3B-II
levels suggest increased autophagosome presence but
may also result from impaired degradation. In contrast,
autophagic flux encompasses the entire process from
autophagosome formation to

cargo degradation,

providing a more accurate measure of autophagy

efficiency [16, 20].

Among the markers analyzed, p62/SQSTM1 and
LC3B-II provided key insights into autophagic flux. p62
is a multifunctional scaffold protein that plays a central
role in selective autophagy by recognizing ubiquitinated
cargo and linking it to the autophagosome through its
LC3-interacting region (LIR). Once sequestered, p62 and
its bound cargo are degraded in lysosomes [21-22]. Thus,
high levels of p62 indicate impaired autophagic
degradation, while low levels suggest efficient
autophagic clearance.

In this context, the accumulation of p62 in MCE-7
cells, coupled with high LC3B-II levels, suggests a
blockage at the autophagosome degradation stage—
indicative of defective autophagic flux. This aligns with
previous reports of impaired autophagy in certain
luminal breast cancer subtypes [23-24]. In contrast, the
decline in p62 and elevated LC3B-1I in MDA-MB-231 cells
point toward a more efficient and active autophagic
process, which may support the metabolic flexibility and
aggressiveness of this triple-negative cell line [25-26]. An
increase in LC3B-II levels is suggestive of an increase in
autophagosomes and an upregulated autophagic
process.

However, it is important to note that LC3B-II levels
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can sometimes appear low even when autophagy is
elevated, due to rapid turnover of autophagosomes [27].

Autophagic modulation further confirmed these
differential flux patterns. Bafilomycin Al (Baf.A), a
vacuolar H*-ATPase inhibitor, prevents acidification of
lysosomes and blocks autophagosome-lysosome fusion,
thereby inhibiting the degradation of autophagic cargo. It
is commonly used to distinguish between increased
autophagosome formation and impaired autophagic
degradation [28-29]. In our experiments, Bafilomycin Al
treatment led to an accumulation of p62 and LC3B-II in
both cell lines, validating that autophagy is dynamically
regulated and that lysosomal fusion was successfully
inhibited. Notably, MDA-MB-231 cells showed robust
increases in LC3B-II and p62 upon Baf. A treatment,
confirming an intact autophagic flux and efficient
autophagosome formation. Starvation led to a reduction
in p62 levels, indicative of increased autophagic activity,
and LC3B-II levels declined as well—likely due to
enhanced reduced

degradation = rather  than

5. Conclusions

Our results demonstrate that triple-negative
MDA-MB-231 cells exhibit higher autophagic flux
compared to luminal MCF-7 cells, which show signs of
could be

exploited for subtype-specific therapeutic strategies

autophagic blockage. These differences
targeting the autophagic pathway.
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AyTodarnsaanik OeaceHAiaiK IIeH aFbICTBIH CYT Oe3i KaTepai iciriHig >kacymaablk
JKeaiaepiHge caabicTbipMaabl Taagaybl: MDA-MB-231 xxane MCF-7 cTpecc karaarbiHaa

Abaypaxmanosa 3. !, Kokabu K. 2

-Kypc ctyaenti, Meaunnna xadeapacsr, Hazap6aes Yausepcuretiniy Meanmaa mekre6i, Acrana, Kasakcran
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Tyninaeme

AyTtodparus - Oya >KacyIaablK TOMeOCTa3Abl CaKTayFa >KoHe KaTepAai icikTiH adamy OapbIChIHa ocep eTeTiH
MaHBI3ABI XKacyIIaAbIK KaiiTa eHaey mporieci. CyT Oe3i Katepai iciri opTypai arpeccnsTiaik IeH eMAeyTe >kayarn OepeTiH
MO/€KyAaaAblK TyYpAepAeH TypaAbl.

bya seprreyain maxcats - MDA-MB-231 (ymTik Tepic arpeccusTti Typ) >koHe MCF-7 (A10MMHaAbABI TOPMOHFa
TayeAAi Typ) CyT Oesi KaTepai iciriHig exi >kacymraaslk >KeaiciHAeri ayTodarnsaask OeAceHAiAiK ITeH aFbIHABI CAaABICTBIPY

>koHe oaapayl icik emec MCF-10A >xacymrazapreiMeH caaslcTeIpy. COHBIMEH KaTap, papMaKOAOTMAABIK, MOAY ASIVISTHBIH
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ayrodarusra acepin seprrern, ayrodarmsaAblK KyHAIH iciK >KacyllalapbIHBIH MiHe3-KY/AKBIHA Kalail acep eTeTiHiH
AHBIKTaABbIK,.

Daicrep. bya in vitro seprrey MDA-MB-231, MCF-7 >xeme MCF-10A >xacymaaapbiHga >Kypriziagi.
Ayrtodarmsaasik OeaceHaisik LC3B >xoHe p62 aKybI3dapbIHBIH JeHreiilepiH BecTepH-OAOTMHI >KoHE WMMMYHABI-
¢ ayopeceHIINAABIK, MUKPOCKONNSA apKbIABl OarasaHAbl. PapMaKOAOTUAABIK MOAYASIINS aIlbIFyABl (ayTO(armsHbI
VMHAYKIUsIAaY), 3-MeTnAajeHnHAl (MHMOMauuAaHbl Texxey) >koHe Bafilomycin Al-ai (aerpaganusasl Oerem Tacray)
KaMTbIAbL. JepeKkTep cullaTTaMaAbIK >KoHe CaAbICTHIpMaAbl 9dicTepMeH TalAaHAbL.

Hoatmxeaep. CyT 6esi KaTepai iciriniy exi >kacymaasik sxeaicinge MCF-10A-fa kapafaHaa 6a3zaablk ayTodarms
>xorapsl 60441, MCF-7 sxacymazapsiiga p62 men LC3B-II skuHakTaAbll, AerpalaliyisiHBIH OY3BIAFAaHBIH KOPCETTi.
MDA-MB-231 xacymaaapsiada p62 teMen, aa LC3B-II sxorapsr geHrelige 604451, Oya OeaceHAl arbIHABL Hiaaipeai.
@apMmakoaorusaaslk ocep etkeHge, MDA-MB-231 >xacymiasapbl KyTideTiH MapKepaik esrepicrep KepceTir,
¢yukumonaaasr ayrodarusaner pacragsl. Aa MCF-7 sxacymazapsiaga LC3B-11 men p62-HiH opi Kapail >KMHaKTaaybl
AerpajallsiHbIH OereAreHiH KOPCeTTi.

KopeiTeiHaBL. 3epTTey cyT Oe3i KarepAi iciriHiy apTypai Typaepingeri ayrodarmsagars! aiblpMaIIblABIKTapAbl
kepcerti. MDA-MB-231 >xacymasapsiHgarsl OeaceHAl ayTodarusaaslK, aFrblH OdapAblH arpeccHBTiAiTiHe SKoHe cTpecke
OeitiMmaeayide bikmaa etyi MymkiH. MCF-7 xacyiiazapbiHaa AerpajaliysiHBIH Oereayi oaapAblH MeTabDOAMKaABIK,
CTpecke >KoHe eMJeyTe >Kayarl OepyiH mekteyi MyMKiH. bya HaTmbKkeaep cyT Oesi KaTepai icirin emaeyae ayrodparmsaasik
KYJiAi ecKepyAiH MaHbI3ABIABIFBIH aliKbIHAA AL

Tyitiu cesaep: ayrodarus, ayrodarnsaarlk arels, CyT Oesi KaTepai iciri, yITik Tepic ¢yt 6e3i karepai iciri.

CpaBHNTeAbHBIN aHaAM3 ayTO(Parm4ecKoi aKkTUBHOCTH ¥ IIOTOKa B KA€TOYHBIX AVHUSIX
paka moao4Ho xeae3bl: MDA-MB-231 1 MCEF-7 B ycaoBusix crpecca

Abaypaxmanosa 3. 1, Kokabu K. 2

1CryaeHr 4 xypca, Ka(l)e,a,pa Meaununel, [1Ikoaa MeAUITIHBL Ha3ap6aeB Yuupepcurera, Acrana, Kazaxcran

2[TocraokTopaHT Kadepsl 6roMeANIMHCKNX Hayk, [lIkoaa meanmmer Hasapbaes Yansepcnret, Acrana, Kasaxcran

Pe3iome

AyTtodarms - 5To PpyHAaMeHTaAbHBIV KAeTOYHBII IIPOIIecc, OTBeYalon il 3a IepepaboTKy IIUTOII1a3MaTIIeCKIIX
KOMITOHEHTOB, KOTOPBIV UTPaeT Ba’KHYIO POAb B IOAAep>KaHNM KA€TOYHOTO TOMeOocCTa3a I BAMseT Ha IIPOrpeccuio paka.
Pax M0104HOII >Keae3bl BKAIOUAeT pa3dAMdHble MOAEKYAsSpHble MOATUIIBI C pasHOl arpecCMBHOCTBIO M OTBETOM Ha
Teparuio.

Ileapio oTOTO MICCAE40BaHMSI OBLI0 CpaBHEHME YPOBH: ayTodarndeckoil akTMBHOCTY U IIOTOKA Y ABYX AMHUII paka
MOAO4YHOI >keae3bl - MDA-MB-231 (TpoiiHON oTpunaTeAbHbIN arpeccusHbIl noatuir) u MCF-7 (a10MMHaAbHBIN
TOPMOHO3aBVMCUMBIN IIOATUII) - B CPaBHEHNUN C HETYMOPOT€HHBIMI SIUTeANAABHBIMU KA€TKaMU MOAOYHOI >KeAe3bl
MCEF-10A. Taxxe Mbl OljeHMAU BAUsHME (PapMaKOAOIMUIECKON MOAYAAIMM Ha ayTodaruio, 4ToObl IIOHATH, Kak
ayTodarnmgecKnii CTaTyCc MOKeT BAMATD Ha ITIOBeJeHNe PaKOBBIX KAETOK.

Mertoapr. TIpoBeaeHo in vitro mMccaeaoBaHMe C MCIOAb30BaHMEM KaeTok MDA-MB-231, MCF-7 u MCF-10A.
AyTtodarmdeckas aKTMBHOCTb OIleHMBaJach IO ypoBHAM OeakoB LC3B m p62 ¢ momompio BecTepH-OAOTTMHIA U
MMMYHO(pAYOpeCIIeHTHOM MUKpocKormu. PapMakoaorndeckasl MOAYASLNS BKAIOYala roAoAaHue AAd MHAYKIIUU
ayrodaruy, 3-mMeTuAadeHUH AAsl MHIMOMpoBaHmMsA mHuMnManum u Bafilomycin Al aaa 610KupoBKu aerpajaniyim.

'Zl,aHHbIe aHaAU3MpPOBaAMCh OIIMCaTeAbHbBIMU U CPaBHUTEABHBIMU METOAAMIL.
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PesyapraTsr. O6e AMHNMM paka MOAOYHOI JKeAe3bl II0Ka3aAu 00.ee BEICOKYIO DazaabHyIO ayrodaruio, yem MCF-
10A. B xaetkax MCF-7 Haba104aa0ch Hakoniaenne p62 u LC3B-II, uTto ykasbiBaeT Ha HapyllleHMe Jderpaganuu. B kaeTkax
MDA-MB-231 yposens p62 6b1a cuvkeH, a LC3B-1I moBbimieH, 4to cBuAeTeAbCTBYeT 00 aKTMBHOM motoke. Ilocae
¢apmakoaormyeckoit Mogyasumyu  Kaetkm  MDA-MB-231 mnokazaam  oXmdaeMble  M3MEHEHNS MapKepoB,
oATBep KAaomne PyHKIMOHaAbHYIO ayTodaruio. B kaetkax MCF-7 Haba104a210¢h AaabHelinee HakonaeHre LC3B-11
1 p62, 9TO yKa3bIBaeT Ha 040K B Aerpajariuii.

BriBog. VccaeaoBaHme BBIIBIAO YETKIME Pa3ANUIL B ayTodarnm Mexxay MOATUIIaMI pakKa MO/0YHO JKeAe3bl. Y
kaeTok MDA-MB-231 akTusHBI ayTO]arndeckmii IOTOK MOXKET CIIOCOOCTBOBATH X arPeCCUBHOCTHU U YCTOYMBOCTH K
crpeccy. ¥ xaetok MCF-7 610k gerpaganmy MOKeT OTpaHN4IMBATh UX PeaKIIUIO Ha MeTab0AMIeCKIIL CTpece U AedeHe.
DTu AaHHBIE TOAYEPKUBAIOT Ba>KHOCTD YU€Ta CTaTyca ayToparuy npu paspaboTKe CTpaTernii Tepanmu paka MOAOIHON

JKeAae3bl.

Karouessie caoBa: ayToq)arm[, ayTocpamquKMi[ IIOTOK, PaK MOAOYHO >KeAe3bl, TPOMHO OTPpUIIaTeAbHbIN paK
MO/AOYHOI >KeAe3Ehl.



Astana Medical Journal

e2790-1203

ASTANA
[MEDICAL

https:,

doi.org/10.54500/2790-1203-2025-3-125-amj006

Original article

The effect of cortisol on pain intensity in adolescent girls with

primary dysmenorrhea: A double-blind, randomized,

Received: 02.04.2025
Accepted: 27.04.2025
Published: 30.06.2025

* Corresponding author:
Dinara Kulzhanova,
E-mail: kulzhanova.dinara@bk.ru

Citation: Astana Medical Journal,
2025, 125 (3), amj006

This work is licensed under a Creative
Commons Attribution 4.0 International

License

() @

placebo-controlled trial

Ainur Amanzholkyzy !, Dinara Kulzhanova 2, Ainur Donayeva 3,

Sholpan Kosmuratova 4

1 Professor of the normal physiology department, West Kazakhstan Marat Ospanov

Medical University, Aktobe, Kazakhstan

2Senior lecturer of the Department of Normal Physiology, West Kazakhstan Marat Ospanov
Medical University, Aktobe, Kazakhstan

3Head of the Department of Emergency Medical Care, West Kazakhstan Marat Ospanov
Medical University, Aktobe, Kazakhstan

4 Associate professor of the Department of Normal Physiology, West Kazakhstan

Marat Ospanov Medical University, Aktobe, Kazakhstan

Abstract

Dysmenorrhea is a prevalent gynecological condition affecting women of reproductive
age. Primary dysmenorrhea (PD) typically begins during adolescence. PD is associated
with varied intensities of discomfort, leading to both physical and emotional distress.
Elevated cortisol secretion impacts the reproductive system and contributes to the
occurrence of pain and autonomic symptoms during menstruation.

Objective: To determine the impact of vitamin D supplementation on menstrual pain and
its association with salivary cortisol in adolescents with PD.

Methods: A total of 191 adolescent females with primary dysmenorrhea were randomized
into two groups: the study group (n=96) received vitamin D (4000 IU), while the control
group (n=95) received a placebo for three months. Before and after the intervention,
salivary cortisol levels were measured four times: in the morning, afternoon, evening, and

night. The Visual Analogue Scale was used to assess the level of pain.
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Results: Group baseline characteristics were similar. Compared to the placebo, vitamin D
led to a significant decrease in mean VAS from 6.0 +1.8 to 2.49 + 1.2 after 12 weeks (p<0.001).
Both groups exhibited mild declines in cortisol levels, which were not statistically
significant. Vitamin D arm revealed positive correlations between post-intervention pain
and morning (r = 0.34), evening (r = 0.51), and night (r = 0.38) cortisol (all p < 0.002), while
placebo showed only a modest association (r = 0.25, p = 0.034). There were no major
complications.

Conclusion. Vitamin D markedly reduces menstrual pain in adolescents, while systemic
cortisol changes are minimal. Nonetheless, residual pain remains linked to diurnal cortisol,

suggesting that combining vitamin D with stress-modulating strategies may yield superior

analgesia for PD.

Keywords: vitamin D, cortisol, dysmenorrhea, adolescent girls, pain.

1. Introduction

Primary dysmenorrhea (PD), characterized by
painful menstruation without pelvic pathology, is a
highly prevalent gynecological issue among adolescents,
with self-reported incidence rates between 60% and 90%
globally [1-3]. In Central Asia, as many as 78% of school-
aged girls experience absenteeism or diminished
academic performance due to menstrual pain,
highlighting its socio-economic impact. In addition to
acute discomfort, PD correlates with diminished health-
related quality of life, increased anxiety and depressive
symptoms, and prolonged central sensitization that may
predispose individuals to chronic pain disorders [4-6].

The established pathophysiological model
indicates that excessive endometrial production of
prostaglandins results in myometrial hypercontractility,
uterine ischemia, and activation of nociceptors [1,7,8]. In
accordance with this perspective, initial treatment
focuses on non-steroidal anti-inflammatory drugs
(NSAIDs) and combined oral contraceptives (COCs) [9,
10]. However, up to one-third of individuals achieve
insufficient relief or encounter adverse effects,
necessitating the investigation of adjunctive or
alternative therapies [2,3,11].

Increasing evidence suggests that dysregulation
of the hypothalamic-pituitary-adrenal (HPA) axis and its
effector hormone cortisol may serve as a concurrent

mechanism contributing to menstrual pain. Cross-

sectional studies indicate increased salivary or serum
cortisol levels in adolescents with pain disorders (PD)
compared to pain-free controls, with higher
concentrations positively correlating with Visual
Analogue Scale (VAS) scores [12,13]. Experimental data
indicate that prolonged menstrual pain is associated with
enhanced central pain processing and an expanded pain
distribution, significantly influenced by stress hormones
[6,14]. Neuroimaging studies further indicate that
modifications in the cognitive control network facilitate
the relationship between extended dysmenorrheic pain
and anxiety symptoms, again implicating cortisol-related
pathways [15]. Interventions that mitigate stress or
regulate cortisol dynamics-such as endorphin massage,
low-level laser therapy, pulsed electromagnetic field
exposure, and peppermint aromatherapy-concurrently
decrease cortisol levels and perceived pain intensity
[13,16,17]. These convergent findings establish cortisol as
both a biomarker and a potentially alterable target in
Parkinson's disease.

Notwithstanding these insights, the causal role of
cortisol in nociceptive experience in Parkinson's disease
remains  ambiguous.  Previous studies  were
predominantly observational, involved limited sample
sizes, or lacked stringent blinding and placebo controls.
Furthermore, no randomized controlled trial (RCT) has

investigated whether acute pharmacological intervention
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of cortisol during menstruation directly alleviates pain in
adolescent females. Addressing this gap is clinically
significant due to the adolescent-specific interaction
among endocrine development, stress responsiveness,
and menstrual regulation [18-20].

This  double-blind

controlled trial was designed to assess the impact of

randomized  placebo-
pharmacological cortisol suppression on pain intensity in
adolescent girls with PD. We posited that temporary
suppression of cortisol during the initial two days of

menstruation would yield a clinically significant decrease

2. Materials and Methods

The study utilized a double-blind, randomized,
placebo-controlled trial methodology.

Initially, 232 participants were enrolled prior to
the commencement of the study. A total of 191 adolescent
girls with primary dysmenorrhea (PD) participated in the
study. We removed the remaining 41 participants for
several reasons, including failure to meet inclusion
criteria or withdrawal of consent. Participants were
randomly allocated to two equivalent groups using a
random number method: the study group (n=96), which
received vitamin D (4000 IU, tablets produced in Poland),
and the control group (n=95), which received placebo
tablets, for a period of three months. The drugs were
packaged and labeled by an independent expert,
ensuring that neither the participants nor the researchers
could discern which group received which preparation.
The researchers acquired access to the participant
identification numbers and the associated treatment
forms solely after the completion of data collection.

At the end of the investigation, 168 girls (87 from
the study group and 81 from the control group)
completed the trial. Participants were excluded for
reasons of consent withdrawal, illness, or relocation [18].

The research was executed following a
standardized methodology at the outpatient section of
the Regional Perinatal Center, overseen by a pediatric
and adolescent gynecologist. Data were collected on
complaints and detailed medical history, anthropometric
measurements (weight, height, body mass index (BMI))
were documented, and pain intensity was assessed using

the Visual Analog Scale (VAS). Salivary cortisol

in VAS pain scores relative to placebo. Secondary
objectives encompassed evaluating alterations in pain-
related functional impairment, mood variables, and
salivary cortisol dynamics during the early follicular
phase. This study seeks to elucidate the mechanistic role
of cortisol in Parkinson's disease, with the objective of
guiding the creation of targeted, mechanism-based
therapies that enhance current prostaglandin-focused
treatments and ultimately elevate the quality of life for

impacted adolescents.

concentrations were assessed at four intervals during the
day: morning, afternoon, evening, and night (pre-
bedtime). These evaluations were performed at baseline
and after three months of vitamin D or placebo
administration.

Non-invasive sampling of biological material
was readily conducted among adolescents, since it
circumvented the stress linked to venous blood collection
and laboratory visits. At the outset of the trial, all
adolescent participants and their parents were
comprehensively briefed on the study's objectives and
methods. Informed consent was secured from each
participant, highlighting the voluntary aspect of
involvement and the right to withdraw at any point
throughout the study.

The study results were statistically analyzed
using SPSS version 26 (IBM SPSS Statistics, USA). The
Wilcoxon signed-rank test for paired data and the Mann—
Whitney U test were used to compare quantitative
variables between groups. ANOVA was employed to
evaluate repeated assessments of cortisol levels between
the two groups pre- and post-intervention. The Spearman
correlation test was employed to ascertain relationships
between variables. All data are expressed as frequency
percentages and mean * standard deviation (SD), with

p<0.05 being statistically significant.
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3. Results
A total of 168 adolescent girls with primary
dysmenorrhea were analyzed. The study and control
groups were the same and had no significant differences

in their starting characteristics, such as average age

(1416 +1.18 years), height (161.55+6.05 cm), weight
(51.4+8.5 kg), BMI (19.7 +3.1 kg/m?), and pain intensity
level measured by the Visual Analog Scale (VAS)
(5.9 £1.9 points).

=== Control group
=== Study group

Pain intensity level
w

Beginning

Time

2-month

3-month

Figure 1 - Pain intensity level according to the VAS in the study and control groups before and after the intervention

Figure 1 illustrates a decline in pain intensity, as
measured by the VAS, in both groups following three
months of intervention. The intervention group exhibited
a significant reduction in the mean VAS score, decreasing

from 6.0+1.8 to 2.49+1.2. In contrast, the control group

showed a decrease from 57+19 to 50%23. A
statistically significant decrease in pain intensity was
noted in the intervention group (p=0.00), while no

significant changes were observed in the control group
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Figure 2 - Cortisol levels in the study and control groups after the intervention

Prior to the intervention, there was no
significant difference in mean cortisol levels between the
study and control groups. Following three months of

vitamin D and placebo administration, a decline in

salivary cortisol levels was noted in both groups;

however, the differences were not statistically significant

(Figure 2).
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A weak positive association was found between the intensity of pain and the levels of salivary cortisol

throughout the daytime on the part of adolescent girls who were diagnosed with primary dysmenorrhea (r=0.167, p =

0.036). This correlation was seen prior to the beginning of the study.

In the study group, after the intervention, moderate positive correlations were identified between pain intensity

and morning cortisol levels (r =0.34, p =0.002) (Figure 3a), evening cortisol levels (r=0.51, p =0.000) (Figure 3b), as well

as nighttime salivary cortisol levels (r=0.38, p =0.000) (Figure 3c).
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Figure 4 - Correlation between pain intensity and afternoon cortisol levels in the control group

After the intervention, there was a weak positive

association found between the intensity of the pain and

4. Discussion

The present double-blind randomized trial

demonstrates that three months of vitamin D
supplementation produced a clinically meaningful 58 %
reduction in menstrual pain intensity in adolescents with
primary dysmenorrhea (PD), whereas placebo yielded
only a marginal (12 %) and non-significant change. These
results concur with earlier randomized studies showing
that vitamin D decreases either VAS scores, analgesic
consumption, or both in PD by 30-70 % [26-30]. The level
of improvement we saw (about 3.5 points on the VAS)
qualifies as "much improved" on the Patient Global
Impression of Change scale, highlighting its real-world
importance.
Several mechanisms may explain this
antinociceptive effect. Vitamin D reduces the production
of COX-2 and prostaglandins in endometrial stromal cells,
which helps lessen excessive contractions of the uterus
that cause pain during periods. It also helps the

myometrium manage calcium levels better, leading to

the levels of cortisol in the afternoon in the control group
(r=0.252, p =0.034) (Figure 4).

more organized and less painful contractions. Less
explored, but increasingly compelling, is vitamin D’s
ability to modulate the hypothalamic-pituitary-adrenal
(HPA) axis: serum 25-hydroxyvitamin D inversely
correlates with basal and stress-induced cortisol, and
supplementation can attenuate cortisol surges during
inflammatory or psychological stressors [18, 21].

In our cohort, however, mean salivary cortisol
declined modestly and non-significantly in both study
arms. The absence of a between-group difference
suggests that vitamin D’s primary analgesic action
occurred downstream or independent of systemic
cortisol changes. This finding is not unprecedented; LAK
et al. noted disproportionate pain relief relative to modest
cortisol shifts after combined vitamin D + E therapy [22].
One explanation is that vitamin D’s local anti-
inflammatory effects in the uterus and central
modulation of nociceptive pathways outweigh any

modest systemic endocrine changes it triggers.
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Notwithstanding the group-level stability in

cortisol,  post-intervention = within-group analyses
revealed moderate positive correlations between pain
intensity and salivary cortisol at all three circadian time
points in the intervention arm (r = 0.34-0.51). These
connections support the idea that cortisol increases pain
and are similar to earlier studies showing that higher
daily cortisol levels are related to more pain from
primary dysmenorrhea, anxiety, and increased
sensitivity to pain. The strongest connection was found
in the evening, which supports the idea that chronic pain
affects the normal daily pattern of cortisol, resulting in a
flatter curve that suggests more pain and negative
feelings the next day.

Why then did vitamin D not significantly depress
cortisol despite alleviating pain? One possibility is that
our once-daily sampling underestimated nuanced
changes in the diurnal rhythm; high-frequency or area-
under-the-curve measures may be more sensitive [14].
Another reason could be that vitamin D improved the
activity of vitamin D receptors in tissues, which reduced
pain caused by prostaglandins, while ongoing stress
from adolescence (like school pressure and body image
issues) kept the HPA axis active. The weak but significant
afternoon pain—cortisol link in the placebo group

supports the premise that cortisol reactivity remains an

5. Conclusions

Vitamin D supplementation for three months
markedly alleviated menstruation pain in teenagers with
primary dysmenorrhea, decreasing VAS scores by more
than fifty percent, whereas the placebo exhibited minimal
impact. The intensity of pain remained strongly
correlated with cortisol levels, suggesting that stress-
related HPA activity continues to affect residual pain.
Consequently, vitamin D serves as a safe, economical
supplement; nevertheless, its combination with stress-
modulating techniques may produce superior analgesic

effects for this population.

independent pain modulator when prostaglandin
pathways are pharmacologically untouched.

Clinically, our data argue for a two-pronged
approach: nutrient or pharmacologic strategies that
target prostaglandin metabolism (vitamin D, NSAIDs)
and behavioral or physical interventions that normalize
HPA tone—e.g., endorphin massage, Pilates, and low-
level laser therapy —all shown to lower cortisol and pain
in PD [16, 17, 23]. Future work could test synergistic
combinations and explore whether evening-focused
stress-reduction programs offer disproportionate benefit,
given the prominent evening cortisol-pain coupling we
identified.

These

supplementation as an inexpensive, well-tolerated

findings  reinforce  vitamin D
adjunct for PD pain, even when systemic cortisol remains
largely unchanged. They also highlight cortisol’s
continuing influence on residual pain, advocating
adjunctive stress-modulating therapies. Prospective trials
should incorporate high-resolution cortisol profiling,
neuroimaging markers of central sensitization, and
multi-modal  interventions that combine anti-
inflammatory and HPA-targeted components to achieve

more complete analgesia for adolescent girls with PD.
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XKacecripiMm KbI3 0asaaapaa¥rbl OipiHIIIAIK gViICMeHOpes Ke3iHAe aybIpChIHY
KapKbIHABLABIFbIHA KOPTU30AABIH 3cepi: Koc cokbIp, paHaOMM3anIMsAAaHFaH,
naane00-0aKblAaHATBIH 3€pTTEy

Amarpxkoakpisel A. 1, Kyabskanosa A.C. 2, Aonaesa A.E. 3, Kocmyparosa I11.B. 4

1 Kaasmrsl pusnoaorus kadeapacsHblH mpodeccopsl, Mapat OcriaHos atsiHAars! bateic Kazakcran
MeauIHa yHuBepcureTi, Akrede, Kasakcran
2Kaabimrsl Gpusnoaorus Kadeapacs! ara OKbITyIIbICH, Mapat OcriaHoB atsiHAars! barsic Kaszakcran
MeauIMHa yHuBepcureTi, AKrede, Kasakcran
3 Xezea >xoHe IIYFBLA MeAULIMHAABIK, KOMeK KadeapachiHbig xeTekmrici, Mapar Ocnanos arsiaars: bateic Kasaxcran
MeauIuHa yHusepcureTi, Akrebe, Kasakcran
4 Kaasimer pusmoaorus Kageapacer gouenti, Mapar Ocrranos ateiHgarsr batsic Kazakcran

MeaunuHa yHuBepcureTi, AKTobe, Kazakcran

Tyiingeme

AucMeHopes - pelpoAYKTMBTI JKacTarsl alieadepAe Kui Ke3aeceTiH IMHeKOAOIMAABIK ITpobaeMaaapAbIH Oipi.
bipiamriaix gucMeHopest aAeTTe >KacecHipiM KesiHeH Oacrasagpl. bipiHmmiaik amcMeHopest oapTypai Aspexkeseri
aybIpchIHyMeH Oipre >xypedi. bya ¢usukaaslk kaHa eMec, COHBIMEH KaTap DMOLIMIOHAAABI CTPeCCTi ge TyAbIpaAbl.
Koptinsoa cekpelschiHbBIH >XOFapblaaybl PeIIPOAYKTMBTI XKYliere acep eTedi >KoHe eTeKKip Ke3iHJAe aybhIpChIHYy MeH
BereTaTUBTiI CMHAPOMAApPABIH 00AyBIHAA MaHBI3ABI PO aTKapaAbl.

3epTTeyain MakcaThl: D gopyMeHiHIH MEHCTPyaAABIK ayBIPChIHYFa JKoHe CieKell KOPTU30AbIMeH Oaii1aHbIChIHA
ocepiH Oaraaay.

Ogaicrepi. bacTanker ancMeHopesicsl Oap 191 >xacecmipim KbI3 eKi TONKa paHAOMU3alMsIAaHABL: YII aii 6011 D
aapymeHi (4000 Xb) kaOblagaraH Herisri (n=96) >koHe maane0o KaOblagaraH Oakblaay (n=95). Ciaekeiigeri kopTusoa
AeHrelli 3epTTeyre AeliiH >XoHe KelliH 4 yakbIT apaAbIFbiHAa (TaHepTeH, TYCTeH KelliH, KeIllKe, TyHJAe) ©AIleHAi.
AyYBIPCBIHY KapKbIHABLABIFBI BU3YaAAbl aHaAOITHIK ITKala (BAIII) GoribiHIla OaFaaaHAbL.

Hatmxeci. bacranksl cunaTramMadap ToOTap apacklHAa yKcac 0oagwl. IlaareGomeH caabicThipraHaa, D
Aapymeni 12 anragan keiin oprama BAIIl xepcerkimiin 6,0+1,8-aen 2,49+1,2-re aeiiin aliTapAbIKTall TOMEHAETTi
(p<0,001). Exi Tonta ga KOpTU30A AeHrelli ITaMaAbl TOMeHJeAl, Oipak Oy e3repic CTaTUCTMKAABIK MOHTe >KETIIeAd.
Herisri TonTa apaaacygaH KeiliH ayblpchlHy JeHreii taHepreHri (1=0,34), xemki (r=0,51) >xsne tyHri (r=0,38)
KOPTH30AMeH OH Koppeaanus kepceTTi (apasik p < 0,002), aa Oakplaay TOObIHAA TeK 94ci3 Oaitaansic OaikaaAsr (1=0,25;
p =0,034). AritapabIKTaii acKbIHyAap TipKeATeH JKOK.

Kopriteiaasl. D aapymeni xacecripiMaepaeri MeHCTpyaAbabl aybIpChIHYABI aliTapAbIKTail asaiiTalbl, aa
Kyleai KOpTM304 AeHTeliHiH esrepicTepi MMHUMaAAbl. /JereHMeH, KaAAbIK aybIPChIHY TOYAIKTiK KOPTM30AMEH
OaliaaHbICTEI 0O0ABII Kada Oepeai, 6ya D aspyMeHiH cTpeccTi peTTelTiH cTparermsiaapMeH OipikTipy OipiHmiaik
AUCMeHoOpes Ke3iHAe HeFYPABIM TUIMAL aybIPCHIHYABI OacaThIH ocep Oepyi MYMKiH eKeHiH KepceTeai.

Tyiiina cesgep: D gopyMeHi, KOpTI304, AVICMEHOpes], >KacecIipiM KbI34ap, aybIPCBIHY.
Baustame KOpTn3oaa Ha MHTEHCBHOCTD 0oan napmu HepBI/I‘IHOﬁ AVICMeHopee
Yy A€BOYeK-II0APOCTKOB: ABOJHOE cAelloe paHAOMU3MPOBaHHOE

11a1e00-KOHTPOAVIpyeMoe ccaejOBaHIe

Amarxoakpisel A. 1, Kyabxkanosa A.C. 2, Jonaesa A.E. 3, Kocmyparosa I1.b. 4
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TTpodeccop xadeaps HOpMaabHOIT u3Moaoruy, 3anaaHo-KasaxcraHCKIiT MeAVITMHCKIUI YHUBEPCUTET
nmenn Mapata Ocrranosa, Akrobe, Kasaxcran.
2 CTapmmZ perogaBaTeab Kaq;eApr HOPMaAbHOI Cl)I/ISI/IOAOFI/II/I, 3anaano-Kazaxcranckuit MeAVIIMHCKA YHUBEPCUTET
nMenu Mapara Ocrianosa, Axrode, Kazaxcran.
3 PykoBoauTean Kadeapsl CKOPOIl HEOTAOKHOM MeAMITMHCKOI oMoy, 3araano-KaszaxcraHcknit MeAMIIMHCKUI YHUBEPCUTET
nmenn Mapara Ocrianosa, Axrode, Kazaxcran.
4 JloneHT Kadpeapsl HOpMaAbHOI $pusnoaorny, 3anagHo-KaszaxcraHCKIi MeAVIIMHCKII YHIBEPCUTET

nMeHn Mapara Ocrianosa, Axrode, Kazaxcran.

Pesiome

AucMeHopes - 04Ha U3 CaMBIX PaCIIPOCTPaHeHHBIX TMHEKO10TMIeCKIX IIpo0aeM Y SKeHIITUH PeIpoAyKTUBHOTO
Bo3pacTra. llepsuunHast AmcMeHOpesi OOBIYHO HAYMHAETCSI B IMOAPOCTKOBOM Bo3pacre. IlepBruHas AmcMmeHOpest
XapaKTepU3yeTCsl Pa3AMIHON CTeIleHbI0 OOAeBBIX OITYIeHNIT U BBI3bIBAeT KaK (PU3MIeCKNil, TaK 1 SMOIIMOHAABHLIIN
cTpecc. YBeandeHMe CeKpeIuy KOpPTM304a BO3JENICTBYeT Ha peNpOAyKTUBHYIO CHICTeMY U CIIOCOOCTBYeT
BO3HMKHOBEHMIO 60.1€BOT0 1 BeTeTaTMBHOIO CMHAPOMOB BO BpeM:sI MeHCTpyaIU.

ITeas nccaesoBaHMA: U3YUYUTH BANWSAHME IpueMa BUTaMMHa D Ha ypoBeHb KOPTU304a ¥ MHTEHCUBHOCTL 00AM
MpU IIePBUYHOM AICMEHOpee Y 4eBOYeK-TI0APOCTKOB.

Metogpr. 191 AeBOUKa-IIOAPOCTOK C IIepBUYHOMN AMCMeHOpeell OblAM PaHAOMU3MPOBAHBI Ha JBe TPYIIIBL:
OCHOBHYIO (n=96), moayuasiryio sutamut D (4000 ME) B TeueHMe Tpex mMecs1ieB, 1 KOHTPOABHYIO (N=95), M0Ay4aBIIyIO
naanebo. YposeHb KOPTM301a B CAIOHE M3MepsACA 4YeTblpe pasa B CyTKM (YTpO, AeHb, Bedep, HOYb) JO U IOCAe
BMelaTreAbCTBa. VIHTeHCMBHOCTL 5041 OIleHMBaAach IO BU3yaabHO-aHaA0TOBOI IIIKae.

PesyapraThl. VIcxoaHbIe XapaKTepCTUKM TPy Oblau cortoctaBuMel. [lo cpaBHenmio ¢ maare6o suramua D
AOCTOBEPHO CHM3MA CpeaHmit 6aaa 1o Bu3yaabHO-aHaA0rosoil1 mkade (BAII) ¢ 6,0 + 1,8 20 2,49 + 1,2 gepes 12 neaean
(p<0,001). B obenx rpymnmax Ha0A104a40Ch AETKOE, CTAaTHCTUYECKN HeJOCTOBEpHOe CHIIKEHIE YPOBHs KOpTm3oJda. B
OCHOBHOJI TpyIIIIe II0C/A€e BMeIlaTeAbCTBa BBLIBAEHEI II0A10KNUTeAbHbIe KOPPeAAnI MeXAy MHTEHCUBHOCTBHIO 60AU 1
yrpenHuM (r=0,34), seuepunm (1=0,51) u HounweiM (r=0,38) koptusoaom (p<0,002 a4s1 Bcex); B KOHTPOABHON IpyIIIe
OoTMedeHa AUIb yMepeHHas cBa3b (1=0,25; p=0,034). CepbE€3HbIX OCAOXHEHUI He 3aperucTpupOBaHo.

Brisogpl. Butammua D sHauMTeAbHO CHM>KaeT MEHCTPYaAbHYIO 004b Y MOAPOCTKOB, IIPU DTOM CHUCTEMHBIE
M3MeHeHMsI YPOBHsI KOPTHU304a MUHMMaAbHBL TeM He MeHee, coxpaHsIOMIascs 60Ab OCTaéTCs CBA3aHHOM C CYyTOUHBIMU
KO0Ae0aHMsAMI KOpPTM304a, YTO MO3BOAsET HPeAlOAOXUTh, UTO codeTaHMe BUTaMMuHa D ¢ MeTogaMmu MoAyAAIIUM
cTpecca MOKeT obecrieunTsb 60.1€ee BEIpa>keHHBIN aHaAbTe3UPYIOMNIiL 9(PPEKT IPU IEPBUYHON AUCMEHOPEE.

Karouessle caosa: ButamuH D, KopTiaoa, AucMeHopesl, 4eBOUYKU-TIOAPOCTKY, OOAB.
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Abstract

@) ©

The COVID-19 pandemic has placed an unprecedented burden on health care systems,
highlighting the critical need for intensive care and respiratory support. The severe
course of COVID-19, complicated by multi-organ failure, often results in prolonged
hospitalisation in intensive care units. A thorough understanding of risk and  protective
factors is necessary to optimise treatment strategies and protect the healthcare system
from overload.

Objective: To study risk factors associated with the prevalence and severity of COVID-
19 in the adult population to improve patient stratification and optimize therapy.
Methods: This study is a retrospective, cohort study. We retrospectively analysed 511
medical records from 3696 patients with confirmed SARS-CoV-2 infection who were
observed in the City Infectious Diseases Hospital of Shymkent, Kazakhstan in the
period from January to October 2021. Patients were divided into 2 groups: main group

(n=327) - with comorbidities, control group (n=184) - without comorbidities.

Astana Medical Journal, 2025,125 (3)
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Results. The analysis revealed a set of demographic, clinical (symptoms, complications),
immunological (cytokine storm), haematological (leukocyte and platelet levels),
biochemical (factor VIII, protein C) and radiological (changes in lung tissue) factors that
can be used to predict the course of COVID-19. The association of comorbidities
(hypertension, diabetes) with increased risk of severe course of the disease was
confirmed. Hypoxia plays a key role in the development of multi-organ failure.
Inflammatory markers (C-reactive protein, ferritin, D-dimer) and pro-inflammatory
cytokines (IL-6, IL-1) are predictors of unfavourable outcomes. Identification and
validation of risk factors and prognostic markers in COVID-19 is crucial for patient
stratification, timely identification of high-risk groups and development of
individualised treatment strategies.

Conclusions. Age, gender, presence of comorbidities, immunological and laboratory
markers play an important role in determining the severity of COVID-19. Further

studies are needed to validate these risk factors and develop clinical guidelines to

improve outcomes in patients with COVID-19.

Key words: COVID-19, predictors, SARS-CoV-2, severity, comorbidity.

1. Introduction

COVID-19
associated with high rates of ICU hospitalisations and the

coronavirus infection has been
need for respiratory support in patients with certain
comorbidities. Polyorgan failure in COVID-19 could
occur due to progression of respiratory failure. In such
cases, patients were transferred to intensive care units,
where the fight for their life continued for an average of
a week. A comprehensive study of the risks and
protective factors against COVID-19 helps in the
development of measures to slow transmission and
protect health systems. These measures should include
diagnosis, isolation and treatment of all COVID-19 cases,
including mild to moderate disease. Current scientific
research describes various patient factors that may be
useful to clinicians in predicting COVID-19 severity and
mortality. These factors include: Demographic. Older age
is considered a key predictor of mortality. There is also
evidence that male gender is associated with a more
severe course of COVID-19. Clinical. The proportion of

the main clinical symptoms of infection has been

determined, and the incidence of complications in severe
forms of COVID-19 has been analysed.

The dynamics of cytokine status in patients with
severe forms of COVID-19 was studied, and the
diagnostic significance of each cytokine studied was
determined. haematological. The diagnostic significance
of the main laboratory markers of peripheral blood: levels
of leukocytes, platelets, relative and absolute number of
neutrophils, lymphocytes was determined. Biochemical.
High levels of factor VIII and low protein C activity have
been described in some critical patients. Radiological. ST
segment elevation in COVID-19 is associated with a poor
prognosis despite variability in clinical manifestations [1].
The risk of severe course of the disease and unfavourable
outcomes in patients of older age groups. It is associated
with a decline in the functions of the immune system,
occurring with age, a decrease in physiological reserves,
polymorbidity. Patients with comorbidities such as
arterial hypertension or diabetes mellitus statistically
carry the disease in a more severe form. Hypoxia is the

pathological process that underlies the development of
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multi-organ failure in COVID-19. All structural and
metabolic damage is a direct or indirect consequence of
hypoxia. Changes in laboratory parameters depend on
the stage of infection. For example, a decrease in the level
of lymphocytes, the main cells of the immune system, is
one of the main signs in COVID-19. CT findings may
include COVID-19-specific lung changes such as frosted
glass-like thickening, areas of consolidation, reticular
changes, and others. In addition to the major risk factors
for COVID-19 severity and mortality, laboratory values
and levels of pro-inflammatory cytokines that may
clinical outcomes include:

indicate  worsening

2. Materials and Methods

This study is a retrospective cohort study. We
retrospectively analysed 511 case histories from 3696
patients with confirmed SARS-CoV-2 infection who were
observed in the city infectious disease hospital of
Shymkent, Kazakhstan in the period from January to
October 2021. Patients were divided into 2 groups: main
group (n=327) - with comorbidities, control group (n=184)
- without comorbidities.

1) The observed group of cardiovascular system
(CVS) comorbidities included: coronary heart disease
(CHD), arterial hypertension (AH);

2) in the group of concomitant endocrine diseases

(ED) - obesity of 2 degrees and more, diabetes mellitus

(DM) type I and II;
3) in the group of concomitant malignant
neoplasms (MN) - skin cancer, haemoblastosis,

neuroblastosis, gastric cancer, breast cancer;

4) in the group of associated other diseases (OD)
- chronic kidney disease (CKD), HIV infection, chronic
gastritis, hepatitis, chronic pancreatitis, iron deficiency
anaemia.

5) in the group of associated autoimmune
diseases - systemic lupus erythematosus, rheumatoid
arthritis.

Data collection. We analysed data from electronic
medical records: social status, demographic
characteristics, comorbidities, risk factors for exposure
(including contact with a known COVID-19 case, recent

history of travel to COVID-19-disadvantaged countries),

inflammatory markers. Elevated levels of C-reactive

protein,  ferritin, D-dimer, fibrinogen, lactate

dehydrogenase, and COE. Coagulation. Increased levels
of prothrombin time and activated

Elevated

partial

thromboplastin  time. levels of pro-
inflammatory cytokines. These include IL-6, IL-1, tumour
necrosis factor a and interferon gamma [2,3,4].
Objective: To study risk factors associated with
the prevalence and severity of COVID-19 in the adult
population to improve patient stratification and optimize

therapy.

presence of symptoms several days before onset, vital
signs at first clinical presentation (respiratory rate, blood
pressure, temperature and pulse rate), respiratory
symptoms, gastrointestinal symptoms, detection of
pneumonia on physical examination.

Inclusion criteria: Age over 18 years; history of:
positive PCR assay for SARS-CoV-2, evidence of one or
more comorbidities; treatment of the patient in hospital.

Exclusion criteria: age below 18 years; pregnant
women, absence of PCR data.

Methods. Logistic regression method was used to
build a predictive model of the probability of a certain
outcome. Nijelkerk's R? coefficient served as a measure of
certainty; it indicates the part of the variance explained
by logistic regression. To assess the diagnostic
significance of quantitative traits in further predicting a
certain outcome, the ROC curve analysis method was
used. The separating value of the quantitative trait at the
cut-off point was categorised by the highest value of the
Youden index. A predictive model was developed to
determine the probability of an outcome that depended
on the laboratory data index. Categorical data were
displayed with exact values and percentages.
Comparison of percentages in the analysis of four-field
contingency tables was performed on the basis of
Pearson's chi-square test (for expected values greater
than 10), Fisher's exact test (for expected values less than

10).
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Comparison of percentages in the analysis of
multi-field contingency tables was performed using
Pearson's chi-square criterion. We analysed the indicator

‘patient status: 1-working, 2-not working’ as a function of

3. Results

As a result of the analysis of the indicators ‘sex:
1-wife, 2-husband’ depending on the indicator ‘group 1-
contr, 2-osn’. According to the presented table, when
analysing the indicator ‘sex: 1-woman, 2-male’
depending on the indicator ‘group 1-counter, 2-osn’,
significant differences were found (p<0.001). Significance
was found when comparing the control and main group
by place of residence (p=0.003). The odds of living in the
village were 2.368 times higher in the control group
compared to the main group, the differences in odds
were statistically significant (95% CI: 1.320 - 4.248).

* - predictor influence is statistically significant
(p<0.05)

This regression model obtained is statistically
significant (p<0.001). Based on the value of the Nijelkerk
coefficient of determination, the model explains 45.8% of
the observed variance of the outcome.

When the indicator ‘platelets” was analysed, the
odds of fatal outcome increased when above 320 by a

factor of 4.974. When the ‘albumin’ indicator was

Table 1 - Demographic data

the indicator ‘group 1-counter, 2-osn’, significant
differences (p < 0.001) were found (based on the method:

Pearson's chi-square).

analysed, the odds of mortality increased at a reading of
2 by a factor of 40.069. When the indicator ‘creatinine 1-
(62-115 umol/l), 2-(above 115 umol/l)’ was analysed, the
odds of mortality increased with a reading above 115 by
a factor of 2.246. When assessing the indicator ‘LDH:1-
(240-480 U/L.), 2-(above 480 U/L.)’, the odds of mortality
increased with a value above 480 by a factor of 6.473.
Analysis of ‘troponin: 1-(0.2 - 0.5 ng/ml), 2-(above 0.5
ng/ml)” increased the odds of mortality above 0.5 by a
factor of 3.195.
cells: 1-(3.5-4.00), 2-(3.0-3.5), 3-(2.9-2.5), 4-(<2.5)’", the odds
of mortality were increased at 2.9-2.5 by 43.886 times, and
at less than 2.5 by 16.471 times. In the analysis of
‘leucopenia: 1-(1.5 x 109/L), 2-(0.5-1 x 109/L), 3-(less than
0.5 x 109/L), 4-no’, the odds of mortality were increased
at less than 0.5 by a factor of 32.521 (Table 3).

By analysing the indicator ‘red blood

Indicator Categories Main group Control group p
works 92 (50,0) 93 (28,5) <0,001*
patient status
not working 92 (50,0) 233 (71,5)
City 168 (91,3) 266 (81,6) 0,003*
place of residence
Village 16 (8,7) 60 (18,4)
Women 71 (38,6) 195 (59,8) <0,001*
gender
Men 113 (61,4) 131 (40,2)

* - differences are statistically significant (p < 0.05)
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Table 2 - Analysis of the age indicator of patients

Indicator Categories Main group Control group p
HET 1(0,5) 0 (0,0 <0,001*
age of patients at the time of 18-34 53 (28,8) 20 (6,1)
the examination 35-59 128 (69,6) 162 (49,7)
60 1 6osee 2(1,1) 144 (44,2)

* - differences are statistically significant (p <0.05)

Table 3 - Characteristics of the relationship between model predictors and the probability of identifying the outcome

Indicators Unadjusted Adjusted
COR; 95% AN AOR; 95% AN p
platelets 3,000; 1,204 - 7,471 0,018* 4,974; 1,551 — 15,959 0,007*
albumin 13,452; 1,198 — 150,958 0,035* 40,069; 3,384 — 474,850 0,003*
creatinine 9,167; 5,409 - 15,534 <0,001* 2,246; 1,112 - 4,536 0,024*
LDH 11,097; 6,673 — 18,449 <0,001* 6,473; 3,146 - 13,316 <0,001*

troponin 9,609; 5,812 - 15,895 <0,001* 3,195; 1,619 - 6,309 0,001*
erythrocytes 33,381; 3,959 — 281,463 0,001* 43,886; 4,116 — 467,781 0,002*
leucopenia 5,143; 0,617 — 42,863 0,130 32,521; 3,168 — 333,953 0,003*

Our group analysed the indicator ‘D-dimer: 1-
(up to 0.5 pg/ml ), 2-(above 0.5 pg/ml) “ as a function of
the indicator “group 1-contr, 2-osn”. The odds of
indicator 2 in the indicator 2 group were 3.370 times
higher compared to the indicator 1 group, the odds
differences were statistically significant (95% CI: 2.310 -
4.918). We analysed the indicator of ‘CRP: 1-(0-1 mg/L.),
2-(above 1 mg/L.)" according to the indicator group 1-

counter, 2-axis. According to the obtained data, we found

Table 4 - Analysis of laboratory data indicators

statistically significant differences (p < 0.001) when
evaluating the indicator ‘CRP: 1-(0-1 mg/litre), 2-(above 1
mg/litre)’ depending on the indicator ‘group 1-counter, 2-
When

evaluating the indicator ‘ferritin: “ depending on the

osn’ (method wused: Pearson's Chi-square).
indicator ”group 1-contr, 2-osn’, we found statistically
significant differences (p<0.001) (method used: Pearson's
Chi-square) (Table 4).

Indicator Categories Control group Main group p
D-dimer up to 0.5 173 (94,0) 230 (70,6) <0,001*
above 0.5 11 (6,0) 96 (29,4)

CRP 0-1 118 (64,1) 113 (34,7) <0,001*
above 1 66 (35,9) 213 (65,3)

Ferritin norm 167 (90,8) 174 (53,4) <0,001*
increase 17 (9,2) 152 (46,6)

* - predictor influence is statistically significant (p < 0.05)
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When assessing the dependence of the function P using ROC-analysis, the following curve was

probability of lethal outcome on the value of the logistic obtained (Figure 1).

less than 2.5 i
3,0-3,5 I S
2,9-2.5

1
i
1
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1
|
1
1
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Figure 1 - Estimates of odds ratios with 95% CI for the studied predictors of Outcome

The area under the ROC curve was 0.875 + 0.024 This resulting model was statistically significant
with 95% CI: 0.828 - 0.923. (p <0.001) (Figure 2).
1,00
, 075
% os0
0.25
0.00
0,00 0.25 0.50 0.75 1,00
1 - Specificity

Figure 2 - ROC-curve characterising the dependence of the Exodus probability on the value of the logistic function P

The threshold value of the logistic function P at specificity of the model were 82.6% and 80.9%,
the cut-off point, which corresponded to the highest respectively (Figure 3).
value of the Youden index, was 0.147. The prediction of
lethal outcome when the value of the logistic function P

is higher than or equal to this value. The sensitivity and
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Figure 3 - Sensitivity and specificity analysis of the model depending on the threshold values of the logistic function P

4. Discussion

The study investigated parameters that could
predict unfavourable outcome in patients with COVID-
19, such as: demographic characteristics. Patient's
severity, body mass index, oxygen saturation, percentage
of pulmonary tissue lesions on computed tomography
were considered. Co-morbidities. Arterial hypertension,
ischaemic heart disease, stroke, atrial fibrillation, obesity,
diabetes mellitus, bronchial asthma, chronic obstructive
pulmonary disease and others were assessed. According
to the results of this study, patients’ demographic and
social characteristics such as age, gender, place of
residence, underlying diseases, and analysis of
laboratory data (e.g., low albumin and leukocyte levels,
elevated LDH levels) were associated with COVID-19
disease outcomes in patients with comorbidities. Some
demographic and social factors reported by foreign
publications are associated with a higher incidence of
severe clinical course of COVID-19 [5-8]. Among which,
older age is a major predictor of mortality and is thus
considered a key factor in the proposed clinical severity
risk scales [9]. Another study that reported an increased
focus on age and gender also found a greater impact on
COVID-19 outcomes [10]. A history of comorbidities such
as cardiovascular disease, chronic kidney disease,
chronic lung disease (especially COPD), diabetes mellitus,

hypertension, immunosuppression, obesity and anaemia

predispose patients to a poor outcome in COVID-19 [11-
15]. In this study in patients having cancer status were
predisposed with high probability of fatal outcome.
Among the comorbidities, oncopathology is the major
comorbidity that is associated with poor outcomes
COVID-19 [16,17]. The reason for this hypothesis is the
fact that, fatal outcome from COVID-19 in patients
having oncological status is associated with male gender,
previous comorbidities and age more than 55 years [18].
The article states that after cancer patients, in patients
diagnosed with diabetes mellitus COVID-19 was very
severe. Worldwide, the prevalence of diabetes mellitus
among people with COVID-19 is very high. The Centers
for Disease Control and Prevention (CDC) in the US
reported that diabetes mellitus is a common comorbidity,
with a prevalence of about 10% among 122.653 people
with COVID-19 [19]. One study indicated that the
prevalence of diabetes was about 17% among 1,043
COVID-19 patients with comorbidities [20]. A meta-
analysis comprising 18 studies (n=14.558) from China, the
USA and Italy found an increased severity of disease
course in people with diabetes compared with those
without [21]. The largest nationwide study, conducted in
England (n=61.414.470), found 3.5 and twice the odds of
COVID-19-related in-hospital death in people with DM1
and DM2, respectively [22]. One study confirmed



Astana Medical Journal, 2025, 125 (3)

20f13

anaemia in 35.5% of 222 hospitalised patients, while
another study confirmed anaemia in 61% of 206 patients
with COVID-19, showing a high prevalence of anaemia
among patients with COVID-19 [23-25]. In our study,
patients diagnosed with anaemia had poor clinical
condition, thus showing poor survival rate and
prolonged stay in health care facility, the data are
consistent with the foreign data cited [26]. Information
from foreign countries confirmed the relevance of
different biochemical tests as independent or having as
part of their correlates to determine the severity, poor
prognosis or mortality associated with COVID-19 [27].
Clinical

laboratory tests comprising biochemical,

haematological, inflammatory = and  coagulation
parameters have been considered to recognise severe or
critical forms of COVID-19. Also, these parameters
provided valuable clinical information to effectively
monitor the clinical course of COVID-19. According to
our study, D-dimer was associated with the worst
prognosis of COVID-19. Elevated D-dimer levels in
patients with COVID-19 are a marker for the presence of
disseminated intravascular coagulopathy and severe
disease course, which prompted clinicians to hypothesise
that elevated D-dimer concentrations are indicative of
comorbid disease. Existing venous thromboembolism,
leading to ventilation-perfusion mismatch [28]. A study

of 343 patients with COVID-19 showed that 12 of 67

5. Conclusion

Factors like age, comorbidities, immune response,
laboratory markers and measures of organ dysfunction
may individually or collectively predict worse outcomes
in COVID-19 disease. Establishing the factors that
dispose COVID-19 complications is critical to guide
clinical care, improve patient outcomes, and allocate
limited resources. ‘Patients with COVID-19 who have
comorbid conditions such as arterial hypertension,
obesity, chronic lung disease, diabetes mellitus, and
cardiovascular disease statistically have a worse disease
burden. These people usually have the worst prognosis
compared to patients without comorbidities. They

should take all necessary precautions to avoid SARS

patients with D-dimer levels >2.0 ug/mL on admission
died compared with 1 of 267 patients whose D-dimer
levels were <2.0 ug/mL (P< 0.001; hazard ratio 51.5; 95%
CI 12.9-206.7), showing a very high mortality rate among
patients with COVID-19 [29]. According to our study,
(LDH) level was

statistically significant and associated with greater

elevated lactate dehydrogenase

disease severity, which is consistent with other data from
foreign studies [30,31]. Our results suggest a high
association of lowered white blood cell count with the
diagnosis of COVID-19. In the above study, out of 1099
cases, leucopenia was observed in 33.7% of patients on
admission and was more severe in severe cases [32]. In
the present study, high cardiac troponin levels were
noted in patients with severe COVID-19 disease. It is
hypothesised that biochemical markers of cardiac
dysfunction are associated with the severity of COVID-
19 disease [33]. Cardiac complications associated with
COVID-19 are directly related to elevations in both
troponin and brain natriuretic peptide (BNP) levels. A
meta-analysis including 17.794 patients showed that
patients with high troponin I levels were more likely to
have an unfavourable prognosis (OR=5.22, 95% CI=2.73-
7.31,P<0.001 ) and that high troponin Ilevels (>13.75 ng/L)
combined with elevated AST levels (>28 units/L) or
advanced age (>60 years) were strong predictors of poor

outcome [34].

CoV-2 infection. Thus, abnormal laboratory findings are
important early predictors of COVID-19 severity and in-
hospital mortality. Also, pre-existing chronic diseases
especially arterial hypertension, diabetes mellitus,
anaemia, oncology are an indicator of high risk of
mortality. Therefore, in such cases, urgent interventions
should be applied. Professional actions to improve
patient management can reduce the likelihood of
unfavourable patient outcomes.
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Kocbivma aypyaaper 6ap Haykactapaarbsl COVID-19 mH$eKIMsICbIH KOAaliChI3 HITMXXECIH
00aXayablH AdaeaAi MoJaeai

Ammposa M.3. !, AGyosa I'.H. ?, Illaiimepaenosa I'.I'. 3, Aapasarmmn T. * Vcaxan ITLITI. >

1JKyKIaasl aypyaap >koHe depMaToBeHepoaorus KadeapaceiHbH accucrenTi, OHTycrik Kasakcran meannuna akagemusicsl, Ileivkent, Kasakcran
2 Xyxk1aapl aypyaap >koHe gepMaToseHepoaorus KadeapacbiHbig MeHrepyirici, Onrycrik Kasakcran meanina akagemusicsl, HIsivkeHT,
Kazakcran
3 JKyKmazsl aypyaap >KoHe gepMaToBeHepoaorus KadeapacsiHbiH accucrenTti, OHTycTik Kasakcran Meguiiuna akagemyacer, HIsmvkent, Kasakcran
4"Omuxkpon 3D" KAMHMKa-AMarHOCTUKAABIK 3e€PTXaHaChIHBIH 3epTXaHa KblameTKepi, Aamatsl, Kasakcran

5"CAHNTAC" MeANIIMHAABIK-CayBIKTBIPY OPTaABIFRIHEIH NHPEKINMOHNCT-gopirepi, Typxicran, Kasaxcran

Tyiingeme

COVID-19 maHgeMmusacsl  AeHcCayABIK caKTay >Kyliedepi YIIiH OypbIH-COHABI ©oaMaraH aybIpTHaABIKKa
aliHaaAbl, Oy KapKBIHABI Tepalys MeH TBHIHBIC aAyAbl KOAAayABIH ITYFBLA KaXKeTTiAiriH aTar oTTi. AF3aHbIH KOIITeTeH
Myllledepi MeH >KyleaepiHiH >KeTkiaikcisgirimen ackpiran ayblp COVID-19 arpiMbl kebiHece >KaHcaKTay
DeaimIresepine ysax Mep3imMAi aypyxaHara >KaTKbI3yFa oKeaedi. EMaey cTpaTernsicbiH OHTallAaHABIPY SKoHe 4eHCayABIK
caKTay >KYJieciH ITaMaJaH THIC KYKTeMeJeH KOpray YIIiH Kayin (akTopaapbl MeH KOpPFaHBIC Typaabl TepeH TYCiHIiK
KasKeT.

3epTTeyAiH MaKcaThl: HayKacTapAbIH CTpaTU(PUKAIMACEH KaKcapTy KoHe TepallVsaHbl OHTallAaHABIPY YIIiH
epecex nonyasiusiga COVID-19 Tapaays! MeH aybIpABIFbIHA OaliAaHBICTBI Kayill (paKTOpAapBIH 3epTTey.

Ogaicrepi. bya sepTrey peTpoCreKTuBTi, KOTOPTTH 00A4bII Tabblaaabl. 2021 KBIAABIH KaHTap-KazaH aildapbl
apaasrrpiHAa lIeiMkeHT KaaaceiHblH (Kasakcran) Kaaaabik 5kyKIaasl aypyaap aypyxaHaceiHaa Oarkaarad SARS-CoV-
2 nHQpeKIMACH pacTaifaH 3696 manumeHTTiH 511 aypy TapyXsl peTpOoCIeKTIBTI TaadaHAel. Haykacrap 2 Tonka 6eaiHai:
Herisri Tor (n=327) - KaTap >KYypeTiH aypyaapsl Oap, 6akpraay ToOsI (n=184) - KaTap >KypeTiH aypyaapsl >KOK.

Hormwkeaepi. Taagay COVID-19 arpiMBIH 0oO/AKay VINIH IalidadaHBIAYBL MYMKIH JeMOTrpaQUsAbIK,
KAVMHUKAABIK (ToH Oeariaep, acKpIHyAap), MMMYHOAOIVIIABIK (IIUTOKUMHAIK Aayblad), TeMAaTOAOIVAABIK (A€MKOLIUTTED,
TpoMmbonnrTep AeHrerii), omoxumuAank (VI ¢pakrop, C-peakTusTi aKybI3) >KoHe PEeHTIeHOAOIVIAABIK (OKIle TiHiHIH

esrepyi) (pakropAapAbIH KUBIHTBHIFBIH aHBIKTagbl. KaTap >KypeTiH aypyaapAblH (apTepMAABIK IMIIEPTEH3MUsA, KaHT
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AnadeTi) aypyAblH ayblp aFbIMBIHBIH >KOFaphl KayliMeH OallaaHBICBI pacTaaAbl. I MITOKCUA KenTereH OopraHiapAblH
JKeTKiAiKci3AiriHig AaMybIHAa mIenyi pea atkapaasl. Kaosiny mapkepaepi (C-peaktusri akysis, pepputus, D-anmvep)
>KoHe KabObrHyFa Kapcel nntoknHaep (IL-6, IL-1) koaaiichis HoTIDKeAepAiH OOAXKayIIbLAapbl OOABIT TabbLAaAbI.

Kopsiteinasr. COVID-19 aybIpABIFBIH aHBIKTayAa HayKacTbIH SKachl, KBIHBICHI, KOCBIMIIIA aypyAapAbIH OOAYHI,
MMMYHOAOTMABIK JKOHe 3epTXaHaABIK MapKep/ep MaHBI3Abl poa aTKapaabl. Ockl Kayill (paKTopAapbIH pacTay >KoHe
COVID-19 aysIpTaTBIH HayKacTapAbIH HOTIDKe/AepiH >KaKcapTy VIINiH KAMHUKAABIK HYCKayAapAbl 93ipaey VIIiH
KOCBbIMIIIa 3epTTeyaep KaxkeT.

Tyiiiu cezgep: COVID-19, 6oaxxaymisl ¢paxkropaap, SARS-CoV-2, aybIpabIK gopeskeci, KOCBIMIIA I1aTOAOT.

/JloKa3aTeabHasi MOAeAb IIPOTHO3MPOBAaHNA He0AarOIIPUSTHOTO CX0Aa Yy O0AbHBIX
COVID-19 ¢ kxoMmOpOMAHON IIaTOAOTVIEN

Ammposa M.3. ', Adyosa I'.H. ? Illaiimepaenosa I'.I'. 3, Aapaarmms T. 4, Vcaxan IILI1. °

T Accucrent kadeaps! MHPEKITMOHHLIX 00Ae3Helt u gepMaTtoseHepoaorny, IOxuo-Kasaxcranckas meanmuackas akagemns, Hlsmvkent, Kasaxcran
2 3aBeayromas Kadeaport MHPEeKIMOHHBIX O0e3Hell 1 gepmaToBeHepoaoruy, IOxno-Kasaxcranckas MeannyHckas akagemus, IsivkenT,
Kazaxcran

ccucteHT Kadpeapsl MHPEKITNMOHHBIX Doae3Hell 1 gepmatoseHepoaoruy, FOxxHo-Kaszaxcranckas meauiimHckast akagemus, [lermkent, Kazaxcran
3 A P O P P IO K I K
4 Corpyanuk aabopatopun, Kannnko-guarnocrudeckast aaboparopus «Omukpon 3D», Aamarsr, Kazaxcran

5Bpau nndexmonnct, Meanxo-osgoposuteassslit eHTp «CAHTAC», Typkecran, Kasaxcran

Pe3siome

[Mangemmuss COVID-19 crasa OecrmpeliedeHTHBIM OpeMeHeM AAsl CUCTEM 34paBOOXpaHeHMs, ITOAYepKHYB
OCTPYIO HeOOXOAMMOCTh B MHTEHCUBHOI TepalMM U pecrupaTopHOil mogaepxkke. Tsoxeaoe teuenne COVID-19,
OCJA0>KHEHHOe ITOAVOPTaHHOI HeAOCTaTOYHOCTHIO, JacCTO MPUBOAUT K AAUTEABHON TOCHUTAAU3ALUN B OTAEAEHIS
MHTEHCUBHOM Tepanuin. /A5 ONTUMMU3alU CTPaTeINy Ae4eHNs U 3alllUThl CUCTeMBI 34PpaBoOXPaHeHIIsl OT ITePerpy3Ku
Heo0X04MMO T1yOoKoe IToHMMaHe (paKTOPOB pICKA I 3aIINUTEL.

Lleas mccaeaoBaHNSI: M3YIUTH (PAKTOPLI PUCKa, CBA3aHHBIE C PAaCIPOCTPAHEHHOCTBHIO M TSYKECTBIO TEYEeHILT
COVID-19 cpean B3poca0ro HaceAeHUs], AAs YAYIIIeHN CTpaTU(PUKaNM ITalIeHTOB M ONTUMM3ali M TepaIlvi.

Metoapl.  JaHHOe  MCCAeAOBaHME  SIBASIETCSI  PETPOCIEKTUBHBIM,  KOTOPTHBIM.  PeTpOCIeKTUBHO
npoanaansuposano 511 wucropuit 6oae3nu 3696 maimeHTOB ¢ TmOATBep>XKAeHHON SARS-CoV-2 mudexumners,
HabAI04aBIINXCS B TOPOACKON MHpeKIIMOHHON OoapHutle I. [IIsiMkenra (Kazaxcran) B mepuog ¢ ssHBapst 110 OKTSAOPS
2021 roaa. IarinenTs! 66141 pa3geeHBI Ha 2 TPYTIIBI: OCHOBHAs IpyIina (n=327) - ¢ CONMyTCTBYIOMNUMM 3a00A€BaHUAMI,
KOHTpPOAbHas rpyna (n=184) - 6e3 comyTCTBYIONIMX 3a00.1€BaHMIA.

PesyapTatl. AHaaAuM3 BBIABMA HaOOp AeMorpapuiecknx, KAMHUIECKUX (XapaKTepHBle CUMIITOMEL,
OCAOKHEHM:T), MMMYHOAOTMYECKUX (IUTOKMHOBBIN IITOPM), TeMaTOAOTMYeckux (YpOBeHb JAeMKOLNUTOB U
TpoM6bonnTos), bumoxmmudeckux (¢paxrop VIII, C-peakTnBHBIN G€A10K) 1 PEHTIEHOAOTMYECKNX (M3MEHEHI B A€TOYHOI
TKaH!) PaKTOPOB, KOTOpPBIe MOTYT OBITH MCIIOAB30BaHbl A4 mporHosuposanusa tedernss COVID-19. IoaTtsepskaena
CBA3b CONYTCTBYIOIIMX 3a0oJeBaHMII (apTepMadbHas IMIIEPTEH3Ws, CaXxapHBINI AuadeT) C IIOBBIIIEHHBIM PUCKOM
TSIKeAOTO TedeHMsI 3a001eBaHNs. ['MIIOKCHA MrpaeT KAIOUYeBYIO POAb B PasBUTUU ITOAMOPTaHHON HeAOCTaTOYHOCTIL.
Mapxeps! Bocriaaenns (C-peakTnsHbI Oeaok, peppurnH, D-aumep) n nposocrmaanteasasie nutoknssl (IL-6, IL-1)

SIBASIIOTCSI IIPeAVIKTOpaMM He6AaFOHpI/I$ITHbIX JICXOA40B.
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BriBoapl. Bospact, 101, Haamume COIYTCTBYIOIIMX 3abo/JeBaHMII, MMMYHOJOIMYECKMe U /AabopaTOpHBIE
MapKephl UTPaioT Ba>kKHYIO poab B onipegesenun Tsokect COVID-19. HeoOGxoauMbl gaabHelIme uccae 0BaHUs A4S
MOATBEp>XXAeHUs DTuX (PaKTOpOB pUCKa U paszpabOTKM KAMHUYECKUX peKOMEeHAALVI AAsl YAYUIIEeHNS pe3yAbTaToB
aeuenys nayentos ¢ COVID-19.

Karouesnie caosa: COVID-19, npeauxropsr, SARS-CoV-2, Ts1KecTs, COMyTCTBYIOIAsT TaTOAOT L.
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Pe3ome

ITocrrpaBmaTtinueckoe crpeccosoe paccrporictso (ITTCP) mpeacrasaser coboit
Cepbe3HyI0 Mpo0AeMy AAsd  340pOBbs, XapaKTepU3YIOIIYIOCS —CAOXKHOCTBIO
AVIaTHOCTUKM U A€YeHNs, BBICOKON BEPOSTHOCTBIO Pa3BUTUSA COIYTCTBYIOIIMX
3a001eBaHNI U 3HAYUTEABHBIMY TPYAHOCTSIMU B peabuanTtanyy. Ml 11oaaraeM, 94To
B OAVDKaiINe Toabl AOAKeH IpHOOpecTy NPMOPUTETHBIN XapaKTep KOMILAEKC
MccAeJ0BaHN, HallpaBAeHHBIN Ha IIpeojoleHne MacimTabHol snugemun ITTCP,
BBI3BAHHBIX T100aAbHBIMM KaTakaAm3dMamu. JaHHBIE O TOM, YTO BOCCO3JaHHAas
oboramenHas cpega oburanus (OC) criocoOHa CMATYUTH IOBejeHIe, IT0A00HOe

IITCP, sBmamcy OBl AOKa3aTeABHON IIPEATIOCBIAKON AAs I1aTOTeHeTUYeCKOTro
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1. BBeaeumue

Aoau ¢ HOOCTTpaBMaTUYECKUM  CTPECCOBBIM

00OCHOBaHMsI TIOTEHIMAABHBIX TepareBTudecknx »¢pdexkros OC mnpu aedeHUN
ITOCTCTPECCOBBIX PacCTPOIICTB.

Lleap miccaea0BaHMA: U3YIUTH BAUSHNE OOOTaIlleHHO CpeAbl OOMTaHIA Ha pabo4yIo
MaMATh Y KPBIC B TecTe pacliO3HaBaHMe HOBOTO OObeKTa IIOCle IlepeHeCceHHOIo
KOMOVHIPOBaHHOTO XPOHIYECKOTO CTpecca.

MeToapl. 1CCA€AOBaHNE IIPOBeJEeHO Ha Kpblcax-caMilax n=19. JXusoTHble OblAn
IIoJeZeHbl Ha TPpM TPYHIIBI CPABHEHII, MeTOJ MCCAeAOBaHUs KpPaTKOBPEeMEHHOI]
MaMATH «pacllo3HaBaHIe HOBOTO OObeKTa».

PesyabpTaTtel. BoccraHOBAeHUE B OOOTaIlleHHON cpede OOWMTaHMUA Y >KMBOTHBIX,
IIepeHeCIINX CMOJeAMpPOBaHHBII KOMOMHIMPOBAHHBIN CTpecc, B CpaBHEHUU C
KOHTPOABHOM TPYMIION, KOTOpas cojep>kalach B CTaHAAQPTHBIX YCAOBUAX BUBapMUs,
HIPUBOANA K YAYYIIEHNIO KOTHUTYBHON (QYHKIIMM MO3Ia IIpU aHaAK3e ITI0Ka3aTeAel
B TeCcTe pacllO3HaBaHNE HOBOIO 0ObeKTa, M OblA0 HpuUOAVIKEHO K pedepeHCy —
MHTaKTHOI IpyIIIIe.

Brisogpl. IloaydyeHHble pe3yaAbTaThl CBUAETEABCTBYIOT O TOM, 4YTO oOOOrallleHHas
cpeda oOuraHUsA MOXKeT ObITh D(P(EKTMBHBIM IMHCTPYMEHTOM IPOPUAAKTVUKU
I1TCP,

adaliTalilMOHHbIE BO3MO>KHOCTI OpraHm3Ma.

CHOCO6CTBy5[ yAydHMI€HNIO  MHECTUYIECKUX (byHKLU/If/I 48 ITOBBIIIIAs

KaioueBble caoBa: IoCTTpaBMaTHYeCKOe CTPECCOBOe PacCTPONICTBO, oDorameHHas

CpeJa, paclio3HaBaHIe HOBOTO 00beKTa, KPBICHI, CTpecc.

HEMeANKaMEHTO3HbIX METOA0B, KOTOpbI€é HE INMEIOT

KauyeCTBEHHBIX I HaJeXHBIX wuccaegoBaHuir [6,7]. B

paccTpOMCTBOM 4acTO CTaAKMBAIOTCS C Cepbe3HLIMU
mpo04eMaMl, KOTOpBEIe BAUSIOT Ha UX 340pOBbE U
6aaroroayune. HeyaoBaeTBopuTeAbHBIE Ppe3yAbTaTHI
aegernss IITCP  Moryr mHOpuBOAMTH K COYETaHUIO
IICUXMYECKUX U PU3NIecKNX 3a001eBaHUIL, XPOHNU3ALINI
UMeloIuxca 3ab04eBaHNil, 0CAa0AeHUI0 MMMYHUTETa,
YTO B COBOKYITHOCTU IIPUBOAUT K YXYAIIIEHUIO IIPOTHO3a
Ha BBI3JOpPOBJAEHMe U CHUKeHUIO KadecTsa >KusHu [1,2].
WccaepoBanmss TITCP m ero mocaeAcTBUil aKTMBHO
Pa3BMBAIOTCSI, M CETOAH:S MBI pacriodaraeM OOIIMPHOI
Oaszoit 3HaHMit B 9TOM OOaactu [3,4]. Crermaamcrs
IIpNAAraioT Bce YCUAuA AAs pa3paOoTKu 9PpPeKTUBHBIX
metoa0B aedeHust ITTCP. VMccaeaoBanust moKa3bIBaioT,
4TO eAMHOTO YHUBEpPCaAbHOTO MeToAa  Ae4eHMs
IOCTTPaBMaTUYECKOTO CTPEecCOBOTO PacCTpONCTBa He
cymectsyeT [4,5]. Jeuenne u peadbmanrtaumsa ITTCP
BKAIOYAIOT B ceDs1 He TOABKO IICHXOTepanmio u

MeANKaMeHTO3HOe Jde4deHle, HO U’ IJ_II/[pOKI/Iﬁ CIIEKTP

HacTosIee BpeM: IIOIIyAsIpHble BMeIlaTeAbCTBa MMEIOT

HEOJHO3Ha4yHble  pe3yaAbTaThl M AOKa3aTeAbCTBa
a¢pdexrtuBHOCTH BTUX MeTOA0B [8,4]. DddexrnsHas
Tepanus JAOAXHa OBITh KOMILAEKCHOI, 3aTparusas
pasAuYHBIE  acIeKThl  KM3HU  4YelOBeKa, UYTOOBI
nepepaboTaTh TpaBMy Ha Bcex yposHsx [9]. CymecTByeT
HECKOABKO Pa3AMYHBIX TEOPETUYeCKUX II04XOAO0B, IIO-
pasHOMy wuHTepnpetrupyomux cumnrtomsr I[ITCP u
pacxoAsAImuxXcsl B TOM, Kakme (pU3NOAOTHYeCcKue

M3MEHEeHMsI SBASIOTCA IpMIMHaMM, a Kakme —
caeacreusamu B passutum IITCP [10,11]. Dro aeaaer
0CODEHHO aKTyaAbHBIM MOJeAVPOBaHNe I YICCAeA0BaHIe
IITCP B ®KcrlepuMeHTax Ha >KMBOTHBIX.

ITo mepe yraybGaeHms1 Hay4HBIX ITOHMMAaHMUII B
reHeTnKe Oblla cPOpMyAUpOBaHA TEOPUS O TOM, UTO
Hauboee sIpKUe IpOsBAeHMsI (peHOTUIIa 00yCAOBAEHBI

B3alIMOAEICTBMIEM T€HOB CO cpe40171 O6I/ITaHI/I}I, TO eCTb
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OKpyXaloIllasg cpeja  peryampyer

JlanHoe

BBIPa’>XKE€HHOCTD

HacAeAyeMoro IIpM3HakKa. II0AOXKEeHUe B
rocAeAyiolieM HallAo oOTpakeHue B paborax [12].
MccaeaoBannst BAUSHIS OOOTaIIeHHON CpeAbl OOMTaHIL
Ha >KMBOTHBIX, IIpMMeHseTcsl B 0041acTy I0BeAeHIeCKO

HEBpPOAOITUN AASL WM3YUEHUI pea6I/IAI/ITaLII/IOHHI)IX 48

2. MaTepmaabl 1 METOABI

Ob6pexTOoM 1ccaeaoBanst Ob1au 19 GecrIOpOAHBIX
KpBIC-CaMIIOB, B Bo3pacTe 4-6 MecsilleB, C Maccoil Teaa
220-280 rp. JKuBoTHBIE CcOJ4ep>KaAuCh B YCAOBMSAX
suBapust HAO «Megumuucknit YHusepcuteT AcTaHa» B
MeTaAAN4IeCcKIX pelleTdaThIX KAeTKax 13 Hep>KaBeIoIen
cTaau pasmepoM 55x95x55 cMm. mpu crabmabHOI

KOMHaTHOI  TeMmIeparype, 12-yacoBoM  peXume
AHA/HOYM U CBOOOZHOM JOCTyIle K KOPMY M BOJe.
OKCnlepMMeHTEl  ITPOBOAMANMChL B COOTBETCTBUU  C
Aupextusoir  Espomneiickoro Coroza 2010/63/EU  aas
IIPpOBEeAEHMNST DKCIIePUMEHTOB Ha JKMBOTHBIX.

MccaeaoBanme ObLA0 IpOBEJeHO B ABa DTalla,
rocie KaXJOro sTamna OLeHMBaAl II0BeJeHYeCKyIo
AKTUBHOCTb >KMBOTHBIX B TECTE «OTKPHITOE I10Ae».

Ha nepsom sTame skcriepumenTa, B Tedenue 30
AHell, MOAeAVPOBaAU XPOHUIECKII KOMOMHIPOBAHHBIN
crpecc (XKC) myTtem coyeTaHmns BeAyIiero KOMIIOHEHTa -
MMMOOMAM3AIIMOHHOTO CTpecca - IOMeleHNe KphIC B

I1AaCTUKOBbBIE II€HaAbl €XXeJdHEBHO Ha 3 vaca B AC€Hb B

TeyeHume BCero DKCIIepVMEHTa, C ImocAeAyommnm
BKAIOYEHIIEM AOIIOAHUTEAbBHBIX CTpeccopos.
,ZI,OHOAHI/ITGALHIJIMI/I cTpeccopaMmu SIBASIAVCD:

NpUHYAUTeAbHOe I1AaBaHUe B X0404HON Bode (15°C B
TeueHMe 5 MIH); HaXOXAeHMe B HaKAOHHOM KAeTKe (Yroa
45° B TeueHHMe 2 yac); BOAHYIO U MUIIEBYIO AeNpUBaliiio
o 24 u 48 wacos coorBercTtBeHHO [15]. Bo usbesxanue
NPUBBIKAHMA K

BO3A€VICTBUIO AOIIOAHNTEABHBIX

CTPeCCOpPOB  IOCAEA0BATEABHOCTb MX MEHSA0Ch B
CAy4alHOM IIOpsIAKE.

ITocae nepsoro sTaIa, B TeCTe «OTKPBITOE I101e»,
oreHnBaan: 1) OpPMEHTHMPOBOYHO-UCCAEAOBATEABCKYIO
peakiuio, TIAe PpPerucTpupoBaau AOKOMOTOPHYIO U

nuccaea0BaTeAbCKyIo AKTMBHOCTUI: TOpU30OHTAAbHO-

Ip OCl) MAAKTNYECKUX

a¢pPexros

KOTHUTUBHOM ¥ MOTOPHON cTumyAsunn [13,14].

CEeHCOPHO,

Iear wmccaejgoBaHMSI: U3YYUTh BAVSHUE
0oOOTaIlleHHOI Cpeabl OOMUTaHMA Ha BDIU30ANYIECKYIO
IaMATh U UCCAeA0BaTeABCKYIO aKTUBHOCTb Y KPBIC B TECTe
pacrio3HaBaHIe HOBOTO OOBeKTa ITOC/Ae ITepeHeCeHHOTO

KOMOIMHIPOBAaHHOTO XPOHMYECKOTIO CTpecca.

ABUTaTeAbHYIO aKTUBHOCTD (I A) - MOACYUTEIBAAM YMCAO
Ilepece4eHHBIX KBaJpaTOB Ha 101y apeHbl; BepTUKaAbHO-
ABUTaTeABHYIO aKTUBHOCTD (BAA) - uncao BepTuKaabHbBIX
CTOeK; «HOPKOBLII pedaeKkc» - HM3ydeHHe OTBepCTUIi
(«HOpOK») B IOAY apeHBI - IOACYUTHIBAAY KOAMIECTBO
3arAsAbIBaHUIN B «<HOPKI»; 2) SMOIIMOHAABHYIO peaKIIio

- 4dacCToTa TIpyMIHIA UM KOAMNYECTBO 00410COB. BPEMH

TectupoBanus: 5 Mun.  [16,17].

Ha  Bropom  srame  ®KcrepumeHra -
BOCCTAaHOBUTEABHBIN ~ IIepUO4,  HPOAOAXUTEABHOCTD
KOTOpOro cocTasuda 14 CyTOK, >KMBOTHbIE OBLAM

IoJeAeHbl Ha cAeAyloljue TPYIIbl MccaeAoBaHus: |
(n=9) -

cogepsKadach B OOBIYHBIX AabOpPaTOPHEIX YCAOBMAX CO

Ipy1iIia MHTAKTHBIE JKMBOTHBIE, KOTOpPbIE

CcBOOOAHBIM AOCTYIIOM K IHIIE U BOAe B TedeHNe BCEero
nepuoga skcrepumenta; Il rpynima (n=5) — koHTpOAbHAasA,
Yy OKMBOTHBIX ®TOM TIpPyIIbBl Ha II€PBOM
XKC, a B

BOCCTAaHOBUTEABPHOM IIEPUOAE ObLAU IepeseJeHbl Ha

oTalrie
DKCIIepMMeEHTa MoJeAnpoBaan

CTaHJapTHBIEe YCAOBUS COAep>KaHUA C  OOBIYHBIM
IMIEBBIM U BOAHBIM pauyonowm; III rpymia - onsiTHas,
rmocJae TIepBOTO BTafa, Haxoauaach B YCAOBMSX
oboramenHoi cpeasl ooutanus (OC) - B IPOCTOPHBIX
KJAEeTKaX C AONOAHUTEAbHBIM MHBEHTapeM A4S Pa3BUTIA
(Mstam, KOpoOOKHM, AabOUMpPMHT, AOMMKY, IIOABECHEIE
raMaky), KOTOPBII MEHSACSI UM OOHOBAAACA KaXKAble 3
AHSI.

TecT Ha pacrio3HaBaHMe HOBOTO OOBEKTa - AaHHAs
MeToAuKa Oblia BIepBhle IpejaoxeHa B 1988 roay
Ennaceur A. u Delacour J. [18], kak TeCcT A4s1 OIIEHKU
OIlepaTMBHOM IaMITU y TPBI3YHOB Ha OCHOBE UX
eCTeCTBEeHHOTO IHTepeca K HOBBIM oObekTam. [19,20].

SKCHepI/IMEHT IIpOBOANACS B AB€ ceccum, ITO 5 MUHYT
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Ka’xJaas1, B ,ZI,OMaLHHeﬁI KAeTKe >KVMIBOTHBIX. HepBa;I ceccnia

«O3HaKOMUTeAbHAasI» -  ABa OAVHAaKOBBIX o0OBeKTa

(MeTaaanueckve LMAVHAPEI JepHOTIo 11BeTa)
pa3MecTuAn paBHOYJAaleHHO APYT OT ApyTa U OT CTEHOK
kaeTku. KppICy BBIITyCKaAu B KAETKY U B TedeHuUe 5 MUH
OHa 1ccaejoBasza OObeKTHL. Jazee KPbICy BRIHMMAaAU U3
KJAETKU U 4epe3 O4MH Jac - BO BTOPOM 9DTalle OAVH U3
OOBEKTOB HEe3HAKOMBI

3HaKOMBIX 3aMeHsAACS  Ha

(mnpamuga n3 I1AacTUKa >KeATOTO 1IBeTA).
QuKCUpOBaAOCh BpeMs OOHIOXMBAHUS U U3YUeHIT
Ka’kJoro obbekra (HOC Ha pPacCTOSHMM <2 CM MWAU
KacaHMe JarlaMM): Ha IIepBOM ceccuM — KaXkJAOro u3
OAMHAKOBBIX OODLEKTOB; BO BTOpPOIl ceccuym - Bpems
MCCAeAOBaHN 3HAKOMOIO ¥ HOBOIO 0OBEKTa; I1acCCUBHOE
CUAeHNe pPsAJAOM UAM Tlepeae3aHle uyepe3 OOBEKT He
3acunTHIBaA0Ch. OlLleHKa CIIOCOOHOCTM OTAMYATh HOBBIN
OOLeKT OT 3HAaKOMOIO M BBIYMCAAETCI IO (opmyae
AVICKpMMMHaLMOHHOTO nHaexc (AV):
AN=((Tu-T3)/(T1+T3))x100% (D),

rae TH - BpemsI nccae10BaHMS HOBOTO OOBEKTa

Ilepras ceccus

Ts - BpeMsI 1cCA€eA0BaHIIsI 3HAKOMOTO oObexTa.

Wntepnperanus AN:

AN>0%: Kpspica mpeamounTtaeT HOBBII OOBEKT
(HOpMaabHas I1aMATh).

AN=0%: Het

IIaMATU AN OTCYTCTBUIE ySHaBaHI/I}I).

IIpeAIlOYTeHNII  (HapylleHue
AN<0%: IlpeariouTeHme 3HAKOMOIO OODBEKTa
(aHOMaAabBHOE TIOBeAEHIIE).
AOIOAHUTEABHO PacCInTHIBAACS MHAEKC
pacniosHasanus (VIP):
NP=(Tu/(T1+T3))x100% (),
rae TH - Bpems nccaeA0BaHMSI HOBOIO OObeKTa
T3 - BpeMs1 MccaeA0BaHMs 3HAKOMOTO OOBeKTa
Bapmnanrom Hopmer sBasercsa VIP>50%, To ects
HOBBIVI OOBEKT VICCAEAYeTCs AOABIIIE.
0benx ceccuit

Cxema DKCIIepUMEHTa

npeJcraBaeHa Ha pucyHke (Pucynoxk 1).

Bropas ceccus

Pucynox 1- CxeMa TecTa «pacriosHaBaHMe HOBOTO OOBeKTa»

Me)KprHHOBI)Ie pasananst, ObIAM BBISIBAEHBI C

noMmompio  Kpurtepusa  Kpackeaa-Yoaauca, npu
oOHapy>KeHMs cratucTmdeckoir sHaumMoctu (p<0,05) -
IIpOBeJeH TIIOCT-XOK aHaam3 JaHHa ¢ TIOIpaBKOII
3. Pe3yabTaThl

ITposeaeHHBI aHaAmU3 IIapaMeTpOB
IOBeJeHJYeCKOl peaKTMBHOCTU BBISIBUA 3HAYUTEABHEBIE
M3MEHeHUs] B IICMXODMOIIMOHAABHOM CTaTyce KpBIC
rmocae 30-aHEeBHOTO BO3AEMCTBUS XKC. B
ITIOCTCTPECCOBOM Iepmode HabA104al10Ch BBIpa>keHHOe

yTHeTeHNe oOImerl AgBUraTeAbHoON akTuBHOCTH. OO »TOM

Boudepponn. Ilocae ssramcaenms H-xpurepmst Oblaa
OIleHeHa IIpaKT1JYecKas 3Ha9MMOCTh pe3yabTara (pasmep
s PexTa - s1ICKA0H KBadpaT (£2)) B mporpamme IBM SPSS
Statistics 20.

CBIAETEABCTBOBAA0O AOCTOBEPHOE CHM>KEHIE F\Z],A Ecamn B

JICXOAHOM COCTOSIHUM MeAuaHHOe 3HayeHIe
IlepeceyeHHEIX KBagpaTos Ha apene OIl cocraBasao 80
(40,5-95,25), To mocae mogeanposannss XKC-27 (16,5-32)
(p=0,005).

yBeAnmdnAoch BpeM: 3amupanus ¢ 18 (10,5-36,75) cekyna,

KpOMe TOIO, Y DTUX >JKMBOTHBIX IIOYTU B 7 pa3s
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20 136 (107-151,75, p=0,005), 3Hauumo Bozpocao (p=0,018)
U KOAMYECTBO SIMMU3040B I'PYMMHIA, IO CPaBHEHUIO C
HavyaAbHBIM NI€PUOAOM MccAeaoBaHMs, coctaBua 2 (1,75-
3) mporus 1 (0-1,25), Takke yBeamumaach 4YacToTa
(p=0,017). B

BBISIBA€HHBIM

Aedekarnit/ypuHarnni

IMPpOTUBOIIOAO>KHOCTD TeHAEHIIMAM

KMBOTHBIE 13 TPYIIIT MCCAEAOBAaHMA AEMOHCTPUPOBAAN

AOCTOBEpHOE  CHIDKEHHe — IIOKa3aTeleill ~ HOPKOBOTO
pedaekca (p=0,005) u BAA (p=0,005).

ITocae  14-AHEBHOTO  BOCCTAHOBUTEABHOIO
mepuoja  ObLAM ~ IIPOAHAAM3UPOBAHBI  OCHOBHBIE

okasarean paboudeit maMsaTy KuBoTHHIX (Tabanma 1).

Tabaniia 1 — CpaBHeHMe TPYIII 110 AMCKPUMUHAIIVIOHHOMY MHAEKCY ¥ MHAEKCY pacIlio3HaBaHIs B TPYIIIIax

rtocae XKC
I'pynma ANHa., % Me(Q1-Q3)) P, % (Me(Q1-Q3))
WurakrtHas (n-=9) 68 (49-75) 84 (75-87)
KonTtpoasnas (n=5) 13 (1-38) 57 (50-69)
OmnprtHast (n=5) 69 (27-79) 84 (63-90)
p (K-W test)’ 0,043
H 6,275

Mpumevwanue - kpumepuii Kpacxeaa-Yoaruca: H = 6,275, p = 0,043, (0aa AN u VP);, nocm-xox mecmuvi
(nonapnvle cpasrenus) unmaxmuas vs koumporvras p=0,05, unmakmmuas vs onvimnas p=1,0, onvimuas vs

Konmporvnas p=0,148, €2= 0,27

IIpoBeaeHHEINI aHaAM3 BBIABMA CTaTUCTUIECKN
3HaunMMble pasamuns (p=0,043) Mexay rpynmamm IO
obonm nokasateaam - AV u VIP. B nHTakTHOM rpymire

Saq)I/IKCI/IpOBaHLI Hanbo.aee BBICOKIIE 3Ha4YeHIs, BbISIBVIB

CTAaTUCTUIECKYIO 3HAYMMOCTh C KOHTPOABHONM TPYIIION
Ha yposHe p=0,05, a ommblTHas rpynma He IIOKas3aaa
3HAYMMBIX OTAMYMII OT MHTaKTHONM rpymmsl (p=1,0) u

KOHTpoOABHOI rpymisl (p=0,148).

xkc+oC (n=s) NN

XKC+CY (n=5)

57

84 e —

Urrakrras (n-=0) TR

WO/ WP O 20

84 —

40 60 80 100

" K 2 - nHaMMKa 1CcCcAeA0BaTEAbCKOTO ITOBeAeHMsT B TecTe «Pacrmo3HaBaHme HOBOT! 'beKTa»
Pucynok 2 a a 11CCAe0BaTeAbCKOTO IIOBEAE ecre «Pacrio3HaBaHye HOBOTO OObeKTa

B IpyHIiax XpOHIM4IECKOro crpecca

4. O0cyxaenme

Aasg  u3ydeHUs AOATOCPOUHBIX I10CAEACTBUI
cTpecca Ha KOTHUTVBHEIE PYHKINN DKCITEPMMEHTaAbHBIX

JKMIBOTHBIX, B HaCTOAIIIEM ccaeA40BaHNN Onlaa

JICIIOABb30OBaHa

TTOBBIIIIEHHOM

MOoJaeAab XPpOHIYECKOTO

KOM6I/IHI/IpOBaHHOrO cTpecca, KOTOpasl OTpasnaachb B

TPEBOXXHOCTI u CHIV>KE€HHOM
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ABUTATEABHOM ¥ WCCA€40BAaTeAbCKON aKTUBHOCTM B
KOHTPOABHOI ¥ OIIBITHON TPYyIIIIaXx, B CpaBHEHUN C
nHTakTHOI. CyIIecTByome nccaeA0BaHNs YKa3bIBalOT
Ha TO, YTO yMeHBIIEHUEe JBUTaTeAbHON aKTUBHOCTU
MOXKeT CAY>KMTb IIOKa3aTeAeM 3al[UTHOTO TOPMO>KEeHIL,
KOTOpOe BO3HMKaeT KaK peakIus OpTaHmu3Ma Ha
cTpeccoBble cuTyanuu [21,22].

Kosdpdumnument AnckpuMMHaIUM II03BOASIET
IIOHATH, CTIOCOOHO AM >XKMBOTHOE pa3AndaTh 3HAKOMBIN
OOLeKT OT HOBOrOo. B «TecroBoMm ®Tame» >KMBOTHBIMU
OIIBITHOII IPYIIIIBI, peabuAnTanns KOTOPBIX IIpOXo4uala
B YCAOBISIX OOOTAIlleHHON Cpeabl, OBLA YCTaHOB/AEH
MHAEKC AVICKPUMMHAINY, TPUOAVIKEHHBIN K 3HAUeHUAM
MHTAKTHOI  TPYIIIIEL

TOrga KakK B KOHTpO/leOI7[

oTMEe4Yaa0Ch CTaTUCTNYEeCKI 3HAYMIMBIN HU3KUI

IIOKa3aTeAab nccaeAOBaHIA HOBOTO O6"beKTa, 4qTo

5. BeiBoabI

Iloayuennsle HaMN pe3yAbTaThl
CBIMJETeABCTBYIOT O TOM, YTO IIOCTTpaBMaTIdecKoe
CTpeccoBoe pacCTPOJICTBO - BTO cephe3Hasl KAMHIIecKast
npobaeMa, KOTOpas

TpeOyeT paspaboTku

DKCIIepUMEHTaAbHbIX MOAe/lef/i AL M3y49eHms1
MEXaHIM3MOB €€ pPa3BUTNA, a TakK>XXe IIOVMCKa HOBBIX
HaTOTeHeTNYeCK! OOOCHOBAHHBIX MeTOAO0B A€UeHIs. B

CBJI31 C TEM, YTO Ha IIPOTIAKEHUN ITOCAEAHUX AECIATU A€T

OTMEYaeTCs  HempeKpallalolMIICa  poCT  AaHHOM
[1aTOAOTUM, WCCA€AOBaHUA BAMAHMS OOOTaIleHHON
Aurtepartypa

CBUAETEABCTBYET o CHII>KE€HHOM

PyrKUIMIT
KpaTKOBPEMEHHON IIaMATH, II0CAe BOCCTAHOBAEHUS B

OoObIYHOV  cpede oOuraHms. Hamn

COraacyroTcs C

pe3yAbTaThl
[23,24]. BOro

CBIAETEABCTBYET O HpO6AEMaX C 3allOMIMHaHINeM, 4YTO

HabAI0AeHUSIM U

yKasbIBaeT Ha HapylleHu:A B Iporeccax GpOpMUpOBaHNs
aMsITH, 4YTO MMeeT OTpa’keHue B AuTepatype [25,26].
Anaans IIOBEEeHIL

KpBIC B Tecre

«pacIio3HaBaHIe HOBOTO oOBeKTa», rocae
IIepeHeceHHOTO cMogeanposanHoro XKC mokasaa, 4to
BAVSIHUS OOOTralIlleHHOI CpeAbl OOMTaHUA AOCTOBEPHO
yBeanuna  KoopPUUUMEHT  AUCKPUMMHAIIUKM  IIpU
pacrio3HaBaHUM HOBOTO OOBeKTa y >KMBOTHBIX W3
OIIBITHOM Ipymmnbl. TakuM 00pa3doM, KPhICH 13 OIBITHOM
IPYIIIIBL

IIPOsABASANL 3alIHTEpeCOBaHHOCTDb B

nccaeA0BaHMT HOBOTI'O oObeKTa.

cpeAbl OOuTaHUS Ha

peabMANTaIMOHHBIX ¥ TpOoPMAaKTHIecKNX 9PPeKTOB

JKMBOTHBIX, A4  W3YyYE€HU:

IIpeACTaBAsieT He TOABKO TeOPEeTUMYeCcKMii, HO U
IPpaKTUYECKUIT MHTEpeC.

Bxkaag asropos: Konnenryaansamnus — CM.A.,
Y.H.M.; nanincanne yepHosoii sepcun — CM.A., T.T.H.;
HanucaHue un pegaktuposanne — CM.A., T.A.C.; cbop,
00paboTKa 1 aHaAM3 JaHHBIX — BCe aBTOPBI.

KoH}anKT MHTEepecoB: OTCYyTCTBYET.
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>KaHa HBICAaHABI TaHy TeCTiHJeri KepceTKilTepai Taaday KesiHAe MMABIH KOTHUTUBTI (YHKIMACBIHBIH >KaKCapyblHa
9KeAAi koHe pedepeHCKe — MHTaKTiAl TOIIKa >KaKbIH O0AABL.

KopsITBIHABL. AABIHFaH HOTVKeAep OaifbIThLAFaH TipIIiAiK OpTackl MHECTMKAABIK PYHKIMAAAPABI XKaKcapTyFa
>KoHe ar3aHbIH OelliMaeay MyMKiHAiKTepiH apTTeIpyFa bikHaa eTe oThIpbil, [ITCB-HbIH THiMAl aaAbIH aay Kypaasl 004a
aAaTbIHABIFBIH KOpceTeAi.

TyitiH cesgep: mHocTTpaBMaTMKaABIK CTPECCTiK OyY3BIABIC, OalBITBIAFAaH OpTa, >KaHa HBICAHABI TaHY,

ereyKyIpbIKTap, KyiaeAic.
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Abstract

Post-traumatic stress disorder (PTSD) is a serious health issue characterized by diagnostic and treatment
challenges, a high likelihood of comorbid conditions, and significant rehabilitation difficulties. We believe that in the
coming years, a comprehensive research effort aimed at addressing the large-scale PTSD epidemic triggered by global
catastrophes should become a priority. Evidence that an enriched environment (EE) can mitigate PTSD-like behavior
would provide a foundational premise for the pathogenetic rationale behind the potential therapeutic effects of EE in
treating post-stress disorders.

Objective. To study the influence of an enriched environment on working memory in rats using the novel object
recognition test following exposure to combined chronic stress.

Methods. The study was conducted on male rats (n=19). The animals were divided into three comparison
groups, and short-term memory was assessed using the novel object recognition test.

Results. Recovery in an enriched environment in animals subjected to simulated combined stress, compared to
the control group housed in standard vivarium conditions, led to improved cognitive brain function, as evidenced by
the novel object recognition test. The performance of the stressed group recovering in EE approached that of the intact
reference group.

Conclusions. The obtained results suggest that an enriched environment may be an effective tool for PTSD
prevention, enhancing memory functions and improving the body's adaptive capabilities.

Keywords: post-traumatic stress disorder, enriched environment, novel object recognition, rats, stress.
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Abstract

This clinical case describes a patient who was diagnosed with mitral valve prolapse in
childhood. Subsequently, the patient was diagnosed with dilated cardiomyopathy with
progressive reduction of ejection fraction down to 20%. In 2014, an implantable
cardioverter-defibrillator (ICD) was placed.

Over time, the patient's condition worsened due to the progression of chronic heart failure

symptoms and the lack of significant effect from conservative therapy. Based on the
decision of a medical board, in February 2015, a left ventricular assist device (LVAD) —
the HeartMate III — was implanted as a bridge to heart transplantation. The early
postoperative period was complicated by right ventricular failure.

In July 2017, after 2.5 years on mechanical circulatory support, the patient underwent
orthotopic bicaval heart transplantation under conditions of cardiopulmonary bypass and

hypothermia. The early postoperative period was complicated by acute renal failure,
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requiring prolonged hemodialysis sessions, as well as an episode of acute humoral (and
cellular) transplant rejection.

After a course of pulse therapy with methylprednisolone (1 g for 3 days), the patient's
condition improved. Lifelong immunosuppressive therapy was initiated, including
tacrolimus (Prograf), methylprednisolone, and mycophenolic acid (Myfortic), along with
prophylactic therapy with valganciclovir (Valcyte) for six months post-transplant,
followed by a switch to acyclovir. In addition, supportive therapy was prescribed,
including antiplatelet, lipid-lowering, and gastroprotective agents.

At present, the patient is on continuous therapy with acetylsalicylic acid (Thrombo ASS),
a 3-blocker (bisoprolol), and combined lipid-lowering therapy (Rosulip Plus).

Keywords: dilated cardiomyopathy, chronic heart failure, heart transplantation,

postoperative period, immunosuppressive therapy.

1. Introduction

The number of patients with cardiovascular
diseases (CVDs) continues to increase exponentially each
year. In the natural course of most cardiovascular
conditions, the progression often leads to a decline in the
heart’s pumping function, resulting in the development
of chronic heart failure (CHF) [1,2].

In recent years, significant advances have been
achieved in the pharmacological treatment of CHEF.
Nevertheless, surgical intervention-specifically,
orthotopic heart transplantation-has proven effective in
managing advanced stages of cardiac diseases with poor
prognoses [3]. According to recent data, the average
functional lifespan of a transplanted heart may reach five,
and in some cases, even ten years [3]. In 2020 alone,
approximately 4,000 heart transplant surgeries were
performed worldwide, and this number continues to
grow [2]. In Kazakhstan, 100 such transplantations have
been carried out over the past 10 years [4].

The primary indications for heart transplantation

include severe circulatory failure due to dilated

2. Methods

This case report illustrates the comprehensive
patient journey with dilated cardiomyopathy (DCM) and
heart transplantation.

The study was conducted in strict accordance

with the principles outlined in the Helsinki Declaration.

cardiomyopathy or ischemic heart disease. While a
meticulous patient selection process is employed, only a
fraction of those in need ultimately gain access to this
form of treatment [3].

These patients are considered high-risk for a
variety of conditions-chiefly cardiovascular and
infectious diseases-which often compels them to seek
medical attention from specialists in multiple disciplines.
Therefore, healthcare professionals must possess
adequate knowledge about the post-transplant condition
to determine the optimal management strategy for such
patients [5].

In the present report, we describe a case of a
patient who underwent orthotopic heart transplantation
for dilated cardiomyopathy. We also highlight the most
common post-transplant complications that healthcare
providers-particularly those in outpatient and primary
care

settings, including general practitioners and

internists-should be aware of.

Prior to commencement, the study received approval
from the Local Bioethics Committee of the Corporate
Foundation "University Medical Center," protocol #3
dated 14/07/2023. Informal consent was taken from the

patient before analyzing data.
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3. Case report

Patient T., a 30-year-old male, first presented to
the local outpatient clinic during childhood, where he
was diagnosed with mitral valve prolapse. He was
followed up regularly. According to his medical history,
beginning in December 2014, he developed dyspnea with
minimal physical exertion and in the supine position.
Further evaluation led to a diagnosis of dilated
cardiomyopathy (DCM).

In 2014, the patient was rehospitalized twice due
to decompensated heart failure. In December 2015, he
was admitted to the National Research Cardiac Surgery
Center (NRCSC), where he underwent evaluation under
the chronic heart failure (CHF) program. Given the short
clinical history, low left ventricular ejection fraction (20%),
and the presence of polymorphic ventricular
extrasystoles in a bigeminy pattern, a joint decision with
the electrophysiology team was made to implant an
implantable cardioverter-defibrillator (ICD).

The ICD

complicated by

implantation ~ procedure = was

sustained ventricular tachycardia,
requiring cardiopulmonary resuscitation. The patient
was rehospitalized in January 2015. Despite optimal
CHF, the patient exhibited

progressive clinical deterioration. Due to worsening

medical therapy for

heart failure symptoms and a lack of response to

conservative treatment, a multidisciplinary team
decision was made to proceed with implantation of a
HeartMate III left ventricular assist device (LVAD) in
February 2015, as a bridge to heart transplantation. The
early postoperative period was complicated by right
ventricular failure.

Following LVAD implantation, the patient

reported significant improvement in well-being,
including reduced dyspnea and improved functional
status. In February 2017, he was readmitted for right
heart catheterization, which revealed: pulmonary artery
pressure (PA) of 17/8-11 mmHg and pulmonary vascular
resistance (PVR) of 1.2 Wood Units. The patient was
subsequently listed for heart transplantation.

In July 2017, after 2.5 years on mechanical

circulatory support, the patient underwent orthotopic

bicaval heart transplantation under cardiopulmonary
bypass and hypothermia. The early postoperative period
was complicated by acute kidney injury, requiring
prolonged hemodialysis, as well as acute cellular and
After
with

humoral rejection of the cardiac allograft.

administration of pulse therapy
methylprednisolone (1 g daily for 3 days), the patient’s
condition improved.

Lifelong

immunosuppressive therapy was

initiated, including tacrolimus (Prograf),
methylprednisolone, and mycophenolic acid (Myfortic),
alongside prophylactic therapy with valganciclovir
(Valcyte) for 6 months post-transplant, followed by
acyclovir. Concomitant therapy included antiplatelet
agents, lipid-lowering drugs, and gastroprotective
medications.

Prior to the patient’s discharge to their home
region, an official letter was sent to the local outpatient
clinic and the regional health authority. The letter
indicated that the heart

patient, following a

transplantation, must be placed under medical
observation. It also requested assistance in ensuring that
the  patient is with

provided life-saving

immunosuppressive medications under the state-
guaranteed package of free medical services. If necessary,
arrangements could be made to send a physician for
short-term training on the management of this patient
population.

Regular monthly outpatient follow-up for life
was recommended, along with annual hospitalizations
for comprehensive evaluation, including clinical and
blood

biopsy

biochemical tests,
(EMB), and

angiography with intravascular ultrasound every 1-2

echocardiography,
endomyocardial coronary
years.

In 2018,
angiography (CAG) at the National Research Cardiac

the patient underwent coronary

Surgery Center (NRCSC), with the following findings:
e LM: unchanged;
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e LAD: irregular contours, extended stenosis
up to 40% in the mid-third, and tandem 50% stenosis at
the junction of the mid and distal thirds;

e Intermediate artery (Al): well-developed,
with 50% stenosis in the mid portion;

e Circumflex artery (CFX): irregular contours;

e Obtuse marginal branch (OM): irregular
contours;

e Right coronary artery (RCA), posterior
descending artery (PDA), and posterior lateral branch
(PLB): no hemodynamically significant stenosis.

An EMB revealed no signs of rejection. The
findings were interpreted as cardiac allograft
vasculopathy (CAV). The patient was discharged in
satisfactory condition with reinforced
immunosuppressive and lipid-lowering therapy.

In 2019, the patient was hospitalized at NRCSC
due to an intestinal infection. Neither CAG nor EMB were
performed at that time.

During a scheduled hospitalization in 2020, the
patient was clinically stable, echocardiography findings
were within normal limits, and EMB showed no evidence
of rejection.

In 2022, the patient was re-hospitalized at
NRCSC. CAG findings were as follows:

e Coronary blood supply type: right-dominant;

e LM: unchanged;

e LAD:

narrowing;

irregular contours, 60% lumen

e Circumflex artery (CX): diffuse changes along
its entire length;

e Intermediate artery (Al): 80% stenosis in the
proximal third;

e OM: diffuse changes throughout;

e RCA: irregular contours with 55% stenosis in
the terminal segment;

e PLB:irregular contours;

e PDA: small-diameter artery with prolonged

65% narrowing from the ostium.

4. Discussion

The clinical interest of this case lies in the fact that
over a period of more than five years, the patient, while

on immunosuppressive therapy, developed clinical signs

Following a multidisciplinary team consultation
in July 2022 (five years post-transplant), surgical
intervention was performed: resternotomy, mammary-
LAD, and

aortocoronary bypass with composite anastomosis,

coronary bypass to the autovenous
under cardiopulmonary bypass using parallel perfusion.

An EMB performed in July 2022 showed no signs
of rejection. The patient was discharged in satisfactory
condition on medical therapy, including clopidogrel
(Plavix), acetylsalicylic acid (Thrombo ASS), bisoprolol
(Concor), and a statin (Rosulip Plus).

In July 2023, the patient underwent a scheduled
NRCSC. CAG

hemodynamically significant lesions, and all grafts were

hospitalization  at showed no

functioning. Echocardiography revealed a global
longitudinal strain (GLS) of —23.9% and a left ventricular
ejection fraction (LVEF) of 61.31%. No laboratory
evidence of transplant rejection was detected.

As of the most recent examination at the Heart
Center in March 2024, the patient’s condition was
satisfactory. Tissue turgor was preserved, and no edema
was observed. Vesicular breath sounds were heard
throughout all lung fields. Cardiac borders were
enlarged to the left by 1 cm. The pulse was rhythmic, of
satisfactory volume and tension, with a heart rate of 78
beats per minute. Blood pressure was 120/80 mmHg. On
percussion, the liver was not enlarged; on palpation, its
edge was soft and non-tender.

To assess the patient T.s psycho-emotional state,
a consultation with a psychotherapist was offered [6],
which revealed no signs of anxiety or depression.

In addition to the previously mentioned therapy,
the patient is currently on continuous treatment with
acetylsalicylic acid (Thrombo ASS), a beta-blocker
(bisoprolol), and combination lipid-lowering therapy
(Rosulip Plus).

of cardiac allograft vasculopathy (CAV). Importantly, the
ischemic heart disease remained asymptomatic due to

cardiac denervation and was only detected through
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routine annual follow-up. This case thereby
demonstrates the necessity for dedicated attention to this
patient population and reinforces the need for annual
evaluations, including invasive procedures.

Dilated cardiomyopathy (DCM) is a disease that
affects the myocardium and is characterized by
significant enlargement of the heart chambers, reduced
systolic function of both the left and right ventricles, and
diastolic dysfunction. The annual incidence of newly
diagnosed DCM is 5-8 cases per 100,000 population. The
disease most commonly presents between the ages of 30
and 45. The etiology remains unknown, although viral
myocarditis, a positive family history (with up to 40% of
cases being familial), and immunological disorders are
considered significant contributing factors.
of DCM, diagnostic

confirmation requires an electrocardiogram (ECG),

In suspected cases

echocardiography (EchoCG), stress echocardiography

with  dobutamine, cardiac catheterization and

Table 1 - Main indications for heart transplantation

angiography, and endomyocardial biopsy. In most cases,
two of the listed investigations are sufficient to establish
the diagnosis [7].

The number of patients undergoing heart
transplantation is steadily increasing. Following such
surgery, the quality of life for individuals with
cardiovascular disease improves significantly, and there
is anoticeable trend toward a reduction in mortality from
this condition both globally and in our country. However,
for many general practitioners and internists, important
questions remain unresolved —particularly regarding
which patients should be referred for such procedures
and how to manage diseases associated with the post-
transplant period [1,8].

Another noteworthy aspect is the relative rarity
of such patients in the general practice of primary care
physicians. Tables 1 and 2 present the main indications

and contraindications for heart transplantation.

Absolute readings

J A decrease in peak VO, to less than 10 ml/kg/min despite maximal medical therapy;

J Signs of severe myocardial ischemia that significantly limit daily activities, in patients for whom

revascularization through coronary artery bypass grafting (CABG) or percutaneous coronary intervention is not

feasible;

. Recurrent ventricular arrhythmias that are refractory to both medical therapy and electrophysiological

treatment methods;

. Severe valvular heart diseases (when other surgical treatment methods are not possible), congenital heart

defects, or cardiomyopathies that significantly impair daily activities and are associated with a greater than 50%

risk of death within one year;
J Clinically proven chronic heart failure

estimated one-year survival of less than 50%.

of NYHA class III-1V, refractory to medical treatment, with an

Relative readings

. Decrease in peak VO, to less than 14 ml/kg/min despite maximal medical support;
. Frequent episodes of progressive unstable angina that are unresponsive to other forms of therapy;
. Heart diseases with signs of decompensation, refractory to both medical and surgical treatment, accompanied

by irreversible pulmonary hypertension.

*VO; - Volume of Oxygen Consumed per Minute
NYHA- New York Heart Association (Classification)
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Table 2 - Main contraindications for heart transplantation
Absolute contraindications
. Autoimmune diseases;
e Ageover 75 years in the presence of comorbidities that increase perioperative risk and worsen long-term
prognosis;
e  History of malignant neoplasms within the past 5 years (excluding non-melanoma skin cancers), or breast
cancer stages I-IV or prostate cancer stages I-1V identified during preoperative assessment;
. Active smoker or quit smoking less than 6 months ago;
. Alcohol or psychoactive substance abuse;
. Presence of a local or systemic infection;
. HIV infection;
] Psychological or emotional instability, or a history of mental illness;
e  Pulmonary hypertension with a transpulmonary gradient >15 mmHg or pulmonary vascular resistance
>6 Wood units, refractory to medical therapy (NO, sildenafil) and/or mechanical support;
. Pulmonary function impairment (FEV; less than 1 L/min);
J Chronic renal/hepatic failure in the stage of decompensation.
Relative contraindications
e Age over 65 years, in the absence of comorbidities that increase the risk of complications during and after
surgery;
e  Acute pulmonary embolism;

. Grade II-III obesity;

] Decompensated liver/kidney disease (creatinine clearance less than 25 ml/min, bilirubin level greater than 25

mg/dL, transaminase levels elevated no more than 3 times above normal);

° Non-melanoma skin cancers within the last 5 years;

J Decompensated diabetes mellitus;

J Active peptic ulcer disease of the stomach or duodenum;
. Active diverticulitis;

. Cachexia;

. Coagulopathy;

o Recent infection (within 1 month; for hepatitis or severe pneumonia, within 6 months);

U History of acute cerebrovascular accident (stroke).

**HIV - Human Immunodeficiency Virus

FEV; - Forced Expiratory Volume in One Second

During follow-up of transplant patients, it is
essential to consider the possibility of late post-transplant
complications such as postoperative infections, coronary
artery disease, arterial hypertension, and others. Chronic
rejection of the donor organ is also a potential concern.
All of these require highly specialized and regular follow-
up at the transplant center where the procedure was
performed [9].

Cardiac allograft vasculopathy (CAV) is the

leading cause of mortality in the post-transplant period.

Due to the denervation of the transplanted heart, angina
pectoris is typically absent. The only manifestations of
this pathology may be silent ischemia or sudden cardiac
death. Histological examination reveals progressive
diffuse concentric hyperplasia of smooth muscle cells and
the intima in coronary arteries. Studies indicate that
initial ischemia of the donor organ increases the risk of
coronary involvement. To

artery prevent such

complications, all patients presenting to outpatient clinics
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must undergo thorough cardiac evaluation for early
diagnosis of coronary pathology [2, 3, 10].

Infectious diseases remain the most frequent
complications during the entire post-transplant period.
The most commonly identified pathogens include
Epstein—Barr virus (EBV), cytomegalovirus (CMV),
herpes simplex virus (HSV), Toxoplasma gondii,
Pseudomonas aeruginosa,

Staphylococcus  aureus,

Pneumocystis carinii, Candida albicans, and Aspergillus
spp. [2, 5].

CMV remains the primary infectious agent in
heart transplant recipients. It is believed to play a key role
in the accelerated development of CAV and transplant
rejection. Long-term prophylactic therapy is prescribed
accordingly. Plasma samples from all patients are tested
using polymerase chain reaction (PCR) to detect viral
DNA. Fungal infections such as candidiasis and
aspergillosis are often etiological factors in severe
pneumonia [5].

Various neoplasms, especially skin cancers and
lymphoproliferative disorders, remain a serious concern
for post-transplant patients. By eight years post-
transplant, epithelial carcinomas are observed in 25% of
patients [9]. The most widely accepted theory for the
development of such malignancies involves long-term
use of immunosuppressive drugs. CMV and EBV
carriage may contribute to the malignant transformation
of tissues [2, 4].

All heart transplant recipients seeking outpatient
medical care for any reason must undergo a thorough

skin examination, including mandatory biopsy of

5. Conclusions

Thus, heart transplantation has currently become
the treatment of choice for most patients with
cardiovascular diseases in the stage of decompensation.
The number of patients who have undergone such a
procedure is increasing every year. Although heart
transplantation and the subsequent pharmacological
therapy involve a significant number of complications,
this procedure greatly improves both the quality of life

(based on our observations) and its duration.

suspicious lesions, as well as lymphatic system
assessment, followed by hematologist consultation if
necessary [3].

In addition to new diseases, preexisting
conditions may progress after transplantation. Arterial
hypertension develops in 75% of patients within the first
year post-transplant, rising to 95% over the subsequent
five years. Renal insufficiency (RI) following heart
transplantation arises primarily due to the chronic use of
cyclosporine A. Approximately 2-3% of such patients
require dialysis and eventually may need kidney
transplantation. Hyperlipidemia is observed in 85% of
this patient population. Furthermore, 35% of patients
develop diabetes mellitus within 2-5 years post-
transplant. This is likely related to the continuous use of
immunosuppressants that stimulate gluconeogenesis.
Additional side effects of immunosuppressive therapy
include osteoporosis, avascular necrosis of the femoral
head, musculoskeletal disorders, neurological conditions,
epilepsy, and focal neurological seizures [9].

Nevertheless, post-transplant pharmacotherapy
is prescribed based on vital indications, and any
discontinuation or disruption in treatment can have fatal
consequences. No clinical specialist other than the
transplant physician is authorized to modify this regimen.
Substantial efforts are currently underway to develop
optimal immunosuppressive protocols that minimize the
occurrence of these adverse drug reactions. Therefore,
targeted screening of affected organs and systems is
critical in all heart transplant recipients to detect and rule

out specific post-transplant complications [8].

To prevent and detect various conditions
associated with heart transplantation, it is crucial for
medical personnel—especially those in therapeutic
specialties—to be well-informed, as patients most often
seek help from these professionals. It is also important to
note that the issue of organ transplantation touches on
many aspects, including ethical ones, and is not only a

medical matter but a broader social concern as well.
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Tyiingeme

Bya kauHUKaABIK Xafaaiiga Oaaa Ke3iHAe MUTpaaAbl KaKIaK IIpOAaIiChl AM1arHO3bI KOMBbIAFaH HayKac cCUIlaTTaAfaH.
Keitinnen oraH >xypek cory ¢pakuniaceiabl 20%-Fa JelfiiH TeMeHAeyiMeH cuIIaTTadaThlH AMAATalVSABIK
KapAMOMMOIIATUS AVAaTHO3BI KOVIBLAABL 2014 >KbLABI HayKacKa KapAuoBepTep-4epuOpUAAATOP UMILAaHTalMAAAHABL.

YakbIT eTe Keae, XypeK >KeTKiaikcizairiHiH Oeariaepi Kylleiin, >KyprisiaTeH KOHcepBaTUBTI TepanMsIHBIH
alfTapAbIKTall acepi OoAMaraHABIKTaH, >KaFAallbl HallapAaaabl. Japirepaik kKoHcuanyM 1entiMimer 2015 >KblaAbIH
akIaHbIHAA HayKacka >KYpeK TpaHcIAaHTanuschkiHa Kemip petinge HeartMate III coa >xak KapbIHIIaHBI KOAJAay
KYPBLAFBICEI UMITAaHTalMAAaHARL. OTalaH KeiHri epTe Ke3eH OH JKaK KapbIHIIaAbIK >KeTKiAiKCi3AIKIIeH aCKbIHABI.

2017 XxplaAbIH IIiage aliblHAA, MeXaHMKaAbIK Koagayja 2,5 Kbla ©TKEH COH, >KacaHAbl KaHallHaAbIM MeH
TUIIOTePMUsI KaFaliblHAQ OPTOTOIVIABIK OMKaBaAbAbl XKYpeK TpaHCIAaHTalVACH Kypriziaai. Otagan keiiiHri epre
Ke3eH >XeJea Oylipex >KeTKiaikcisAiriMeH KypAeAeHin, HayKac y3aK yaKbIT OOJbI TeMOAaAn3 CeaHCTaphlH KaObLa4aabl,
COHBIMEH KaTap TPaHCILAaHTaTThIH JKejeA IyMopaab/bl (3KoHe >KacyIlaablK) Kepi KaFy SIM30AbI TipKeAaai.

MeTtnanpeaunsoaoHMeH (3 KyH 00715l 1 T) Iy Abc-Tepamnus Ky prisiareHHeH KeiliH HayKacTbIH JKaF4albl JKaKkcapAbl.
Owmip GoiibiHa apHaAFaH UMMYHOCYIIPECCHBTI Tepams TaraitbiHAaAAbL: Takpoaumyc ([Iporpad), MeTnanpeAHU3010H,
MMKOQeHOA KBIIKBIAK (MaitdpopTnk), coHgai-aK ollepanusjaH KeiiH aAFaIllKel 6 ail OOVbI BaATaHIIUKAOBUPMEH
(Baapuur) npoduaakTUKaABIK Tepamus >KYpriziagi, keiiH anukaoBMpTe aybICTHIPBLAABL KocbhiMIa KoaAayIirst
Tepanns peTiHAe aHTMarperaHTThl, IMIIOANIINAEMUAABIK KoHe TaCTpOIPOTeKTUBTI Japilep TarallbIHAAAABL.

Kasipri TaHaa Haykac yHeMi alleTnacaannna KulmksiaeH (Tpom6o ACC), 3-6a0kaTop (01compoaoa), coHAal-aK
OipikTipiareH rmnoaAnnMAeMuAALK TeparstHel (Posyanm I1aoc) Kkabsragainast.

TyitiH  ce3aep: AuJaTanuAABIK — KapAMOMMOIATHMA,  CO3BLAMAAbl  SKYpeK  JKeTKidikcisairi,  >Kypek

TPaHCIAAaHTAVACH, OepalUsIAaH KeIMiHIi Ke3eH, MMMYHOCYIIPEeCCUBTI Teparus.
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Pe3iome

B gaHHOM KAMHIYECKOM cAy4ae OIMCaH HalMieHT, KOTOPOMY B AeTCKOM BO3pacTe AMarHOCTUPOBaAM IIPOAaIlC
MUTPaApHOIO KJallaHa. Briocaeactsum OBIA  yCTaHOBAEH AMarHO3 — AuJaTaljMiOHHAs KapAMOMMOIIATHA C
IIpOorpeccupyIomuM CcHyokKeHneM ¢pakoun BoiOpoca 4o 20%. B 2014 roay manmenty OblA MMILAQHTHPOBaH
KapAnosepTep-4epudpuaAATOP.

C TeueHmeM BpeMeHM Ha0AI04a10Ch YXyAIlleHNe COCTOSHMS B CBSA3M C HapacTaHMeM CUMIITOMOB XPOHIYeCKOI
CepAedHOIT HeAOCTaTOYHOCTY M OTCYTCTBYIEM BBIpakeHHOTo a¢d¢eKTa OT IIPOBOAMMOI KOHCepBaTuBHOI Tepanun. I1o
petennio BpayebHOro koHcuauyma B ¢pespase 2015 roga Oblaa BEIIIOAHEHA MMILAAaHTAIUs YCTPOIICTBA MOAAEP KKU
aeporo xeaygouka HeartMate III xak Mocra K TpaHCILAaHTanumu cepaua. PaHHUI 1ocaeornepallMOHHBIN IIePUO/,
OCAOKHIACSA IPaBOXKeAyA0IKOBOV HeA40CTaTOYHOCTBIO.

B utoae 2017 roaa, rocae 2,5 2eT Ha MeXxaHIUeCKOI MoJAep>kKe, Obll1a IIpoBeJeHa OpTOTOIYecKas OMKaBaAbHas
TpaHCIIAaHTallMsl — cepAlla B YCAOBUAX  MCKYCCTBEHHOTO — KpoBooOpalleHus M rumnorepMmum.  PaHHMIA
Moc/AeolepallMOHHBI Tepuo OBlA OCAOXKHEH OCTpPOl ITOYedHOM HeAOCTaTOYHOCTBIO, B CBSI3M C 4eM ITalMeHT
AAUTEABHO I10AydaA CeaHChl FeMOAUaAN3a, a TakXe BIM3040M OCTPOTO IyMOPaAbHOTO (M KA€TOYHOIO) OTTOP KEeHMs
TpaHCILAaHTaTa.

ITocae Gplaa mpoBeseHa MyAbC-Tepamsl MeTHUAIpeAHM3010HOM (1 T B TeueHMe Tpex AHeI), YTO IPUBEAO K
cTabmAm3anuy COCTOSIHMA. B gaapHerieM HasHaveHa ITOKM3HEHHAs MMMYHOCYIIpeCcCHBHasA Tepanns, BKAIOJaIoITas
takpoanmyc (IIporpad), metnanpesnnsoaoH, MuKopeHOA0BYIO KncaoTy (MaitdopTuk), a Takke mpodpraaKTmdecKas
Tepanus BaAraHIMKAOBMpoM (BaapumT) B TedeHme 6 MmecsleB Iocae ornepanyy C MOCAeAYIOIIMM IIepexosoM Ha
aluuKA0BUp. JOMOAHUTEABHO MPOBOAUTCA CONPOBOJUTEAbHAs Tepamys: aHTHarperaHTHas, TUIIoAUIMAeMIdecKas 1
racTpOIpOTeKTUBHasI.

B Hacrosi11ee BpeMs1 IalieHT MOCTOSIHHO ITPUHIMMaeT alleTUAcaAunAoByio kucaory (Tpom6o ACC), B-6aoxaTop
(Oucompoa04), a TakKe KOMOMHMPOBAHHYIO IMIToAUIUAeMIdecKyto Tepanuio (Posyaumn Ilaroc).

KarodgeBble caoBa: JuaaTallMOHHas KapAMOMMOIIaTUsA, XpOHMYecKas cepJedHasl Hez0caTaTOYHOCTD,

TpaHCIIAaHTal Ml cepana, HOCAeOHepaIII/IOHHbIﬁ I1epnoa, MMMYHOCYIIpEeCCMBHAs Teparin:i.
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License Abstract

@ Certain neurological conditions may closely resemble acute stroke in their clinical
N presentation, complicating the diagnostic process and potentially delaying appropriate
treatment. This report presents a clinical case that illustrates the diagnostic difficulties
encountered at the onset of Miller Fisher syndrome (MFS), a rare variant of Guillain-Barré
syndrome (GBS). A 42-year old male patient initially exhibited symptoms commonly
associated with ischemic stroke in the posterior circulation, including unilateral ptosis,
double vision, dizziness, difficulty swallowing, reduced voice strength, ataxia, and limb
weakness. Despite these signs, diffusion-weighted magnetic resonance imaging (DWI-
MRI) revealed no evidence of acute cerebral ischemia. The development of
ophthalmoplegia and absence of reflexes raised suspicion of an alternative neurological
disorder. Subsequent serological testing confirmed the presence of anti-GQ1b antibodies,
and treatment with intravenous immunoglobulins was initiated, resulting in significant
clinical improvement. This case highlights the importance of maintaining a broad
differential diagnosis in patients with atypical neurological symptoms and emphasizes
the role of comprehensive evaluation in avoiding misdiagnosis. Awareness of such
presentations can aid in earlier recognition of Miller Fisher syndrome and improve
outcomes for individuals with rare autoimmune neuropathies.
Key words: stroke mimics, Guillain-Barre syndrome, Miller Fisher syndrome, GQIlb

antibodies.
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1. Introduction

According to scientific data, stroke mimics are
identified in up to 30% of patients admitted to stroke
units [1]. Common stroke mimics include epilepsy,
migraine, oncological conditions, functional disorders,
and metabolic disturbances [2]. Between 4% and 20% of
patients with stroke mimics receive thrombolytic therapy
[3], and delay or error in diagnosis can lead to irreversible
complications [1].

One such condition is Guillain-Barre Syndrome,
an autoimmune disease in which the body’s immune cells
attack peripheral nerves. Current data identify eight
subtypes of GBS one of them is Miller Fisher Syndrome,
accounting for only 1-5% of all GBS cases globally [4].
MEFS is more prevalent in Asian countries and is rare
among Caucasian populations. Reports from Taiwan and
Japan indicate that MFS constitutes up to 20-26% of adult
GBS cases. The diagnosis of MFS is based on a clinical
triad of ophthalmoplegia, ataxia, and areflexia [5]. A

preceding infectious illness, such as an upper respiratory

2. Case presentation

A 42-year-old man presented to the emergency
department with a sudden onset of left eyelid drooping
over 4 hours. He was examined by a physician, and a
neurological examination showed only left-sided ptosis
and low blood potassium levels and the patient explained
that due to type 2 diabetes, he had been on a very strict
diet for over two weeks. In the emergency department,
he was given an intravenous potassium solution, his
condition improved 100%, and the patient insisted on
going home on his own. A day later, in the evening, the
patient felt dizziness and weakness; he decided to rest
and went to bed. During the night, he woke up with the
following symptoms: breathing difficulties, nasal voice,
unsteadiness in walking, he could not drink water, all the
water poured out through his nose and mouth, and his
wife called an ambulance.

In the emergency room of the stroke center of the
city hospital, a neurological examination showed:
dizziness, left-sided ptosis, ophthalmoplegia, diplopia on
both sides, hyperesthesia of 1st and 2nd branches of the

tract infection or gastroenteritis, is a common triggering

factor. The most frequent pathogens include
Campylobacter jejuni and Haemophilus influenzae, although
others, such as Mycoplasma  pneumoniae  and
cytomegalovirus, have also been implicated [6,7]. Unlike
the classic ascending paralysis seen in typical forms of
GBS, MFS often demonstrates a “top-down” progression
of symptoms. Its pathogenesis involves molecular
mimicry, leading to demyelination of nerve fibers and
stimulation of the immune system to produce antibodies
targeting gangliosides, predominantly GQ1b [8,9]. With
supportive care and immunotherapy, the prognosis for
MEFS is generally favorable, though residual symptoms
may persist in some cases [5,8].

This report describes the clinical course of a
patient with MFS symptoms mimicking posterior
circulation stroke. This case aimed to assess stroke
mimics in a patient presenting with clinical features

suggestive of stroke.

trigeminal nerve on both sides, dysphonia, dysphagia,
general weakness, sensory ataxia, slightly decreased
muscle tone and tendon reflexes in arms and legs
and Babinski's

symptom negative on both sides. His observation

bilaterally, meningeal symptoms
parameters on admission were stable with a heart rate of
90 beats per minute, blood pressure of 130/70 mmHg,
respiratory rate of 18 breaths per minute, and
temperature of 36.8 degrees Celsius.

History of life and illness: The patient reported
that he had been suffering from type 2 diabetes mellitus
for more than 5 years; very rarely, an increase in blood
pressure to 150/90 mm Hg was observed against a
background of stress. A month ago, he suffered from a
cold with a temperature of up to 38.4°C for 3 days, took
paracetamol, and within a week returned to work and
daily routine. Works as a driver and has a family of two
children.

A computed tomography (CT) scan of the brain

was performed in the emergency room and showed signs
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of chronic cerebral ischemia. A brain magnetic resonance
imaging (MRI) could not be performed due to the
patient's claustrophobia, but after persuasion, only a
DWI MRI was performed, which showed no changes.
Myasthenia gravis was also suspected and the patient
was tested with neostigmine methylsulfate 1.0 ml
subcutaneously with negative results. Changes in blood
tests shows: increasing of white blood cell count
(14.51*10"9/1) and glucose level (13.24 mmol/L). Blood
analyses of thyroid functions and antibodies specific to
HIV were normal. Lumbar puncture was not performed
due to patient’s phobia. The patient was admitted to the
intensive care unit where treatment was initiated
according to the ischemic stroke protocol.

Additional studies were conducted in the
following days: neuromyography and CT scan of the
chest organs - without pathologies; antibodies to
acetylcholine receptor (0.141nmol/l) - negative. After
some time, when the symptoms of claustrophobia were
relieved by an antidepressant (amitriptyline), an MRI of
the brain and cervical spine with contrast was performed,
where signs of microangiopathy on the Fazekas scale 1
and a right-sided paramedian-median herniated
intervertebral disc C5-C6 (3.4 mm) were found. No more

pronounced lesions of the brain and spinal cord were

3. Discussion

Posterior circulation strokes, accounting for
approximately 20-30% of all strokes, are more prone to
and middle

circulation strokes [3]. This is largely because the

misdiagnosis compared to anterior
posterior cerebral artery supplies critical regions such as
the brainstem and occipital cortex, and its dysfunction
frequently results in symptoms such as vertigo, diplopia,
dysarthria, dysphagia, balance disturbances, ataxia, and
visual field deficits. Similar clinical presentations can also
occur with non-vascular conditions, including brain
tumors, toxic or metabolic disorders, psychiatric
conditions, migraines, seizures, and demyelinating
diseases [10].

According to scientific data, dysphagia occurs in

up to 80% of stroke cases [12]. In contrast, dysphagia and

detected. Then a blood test for diagnosis of inflammatory
polyneuritis was performed (antibodies to gangliosides
GM1, GM2, GM3, GM4, GD1a, GD1b, GD2, GD3, GT1a,
GT1b, GQ1b), and result was positive for GQ1b+ and
GTla+
ophthalmoplegia, diplopia, dysphonia, areflexia and

antibodies. In the neurological status,
sensory ataxia remained, and deep sensory disturbances
appeared in the form of a decrease in vibration sensitivity
in the arms and legs. Superficial sensitivity is completely
preserved. After that, the treatment protocol was changed
to the MFS. Ophthalmoplegia, diplopia, and dysphagia
persisted in the neurological status, areflexia and sensory
ataxia increased, and deep sensory disturbances
appeared in the form of decreased vibration sensitivity
in the arms and legs.

Plasmapheresis procedures were performed in
the hospital (3 times), and then patient was discharged.
After 2,5 months, his condition improved; only partial
internal ophthalmoplegia and diplopia in the left eye
remained from the neurological deficit; all other
symptoms were completely restored, however patient
cannot return to work as a driver. We continue to monitor
patient and hope see full recovery of all symptoms of the

disease.

MEFS.

confirmation of MFS typically relies on its characteristic

One such condition is Diagnostic
triad: ataxia, ophthalmoplegia, and areflexia. However,
the acute onset of symptoms, atypical presentations such
as dysphagia and dysphonia, along with computed
tomography findings and the aforementioned triad,
initially led to a misdiagnosis of stroke [5,11]. Following
thorough clinical evaluation and essential tests, stroke
was excluded as the diagnosis. A review of the literature
revealed no previously reported cases of MFS mimicking
a posterior circulation stroke in Kazakhstan.

The patient presented with dysphagia; a
symptom predominantly associated with stroke.
dysphonia are observed in only about 2% of MFS
patients. Studies suggest that the underlying mechanism
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in such cases involves autoimmune neuropathy,
specifically anti-GQ1b IgG antibodies targeting cranial
nerves IX and X, leading to these rare symptoms [13].

The patient's areflexia was associated with
concurrent type 2 diabetes mellitus. Elevated glucose
levels of up to 13.2% indicated uncontrolled diabetes,
underscoring the role of chronic hyperglycemia in
weakening the peripheral nervous system and increasing
susceptibility to autoimmune damage [14]. Additional
symptoms of MFS, such as ataxia and ophthalmoplegia,
can also mimic stroke. However, the absence of
lateralization in MFS distinguishes it from posterior
circulation stroke [15]. In this case, the patient initially
presented with unilateral ptosis, which progressed to
bilateral paralysis, a hallmark of MFS that often manifests
as symmetric bilateral ophthalmoplegia [7].

The onset of the disease followed an upper
respiratory tract infection one month earlier, supporting
the infectious etiology commonly associated with MFS.
Literature reviews indicate that over 90% of GBS patients
report preceding upper respiratory or gastrointestinal
symptoms. Campylobacter jejuni, the leading cause of
acute bacterial gastroenteritis, is implicated in about 30%

of cases [8].

4. Conclusions

Given the diverse presentation of stroke
symptoms, it is crucial to emphasize the importance of
differential diagnosis in patients presenting with stroke-
like features. Awareness of rare stroke mimicking
syndromes significantly reduces the risk of misdiagnosis
and helps prevent irreversible complications. MFS
should be strongly considered when ataxia, areflexia, and
ophthalmoplegia are present. However, clinical cases
exist where the disease initially manifests with unilateral

ptosis, dysphonia, dysphagia, and profound sensory
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Tyiingeme

MHCYABTTI UMMUTaUMAAANTHIH HEBPOAOTUSABIK OY3BIABICTAP VYKcac KAMHUKAABIK CUMIITOMJapMeH
curaTTadaapl >KoHe YaKbITBLABl AMarHo3 KOIOABI KUBIHAATBII, >KarbIMCBI3 KAMHMKAABIK HOTVDKEHIH JaMy KayIliH
apTThIpajpbl.

YCBHIHBIABIIT OTBIPFAaH KAMHMKAABIK >Karjai - I'miteH-bappe CMHAPOMEBIHBIH CUpeK Ke3jeceTiH Typi OOAbII
TabbL1aTeIH Muasep—-Puiiep CMHAPOMEBIHBIH Ae0I0TiHAe AuddepeHIIMalabl AUarHo3 KOIOAArbl KUBIHABIKTapAbl
ankbpIHAanAbL bis 42 sxacrarsl ep agaMAbl OaKblaay HOTUKECIHAE, aypyAbIH OacTaAysl apTKbI KaHallHaABIM OacceliHiHIH
UIIEMVSIABIK MHCYABTBIHA TOH Keleci cuMIToMAapMeH OailkaAaTbIHABIFBIH aHBIKTaAbIK: Oip>KaKThl IITO3, AUILAOINS,
Dac aiHaay, ,zu/{ccl)arm[, rI/mocl)OHI/m, aTakcus >KoHe asK-Koa aAcizairi. JKyprisiaren kemeHnai rekcepy ,ZI,I/I(I)(I)YSI/I}IMQH
e/111eHTeH OeliHeAepi Gap MarHUTTiK-pPe30HaHCTLIK TOMOrpadUIHBI KaMTHIABL, HOTIDKeCiHAe Keaea uiemus 6eariaepi
aHbIKTaaMagsl. OdraapMorzernss MeH apedaeKcusl ceKiadi KOCBIMINA CUMIITOMAapAbIH Iaiida OoAybl e3re
9TMOAOTMAABI MATOAOTMAFa KY4iK Tyasipasl. GQlb anTurenine kapchl aHTHMAeHeaAepAiH Oap eKeHiH cepOAOTMAABIK
3epTTey pacTaAbl, HOTVKeCiHAe KOKTaMBIp iIidiK MMMyHOra100yAnHAepMeH eM OacTaAblll, OH TepanusAAbIK acep
DaliKaaasl. by KAMHNKAABIK >XKafall aTUIABIK HEBPOAOITIABIK KOPiHiCTeP HOTUKeCiHAe KAMHNKAABIK CEPTEKTIKTiH
JKoHe KeHeMTiAreH AMarHOCTMKAABIK i34eHiCcTiH MaHBI3ABLABIFBIH KopceTedi. ¥Kcac OaxplaayaapAbl Taagay Mmaaep—
®umep CMHAPOMBIHBIH >Keided MM KaHallHaABIMBIHBIH OY3BIABICEHI peTiHAe KaTe KaOblLAgaHyBl MYMKIiH eKeHiH
Oarikataabl. MyHAall Xafgaiiaapapl cUIlaTTay AMArHOCTUKAABIK KaTeAiKTepAiH KUiAiriH TeMeHJeTyre >KoHe CUpeK
Ke3JeceTiH ayTOMMMYHABIK HelipolaTtusdapbl Oap HaykKacTapfa KepceTileTiH MeAMIIMHAABIK KOMEKTiH carachlH
apTTBIpyFa MYMKiHAIK Oepeai.

Tyiin cesgep: uHcyabT Mumukrepi, I'miien-bappe cunapomsl, Mnazep ®Pumep cuagpomsr, Gqlb

aHTuAeHeAep.
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Pesiome

Hespoaoruueckue paccrpoiicTBa, MMUTUPYIOIIME UHCYABT, MOTYT IPOSBAATLCSA CXOAHOM KAMHUYECKON
CHMIITOMATHUKO, 3aTPyAHIsl CBOEBpeMEeHHYIO AMarHOCTUKY M YBeAUdMBas pUCK He0.AaronpusTHOTO UCX0Aa.

IIpeacTaBaeHHBIN KAMHUYECKUI cAydail ITOAUYePKUBaeT CAOXKHOCTU AuddepeHnnalbHOl AMarHOCTUKY TIpU
Aebiote cuHgpoMa Muazepa—Ouinepa - peaxoit ¢popmel cuHapoma I'mitena—bappe. M1 nHabaogaan 42-aeTHero
MY>X4IHY, Y KOTOPOTO 3a004eBaHue HavaloCh C CMMIITOMOB, TUIIMYHBIX A4S MINEMUYecKOTO MHCyAbTa B DacceiiHe
3azHell OUPKYASIUN: OAHOCTOPOHHMII IITO3, AUIIAONNS, TOAOBOKpYy>KeHme, Aucdarus, IMIIO(POHNs, aTaKCus U
caabocts B KoHewHOCTsX. KommaekcHoe o0caegoBaHMe BKAIOYAA0 MAarHUTHO-PE30OHAHCHYIO TOMOTrpapuio C
AudPy3MOHHO-B3BEIIeHHBIM M300pakeHreM, KOTOpas He BhLIBIAA IPU3HAKoB ocTpoli umemun. C I0sSBAeHIeM TaKnX

CUMIITOMOB KaK OCI)TaABMOHAeFI/Iﬂ n apec])AeKch Oblaa 3al10403peHa aabTe€pHaTMBHAsI IIaTOAOTITL. CepO/lOl"I/ILIECKOe


https://orcid.org/0000-0002-6638-361X
https://orcid.org/0009-0004-6171-8398
https://orcid.org/0009-0008-9070-3346
https://orcid.org/0000-0002-8927-7377

Astana Medical Journal, 2025, 125 (3) 40of7

uccaeJOBaHMe IIOATBepAnAo Haamdme aHtured K GQlb, mocae dvero OblAO HayaTo JAeveHMe BHYTPUBEHHBIMU
MMMYHOI100yAMHaMY, IIpUBeAIlIee K II0A0XKUTeABHON TepalleBTIIecKoil AMHaMuKe. JaHHBI cAyJdail I0OA4épKIBaeT
HEOOXOAVMOCTb KAVMHIYECKON HACTOPOKEHHOCTVM ¥ PacIIMpPeHHOTO AMArHOCTMYECKOrO IIOMCKa IIPU aTUIINMIHOI
HEBPOAOTMYECKOI CMMITOMaruke. AHaAM3 aHAaAOTUMYHBIX HaOAIOAeHMII A€MOHCTPUpYeT, 4TO CUHApoM Mmnazepa-—
duirepa MoKeT MacKMPOBAThCS 1104 OCTPOe HapyIleHre MO3TOBOro Kposoobpamennst. OnncaHue oA00HBIX cAy4daeB
CIIOCOOCTBYET CHIKEHMIO YacTOTBI AVArHOCTMYECKVX OINMOOK I IIOBBIIIEHMIO KadecTBa OKa3aHUsA MeAUIIVIHCKO
IIOMOIIY Tal[ieHTaM C PeAKMMMU ayTOMMMYHHBIMY HEJIPOIIaTUsAMIU.

KaloueBble caoBa: MMMMKM WMHCyAbTa, cuHApoM Imitena-bappe, cumuapom Mmasepa Pumepa, GQIlb

aHTuTeAa.
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Abstract

Hyperthermic intrapleural chemoperfusion (HITOC) is a type of adjuvant treatment
performed immediately after surgery in the operating room. HITOC is a challenging

procedure not only for the surgical team but also for the anesthesiologists.

This publication is devoted to the first anesthesiological manual in Kazakhstan for
HITOC. During the entire operation, such changes as acute changes in body temperature
associated with increased intrathoracic pressure during the administration of
chemotherapeutic fluid (from 3 to 5 liters of solution at 42 C) were expected, and they
could contribute to severe hemodynamic disturbances, with an increase in cardiac
output, a decrease in systemic vascular resistance and an increase in cardiac index and
end-tidal carbon dioxide concentration (EtCO2). It is also important to consider the

nephrotoxicity of the chemotherapeutic agents used and the need to prevent kidney
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1. Introduction

damage. Increased body temperature also led to metabolic acidosis and an increase in
serum lactate levels. For pain management, intraoperative epidural analgesia was
performed using local anesthetics to reduce intraoperative systemic opioid requirements
and reduce the need for prolonged mechanical ventilation. Severe complications
associated with HITOC are rare, and renal complications can be reduced by fluid
balancing and cytoprotection. Cytoreductive surgery combined with HITOC can be
performed with acceptable morbidity and mortality rates in selected patients. Patients
should be evaluated by a multidisciplinary team to determine their eligibility for this
therapeutic alternative. A team of trained anesthesiologists and intensivists who are
leaders in the preoperative, operative, and postoperative care of HITOC candidates is
critical to the success of the procedure. Early clinical results may support the use of this

surgical option to provide better local tumor control in a multimodal treatment setting.

Keywords: pleural mesothelioma, pleurectomy, epidural block, hyperthermic

intrapleural chemotherapy, anesthesiological assistance.

The effect of hyperthermia on human neoplastic
cells in neoplasms was established in the 1970s.
Subsequently, hyperthermic intrathoracic chemotherapy
(HITHOC), also called HIOC or HITOC, was developed.
HITOC is a type of adjuvant treatment performed

immediately after the surgical stage in the operating

room [1,2]. HITOC is an analogue of HIPEC. It is used in
the treatment of malignant mesothelioma, a primary
malignant neoplasm of the pleura. And recently, this
method has been evaluated in the treatment of secondary
malignant neoplasms of the pleura (e.g., thymus tumors,

secondary pleural carcinoma) [3,4].

Table 1 - Countries and the number of clinics performing HITOC worldwide

Region / Country Number of clinics / centres Comments and examples
Germany ~17 centres (university Since 2008, 343 HITHOC procedures have been carried out in
hospitals) 17 thoracic-surgery departments; centres include Regensburg,
Munich, Heidelberg, Freiburg and Cologne
(pubmed .ncbi.nlm.nih.gov, en.wikipedia.org)
Czech Republic ~2 clinics Offered in leading university hospitals; Doctor.Global lists two
centres
Belarus 1 clinic N.N. Alexandrov National Cancer Centre in Liasny — one of
nine HITHOC-performing clinics worldwide
France 1 clinic Included among the nine global centres providing HITHOC
services
Netherlands 1 clinic Doctor.Global reports one centre.
Japan >1 investigation (Nara) “Nagada Medical University” has published a small series
involving 19 patients
the USA >5 specialized centres Baylor St. Luke’s (Houston), AdventHealth (Orlando), Brigham
& Women's (Boston), UPMC (Pittsburgh), Moffitt (Tampa)
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HITOC is a complex procedure not only for the
surgical team but also for anesthesiologists. Numerous
changes in hemodynamics (hypotension, tachycardia,
cardiac arrhythmias), respiratory =~ parameters,
temperature, metabolic, and coagulation parameters are
possible during the perioperative period [5]. Adverse
events in the perioperative period are a result of
hypothermia and  fluid redistribution during
cytoreductive surgery, while in the second phase -
during perfusion — they are a result of a rapid increase in
intrathoracic ~ pressure, regional and systemic
hyperthermia, and the toxicity of cytostatics [6,7].

Consequently, the main goals of anesthesia are to
monitor and maintain the patient's hemodynamic
stability with targeted fluid control in accordance with
the enhanced recovery after surgery (ERAS or Fast track)
protocol, as well as to prevent acidosis by maintaining
normothermia and normal gas exchange [8,9,10].

Since HITOC has only recently come into use,

there are few described studies, clinical cases, and

2. Case presentation

A 35-year-old male patient was diagnosed with
pleural mesothelioma. Relevant comorbidities included
Stage 1 hypertension with a risk of 3 and Grade 2-3
exogenous-constitutional obesity (Body Mass Index
[BMI] of 42.9 kg/m"2). His estimated glomerular filtration
rate (eGFR), calculated using the CKD-EPI formula, was
89 mL/min/1.73m"2. His medical history indicated a
nasal septum deviation surgery in 2021. On December 21,
2022, the patient underwent right thoracoscopy with
pleural mass biopsy, which confirmed the diagnosis of
Stage II (T2NOMO) pleural mesothelioma. Prior to the
current surgical intervention, he had completed six
courses of chemotherapy. The planned surgical
procedure comprised an extended pleurectomy (EP) with
HITOC, performed under

conjunction with epidural analgesia.

general anesthesia in
Following a thorough preoperative anesthetic
consultation and the acquisition of written informed

consent, the patient was approved for surgery. Given that

publications worldwide focusing on the anesthesia,
intensive care, and postoperative period aspects of this
method. This circumstance creates difficulties in finding
information regarding not only the procedure itself but
also perioperative measures such as anesthetic
management and the early postoperative period. There is
no precise methodology, protocol, or guideline that
would help anesthesiologists and intensivists be
prepared for all complications and outcomes of the
operation.

The purpose of this publication was to
demonstrate our own experience in providing anesthetic
management during HITHOC in patients with malignant
pleural mesothelioma.

This publication describes a clinical case of
anesthetic management during HITOC for a patient with
pleural mesothelioma. The patient underwent 4 courses
of chemoradiotherapy, followed by surgical intervention

— extended pleurectomy + HITOC.

this specific surgical procedure had not been previously
performed in the Republic of Kazakhstan, a specialized
adopted. This

discussion of the patient's medical history and the

approach was involved extensive

collaborative  development of a comprehensive
management strategy by the anesthesia team. A detailed,
staged anesthetic plan was formulated for this patient,
and potential intraoperative and postoperative
complications were anticipated.

Preoperative assessment included evaluation of
the patient's cardiopulmonary reserve through
comprehensive clinical examination, echocardiography,
and a six-minute walk test. Additionally, the dynamic
and functional reserve of the respiratory system was
assessed via spirometry and arterial blood gas analysis.

Upon arrival in the operating room, the patient
was conscious, oriented, and hemodynamically stable.
Continuous monitoring included electrocardiography

(ECG), non-invasive blood pressure (NIBP), and pulse
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oximetry. Premedication consisted of diazepam 10 mg
intramuscularly and dexamethasone 8 mg (for airway
edema prophylaxis), administered 30 minutes prior to
surgical incision. Venous access was secured with two 18
G catheters in the upper extremities. An epidural catheter
was inserted at the Th7-Th8 thoracic vertebral level to
both

analgesia. Combined general anesthesia was induced

facilitate intraoperative and postoperative
with fentanyl 100 mcg, propofol 200 mg, ketamine 100
mg, and rocuronium 50 mg. Endotracheal intubation was
successfully performed without complications using a
left-sided 41 Fr double-lumen tube. The Volume Control
mode was selected with a tidal volume of 4-6 mL/kg,
FiO2 of 50%, respiratory rate of 14 breaths/min,
inspiratory-to-expiratory (I:E) ratio of 1:2, and a positive
end-expiratory pressure (PEEP) of 5 cm H20O. Monitoring
was further augmented with a temperature probe and
central venous access. Anesthesia was maintained with
sevoflurane (MAC 1) and a continuous epidural infusion

of ropivacaine titrated via a perfusor at a rate of 2-3

Acid-base status (ABS) results during surgery

ABS1 ASB2

ABS3 ABS 4

mL/hour. The patient was positioned in a lateral
decubitus position on a warming/cooling blanket.

This required adjustments to the mechanical
ventilation parameters, including a tidal volume of 2-3
mL/kg, an FiO2 of 60%, a respiratory rate of 20
breaths/min, (I:E) ratio of 1:1.5, and a PEEP of 8 cm H20O.

The primary surgical phase, an extended
pleurectomy, was protracted and presented significant
surgical challenges, including considerable blood loss.
Volume resuscitation was managed using crystalloids
and colloids in accordance with the Enhanced Recovery
After Surgery (ERAS) protocol, addressing an estimated
blood loss of 1300 mL.

Throughout the intraoperative period, serial
(ABS) analyses

performed to guide the correction of acute anemia,

acid-base status (Figure 1) were
metabolic disturbances, and electrolyte imbalances. To
maintain appropriate glycemic control, blood glucose
levels were monitored at regular intervals. All warming
devices were activated approximately 45 minutes prior to

the initiation of HITOC.

Figure 1 - illustrates the acid-base status (ABS) data for the patient during the HITOC. The time points for the ABS analyses

are: ABS 1 at the start of surgery, ABS 2 during the cytoreduction phase, ABS 3 during the HITOC phase, and ABS 4 upon

transfer to the Anesthesia and Resuscitation Intensive Care Unit (ARICU)

Throughout the intraoperative period, the
patient maintained a subcompensated mixed acidosis
with pH values ranging from 7.2-7.3, PCO2 between 47-
57 mmHg, base excess (BE) from 3.2-5.4 mmol/L, and
HCO3- between 18-23 mmol/L. Elevated metabolite
levels were also observed, including hyperglycemia up to

8 mmol/L and lactatemia up to 3 mmol/L.

Intrapleural chemoperfusion was initiated with a
Cisplatin solution at 75 mg/m”2 (total 206.25 mg), diluted
in 6.5 liters of 0.9% sodium chloride solution, heated to
42°C. The total duration of the HITOC phase was 40
minutes.

Optimal body temperature was maintained by

infusing balanced cold solutions (solution temperature
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24-26°C), applying a cooling mattress, and using head
cooling. Temperature monitoring was performed at two
sites: an esophageal temperature probe and a skin

temperature probe positioned over the right scapula. The

patient's core body temperature, as measured by the

esophageal probe, ranged from 37°C to 38.2°C (Figure 2).

Variations of temperature during cytoreduction and
hyperthermic intrathoracic chemotherapy

Temperature values (C°)

Figure 2 illustrates the fluctuations in body temperature observed during both the cytoreduction phase and the HITOC) phase.

Interval 1-2 represents the cytoreduction phase. Interval 2-3 indicates the period of cytostatic perfusion. Interval 3-4 marks the

conclusion of HITOC

HITOC Connection Diagram

Working instruments/
irrigation outlet tube

Roller

Working instruments/
thoracoscope

pump

R0
exchanger (

A

Working instruments/
irrigation inlet tube

Figure 3 illustrates the HITOC circuit connection for the patient

The patient was subsequently connected to the
HITOC device (Figure 3). Approximately 15 minutes into
the HITOC procedure, a notable decrease in oxygen
saturation (SpO2) was observed, dropping to 88-90% on
the monitor. Concurrently, arterial blood pressure (BP)
decreased to 70/48 mmHg. A norepinephrine infusion
was initiated at a maintenance dose, and ventilatory
parameters were adjusted. The mechanical ventilation

mode was switched to Pressure Control, with an FiO2 of

60%, a Ppeak of 35 cm H20O, an Pinsp of 18 cm H20, a
respiratory rate with an L:E ratio of 1:2, and PEEP set to
0 cmH20. Despite these interventions, the patient's
blood pressure remained low (90/60 mmHg), and SpO2
stayed at 88% until the conclusion of the HITOC session
(Figure 4). Following the completion of the HITOC
session, the patient's SpO2 improved, ranging from 92-
96%, and hemodynamic stability was maintained with

norepinephrine until the end of the operation.
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Figure 4 illustrates the hemodynamic fluctuations observed during the procedure

Following the completion of HITOC, a thorough revision of the surgical wound and hemostasis were performed.
Subsequently, in consultation with the surgical team, two-lung ventilation (TLV) was re-established with adjusted
mechanical ventilation parameters: FiO2 of 60%, inspiratory pressure (Pins) of 20, respiratory rate of 18 breaths/min, I:E
ratio of 1:1.5, and PEEP of 8 cmH20O.

At the conclusion of the operation, the patient's vital signs were as follows: arterial blood pressure (BP) of 101/65
mmHg with continuous vasopressor support from norepinephrine at 0.002 mcg/kg/min, a body temperature of 36.8°C,
a pulse rate (PR) of 101 beats/min, and an SpO2 of 91%. The total volume of intravenous infusion administered was
6690 mL.

The overall duration of anesthesia was 7 hours and 18 minutes. The total rocuronium consumption throughout
the anesthetic period was 200 mg. Urine output was 1250 mL and concentrated. The patient was re-intubated with an
8.0 endotracheal tube on the operating table without complications. Subsequently, the patient was transferred to the
intensive care unit.

In the postoperative period, persistent hypotension necessitated vasopressor support for two days. Transfusion
of red blood cell suspension was administered due to hemoglobin levels of 70 g/L. Norepinephrine was discontinued
on the third postoperative day following stabilization of the patient's hemodynamics. A single episode of elevated body
temperature, reaching 38°C, was noted 24 hours post-surgery. Lung function, as assessed by spirometry and arterial
blood gas analysis (ABS), remained within normal limits. The patient remained in the intensive care unit for 3 days
before being transferred to a general ward.

Beginning on postoperative day 5, the patient experienced recurrent evening fevers. Consequently, antimicrobial
therapy was adjusted in collaboration with a clinical pharmacologist, based on wound culture results and blood sterility
analyses. Follow-up computed tomography (CT) scans of the chest did not reveal evidence of pneumonia; however,
infiltrative changes were observed in the soft tissues surrounding the post-thoracotomy wound.

Additionally, a period of drug-induced acute kidney injury (AKI) was noted, characterized by a decrease in eGFR
(EPI formula) to 68 mL/min/1.73m"2. Renal function recovered within 5-7 days following targeted treatment. In the
ward, the patient received comprehensive therapy, including antibacterial, antifungal, anticoagulant, hepatoprotective,

gastroprotective, intravenous fluid, and analgesic regimens.

Astana Medical Journal, 2025, 125 (3)
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3. Discussion

Extended

intrathoracic hyperthermic chemoperfusion is a highly

pleurectomy combined with
infrequent procedure globally. Our experience represents
the first reported case in Kazakhstan. Anticipated
body

temperature changes, which can be attributed to

physiological  alterations included acute
increased intrathoracic pressure following the instillation
of the chemotherapeutic solution (typically 3 to 5 L at
42°C). These

hemodynamic disturbances, manifesting as increased

changes can contribute to severe
cardiac output, reduced systemic vascular resistance,
elevated cardiac index, and an increase in EtCO2 [1,4,8].

HITHOC, when integrated with cytoreductive
surgery for patients with malignant pleural neoplasms,
including mesothelioma and recurrent thymoma, is a
method with confirmed clinical efficacy in enhancing
both recurrence-free and overall survival [2,6,11,14].
However, the execution of this procedure is associated
with a spectrum of pronounced physiological and
metabolic changes that demand meticulous attention
from the anesthesiology service.

A critical determinant of the perioperative course
and outcome is the systemic absorption of cytostatics,
when administered under

particularly  cisplatin,

hyperthermic  conditions. Several studies have
demonstrated that despite regional drug administration,
a significant quantity of the active substance is absorbed
into the systemic circulation, potentially reaching
nephrotoxic concentrations [1,3,13]. This necessitates
mandatory patient hydration, implementation of forced
diuresis, and hourly urine output monitoring to prevent
acute kidney injury.

The hyperthermic solution (typically 42°C) exerts
physiology,
encompassing vasodilation, increased cardiac output,

a complex influence on patient
elevated oxygen consumption, and augmented carbon

dioxide  production. = Consequently, temperature
management mandates stringent control of core body
temperature (via esophageal, urinary, or other invasive
monitoring) and the application of active external cooling

methods. In instances where hyperthermia exceeds 39—

39.5°C, a reduction in solution temperature and
metabolic correction may be required [7,8,15].

Fluid losses during the procedure can be
substantial, resulting from both exudation through the
pleural surface and evacuation of the perfusate. This
underscores the necessity for goal-directed fluid therapy
(GDFT),
monitoring. The utilization of advanced monitoring
PiCCO, FloTrac) and titrated

vasopressor support enables optimization of perfusion

guided by comprehensive hemodynamic

modalities (e.g.,

pressure, reduction of infusion volumes, and mitigation
of hypervolemia risk. The judicious use of albumin-
containing solutions may be warranted in cases of
reduced oncotic pressure, particularly in patients
presenting with preoperative hypoalbuminemia.
Anesthetic HITHOC

mandates an individualized approach, considering the

management  during
high metabolic load, potential drug toxicity, and the
extent of surgical intervention. Studies by Ried et al.
(2021) and specialized anesthesiology reviews [8]
emphasize the advisability of employing total
intravenous anesthesia (TIVA) to enhance temperature
and metabolic control, while avoiding adverse effects of
inhaled anesthetics under hyperthermic conditions.
Protective ventilation (tidal volume <6 mL/kg ideal body
weight, PEEP >5 cm H,O), blood gas and lactate
monitoring, and early extubation in the context of stable
gas exchange are indispensable components of the
protocol.

Coagulopathies, frequently encountered in the late
intraoperative or early postoperative period, necessitate
real-time hemostasis assessment methods, specifically
thromboelastography (TEG) or

thromboelastometry (ROTEM). This allows for targeted

rotational

correction of hemostatic disturbances and minimizes the
volume of transfusion therapy.

In conclusion, the successful execution of HITHOC
requires interdisciplinary collaboration and strict
adherence to standards of perioperative monitoring and
support. Standardization of anesthetic approaches,

encompassing algorithms for fluid, vasoactive, and
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temperature management, is paramount to reducing the
incidence of complications and enhancing procedure

safety.

4. Conclusions

It is crucial to consider the nephrotoxicity of the
chemotherapeutic agents utilized and the imperative to
prevent renal injury. Elevated body temperature also
contributed to metabolic acidosis and increased serum
lactate levels.

For pain management, intraoperative epidural
analgesia with local anesthetics was employed to reduce
systemic opioid requirements and diminish the need for
prolonged mechanical ventilation. Severe complications
associated with HITOC are rare, and renal complications
can be mitigated through meticulous fluid balance and
cytoprotection.

Cytoreductive surgery combined with HITHOC
can be performed with acceptable morbidity and
mortality rates in selected patients. Patients must be
evaluated by a multidisciplinary team to determine their
eligibility for this therapeutic alternative. The most
critical role in the success of the operation is played by a

team of well-prepared anesthesiologists and intensivists,
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Tyiingeme

I'mmeprepmusaabk naespa imiaik xummonepdysusa (HITOC) — omepaums G6eamecinge oTasaH KeitiH GipaeH
OpBIHAAAATBIH aAbIoBaHTTH eMHiH 6ip Typi. HITOC xmupyprusaaslk Ton yIIiH FaHa eMec, aHeCTe3M0AO0rTap VIIiH Je
KypAeAi mpoueaypa.

by xoaxxaszba KasakcraHAaFrsl aaFalIKbl aHECTE3MOAOTVIABIK ToxKipuOere sxoHe HITOC GoribIHINIa HYCKayAapEa
apHaaraH. Omepanms Ke3iHAe XUMMOTepameBTiK CYMBIKTBIKTBI €HTi3y Ke3iHAe Keyje iIIiAiK KBICBIMHBIH
JKOFapblaaybIMeH OaiflaHbICThI AeHe TeMIlepaTypachIHBbIH KypT esrepyi (42°C temmnepatypaga 3-5 aAuTp epirtiHai)
CHSKTBI ©3repicTep KyTiadi >KoHe >KYPEKTiH IIbIFapblAYbIHBIH >KOFapbldaybIMeH, Kylieai TaMbIpAap TO3iMAiairiHig
TOMeHJeyiMeH >KoHe KapAMOKOKCUATIK MHAEKCTiH >KOFaphlaaybIMeH >KYPeTiH ayblp reMOAMHaMMKaABIK Oy3bIABICTap
AaMybIHa bIKTIaa eTyi MyMKiH (EtCO2). Congaii-ak K014aHbLAaThIH XUMIOTepaIleBTiK 3aTTapAbIH OylipeKkKe yAbl 9cepiH
ecKkepe OTBIPHII, OylpeK 3aKbIMAAHYBIHBIH aAAbIH aly KaKeTTiriH eckepy KaxkeT. /JeHe TeMIlepaTypacbhbIHbIH
JKOFapblaaybl MeTabOAMKaABIK aljiMA03Fa >KoHe KaH CapbICyBIHAAFBl AaKTaT JeHTeliHiH >KOofapblaayblHa oKeaAAl.
AyBIpcpIHYABI OacKapy YIIiH OTaillidik >Kylieai ONMOMATBIK KaXKeTTidikTepai asaliTy >KeHe y3aK MeXaHMKAAbIK
JKeAJeTy KasKeTTiAirH asalTy yIiH XepTidikTi aHeCTeTUKTepAi KOA4aHy apKblAbl MHTPaOIepalsAAbIK SIINAYPaAb/bl
aHaapreaust kacaaapl. HITOC-mien OaiiaaHBICTBI ayblp acKblHyJAap cupek Kesdecedi. Aa OYMpPeKTiK acKbIHyAapAbl
CYMBIKTBIKTHI TEHECTipy KoHe IIUTOMPOTeKI U apKblabl azaiiTyra 6oaaabl. HITOC-nien 6ipikTtipiaren nuropeAyKTUBTI
XUpyprus TaHJaAFaH HayKacTapJa ChIpPKATTaHyIIBIABIK IIeH ©A4iM-XKiTiM KepceTKillTepiHe CalikeC TaHAAAbIII
OpBIHAaAybl MyMKiH. Haykactapanl oaapablH OCBl  TepameBTiK 0OaJaMara >KapaMABIABIFBIH aHBIKTAy YIOiH
MyABTUAMCIUIIAMHAPABIK Ton Oaraaaysl Kepek. HITOC kanauaaTTapbIHBIH ONlepariAra AeiHri, orrepausiAbIK JKoHe
ornepanuiAAaH KeliHri KyTiMiHAe apHaiibl AaliblHAaAfaH aHeCTe3MO0AOT-peaHMMaToAOoITapAblH KOMaHJachl 0O0AybI
MpolieAypaHbIH COTTi 0OAYHI YIIIiH 6Te MaHbI3ABl. EpTe KAMHMKaABIK HOTUKeAep MyAbTUMOAaAbAbI eMAeY JKaFjalibIHAa
JKaKChl JKepriZiKTi icik GakKblaayblH KaMTaMachl3 eTy YIIiH OCBl XMPYPTUAABIK OIIVIIHBI MalijadaHyabl KOAAAybl
MYMKIH.

TyiliiH cesaep: IAeBpaablK Me30TeANOMa, IIAEBPOKTOMIS, SMNUAYpaabAbl 040Kaja, TUIIEPTEPMUIABIK
ILAeBpaillliiK XMMMOTepanysl, aHeCTe3MAHBI KXY Prisy.
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Pesome
I'mmeprepMmudeckast mHTpanaespaabHast xumuonepdpysmsa (HITOC) — »ro BuA aABIOBAaHTHOIO JAe4eHN,
KOTOPBINI IPOBOAUTCS Cpady Iocae omepaumyu B onepanmonHoir. HITOC — caoxnas mporegypa He TOABKO AAs

XMpyprudeckoi Opuraspl, HO 1 445 aHECTE310A0TOB.

JaHHasd ny0AuKanus mnocsAlleHa nepsoMy B KaszaxcraHe aHecTe3M0A0TMYecKOMY ONBITY M PYyKOBOACTBY IIO
HITOC. B TeueHme Bceil omepanny OXMUAAAUCh TaKMe M3MEHEHNs, KaK OCTpble U3MeHEeHUs TeMIIepaTyphl Teaa,
CBsI3aHHBIE C TIOBBIIIIEHNEM BHYTPUTPYAHOTO AaBAEHUs MPU BBeAEHNI XMMMOTeparneBTIecKon xuakocru (ot 3 40 5
Antpos pacrsopa npu 42°C), M OHM MOIrAM CIOCOOCTBOBATL TSIKEABIM TIeMOAMHAMMYIECKUM HapYIIEHNSIM, C
yBeAMUeHeM CepAEeYHOTO BBIOpOCa, CHIKEHMEM CHCTEMHOIO COCYAMCTOTO CONPOTUBAEHMSI U yBeAUYeHVeM
CepAevyHOro MHAEeKca M KOHIEeHTpallMM YIrAeKHucAoro rasa B KoHlle Bbigoxa (EtCO2). Takke BakHO Yy4UTBIBAaTh
He(pPOTOKCUIHOCTh ~ VCIOAB3YEMBIX XMMMOTEpareBTUYeCKIX areHTOB ¥ HeoOXOAUMOCTh IIpeAOTBpalleHIs
MOBpeKJeHus1 Iodek. IloBblllleHMe TeMIlepaTypsl Tela TakXke IPUBOAMAO K MeTabOAMYECKOMY aluAo3y U
IIOBBIIIIEHNIO YPOBHA AaKTaTa B CBIBOpPOTKe. /sl AedeHyst 00AM MHTpaollepalliOHHAas SIMAypadbHasl aHa/Abre3ys
MpoBOAMAACh C MCIIOAb30BaHMEM MECTHBIX aHEeCTeTUKOB JAsd CHIDKEHMS MHTpaollepallMOHHON CHCTEeMHOM
ITOTPeOHOCTY B ONMOMAAX ¥ CHIYDKeHNSI HeOOXOAMMOCTH B AAUTeABHON MCKYCCTBEHHOM BeHTUAAIMMA AeTKuX. TsKeanle
ocaoxxnenns1, cpazanusle ¢ HITOC, peakn, a moyeyHble OCAOKHEHNSA MOKHO YMEHBIINUTH 3a CYeT 0alaHCUPOBKHU
KMAKOCTM M nmronpoTeknun. LlutopeaykrusHas xupyprusa B codetannu ¢ HITOC moskeT OBITH BBIIIOAHEHa C
NpueMAeMbIMI TTOKa3aTeAsIMI 3a00.1eBaeMOCTI I CMEePTHOCTM Y OTA€ABHBIX INalueHTOoB. IlanmeHTs 40AKHBI OBITH
OlLleHeHbl MHOTOIIPOQUABHOV KOMaHAOM AAs OIpejeleHUs] VIX COOTBETCTBISI DTOV TepalleBTIYEeCKOi albTepHaTHBe.
Komanga oOydeHHBIX aHeCTe3MO0A0TOB M peaHMMAaTOJOrOB, KOTOpBIe SBASIOTCA AMAepaMU B IIpejoIlepaliliOHHOM,
oIlepaTMBHOM I ITOCAeOIepaIjioHHOM yxoJe 3a KaHauAatamu Ha HITOC, nmeer pemalomiee 3HadeHMe A4s ycIiexa
nponeAypsl. PaHHNe KAMHMYecKe pe3yAbTaThl MOTYT IOATBEPAUTD UCIIOAb30BaHMe STOTO XMPYPIUMUECKOTO BapMaHTa
AAs1 oDecTiedeHNs Ay4dIlIero A0KaAbHOTO KOHTPOAs OITyXOAM B YCAOBUAX MYAbTUMOAAABHOTO A€deHN .

Karouesple caoBa: Me3oTeAnOMa IIA€BpBI, IIA€BPOKTOMUS, BSNMAypaAbHas 040Kada, TUIlepTepMudecKas
VMHTparAeBpabHasi XMMIOTepaIsl, aHeCTe310A0TIIecKoe obecIiedeHne.



