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INTERVENTIONAL DIAGNOSTIC METHODS IN MAMMOLOGY

Shapambayev N.Z." =, Dubovenko L.R.*
Khoja Akhmet Yassawi International Kazakh-Turkish University, Faculty of Higher Postgraduate
Medical Education (Shymkent, Kazakhstan)
*Corresponding author: Dubovenko L.R, tvoya_lyubov23@mail.ru

Abstract. Interventional diagnostic methods in mammology represent a group of
minimally invasive procedures performed under imaging guidance to obtain cellular or tissue
samples for the morphological verification of breast lesions. The relevance of this topic is
obyciosnena the high global prevalence of breast cancer and the need for timely and accurate
diagnosis to determine the optimal treatment strategy. The aim of this review is to analyze
contemporary domestic and international studies focused on interventional diagnostic methods in
mammology, as well as to assess their diagnostic effectiveness and safety profile.

Materials and methods included an analysis of publications from scientific databases such
as PubMed, eLibrary, and CyberLeninka over recent years. The review incorporates original
clinical studies, randomized controlled trials, systematic reviews, and meta-analyses.

The results indicate that core needle biopsy is considered the “gold standard” for
preoperative morphological verification of breast lesions due to its high sensitivity and
specificity, reaching 95-98%. Vacuum-assisted biopsy allows for the collection of a larger
volume of tissue and demonstrates high diagnostic accuracy, particularly in cases involving
microcalcifications and high-risk lesions. MRI-guided biopsy is used for lesions visualized
exclusively by magnetic resonance imaging and is characterized by high technical success rates
and a low false-negative rate. The safety profile of interventional methods is generally favorable.
The most common complications include minor bleeding and hematoma formation, whereas
severe complications are extremely rare. Pain is typically mild to moderate and depends on the
technique used and individual patient characteristics. Thus, interventional diagnostic methods in
mammology are highly effective and safe tools that play a key role in the modern diagnosis of
breast diseases. At the same time, further standardization of approaches and multicenter studies
are required to optimize diagnostic algorithms.

Keywords: mammology, mammography, computed tomography, magnetic resonance
imaging, interventional method.
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MAMMOJIOTUAJATYBI MHTEPBEHIIUAJIBIK TUAT'HOCTHUKAJIBIK 9ICTEP

Hlanam6aes H.3., lyooBenko JI.P.
Kooica Axmem Hcayu amuvinoagol Xanvlkapanelx Ka3aK-mypik YyHUgepcumeni, Jco2apul
MeOUYUHATLIK OK) OPHbIHAH Kelinel Oinim oepy gaxyromemi ([Llvimkenm, Kazaxcmarn)

Anjgarna. MaMMOJIOTHSaFbl WHTEPBEHIUSIIBIK JTHAarHOCTHKA OJicTepl CyT Oe3iHiH
NaTOJIOTHSUIBIK  ©3TepicTepiH MOP(OIOTUSIIBIK BepUPHUKANUATIAy YIIIH JKacylIalblK HeMece
TIHIIK Marepuall ajly MakKcaTblHAa Ke30€H MIOJBI OaKblIayMEeH OPBIHIATATHIH a3 WHBA3HBTI
apanacynap ToObH Oinmmipesni. TakpIpBINTEIH ©3EKTUIIr CYT 0€31 OOBIPBIHBIH OYKLT aleMe KeH
TapalybIMEH >KOHE eMJCYIIH OHTAMIbl TAaKTHKACHIH TaHJAy YIIiH yaKThUIBI JUAarHOCTHKAJAy
KakeTTutirimen OainanbIcThl. OCbl IIONYABIH MaKcaThbl MaMMOJOTHSIAAFbl WHTEPBEHIMSIIBIK
JTUAarHOCTHKA OJIICTEpiHE apHaJFaH Kas3ipri 3aMaHFbl OTaHJBIK JKOHE IICTEIK 3epTTeyepl
Tajjay, COHJal-aK OJapIblH JUArHOCTHKAIBIK THUIMIUII MEH Kayinci3airiH Oaramay OOJBII
TaObLIA/IBI.

Marepuannap MeH oficTep CoHFbI Kbuigapbl PubMed, eLibrary »xome CyberLeninka
FBUIBIMU JIEPCKKOPJIAPBIHAA YCHIHBUIFAH JKapHsUTAaHBIMAApABI Tanaaynbl KaMmtheiabl. [llomyra
Oipereil KJIMHUKAIBIK 3epTTEYIIEP, PaHIOMH3AIUSUIAHFAaH OaKbLIAHATBIH 3epTTEyiep, Kykeni
HI0TyJIap MEH MeTaaHAIU3/IeP CHTI3UITEH.

Hormxenep 95-98% -Fa xKeTeTiH )KoFaphbl Ce3IMTaIBIK TICH PEKIICITIKTIH apKAaChIH/Ia CYT
0e3iHIH OIIAKTapbIH OIMepalus aiIblHIaFbl MOPQOIOTUSAIBIK BEepU(DUKALMSIHBIH «alThIH
CTaHAaPTH» OOJBIN TaOBUIATHIHBIH KOPCETTi. BakyyM-acCUCTHpJEHIeH OUOICHS TiHHIH YJIKEH
KOJIEMIH alyJbl KAMTaMachl3 €Tel JKOHE JKOFaphl TUAarHOCTUKAJBIK JTANIIKTI KepceTeai, acipece
MUKPOKAJIBLIMHATTAP MEH KOFaphl Kayil omakTapsl Oonra ke3fae. MPT-6arbiTTanarsin 6uorcus
TEK MAarHUTTIK-PE30HAHCTHIK TOMOrpadusi Ke3iHIe FaHa BH3YaJJaHATBIH OINAKTap Ke3iHIe
KOJIJTAHBUIAIBI KOHE YKOFaphl TEXHUKAIBIK TAOBICTHUIBIKIICH XOHE JKAJIFAH TEPIC HOTHKEIEPIIiH
TOMEH J>KUUIITIMEH cumarraiafbl. VHTepBEHIMUIBIK OMICTEPIH Kayllci3miKk OeiiHl KOoJanIbl
Oonbin TaObutafpl. EH KUl acKplHyldap IIaMaibl KaH KeTylep MEH TreMmaroManap OoJbIln
Ta0BIIa/bI, ajl aybIp aCKbIHYIIAp ©Te CUPEK Ke3aecedi. AYbIPChIHY CUHIPOMBI, 9/I€TTE, KAIbIITHI
KOpIHeIl KOHEe KOJJAHBUIATBIH OJICTeMere JKOHE WAIMeHTTIH JKEKe epeKIIeTiKTepiHe
OaitnanbicThl Oonanpl. Ochlnaiiina, MaMMOJIOTUSIAFbl HHTEPBEHIUSUTBIK JTHATHOCTHKA oficTepl
cyT 0e31 aypynapblH Ka3ipri 3aMaHfbl JAMAarHOCTHKaJlayda HEri3ri pej aTKapaTblH THIMIUIIT
JKOFapbl JKOHE Kayimnciz Kypangap Oonbin TaObuiagbl. CoHbIMEH Oipre JuarHOCTHKAJbIK
ANTOPUTMICPl OHTAMIAHABIPY YIIIH TOCULAEPAl ONlaH dpl CTaHIAPTTAY >KOHE KOIl OPTAJIBIKTHIK
3epTTEyNep KYprizy Tanam eTuiel.

Tyi#inai ce3aep: mMamMmonorusi, MaMMmorpagus, KOMIBIOTEPIIIK ToMorpadus, MarHuTTi-
PE30HAHCTHIK TOMOTpad s, UHTEPBEHIIUSIIBIK JJTiC.
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MHTEPBEHIIMOHHBIE METOAbI IUAT'HOCTUKHN B MAMMOJIOI'MHA

Hlanam6aes H.3., lydooBenko JI.P.
Medicoynapoonwiii kazaxcko-mypeykuil yuueepcumem umeHu Xooxca Axmeo HAcasu, haxyiomem
BbICULIE20 MEOUYUHCKO2O NOCNe8Y306cKk020 0bpazoeanus (LLvimkenm, Kazaxcman)

AHHOTanusi. IHTEpBEHIIMOHHBIE METOJbl TUATHOCTUKH B MaMMOJIOTMHU IPEACTABIISIOT
co00l Tpynny MaJIOMHBAa3UBHBIX BMEIIATEILCTB, BHIOJHIEMBIX 0] BU3YalIbHBIM KOHTPOJIEM C
[EJTbI0 TIOMYYEHHS KJIETOYHOTO WJIM TKAHEBOTO Marepuaa Uit MOPPOJIOTHIECCKON BeprPpUKAITUT
MAaTOJOTUYECKUX M3MEHEHUU MOJIOYHOM jKeNe3bl. AKTYalbHOCTh T€MbI OOYCIIOBJI€HA BBICOKOM
pacpoCTpaHEHHOCTBIO paka MOJOYHOH JKeJIe3bl BO BCEM MHUPE W HEOOXOAUMOCTHIO
CBOEBPEMEHHOM AMArHOCTUKHU JJIsi BHIOOpa ONTHUMANbHOW TaKTUKH JieueHus. llenpio gaHHOTO
o030pa sBISIETCS AaHANW3 COBPEMEHHBIX OTEUYECTBEHHBIX M 3apyOEKHBIX HCCIIEIOBAHMIA,
MOCBAIIEHHBIX UHTEPBEHUMOHHBIM METOJaM JUArHOCTUKU B MaMMOJIOTHH, & TAKXKE OLIEHKA UX
JTUarHOCTHYECKOM A(D(PEKTUBHOCTH U OE30MTACHOCTH.

Marepuansl 1 MeTOAbl BKIIIOYAIM aHAIW3 IMyONHMKAIMi, MPEICTaBICHHBIX B HayYHBIX
0azax manHbix PubMed, eLibrary m CyberLeninka 3a mocnemaue romsl. B 0030p BKIIFOYCHBI
OpPUTMHANIbHBIE  KJIMHUYECKHE  KCCIECOBaHUS,  PAHIOMHU3UPOBAHHBIE  KOHTPOJIUPYEMbIS
WCCJICJIOBAHUS, CUCTEMATHICCKUE 0030PbI M METaaHAIHM3bI.

Pesynbrarel  mokazanu, UYTO  KOpP-OMOINCHS  SIBISIETCA  «30JIOTBIM  CTaHAapTOM»
peaonepauoHHoil Mopdonornueckoil BepudUKauy 04aroB MOJOYHOW >Kene3bl Omaromaps
BBICOKOM  YYyBCTBUTEIBHOCTH U  crneuuuuHocTH, jgocturamomuM 95-98%. Bakyym-
acCUCTHpOBaHHAs Ouorcusi obecrieunBaeT 3a00p 0oJbIIero 00béMa TKaHU U JAEMOHCTPUPYET
BBICOKYIO JIUarHOCTUYECKYI0 TOYHOCTb, OCOOCHHO MPU HAIUYUU MUKPOKAJIBIIMHATOB U OYaroB
noBblIeHHOro  pucka. MPT-nHanpasnsemas  Ouorncus  NpUMEHSIETCST NpU  Oyarax,
BU3YaJU3UPYEMbIX  HMCKJIIOUUTEIBHO  TPU  MAarHUTHO-PE30HAHCHOM  ToMmorpaduu, U
XapaKTEepU3yeTCA BBICOKOM  TEXHMYECKOM  YCIEIIHOCTHIO U HU3KOM  4acTOTOM
JIO)KHOOTPHUIIATEBHBIX pe3ynbTaroB. [Ipoduns 0€30macHOCTH HHTEPBEHIIMOHHBIX METO/IOB
aBsieTcss OmaronpusiTHeIM. HanOonee 4acThIMU OCIOKHEHUSMHU SIBISIOTCS HE3HAYUTEIbHBIC
KPOBOTEUEHUS M T€MaTOMbl, TOTJa KaK TKEIbIE OCIOKHEHHUS BCTPEYAIOTCA KpalHEe PpeaKo.
BoneBoil cuHIpOM, Kak MpaBUiIO, BBIPAKEH YMEPEHHO U 3aBUCUT OT UCIIONb3YEMOW METOIUKH U
WHAUBUAYAIbHBIX OCOOCHHOCTEH manueHTa. TakuMm 0Opa3oM, WHTEPBEHIIMOHHBIE METOJbI
TUAarHOCTUKA B MAaMMOJIOTMM  SIBIISIIOTCS.  BBICOKOO(DPEKTUBHBIMM U  O€30I1aCHBIMU
WHCTPYMEHTAMH, WUTPAIONIUMHU KIIOYEBYIO POJIb B COBPEMEHHOW JMArHOCTHUKE 3a00i1eBaHUiA
MOJIOYHOM jkenie3bl. B To ke BpeMsi TpeOyeTcs AalibHeWIas CTaHIapTH3alus TOAXOA0B U
MPOBEICHUE  MHOTOIICHTPOBBIX  MCCIICOBAHUW ISl  ONTHMH3AlUM  JTHArHOCTUYECKUX
aJTOPUTMOB.

KiaroueBbie cjoBa: MamMmonorus, MamMmorpadusi, KOMIBbIOTEpHas Tomorpadus,
MarHUTHO-PE30HaHCHAas TOMOTrpadusi, UHTEPBEHIIMOHHBIA METO/I.

Received: 22.04.2026 / Accepted: 31.07.2026



Yassawi Journal of Health Sciences, Ne2(5), 2026 ISSN-p 3080-8707
ISSN-e 3080-8715

Introduction. Interventional diagnostic methods in mammology are minimally invasive,
visually guided breast interventions performed to obtain cellular or tissue material for subsequent
morphological examination. According to the American College of Radiology (ACR),
interventional methods include fine needle aspiration biopsy, core biopsy, vacuum-associated
biopsy/excision, as well as stereotactic, ultrasound and MRI guided interventions used on an
outpatient basis [5]. The clinical purpose of this type of diagnosis is to describe the
characteristics of the tumor and affected lymph nodes for the purpose of subsequent planning of
organ—preserving treatment and systemic therapy [21]. The relevance of the topic is determined
by the high global burden of breast cancer, where millions of new cases are registered annually,
which requires the availability and standardization of interventional methods for timely
morphological verification and personalization of treatment [36].

The purpose of the study. Based on current domestic and foreign works, to study
interventional diagnostic methods in mammology, their effect on the human body, as well as
their effectiveness.

Materials and methods. In the course of this work, we analyzed domestic and foreign
publications presented in the scientific databases Elibrary, PubMed and Cyberleninka mainly
over the past five years, and also summarized the data obtained by the authors on the topic we
are investigating. The inclusion criteria were: publication type — domestic and foreign original
clinical trials, randomized controlled trials (RCTs), systematic reviews and meta-analyses
published in international peer-reviewed journals. The exclusion criteria were: letters to the
editor, brief annotations without data provided, conference materials without the full version of
the article, studies not directly related to interventional diagnostic methods and/or mammology.

Results. Populations and objects of biopsy.

According to Advani S.S. et al., middle-aged and older women predominate in modern
cohorts of patients referred for image-guided breast biopsy. According to the Consortium for
Breast Cancer Surveillance. (Breast Cancer Surveillance Consortium, BCSC) among the elderly,
the median age is about 73 years [1]. Mammographic density, determined by the Breast Imaging
Reporting and Data System (BI-RADS), according to ACR, describes the proportion of
fibroglandular tissue and is a key characteristic of the population, influencing both the risk and
the choice of a biopsy guidance method [16]. According to a meta—analysis of 42 studies, high
density increases the risk of breast cancer by approximately 1.8-4.6 times compared with low
density [26]. Dense tissue masks the foci and reduces the sensitivity of mammography, which
requires the use of alternative imaging and appropriate biopsy techniques [17]. In these cases, the
European Society for Breast Radiology recommends MRI screening [24]. The objects of biopsy
depend on the modality: on mammography, these are masses, architectural distortions and
microcalcifications, and on MRI, focus, mass and non—mass gain [11]. Stereotactic and
tomosynthesis-guided CT biopsy are the methods of choice for microcalcifications and fine
mammographic abnormalities without a sonographic correlate [34]. For MR-exclusive lesions,
an MRI guided biopsy is the standard [28]. The localization of foci is heterogeneous. So,
according to Chen J.H. et al., the highest incidence of malignant lesions is observed in the upper-
right quadrant [13]. Microcalcinates predominate in stereotactic biopsy arrays, most objects
belong to BI-RADS 4, and the proportion of malignancy is about 30% in individual series [4].
Methods of interventional interventions.
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In modern reviews, a core biopsy (CNB) is considered the basic method of morphological
verification of breast foci [23]. A core biopsy is usually performed with a 14G needle [12].
According to the clinical recommendations of the European Society of Medical Oncology
(ESMO), a CT biopsy provides the determination of immunohistochemical markers ER, PR,
HER2 and Ki-67 [21]. The typical volume of sampling during a core biopsy is 3-5 columns of
tissue [8]. Vacuum-assisted biopsy (VAB) uses larger calibres - 9-11 G, and allows to take a
significantly larger volume of tissue [38]. In a randomized trial, according to Zhang Y. et al., 10G
CNB showed higher accuracy and lower frequency of underestimation compared to 14G CNB
with a comparable safety profile [20]. In microcalcifications, stereotactic/tomosynthesis-guided
VAB with a 9-11 G needle demonstrates a high frequency of calcinate extraction and low
underestimation rates [15]. According to Dekker B.M. et al., for a reliable conclusion, the
optimal volume of samples at 9G VAB is 6-9 samples [19]. According to Kim H.S. et al., if
microcalcinates are visualized on ultrasound, vacuum-assisted biopsy under ultrasound guidance
is an effective alternative to stereotactic access [5] (Fig. 1)

BRINGING
the needle INSTALLING
UNDER CONTROL THE clip

Ultrasound

Figure 1. The scheme of material intake.

Diagnostic effectiveness of interventional diagnostic methods.

According to Sauer G. et al., the volume of material obtained during corbiography is high
enough. Thus, in large batches, the proportion of insufficient samples did not exceed 0.4%,
which directly affects accuracy and reduces the need for repeated interventions [32]. Ziegler-
Rodriguez G.J. notes that the overall diagnostic effectiveness of corbiopsy remains at the level of
high sensitivity and specificity (about 95-98%), ensuring correct stratification of patients during
pre-therapeutic assessment [39]. According to Boba M. et al.. False negative results for
corbiography are on the order of 2-4%, depending on the technique and concordance of the X-
ray-pathomorphological correlation, while the specificity is close to 100% [9]. In the work of
Ozcan B.B. et al. It is claimed that MR-guided biopsies have a high technical success rate of
about 99% and an extremely low false negative percentage of about 0.75% [28]. According to Lu
W. et al., vacuum-assisted biopsy demonstrates high sensitivity, about 98% [22].
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Special clinical cases.

According to Bick U. et al., microcalcinates without accompanying mass are subject to
stereotactic or tomosynthesis-guided vacuum-assisted biopsy in order to maximize calcinate
extraction and reduce underestimation of high-risk foci and DCIS [8]. So, Liberman L. Et al.
note that directional 11G vacuum-assisted biopsy demonstrates a high frequency of calcinate
extraction and diagnostic effectiveness in mammographic abnormalities [20]. If
microcalcifications are confidently visualized on ultrasound, a vacuum-assisted biopsy under
ultrasound guidance, according to Kim H.S. It is also an effective alternative to stereotactic
access [19]. According to Ozcan B.B. et al., for foci visible only on MRI, the accepted approach
is MR-guided biopsy, characterized by a low proportion of false negative results [28]. If the MR
lesion is not contrasted on the day of the intervention, according to the work of Niketa C. et al.,
short-term MR follow-up with a second biopsy attempt is recommended with reperfusion of the
lesion or the appearance of suspicious signs [27].

With regard to B3 pathologies, European interdisciplinary guidelines allow vacuum-
assisted excision as an alternative to open biopsy in selected cases, subject to selection criteria
and quality control [31]. The guidelines of specialized surgical societies specify that VAB is
advisable for individual B3 foci up to 15 mm as an intermediate strategy [6].

Multifocal and multicentric lesions are determined by the presence of several foci in the
same quadrant or in different quadrants, respectively, which affects the volume of surgery and
requires advanced imaging and careful correlation of biopsy data [25]. These forms are described
in the Avera E results. They are more often associated with unfavorable biological characteristics
and a worse prognosis compared to unifocal tumors [7]. The sensitivity of standard imaging
techniques for detecting multifocality and multicentrism is variable, which justifies the use of
MRI and multipath navigation when selecting targets for biopsy [10].

Safety and complications.

Percutaneous breast biopsies are minimally invasive and generally safe procedures. The
most common adverse events, according to Bick U. and others - minor bleeding, whereas
infectious complications are extremely rare [38]. According to modern studies and reviews, the
total frequency of bleeding after biopsies reaches about 10.9%, however, clinically significant
hematomas requiring prolonged compression or intervention are significantly less common [37].
In large prospective series, most hematomas are small and clinically insignificant, requiring no
specific treatment [14]. Severe vascular complications after vacuum-assisted biopsy are
casuistically rare, but cases of massive hematomas successfully treated with endovascular
embolization have been described [29]. Pneumo- or hemopneumothorax after percutaneous
interventions for foci adjacent to the chest wall are described as isolated cases and are considered
extremely rare events [33]. The pain response during most interventions is assessed as mild; An
increase in pain intensity is associated with a larger needle gauge, an increase in the number of
passages, and preoperative anxiety in the patient [35] (Table 1).
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Table 1. Comparative characteristics of pain sensitivity in different types of interventional

methods
Method Assessment of pain sensitivity, Author
according to the visual-analog

pain scale
Core biopsy 2.0 — 5.8 - average Zagouri F. and co-author.[38]
Vacuum-assisted interventions | 4.35 = 1.70 - average Soon A.E. and co-authors. [1]

Zagouri F. And co-author. [2]

Open excision biopsy 9.15+£0.74 - high Soo A.E. and co-authors [1]

Discussion. Despite the widespread use of percutaneous methods, the evidence base
remains heterogeneous. Thus, according to Rubio LT. et al., controversial issues remain
regarding the indications of vacuum-assisted excision and surgical excision for B3-lesia [31].
Reporting on complications and risk factors is fragmentary and often does not allow analyzing
the impact of patient, focal, and procedural factors [2]. For MR-guided biopsy, meta-analyses
confirm high technical success and a low false negative percentage, but according to Ozcan B.B.
et al., observation strategies after a benign concordant response vary between centers and require
unification in the form of risk-based algorithms [28]. Contrast-enhanced mammography as a
guidance platform is developing rapidly, but issues of dose loading, diagnostic efficacy, and
comparative safety in relation to stereotaxis and tomosynthesis remain research priorities [3].
Modern reviews by the authors emphasize the need for multicenter protocols for corbiography
with unification of indications, techniques and endpoints, including economics and acceptability
for the patient [18,31,30,39].

Conclusions. Thus, based on the analysis of domestic and foreign publications, it has
been established that visually guided interventional methods, primarily corbiography, provide
high diagnostic effectiveness with a favorable safety profile and are the standard of pre-
therapeutic verification. Vacuum-assisted interventions are justified for microcalcifications and
individual B3 pathologies, and routine clip-tag installation and X-ray-pathological correlation
increase the accuracy and controllability of subsequent tactics. At the same time, standardization
of outcomes, multicenter prospective navigation comparisons and randomized VAE trials against
surgical excision, as well as unification of follow-up after benign MR biopsy are required.
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MODERN METHODS FOR THE INVESTIGATION OF THYROID DISEASES
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Abstract. Objective: To review the main methodologies, datasets, and performance
indicators of modern research approaches used in the diagnosis of thyroid diseases.

Materials and Methods: A review of the literature published between 2021 and 2026 was
conducted to assess the capabilities of contemporary diagnostic methods for thyroid diseases. In
all thyroid disorders, a hormonal panel is performed to determine serum levels of thyroid hormones
and thyroid-stimulating hormone (TSH). In thyroiditis, autoimmune markers, including antibodies
against thyroid peroxidase (TPO), thyroglobulin (Tg), and TSH receptors (TRAb), are measured.
Carcinoembryonic antigen (CEA) serves as a biomarker for medullary thyroid carcinoma and
carcinoid tumors. Elevated calcitonin levels are characteristic of medullary thyroid carcinoma.
Increased thyroglobulin concentrations are observed in destructive thyroid processes and
metastatic disease. Fine-needle aspiration biopsy (FNAB) is performed to obtain histological
samples from thyroid nodules. When cytological findings are inconclusive, molecular genetic
testing is carried out to identify mutations in genes such as BRAF, RAS, and RET/PTC. In
addition, in silico approaches are used to identify target genes comprising 19 microRNAs whose
expression profiles vary depending on the type of thyroid tumor. Ultrasonography (US), a non-
invasive, relatively inexpensive, and real-time imaging technique, is widely used for the early
detection and differential diagnosis of thyroid diseases. Ultrasound-guided fine-needle aspiration
biopsy is recommended for deeply located thyroid nodules. Since malignant lesions are generally
denser and stiffer than benign ones, ultrasound elastography (elastometry) can determine the
nature of thyroid nodules with an accuracy of approximately 95-96%, often reducing the need for
biopsy. Doppler ultrasonography is used to evaluate the vascularization of the thyroid gland and
its nodules. Thyroid scintigraphy employs radioisotope scanning to assess the functional activity
of nodular lesions. In recent years, computer-aided diagnostic systems and high-accuracy neural
networks based on ultrasound images have been increasingly applied to improve diagnostic
accuracy and significantly reduce the time required for clinical decision-making.

Conclusion: Compared with conventional diagnostic approaches, molecular genetic testing,
advanced ultrasonographic techniques, computer-aided diagnostic systems, and high-accuracy
neural networks provide superior diagnostic accuracy, sensitivity, and specificity in the
investigation of thyroid diseases.
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KAJIKAHIIIA BE3I AYPYJIAPBI 3EPTTEYJIEPIHIH 3AMAHAYHU 9IICTEPI

Baitxanosa K., Kapum /I., Axikoa b., Tamnuszos O., [lzkymaraesa 3.
Koowca Axmem HAcayu amvinoazer Xanvikapanvix Kazax-mypik ynusepcumemi sKozapul
MeOUYUHATLIK OK) OPHbIHAH Kelinel Oinim bepy gaxynomemi ([Llvimkenm, Kazaxcmarn)

Anparna. JKyMbICTBIH MakcaThl: KajlkKaHIIa Oe3l aypyjapbl Ke3iHAErli 3aMaHayH
3epTTeyJIepAIH HEri3ri ojicHaAMalapblHA, JEPEKTEp IKUBIHTBIKTApbIHA KOHE OHIMJIUIIK
KOPCETKIIITEpiHE IOy XKacay.

Marepuangap men Tocimaep: 2021-2026 xpuigap apanbIFbIHIA KUHAIFAH 91€0MeTTepACH
KaJKaHIIa 0e3i aypyJapbIHbIH 3aMaHayd 3epPTTEYJIEPiHiH MYMKIHIIUTIKTEPiH KapacTeIpy. bapisik
KaJKaHma Oe3i aypylapblHAa TOPMOHAJAbI MaHeNb — KaH CapbICYbIHIAFbl THUPEOHITHIK
ropMoHaapsl MeH tupeoTponthlK ropmMoHHbIH (TTI) nenreiinepi ansikranansl. Tupeoaurrepae
ayTOMMMYH/Ibl MapKepiiep — THUPEOUATHIK IepoKcuaaszara, TupeorsnoOynuHre sxoHe TTIT
peLenTopiapblHa Kapchl aHTUeHeaep TuTpiaepl ecenrteneni. Kankanma Oe3iHIH MeLyIISPIbIK
OOBIpBI MEH KapIMWHOUATBHIK ICIKTEpIHIH MapKepi peTiHAe KapIUHOIMOPHOHAIIbI aHTHUIEH
Tabbutaabl. Meny/uispiblK oObIpJa KaJdbIIMTOHWH JI€HTeHi >Korapbpuiaiinel. TupeormoOynnH
JEHTeHiHIH KOFapbUIaybl KalKaHIIa Oe3iHiH JECTPYKTUBTI YpAICTepiHIE, MeTacTa3dapblHa
6omanpl. Ty#HiHAI KYPBUIBIMHBIH TUCTOJIOTHACHIH KOPY YIIIH KaJKaHIIa O0e3iHiH KiHIIIKe HHEMEH
acCTIMpalMsIIBIK OWOTICHACH Kacanaasl. BHONCHS KOPBITBIHABICHI HAKTHl HOTIKE OepMmereH
Kargaimapaa MoJekynanbiK-reHeTukanblk  Tectiieyne BRAF, RAS, RET/PTC cuskTsi
MyTalusIaHFaH regaep i3aenineni. Kankanma 6e3i iCiKTepiHiH TypiHe OalIaHbICThI SKCIIPECCHUs
nenreiti esrepetin 19 mukpoPHK-nan TypaThiH HbIcaHanbl TeHIEpAl aHbIKTay YUIiH in silico
omicTtepl KOJMAaHbUIaAbl. be3imiH maTojorusaiapblH  €pTe aHbIKTAy MEH aKbIpaTiiaibl
JIMarHOCTUKAChl YIIiH WHBAa3UBTI €MEC, CaJlbICThIpMalibl TYpPAE ap3aH KOHE HAKThl YaKbIT
PeXUMIHIE KYPTi3UIETIH yAbTpaablObICTHIK 3epTTeyl (Y/3) keHiHeH Konaanbuiaasl. Kankanmia
0e3iHIH TepeH opHajacKaH TyuiHaepi ke3inae Y13 6akpuiaybIMeH KIHIIIKE HHEMEH MyHKITUSITBIK
Ouorncus xacanaabl. Karepii 1CIKTep THIFBI3 )KOHE KaTThl KEJIETIHAIKTEH, OHoIcus Kacamaii-ax
TYyHiHHIH cunatbiH 95-96% nonniknen awbikrayra Y13 smactorpaduscbl (37IaCTOMETPHUS)
KoJIJaHbuIazbl. be3NiH JkoHe OHBIH IHNHAEri TYHIHIEpAiH KaHMEH KaMTamachl3 eTilyiH
(Backynspu3alMsChiH) Oaranayra jommuieporpadus kemek 6epeni. CunHTUrpadus - KajakaHIa
0€31H painOM30TONTHI KOJIJaHa OTHIPBIN CKAHUPIIEY Kacalbll, TYHIHI TY3UTIMAEP/IiH KbI3METTIK
OenceHiriH aHbIKTaibl. COHFBI JKbIIIAPhl KIMHUKANBIK KYMBICTAP/IBIH Carachl kakcapTy MeH
JIMarHOCTUKaFa KETETiH yaKBITTHI €0yip KBICKapTy MaKCaThIHIA YJIbTPAIbIOBICTHIK KECKIHIEP
HeTri31HAe KaJKaHiua 0e3l aypylapblH aHbIKTAY JKOHE KIKTEy YIIIH KOMIBIOTEPIIK JTUAarHOCTHKA
KyHernep MeH JKOFaphbl AJI1 HEMPOHIBIK JKeJliiep KOJIJaHbLIaIbl.

KopeIThiHab!: KankaHia 6e31 aypysiapbeiH 3epTTey/Ie ACTYPIIl 9IICTEPIMEH CabICThIPFaH 1A
MOJIEKYJIabIK-TeHETUKAIBIK TECTTEpP, 3aMaHayH YIbTPaIbIOBICTHIK 3€pTTEyJIep, KOMIBIOTEPIIIK
JIMarHOCTHKA KYHelep MEH >KOFapbl JdJ/I HEHPOHABIK XKeNiIep KOFapbl JAIIK, CE3IMTaNIAbIK
MKOHE epeKIIeNiK KOPCEeTKIIITePiH KaMTaMachl3 eTe/Ii.
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Tyitin ce3aep: Kankanma 0e31, MOJEKYJIaIbIK-TeHETUKAIBIK TECTTEP, KOMITBIOTEPIIIK
JIMAarHOCTHKA JKYHeJIep, JKOFaphl AJ1I HEHPOHIBIK JKEITiep

COBPEMEHHBIE METO/IbI HCCJIEJJOBAHUA 3ABOJIEBAHUI
U TOBHUIHOM KEJIE3bI

Baiixanosa K., Kapum /I., Axikoa b., Tamnuszos O., [lzkymaraesa 3.
Medicoynapoonwiii Kazaxcko-mypeykuil yuugepcumem umeHu Xooxca Axmeo Hcasu @axynvmem
8bICULE20 MEOUYUHCKO20 NOCIe8Y308¢K020 00pazosanus ([Llvimkenm, Kazaxcman)

AHHoTauus. llenp wuccienoBaHus: NPOBECTH 0030p OCHOBHBIX METOOJIOTMYECKUX
MOJIX0/0B, HAOOpOB JAaHHBIX U TMOKa3aTene APQPEKTUBHOCTH COBPEMEHHBIX METO/IOB
UCCIIEIOBaHMS 3a00JICBaHUI IIUTOBHUTHON JKEJIC3BI.

Marepuainsl 1 METOABI: MPOBEAEH 0030p HAYYHOU JINTEPATYPhI, OIyOIMKOBAHHOW B MIEPHO/T
2021-2026 rr., TOCBSAMIEHHOH COBPEMEHHBIM BO3MOXHOCTSIM HCCIICIOBaHMS 3a00JICBaHUIMA
IIUTOBUIHOM skene3bl. [Tpu Bcex 3a001eBaHUAX IIMTOBUIHOM JKeJe3bl IPOBOIUTCS UCCIIEI0OBaHHE
TOPMOHAJILHOTO HPOQUIISA C ONpPEe]IEHUEM YPOBHSI TUPEOUIHBIX TOPMOHOB M THUPEOTPOIIHOTO
ropmoHa (TTT") B ceiBopoTke KpoBH. [Ipu THpeonuTax onpenessoT ayTOMMMYHHbBIE MapKepbl —
TUTPbl AHTUTENl K THUPEOUJHON MepoKcuaase, Tupeoriodynmuny u peuentopam TTI.
KapunHo3MOpHOHANBHBI AHTHTEH SIBJSIETCS MapKepOM MEAYIUIIPHOTO paKa IIWTOBHIHOU
JKeJe3bl ¥ KapUUHOUIHBIX OIyXouiei. J{Jsi MeTyJuIspHOTO paKa XapaKTepHO MOBBIIIEHUE YPOBHS
KaJIbIUTOHKHA. [[0OBBIIEHNE KOHIIEHTPAIIMH THPEOTIO0yTMHA HAOII01aeTCst IPU IeCTPYKTUBHBIX
nporeccax B IIMMTOBHIHON jKele3e M HaJIMYMKd MeTacTa3oB. s THCTONOTMYECKOH OLEHKU
Y3JIOBBIX 00pa3oBaHW  BBINIOJHIETCS TOHKOWTOJBbHAs acnupanudoHHas Oworicus. [lpu
HEONPEEeNEHHBIX PE3yJIbTaTaX LUTOJOTMYECKOro HCCIeI0BaHUS MPOBOAUTCS MOJIEKYISIPHO-
reHeTH4ecKoe TecTupoBaHue ¢ BbisBieHHeM Mytanuii reHoB BRAF, RAS u RET/PTC. Kpome
TOr0, METOJbI in silico MCHONB3YIOTCSA Ul OINpEesIeHUs] T€HOB-MMIIEHEH, BKIovaromux 19
MukpoPHK, ypoBeHb 3Kcnpeccuu KOTOPBIX HM3MEHSIETCS B 3aBUCHUMOCTH OT THIA OIyXOJHU
MIUTOBUIHOW Kkenme3bl. Jlms panHero BbeisiBIeHUS W AuddepeHnnanbHON  TUArHOCTUKA
3a00JIeBaHNM IIUTOBUIHOM KeJe3bl IHUPOKO MPUMEHSIETCS yIbTpa3ByKoBoe uccienoBanue (Y3U1)
— HEWHBA3WBHBIA, OTHOCHTEIBHO HEIOPOTON METOJ, BBHINOJHIEMBIH B PEKUME PEATbHOTO
BpeMeHH. [Ipu Tiry0OKO pacrioyioKeHHBIX Y3JIOBBIX 00pa30BaHMUAX MPOBOJUTCS TOHKOWUTOJBHAS
NYHKLIMOHHAs Owuorcuss mox KoHTpoieM Y3U. IlockonbKy 3710KaueCTBEHHBIE OIyXOJHU
OTIMYAIOTCS  OOJbIIeH IMJIOTHOCTBIO M KECTKOCTBIO, YyIbTPa3ByKoBas  ayacTorpadus
(3macToMeTpusl) MO3BOJIAET ONPEECTUTh XapaKTep y3JI0BOro 00pa3oBaHus ¢ TOYHOCThIO 95-96 %
6e3 HeoOXOAMMOCTH BbINOMHEHHS Ouoncuu. [lommieporpadus HpuUMeHsETCs JUIsl OLIEHKU
BaCKyJSIpU3allMM  IMUTOBUIAHOM kene3bl u e y3noB. CrouHTHTpadus OCHOBaHa Ha
pPaTMOM30TOITHOM  CKAaHWPOBAaHWHM  IMUTOBHJHON  KeNe3bl W TI03BOJISIET  ONPE/ICIHTH
(GYHKIMOHATBHYIO aKTHBHOCTH Y3JIOBBIX OOpa3oBaHMil. B mocnmemHue Toipl IUIsi TOBBIIICHUS
Ka4decTBa KIMHHYECKOW IMArHOCTHKU ¥ CYIIECTBEHHOTO COKpAIIEHUS BPEMEHH ITOCTaHOBKH
JIMarHo3a BC€ MIMPE HCIOJB3YIOTCS CUCTEMbl KOMITBIOTEPHOM IMAarHOCTUKU U BBICOKOTOUYHBIE
HEHpPOHHBIE CETH, OCHOBAHHBIEC HAa aHAJIN3€E YJIbTPA3BYKOBBIX U300pakeHU.
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3aKJII0YeHHUE: MO0 CPABHEHUIO C TPAIUIIMOHHBIMUA METOJAMH MCCIIEI0BAHUSI MOJIEKYJISIPHO-
FEHETUYECKOE TECTUPOBAHHE, COBPEMEHHBIC  YJIbTPA3BYKOBBIE TEXHOJIOTHMH, CHCTEMBI
KOMIThIOTEPHOM TMarHOCTHKH U BBHICOKOTOYHBIE HEHPOHHBIE CETH 00ECTIEUNBAIOT 00JIee BHICOKHE
IIOKa3aTeCJIn ,[[H&FHOCTI/I‘ICCKOﬁ TOYHOCTH, I-IyBCTBI/ITG.]ILHOCTI/I 158 CHGL[I/I(l)I/I‘-IHOCTI/I HpI/I
HCCIIeIOBAaHUH 3a00J1€BaHUI IIUTOBHIHOM JKEJIE3hI.

KuawueBbie ciaoBa: I[llutoBuaHas Kene3a, MOJIEKYJSPHO-TEHETHUYECKUE  TECTHI,
KOMHBIOTepHBIe JUArHOCTUYCCKUC CUCTEMBI, CBCpXTO‘IHHe HCﬁpOHHLIC CCTHU

Indroduction. Thyroid diseases are among the most common disorders of the endocrine
system. Hypothyroidism affects approximately 3-5% of the global population, while the
prevalence of subclinical hypothyroidism reaches up to 10% in some countries. The worldwide
prevalence of hyperthyroidism is estimated to range from 0.5% to 2% [1]. According to an
international meta-analysis published in 2022, Hashimoto's thyroiditis is diagnosed in
approximately 7.5% of the adult population [2]. Based on the GLOBOCAN 2022 database, more
than 820,000 new cases of thyroid cancer are diagnosed worldwide each year [3]. In Kazakhstan,
the incidence of thyroid cancer increased from 2.9 cases per 100,000 population in 2013 to 5.5
cases per 100,000 population in 2023 [4,5]. These statistics highlight the importance of early
diagnosis and continuous endocrinological surveillance of thyroid diseases.

Therefore, the aim of this study is to review the anatomical and physiological characteristics
of the thyroid gland and to provide a comprehensive literature review of the principal
methodologies, datasets, and performance indicators used in contemporary research on thyroid
diseases.

Material and methods. The literature review was conducted using open-access scientific
publications published between 2021 and 2026 and retrieved from the PubMed
(https://pubmed.ncbi.nlm.nih.gov/), Scopus (https://www.scopus.com/), and Google Scholar
databases. Relevant studies were selected to collect information on contemporary approaches to
thyroid disease research, including hormonal panels, autoimmune biomarkers, molecular genetic
testing, ultrasonographic techniques, computer-aided diagnostic systems, and high-accuracy
convolutional neural networks. Throughout the literature search and review process, the
fundamental principles of research ethics were strictly observed..

Results and Discussion. The thyroid gland is the largest endocrine gland in the human body
and is located in the anterior region of the neck. It consists of two lateral lobes connected by a
narrow isthmus. The gland weighs approximately 10-20 g. Its normal volume is about 18 mL in
women and 25 mL in men. Each lobe measures approximately 2.5-4.0 cm in length, 1.5-2.0 cm
in width, and 1.0-1.5 cm in thickness. Anatomically, the thyroid gland is closely related to the
trachea, esophagus, recurrent laryngeal nerve, common carotid artery, and internal jugular vein. It
is covered by the sternocleidomastoid, sternohyoid, and sternothyroid muscles. The gland receives
its blood supply primarily from the superior and inferior thyroid arteries. Thyroid blood flow is
approximately 5 mL/g/min under normal physiological conditions. During states of increased
thyroid activity, blood flow rises markedly, making the gland palpable on physical examination
and producing an audible vascular bruit ("thyroid thrill") on auscultation [6].
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The thyroid gland is composed predominantly of follicles of various sizes. The follicular
lumen is filled with colloid and lined by a single layer of cuboidal epithelial cells known as thyroid
follicular cells (thyrocytes). During periods of increased functional activity, these cells become
columnar, whereas they flatten when thyroid activity decreases. Numerous microvilli project from
the apical surface of the follicular cells into the follicular lumen. Thyrocytes synthesize the
glycoprotein thyroglobulin, which is secreted into the follicular lumen by exocytosis.
Thyroglobulin has a molecular weight of approximately 660 kDa, and iodine constitutes 0.1-1.0%
of its molecular mass. Within the follicular lumen, thyroglobulin serves as the precursor for the
synthesis of the thyroid hormones triiodothyronine (T3) and thyroxine (T4). In addition to
follicular cells, the thyroid contains parafollicular (C) cells, which synthesize and secrete
calcitonin.

lodine is an essential component required for thyroid hormone synthesis. It is obtained from
food and water in the form of inorganic iodide (I7). According to the recommendations of the
World Health Organization (WHO), the daily iodine requirement for adults is 150 pg. When iodine
intake falls below 50 pg/day, thyroid hormone synthesis decreases, leading initially to goiter
formation and, if prolonged, to hypothyroidism.

Thyroid hormone synthesis begins with the iodination of tyrosine residues within
thyroglobulin. To facilitate this process, inorganic iodide (I7) is actively transported across the
basolateral membrane of thyroid follicular cells by the sodium/iodide symporter (NIS), a process
driven by the Na*/K*-ATPase. As a result of this active transport mechanism, the concentration of
iodide within the thyroid gland becomes approximately 30-40 times higher than that in the
bloodstream.

Thyroid peroxidase (TPO), located on the apical membrane of thyroid follicular cells,
catalyzes the oxidation of iodide to its active form. This reaction, together with thyroid hormone
synthesis, occurs within the follicular colloid. Following oxidation, TPO catalyzes the iodination
of tyrosine residues, resulting in the formation of monoiodotyrosine (MIT) and diiodotyrosine
(DIT). MIT contains one iodine atom, whereas DIT contains two. Subsequently, two DIT
molecules couple to form tetraiodothyronine (thyroxine, T4), while the coupling of one MIT and
one DIT molecule produces triiodothyronine (T3).

After entering the bloodstream, thyroid hormones (T3 and T4) rapidly bind to their carrier
proteins. In serum, only approximately 0.04% of thyroxine (T4) circulates in the free form,
whereas 70-75% is bound to thyroxine-binding globulin (TBG), 5-10% to transthyretin
(prealbumin), and 15-25% to albumin. Approximately 4% of triiodothyronine (T3) remains
unbound in the circulation, while 70-75% is bound to TBG and 25-30% to albumin.

Total thyroxine (TT4) and total triiodothyronine (TT3) include both the free and protein-
bound fractions of T4 and T3. However, thyroid function should be assessed primarily by
measuring free T3 (FT3) and free T4 (FT4), as the concentrations of protein-bound hormones are
influenced by various physiological and pathological conditions, as well as by certain medications.
In some cases, increased synthesis or enhanced binding affinity of thyroid hormone-binding
proteins results in elevated total T3 and T4 concentrations while free hormone levels remain within
the normal range. Conversely, reduced synthesis or decreased binding capacity of these proteins
may lower total T3 and T4 concentrations despite normal free hormone levels. Therefore, it is

19

Received: 30.06.2026 / Accepted: 31.07.2026



Yassawi Journal of Health Sciences, Ne2(5), 2026 ISSN-p 3080-8707
ISSN-e 3080-8715

important to recognize clinical conditions that alter total thyroid hormone concentrations without
affecting free hormone levels.

Conditions associated with increased thyroxine-binding globulin (TBG) levels include:
Hyperestrogenemia (e.g., pregnancy or estrogen therapy);

Acute infectious hepatitis;
Hypothyroidism.

Conditions associated with decreased thyroxine-binding globulin (TBG) levels include:

Androgen therapy;
Glucocorticoid therapy;
Malnutrition;

Nephrotic syndrome;
Hyperthyroidism;
Severe systemic illnesses.

The metabolism of thyroid hormones occurs primarily in the liver, kidneys, and other
peripheral tissues through the action of deiodinase enzymes. A portion of the released iodine re-
enters the extracellular inorganic iodide pool via the bloodstream, while the remainder is taken up
again by the thyroid gland for hormone synthesis. The non-iodinated portion of the tyrosine
molecule undergoes deamination. Another major metabolic pathway involves the conversion of
T4 to T3, followed by conjugation with glucuronic acid in the liver and subsequent excretion in
the bile.

Thyroid function is regulated through a negative feedback mechanism. Thyroid-stimulating
hormone (TSH), secreted by the anterior pituitary gland, stimulates thyroid function, whereas
excessive circulating thyroxine is converted to triiodothyronine (T3) within the pituitary, thereby
suppressing the synthesis and secretion of TSH.

TSH is synthesized by thyrotroph cells of the anterior pituitary and is a glycoprotein
composed of a- and B-subunits. The a-subunit possesses little biological specificity, whereas the
B-subunit is responsible for the biological activity and receptor specificity of TSH. TSH secretion
is regulated by thyrotropin-releasing hormone (TRH), which is synthesized in the hypothalamus.
TRH is a tripeptide produced primarily by neurons of the paraventricular nucleus and, to a lesser
extent, the supraoptic nucleus.

Thyroid follicular cells express specific TSH receptors on their plasma membrane. Binding
of TSH to these receptors stimulates virtually all aspects of thyroid function, including the uptake
of inorganic iodide, activation of the sodium—potassium ATPase (Na*/K*-ATPase), and increased
activity of the sodium/iodide symporter (NIS). TSH also promotes the synthesis of thyroglobulin,
thyroid peroxidase (TPO), and lysosomal enzymes within follicular cells. Furthermore, it enhances
iodide oxidation, iodination of tyrosine residues within thyroglobulin, and the synthesis of the
thyroid hormones triiodothyronine (T3) and thyroxine (T4).

TSH stimulates the endocytosis of colloid vesicles containing thyroglobulin, the hydrolysis
of thyroglobulin within lysosomes, and the subsequent release of T3 and T4 into the bloodstream.
In addition, TSH promotes the deiodination of monoiodotyrosine (MIT) and diiodotyrosine (DIT),
facilitating iodine recycling, while also stimulating thyroid growth and proliferation of thyroid
follicular cells. In turn, elevated serum concentrations of T3 and T4 suppress the secretion of both
TSH and TRH through a classical negative feedback mechanism. The regulation of TSH and TRH
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secretion is primarily mediated by intracellular T3 generated from the deiodination of thyroxine
within the pituitary gland and hypothalamus [6].

Thyroid hormones (T3 and T4) exert diverse physiological effects and influence the function
of virtually all organs and organ systems. They are essential for normal fetal growth and
development, particularly for maturation of the central nervous system. In addition, thyroid
hormones play critical roles in regulating the cardiovascular, respiratory, gastrointestinal,
endocrine, hematopoietic, and skeletal muscular systems.

The prevalence of thyroid diseases continues to increase worldwide, and these disorders have
profound effects on endocrine and metabolic homeostasis.

In recent years, substantial improvements in healthcare services have led to significant
advances in laboratory diagnostics of thyroid function. Modern diagnostic technologies are highly
accurate, non-invasive, and safe for patients. Contemporary diagnostic approaches enable
comprehensive assessment of thyroid morphology, characterization of thyroid nodules, and
evaluation of hormonal activity at the molecular level. Moreover, artificial intelligence (Al)-based
technologies have significantly enhanced the accuracy of differential diagnosis.

Current diagnostic methods for thyroid diseases can be broadly classified into hormonal and
immunological assays, morphological and molecular genetic investigations, as well as
instrumental and imaging diagnostic techniques.

I. Hormonal and Immunological Methods

1. Hormonal panel. The hormonal panel includes the measurement of serum thyroid
hormones and thyroid-stimulating hormone (TSH) concentrations (Table 1). Before interpreting
the laboratory results, it is important to consider that thyroid hormone levels may be influenced by
various physiological conditions, pathological states, and medications. Therefore, these factors
should always be taken into account to ensure accurate assessment of thyroid function.

Table 1. Normal Serum Concentrations of Free and Protein-Bound Thyroid Hormones
(T3 and T4) and Thyroid-Stimulating Hormone (TSH)

Hormone Value
Free Total
Triiodothyronine (T3) 3,0-8,0 pmol/I 70-132 nmol/l
(0,2-0,52 pg/ml) (1,1-2,0 ng/ml)
Thyroxine (T4) 9,0-24,0 pmol/I 64-154,4 nmol/l
(0,7-1,9 pg/ml) (5,0-12,0 ng/ml)
Thyroid-Stimulating Hormone (TSH) 0,5-5,0 mIU/L

In most patients, the use of certain medications may falsely alter thyroid-stimulating
hormone (TSH) levels. A list of these medications and their effects is presented in Table 2.

Table 2. Medications Affecting TSH Levels

Increase TSH Secretion | Suppress TSH Secretion
Dopamine antagonists: Dopamine agonists:
* Metoclopramide * L-Dopa
* Chlorpromazine * Bromocriptine (Parlodel)
* Sulpiride * Lisuride
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* Haloperidol * Apomorphine
Clomiphene Serotonin antagonists:

* Metergoline
Lithium preparations Somatostatin (Octreotide)
Carbamazepine Morphine and its derivatives
Theophylline Glucocorticoids

Heparin

During pregnancy, circulating thyroxine-binding globulin (TBG) levels increase in response
to elevated estrogen concentrations. As a result, free T4 (FT4) initially decreases, leading to a
compensatory increase in thyroid-stimulating hormone (TSH) secretion. Subsequently, a new
physiological equilibrium is established. Consequently, total T4 levels increase, whereas free T4
and TSH levels remain within the normal reference range. This highlights the importance of
measuring only the free fraction of thyroid hormones during pregnancy.

During the first trimester, the production of human chorionic gonadotropin (hCG) increases
markedly. At high concentrations, hCG may exert TSH-like stimulatory effects on the thyroid
gland because the two hormones share structural similarities. Consequently, approximately 18—
20% of healthy pregnant women have TSH levels below the normal reference range. During the
second and third trimesters, TSH levels usually return to the normal range [7] .

2. Autoimmune markers (antithyroid antibodies) are essential diagnostic tests for
autoimmune thyroiditis. Under normal conditions, antibody titers are:

¢ Anti-thyroid peroxidase antibodies (Anti-TPO): <1.0 IU/mL

e Anti-thyroglobulin antibodies (Anti-Tg): <1.0 IU/mL

TSH receptor antibodies (TRADb) are autoantibodies directed against receptors that regulate
thyroid function. Two types of TRAb have been identified:

e Stimulating antibodies, which increase thyroid hormone production and are elevated in
Graves' disease.

e Blocking antibodies, which inhibit thyroid hormone production and are associated with
hypothyroidism .

Reference values may vary depending on the assay used. For the diagnosis of autoimmune
thyroiditis, simultaneous measurement of Anti-Tg and Anti-TPO antibodies is recommended [8].

3. Tumor markers. Carcinoembryonic antigen (CEA) is used as a tumor marker for
medullary thyroid carcinoma as well as other neuroendocrine (carcinoid) tumors.

4. Calcitonin measurement. Serum calcitonin is determined at baseline and again 2.5
minutes after intravenous administration of pentagastrin (0.5 pg/kg). Under normal conditions,
serum calcitonin concentrations do not exceed 0.5 ng/mL and remain unchanged following
pentagastrin stimulation. In medullary thyroid carcinoma, both elevated basal calcitonin levels and
a marked increase after pentagastrin administration are observed.

5. Thyroglobulin (Tg). The normal serum thyroglobulin concentration is <40 ng/mL (40
pg/L). Elevated Tg levels are observed in destructive thyroid disorders, including subacute
thyroiditis and silent thyroiditis, and may also occur in hyperthyroidism. In patients with papillary
or follicular thyroid carcinoma, serum thyroglobulin measurement after total thyroidectomy is
used to detect functioning metastatic disease. A serum thyroglobulin concentration >10 pg/L (10
ng/mL) is considered suggestive of metastatic disease.
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I1. Morphological and Molecular Genetic Methods

1. Fine-Needle Aspiration Biopsy (FNAB) of the Thyroid Gland. Fine-needle aspiration
biopsy (FNAB) is primarily used to evaluate the nature of a thyroid nodule (e.g., to differentiate
between a malignant tumor and a cyst). In selected cases, it may also be performed to diagnose
autoimmune thyroiditis. Under ultrasound guidance, cells are aspirated from the suspicious nodule
and examined microscopically. FNAB remains the only histopathological method capable of
definitively confirming thyroid malignancy.

2. Molecular Genetic Testing. Molecular genetic testing is indicated when FNAB cytology
yields indeterminate or inconclusive results. In such cases, analysis is performed to detect
mutations in genes such as BRAF (B-Raf proto-oncogene), RAS (membrane-associated G
proteins), and RET/PTC (chromosomal rearrangements). The development of thyroid cancer is
associated with genetic alterations in genes encoding cellular signaling pathways, resulting in
disruption of the balance between cell proliferation and apoptosis. Certain mutations are associated
with more aggressive tumor behavior, lymph node metastasis, tumor dedifferentiation, and/or
reduced responsiveness to radioactive iodine therapy.

The principal genetic alterations implicated in thyroid carcinoma include:

Point mutations: BRAF, RAS, TERT, RET, and TP53.

Gene fusions/rearrangements: RET/PTC, PAX8/PPAR-y, and NTRK [9-12] .

Therefore, molecular genetic analysis of cytological material obtained by preoperative
FNAB or thyroid tissue collected after surgery has become widely used in clinical practice.

In recent years, in silico approaches have been employed to identify target genes associated
with 19 microRNAs whose expression profiles differ according to the histological subtype of
thyroid tumors [13] . Based on published studies, nine target genes have been identified as
promising biomarkers: MCM2, RASSF2, SPAGY9, SSTR2, TP53BP1, INPP4B, CCDC80, GNAS,
PLK1.

Additionally, six novel potential biomarkers capable of distinguishing follicular thyroid
carcinoma from follicular adenoma have been identified: CDK4, FGFR1, ERBB3, EGR1, MYLK,
SRC [14].

The RET proto-oncogene is recognized as a genetic marker for Multiple Endocrine
Neoplasia type 2 (MEN2) syndrome and familial medullary thyroid carcinoma.

3. HLA Typing. At present, HLA typing is not routinely used in the clinical diagnosis of
thyroid diseases. However, certain HLA alleles are associated with specific thyroid disorders:
HLA-B8 and HLA-DR3 are associated with diffuse toxic goiter (Graves' disease) and the atrophic
form of autoimmune thyroiditis. HLA-DR5 is associated with the hypertrophic form of
autoimmune thyroiditis (Hashimoto's thyroiditis). HLA-Bw35 is considered a genetic marker of
subacute thyroiditis (de Quervain thyroiditis), and its presence increases the likelihood of
developing this disease by approximately 30-fold.

II1. Modern Instrumental and Imaging Diagnostics

1. Thyroid Ultrasonography (Ultrasound, US). Thyroid ultrasonography (US) is a non-
invasive, relatively inexpensive, and real-time imaging modality that is widely used for the early
detection and characterization of thyroid disorders. The examination allows assessment of the size
and volume of the thyroid gland and facilitates the detection of thyroid nodules and cystic lesions.
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For non-palpable or deeply located thyroid nodules, ultrasound-guided fine-needle
aspiration biopsy (US-guided FNAB) can be performed to obtain cytological specimens for
diagnostic evaluation. Table 3 summarizes the ultrasonographic features of various thyroid
diseases.

Table 3. Ultrasonographic Characteristics of Various Thyroid Diseases

Disease Ultrasonographic Findings

Toxic adenoma, euthyroid||Hyperechoic nodule with a hypoechoic halo, or hypoechoic
nodular goiter nodule; cystic degeneration is common.

Multiple hyperechoic nodules (their margins are not always well
defined), often accompanied by cystic changes; hyperechoic
structures are frequently observed.

Multifocal autonomous thyroid
disease

Diffuse toxic goiter (Graves'
disease), autoimmune||Diffuse hypoechogenicity of the thyroid parenchyma.
thyroiditis

Poorly demarcated hypoechoic areas; diffuse hypoechogenicity

Subacute thyroiditis .
is less common.

Malignant tumors (thyroid||[Hypoechoic lesions with heterogeneous echotexture and
carcinoma) irregular nodules or focal areas.

Anechoic lesion with a regular shape, smooth thin wall, and

True thyroid cyst homogeneous fluid content.

Focal cystic degeneration of||[Nodules containing hypoechoic areas with no detectable blood
nodules flow on color Doppler ultrasonography.

Colloid nodules Encapsulated lesions with variable echogenicity.

Well-defined, round lesions. Echogenicity is usually reduced.
Thyroid adenomas Color Doppler imaging typically demonstrates marked
peripheral vascularization.

Poorly defined margins, dense solid lesion with low
Adenocarcinoma echogenicity; microcalcifications may be present; capsule is
absent.

2. Ultrasound Elastography (Elastometry). Ultrasound elastography (elastometry) is one
of the most recent and effective advances in thyroid ultrasonography. Using a specialized
transducer, it measures the stiffness and elasticity of thyroid nodules. Because malignant tumors
are typically denser and stiffer than benign lesions, elastography can differentiate benign from
malignant nodules with an accuracy of 95-96%, thereby reducing the need for unnecessary fine-
needle aspiration biopsies.

3. Color Doppler Ultrasonography. Color Doppler ultrasonography is performed during
conventional ultrasound examination to assess the vascularity (blood supply) of the thyroid gland
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and its nodules. Chaotic intranodular vascularization is considered a sonographic feature
suggestive of an increased risk of malignancy.

4. Thyroid Scintigraphy. Thyroid scintigraphy involves radionuclide imaging of the
thyroid gland using radioactive iodine (*1251 or ~131I) or technetium-99m sestamibi (99mTc-
MIBI).

The procedure is used to evaluate the functional activity of thyroid nodules, classifying them
as "hot," "warm," or "cold" nodules. It is particularly useful for diagnosing toxic thyroid adenoma,
characterized by a hyperfunctioning autonomous ("hot™) nodule with suppression of the remaining
thyroid tissue.

Normal Radioactive lodine Uptake (RAIU) Values
Normal thyroid uptake of ~1251/21311 is approximately:

12-20% at 2 hours

30% at 4 hours

40% at 6 hours
Conditions Associated with Increased Radioactive lodine Uptake

Graves' disease

Toxic multinodular goiter

Toxic thyroid adenoma

TSH-dependent thyrotoxicosis
Conditions Associated with Decreased Radioactive lodine Uptake

Subacute thyroiditis

Painless ("silent") thyroiditis

Factitious (iatrogenic) thyrotoxicosis

Hypothyroidism
Radioactive iodine uptake varies according to the body's iodine status. Reduced uptake may
occur following: excessive dietary iodine intake (including iodized foods and drinking water),
treatment with inorganic iodine, administration of iodinated contrast agents, treatment with
amiodarone, or other iodine-containing medications [15].

Because radionuclides have short half-lives and the procedure is relatively expensive,
thyroid scintigraphy is performed only for selected clinical indications.

Current Indications for Thyroid Scintigraphy

Thyroid scintigraphy is currently recommended for the following indications:

e To differentiate thyrotoxicosis associated with nodular thyroid disease (solitary nodular,
multinodular, or mixed goiter), functionally autonomous thyroid nodules (toxic adenomas), and
diffuse toxic goiter (Graves' disease).

e To exclude compensated (subclinical) thyroid autonomy in individuals over 45 years of
age with palpable thyroid nodules and/or nodules >1 c¢cm in diameter.

e Evaluation of a cervical mass suspicious for thyroid malignancy.

e ldentification of retrosternal (substernal) thyroid tissue when palpation and
ultrasonography are inconclusive.

o Assessment of the effectiveness of thyroidectomy performed for thyroid carcinoma,
including postoperative evaluation for residual or recurrent disease.
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The clinical significance of thyroid scintigraphy using technetium-99m sestamibi
([99MTc] Tc-sestamibi, MIBI) has been variable and has somewhat declined with the rapid
advancement of thyroid ultrasonography, cytological examination, molecular diagnostics, and
positron emission tomography/computed tomography (PET/CT) using ~18F-fluorodeoxyglucose
(M8F-FDG). However, recent studies suggest that 99mTc-sestamibi (MIBI) scintigraphy is
regaining clinical importance in selected situations, particularly for the evaluation of thyroid
nodules with indeterminate cytology and the diagnosis of iodine-induced thyroid dysfunction [16].

5. Magnetic Resonance Imaging (MRI) and Computed Tomography (CT). Magnetic
resonance imaging (MRI) and computed tomography (CT) are valuable imaging modalities for
identifying ectopic or atypically located thyroid tissue (e.g., retrosternal or posteriorly displaced
thyroid gland), detecting atypically located thyroid nodules, and determining their size and the
presence of enlarged cervical lymph nodes. These techniques also facilitate the evaluation of
tracheal compression caused by large goiters, local tumor invasion, the extent of thyroid
carcinoma, and regional or mediastinal lymph node metastases.

At present, ultrasonography (US) is considered the primary imaging modality for the
evaluation of thyroid nodules because it is safe, widely available, and cost-effective. Nevertheless,
interpretation of ultrasound findings remains highly dependent on the experience and expertise of
the examiner, which may result in interobserver variability and occasionally limited diagnostic
accuracy.

In recent years, artificial intelligence (Al) has fundamentally transformed medical image
analysis by enabling automated feature extraction, lesion classification, and clinical decision
support. The application of Al—particularly machine learning (ML) and deep learning (DL)
algorithms - to thyroid disease diagnosis has substantially improved diagnostic performance
[17,18].

Al-based approaches provide high diagnostic accuracy, reduced interobserver variability,
and more consistent clinical decision-making across diverse clinical settings. Accurate diagnosis
is essential not only for identifying the specific type of thyroid disease but also for selecting the
most appropriate individualized treatment strategy. Early diagnosis and timely intervention
improve clinical outcomes and significantly enhance patients’ quality of life.

Machine learning algorithms play an important role in the characterization of thyroid lesions,
particularly in the classification of benign and malignant thyroid nodules detected by
ultrasonography. Early machine learning methods - including Support Vector Machines (SVMs),
k-Nearest Neighbors (k-NN), and Decision Trees - were combined with manually engineered
image features such as gray-level co-occurrence matrix (GLCM) texture descriptors, wavelet
transforms, and histogram-based features, yielding satisfactory diagnostic performance.

The introduction of deep learning, particularly Convolutional Neural Networks (CNNs), has
significantly improved diagnostic accuracy, sensitivity, and specificity in numerous studies. By
automatically learning hierarchical image features directly from data, CNN-based models
outperform traditional handcrafted feature-based approaches and frequently achieve diagnostic
accuracies exceeding 95%.

Furthermore, hybrid and ensemble models that combine CNN architectures with
conventional classifiers (e.g., Random Forest or SVM) or incorporate attention mechanisms have

26

Received: 30.06.2026 / Accepted: 31.07.2026



Yassawi Journal of Health Sciences, Ne2(5), 2026 ISSN-p 3080-8707
ISSN-e 3080-8715

demonstrated further improvements in model robustness, interpretability, and diagnostic
performance [19-21].

Despite ongoing challenges related to dataset heterogeneity, generalizability, and model
interpretability, machine learning—based diagnostic systems are increasingly regarded as scalable,
non-invasive, and reproducible clinical decision-support tools that assist clinicians in the early and
accurate diagnosis of thyroid diseases.

Conclusion. Compared with conventional diagnostic approaches, molecular genetic testing,
advanced ultrasonographic techniques, computer-aided diagnostic systems, and high-performance
neural network—based artificial intelligence models have demonstrated superior diagnostic
performance in the evaluation of thyroid diseases, particularly thyroid nodules. These modern
approaches provide higher diagnostic accuracy, sensitivity, and specificity, resulting in more
reliable disease detection, improved diagnostic confidence, and better support for clinical decision-
making.

The authors declare no conflict of interest..
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MODERN APPROACHES TO THE TREATMENT OF CHRONIC SENSORINEURAL
HEARING LOSS: THE ROLE OF "AUDIOTONE" AND "TONSILLOR" DEVICES

Ospanova S.A.1"5", Ospanova M.A1 "5 Yernazarov A.A.Y* "' Imanberdiyeva A.Z.2,
Pedan O.A.3"5 Akhmetov A.K.1 "2 Fayzullaev R.S.1"%", Nurmanova A.N.1 "5/
Tagay E.K. "%, Ayapbergen G.E.*
Khoja Akhmet Yassawi International Kazakh-Turkish University, Faculty of Higher Postgraduate
Medical Education (Shymkent, Kazakhstan)!

Medical Assistance Group (Shymkent, Kazakhstan)?

"Masterfarm™ LLC, Baldyrgan Clinic (Shymkent, Kazakhstan)®
*Corresponding author: A.A. Yernazarov, Email: adilet.yernazarov@ayu.edu.kz

Abstract. Background and Objective: Chronic sensorineural hearing loss (CSNHL) remains
one of the most significant unresolved challenges in modern otolaryngology. This study evaluates
the efficacy and safety of combined physiotherapy devices "Audiotone” and "Tonsillor" in the
treatment of CSNHL of vascular etiology.

Methods: A prospective clinical trial was conducted involving 62 patients (age 40-53 years)
with CSNHL of vascular origin. Patients underwent comprehensive treatment using "Audiotone”
and "Tonsillor" devices combined with conventional pharmacotherapy. Pure-tone audiometry was
performed before treatment, immediately after treatment, and at 1-month follow-up.

Results: Subjective improvement in hearing and reduction of tinnitus occurred by days 5-6 of
treatment. Statistically significant hearing improvement was demonstrated at frequencies 3, 4, 6, and
8 kHz (improvement of 14-17 dB) in patients with CSNHL grades | and 1. Process stabilization was
achieved in grade Il CSNHL patients. Tinnitus intensity reduction was reported in 85.5% (53/62) of
patients. Complete audiological recovery was not achieved in any group, but combined treatment
demonstrated superior outcomes compared to pharmacotherapy alone.

The combined use of "Audiotone™ and "Tonsillor" devices represents a safe, non-invasive,
and effective adjunctive therapy for CSNHL of vascular etiology. This approach acts through
multiple pathophysiological mechanisms: improvement of microcirculation, enhanced drug delivery,
anti-inflammatory effects, and restoration of auditory function. Treatment outcomes were most
favorable in early-stage disease with shorter symptom duration.

Keywords: chronic sensorineural hearing loss, Audiotone, Tonsillor, Cavinton, low-
frequency ultrasound, magnetic therapy, laser therapy
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CO3BIJIMAJIBI CEHCOHEBPAJIZIBI ECTY KABIVIETIHIH KOFAJYbBIH EMJIEY AIH
3AMAHAYU TOCUULAEPI: cKAYAUOTOH»K9HE «TOH3UJIJIOP»
KYPbBIUIT'BIJIAPBIHBIH POJII

OcnanoBa C.A.', OcnanoBa M.A.', Epua3zapos A.A.', Uman0OepaueBa A.2K.?,
Mexan O.A.2, AxmeroB A.K.', ®aiizyiiaes P.C.', Hypmanosa A.H.',
Taraii E.K.', Aan6epren I'.E.!

Koorca Axmem Acayu amuvinoazel Xanvikapanwix Kasag-mypik yHueepcumemi XKoeapwi
MEOUYUHATLIK OKY OPHbIHAH Kellinel 6inim bepy gaxynememi ([Llvimkenm, Kazaxcman)?
Medical Assistance Group (Illvimkenm, Kazaxcman) 2
"Macmepgpapm" IKLIC "Banovipean” Knunuxacer (LLlvimkenm, Kazaxcman) 3

Angatna. CosbuiMaibl ceHCOHeBpamabl ecTy KaOineriniH »xoramnysl (CCHEKIXK) kasipri
OTOPHUHOJIAPUHTOJIOTUSIaFbl ©3€KTI MEIUIIMHAIIBIK KOHE OJIEYMETTIK MacenenepliH Oipi 0okl
TaOBLIaAbl. AypyIbIH MAaTOTEHE31HIH KYPISIUIIri MEH eMJIey HOTHKEIEPiHIH MEKTSYIUTr THIM/II
TEepPaNUsUIBIK TOCUTAepai i3aectipyni Taman eremi. OcblFaH OailyIaHBICTBI  (PU3HOTEPANTUSIIBIK
TEXHOJIOTHSUIAP/ABl KEIICHAI eMJIey KypamblHAa KOJJIAHYIbIH KIMHUKAIBIK THIMIUITIH Oaranay
€pEeKIIle KBI3BIFYIIBIIBIK TYABIPAIbl. 3EPTTEYIIH MAKCAThl — TaMBIPJIbl 3THOJIOTHSIIBI CO3BLIMAIIBI
CCHCOHEBpAJIbl €CTy KaOINeTIHIH >KOFalyblH emieyle «AyauoToH» xkoHe «ToH3mmop»
buznoTepanusIIBbIK KYPhUIFbUIAPBIH KEIISH 11 KOJIAaHyAbIH THUIMJILIITT MEeH Kayilnci3/iria Oaranay.

3eptreyre xkacol 40-53 xac apaibIFbIHIAFBl TAMBIPIIBI T€HE31 CO3BUIMAIBI CEHCOHEBPAIIBI
ecTy KaOlJeTiHiH orainybl Oap 62 mamMeHT eHri3iiai. IlepcrnekTHBanbIK KIMHUKAIBIK 3€pTTEeY
asicelHa OapibIK HayKacTapra CTaHAApTTHl (apMakoTepanmusiMeH KaTap «AYIHOTOH» KOHE
«ToH3MITIOp» KYPBUIFBUIAPBIH KOJIJAHY apKbLIbl KEHIeHIl eM Xypri3uial. Ecty (yHKuuschIHBIH
JUHAMHUKAChl Ta3a TOHJBIK ayIHMOMETpHUsl 9IiCIMEH eM OacTajraHfa JeWiH, eMJey asKTalFaHHaH
KeWiH skoHe | ailbIK Oakpliay Ke3eHiHIe OaraliaH ibl.

Hormxkenep. Emaeynin 5-6-kyHiHeH Oacranm mamueHTTepAiH OackiM OeiriHae ecTyIiH
CyOBEKTHUBTI JKaKCapyhl JKOHE KYJIAKTaFbl IYAbIH KaPKbIHABUILIFBIHBIH TOMEH/IEY1 Oaiikanabl. | xoHe
Il nopexeni co3plIMallbl CEHCOHEBpAJIIBI €CTY KaOlJIeTiHIH JKOoFalybl Oap Haykactapia 3, 4, 6 xoHe
8 kI’ >kuinmikTepAe ecTy TaOalIbIPbIFBIHBIH CTATUCTUKAIBIK TYPFBIIAH MaHBI3AbI TOMEHIEY1
aHBIKTAIIBI, JKakcapy Kepcerkiimni oprta ecemmeH 14—17 nb kypamer (p<0,05). Il mopexeni
CCHEKX 6ap nmauueHTTepie aypyablH YAEMEYiHE *KoHe KIMHHUKAJIBIK JKaFlaiblH TYpaKTaHybIHA
KOJ >keTki3uiai. Kysakrarsl myaplH KapKbIHABUIBIFBI 62 manueHTTiH 53-iaae (85,5%) tomenneri.
TonbIK ayauONOTHSIIBIK KaJIIbIHA KENIy JKaFJaaiyiapel TipKEJIMEreHIMeH, KEIIeHIlI eMAey oJici
JOCTYPi (hapMaKOTepanusIMEH CaTbICTBIPFAH 1A dKOFAPhI KITMHUKAIBIK THIMIUTIKTI KOPCETTI.

KopbIThIHIBL. «AyauoTOH» %koHe «TOH3MILTOPp» PU3NOTEPANUSUIIBIK KYPBUIFbUIAPBIH KEeIEH 1
KOJJIaHy TaMBIPJIbl ATHOJOTHUSIIBI CO3BLIMANIBI CEHCOHEBPAIABl €CTY KaOUIeTiHIH IKOFATYbIH
eMICYIIH Kayilci3, MHBa3UBTI €MeC KoHEe KIMHUKAIBIK TYPFbIIAH THIMJ1I KOCHIMINA 9/1ici OOJBIM
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Tabbutaapl. by emaey Tocimi MHUKpOLMPKYISLUSHBL JKaKCapTy, IOPUIIK 3aTTapAblH TiHIEpre
KETKI3UTYlH KYIIEHTy, KaObIHYFa KAapChl oCep €Ty JKOHE €CTy aHAIM3aTOPBIHBIH (DYHKIIMOHAIIIBIK
JKaFJalbIH KaIIMblHA KENTIPY CHUSAKTHI OipHEIIe MaTOTeHETHKAIBbIK MEXaHU3MJIEP apKbUIbI JKy3ere
acanel. EH JKOFapbl TepanmusuIbIK THIMIUTIK aypyAblH €pTe CcaThUIapbIHAA JKOHE KIMHUKAIBIK
CHUMITTOMJIAP/IbIH Y3aKTHIFbI KbICKA OOJIFaH JKarnaia Oalkanpl. AJIBIHFAH HOTHKEIIEP CO3BUIMAIIBI
CEHCOHEBpPAJIJIBI  €CTy KaOUICTIHIH JKOFAlyblH KEHICHJI eMmjey alrOpuTMIHE  aTajFaH
(bU3HOTEepaNUSIIBIK SICTEP Il SHT13Y/iH KIMHUKAIBIK OPBIHIBUIBIFBIH KOPCETE/].

Tyiiin ce3aep: co3bUIMaNBl CEHCOHEBPAIABI €CTY KaOUIETiHIH JKOFailybl, AyIHOTOH,
ToH3UITOp, KABUHTOH, TOMEH XKHUUIIKTI yABTPAABIObIC, MATHUTTIK TEPAIus, Ta3epIIiK Tepamus

COBPEMEHHBIE IOJAXO0AbI K JIEYEHUIO XPOHUYECKOM
CEHCOHEBPAJIbHOM TYT'OYXOCTH: POJIb AIIIIAPATOB «AYAUOTOH» U
«TOH3UJJIOP»

Ocnanosa C.A.!, Ocnanosa M.A.!, Epna3apos A.A.!, Umantepauena A.K.2,
Ienan O.A.°, Axmeros A.K.!, ®aiizyiaes P.C.., Hypmanosa A.H.!, Taraii E.K.},
Asin6epren I'.E.!
Medwcoynapoonulii kazaxcko-mypeykuil ynugepcumem umeHu Xooxca Axmeo HAcasu Paxynvmem
BbLCULE20 MEOUYUHCKO20 NOCILEe8Y306CK020 00pasosanus (Llvimkenm, Kazaxcman)!
Medical assistance group (Ivimxenm, Kazaxcman)?
TOO «Macmeppapm». Knunuxa Banovipean (ILlvimxenm, Kazaxcman)®

AHHoTauusi. XpoHuyeckas ceHcoHeBpasibHasi Tyroyxoctb (XCHT) ocraercss onHoi U3
HauOoJee 3HAUYMMbIX HEPELIEHHBIX Npo0JieM COBPEMEHHOH oOToJlapuHrosiornd. B nmaHHOM
HCCIIEIOBAHU U OLICHHUBAETCS 3¢ pEeKTUBHOCTD u 0e301acHOCTh KOMOWHHMPOBAHHBIX
bu3HOTEepanIeBTUUECKUX YCTPOUCTB «AyauotoHe» u «Tonzwmwiop» mnpu JnedeHuun XCHT
COCYAMCTOM ITUOJIOTUH.

Metoapl: bbulo MpOBENEHO NPOCHEKTUBHOE KIMHUYECKOE MCCIEAOBAHUE C y4dacTHEM 62
nanuenToB (Bospact 40-53 roma) ¢ XCHT cocyauctoro mpoucxoxxaeHus. llanueHTs! mpouum
KOMIUIEKCHOE JIEUEHUE C UCTIOIb30BAHUEM YCTPONCTB «AynnoToHe» U « TOH3WILIOP» B COUETAHUHU C
TpaJUIIMOHHON (hapmakoTepanuei. AyanoMeTpHs OPOroB ciiyxa MPOBOJMIACH JIO JIEUCHUs, Cpa3y
nocJie JIeYeHUs! U yepe3 1 Mecsiil ociie JeueHusl.

Pesynbrarel: CyObeKTUBHOE yNydlleHHE CIyXa U YMEHbIIEHHE IIyMa B ylIaXx HaOJIIAaluch
Ha 5-6 neHb nedeHus. CTaTUCTUYECKU 3HAUMMOE YITyYIlIeHHE cyXa ObUIO MPOJEMOHCTPUPOBAHO HA
gactotax 3, 4, 6 u 8§ k[’ (ynyumenue Ha 14-17 ab) y mamumentoB ¢ XCHT I u II crenenw.
Crabunuzanus mnpouecca Obiia pocturayra y mnamueHtoB ¢ XCHT III cremenn. CHuxeHue
MHTEHCUBHOCTH IlyMa B ymax Obuio ormeueHo y 85,5% (53/62) mnanuenrtoB. IlomHoro
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BOCCTAHOBJIEHMsI ClyXa HE ObUIO JOCTUTHYTO HU B OJIHOM IpyIilie, HO KOMOMHUPOBAHHOE JICUEHUE
IPOIEMOHCTPUPOBAJIO JIYUYIINE PE3YJIbTAThl IO CPABHEHHIO C OJTHOW TOJIBKO (hapMaKoTepanuen.

KoMOnHMpOBaHHOE HCIIOJIB30BAHUE YCTPOUCTB «AynnOTOHE» U «TOH3UIUIOP» NPENCTaBIISIET
coboii Oe3omacHyr0, HEMHBa3WBHYIO M A()QPeKkTUBHYIO BcrmoMorarenbHyro Tepanuto npu XCHT
COCYAMCTOM  OTHOJOTMH.  OJTOT  NOAXOJ  JAEHCTBYET  IIOCPEACTBOM  MHOXKECTBEHHBIX
naTo(U3NOJOTHUECKUX MEXAaHU3MOB: YIyYIIEHUE MHUKPOLUUPKYIALNHU, YIydlIeHHas [JOCTaBKa
JIEKapCTBEHHBIX CPEICTB, INPOTHUBOBOCHAIMUTEIBHOE JAEHCTBHE M BOCCTAHOBIIEHUE CIyXOBOM
¢ynkuuu. Pe3ynprartel seueHuss Obuid  HauOosiee ONArONMpUATHHIME HAa PAHHUX —CTaIHAX
3a0omneBanus ¢ 0osiee KOPOTKOM MPOAOIKUTETBHOCTHIO CHMIITOMOB.

KiroueBble ciaoBa:  XpoHHuUecKas  CEHCOHEBpalbHas  TYIOyXOCTb,  «AYyIUOTOH»,
«Ton3nmiop», KaBUHTOH, HU3KOYACTOTHBIN yIbTPa3BYK, MArHUTOTEpAINsl, Ja3epHasl Tepamus
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Introduction. Chronic sensorineural hearing loss (CSNHL) represents one of the most
prevalent diseases and urgent problems in otolaryngology. According to epidemiological data, 1-6%
of the global population suffers from significant hearing impairment, with CSNHL accounting for
74% of all hearing loss cases [1]. This condition constitutes an important medical and social
problem, particularly affecting economically active individuals aged 30-50 years. CSNHL is a
polyetiological disease characterized by progressive damage to the cochlear receptor apparatus,
auditory nerve, and central auditory pathways [2, 3]. The progressive nature of the condition leads to
severe communication restrictions, reduced professional activity, and significant psychological
alterations [4].

Recent attention has focused on vascular, metabolic, and neurodegenerative mechanisms in
CSNHL pathogenesis. Microcirculatory disturbances of the inner ear, leading to hypoxia and
damage to neurosensory cells of the organ of Corti, play a crucial role [5, 6]. The internal auditory
artery, a terminal branch of the vertebrobasilar system, lacks collateral circulation, making the inner
ear particularly vulnerable to ischemic insult even during brief vascular disturbances [7, 8].

Recent advances in understanding the blood-labyrinth barrier have revealed its critical role in
inner ear homeostasis. Dysfunction of this barrier leads to microcirculatory changes, oxidative
stress, and neurosensory damage [8]. Pericytes-vascular wall cells regulating capillary blood flow
and vascular permeability-have emerged as important targets for therapeutic intervention. Pericyte
dysfunction can reduce cochlear capillary perfusion, leading to progressive hearing deterioration [9].

Traditional CSNHL therapy employs vascular, nootropic, and metabolic agents; however,
treatment efficacy remains limited. This has prompted development of physiotherapeutic methods
targeting local blood flow enhancement, inflammation reduction, and improved drug delivery to
inner ear tissues. The "Tonsillor" and "Audiotone” devices (NPP Metromed, Omsk, Russia)
represent innovative physiotherapy instruments combining low-frequency ultrasound (LFUS),
electrical microcurrent stimulation, magnetic therapy, and infrared laser therapy [11, 12]. These
devices enable simultaneous modulation of multiple pathophysiological mechanisms [1].

Objective. To assess the efficacy of the physiotherapy complex "Audiotone" and "Tonsillor"
in the treatment of chronic sensorineural hearing loss of vascular etiology.
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Material and Methods

1 Study Design. A prospective comparative clinical trial was conducted at the Department
of Otolaryngology, Course of Otolaryngology, Department of Special Surgical Disciplines at Khoja
Akhmet Yassawi International Kazakh-Turkish University, Shymkent, Kazakhstan. The study was
performed in accordance with the ethical principles of the Declaration of Helsinki (1964, revised
2000). Informed consent was obtained from all participants.

2 Study Participants. Sixty-two patients (28 men, 34 women) aged 40-53 years (mean age
47 years) with CSNHL of vascular etiology were enrolled. Inclusion criteria: clinically confirmed
CSNHL, disease duration exceeding 3 months, stable disease course, and informed written consent.
Exclusion criteria: acute inflammatory ENT diseases, neoplastic processes, decompensated somatic
conditions, and pregnancy. Based on pure-tone audiometric results, patients were classified as: grade
I (n=15, 24.2%), grade Il (n=33, 53.2%), or grade 11l (n=14, 22.6%).

3 Assessment Methods. All patients underwent comprehensive evaluation:
otorhinolaryngologic examination, pure-tone threshold audiometry, high-resolution computed
tomography/magnetic resonance imaging of temporal bones (when indicated), complete blood
count, urinalysis, electrocardiography, chest radiography, and consultations with neurology and
internal medicine specialists. Treatment efficacy was evaluated based on: (1) changes in auditory
thresholds (dB) at key frequencies; (2) subjective hearing assessment; (3) presence/reduction of
tinnitus; (4) audiometric assessment at baseline, post-treatment, and 1-month follow-up.

4 Treatment Protocol. All patients received comprehensive treatment employing
"Audiotone™ and "Tonsillor" devices over 10 consecutive days. "Audiotone"” treatment included: (1)
Magnetic therapy to the inner ear: endaural magnetic probe application, 20 minutes daily for 10
days; (2) Electrophoresis: endaural electrode placement with Cavinton-soaked gauze, electrical
nerve-receptor stimulation of cochlear apparatus with adjustable frequency and amplitude, 10
minutes daily for 10 days; (3) Infrared laser therapy: infrared laser beam directed at the promontory
with penetration into middle and inner ear structures, 15 minutes daily for 10 days.

"Tonsillor" low-frequency ultrasound treatment: 4.0-5.0 mL Cavinton solution introduced
into external auditory canal with endaural waveguide applying ultrasonic impregnation (frequency
26.5 kHz, amplitude 10-40 um, pulsed mode, 20-30 seconds daily for 10 days).

Following physiotherapy, nasal decongestant (0.05% oxymetazoline) was applied, and
Politzerization and pneumomassage of tympanic membranes were performed.

Results

1 Clinical Outcomes. Subjective improvement in hearing, tinnitus reduction, and general
symptom improvement were reported by patients on days 5-6 of treatment. Pure-tone audiometric
analysis demonstrated statistically significant hearing threshold improvement at frequencies 3, 4, 6,
and 8 kHz (14-17 dB improvement) in patients with CSNHL grades | and II. In grade 111 CSNHL
patients, process stabilization was achieved. Tinnitus intensity reduction was reported by 85.5%
(53/62) of patients. Most favorable treatment outcomes were observed in early-stage disease with
shorter symptom duration.
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2 Proposed Mechanisms of Clinical Benefit. The clinical efficacy observed in this series
likely results from the combined effects of multiple therapeutic modalities:

Magnetic Therapy: Water molecules in blood and lymph become magnetized, enhancing
cellular metabolism, promoting restoration processes, improving blood circulation, and normalizing
vascular caliber and tone.

Electrophoresis with Cavinton: Cavinton ionizes and penetrates skin layers of the external
auditory canal and middle ear structures (tympanic membrane, ossicular chain, tympanic mucosa) to
reach the cochlear nerve-receptor apparatus, achieving high local concentrations with sustained
bioavailability. This stabilizes microcirculation and enhances drug tissue penetration.

Infrared Laser Therapy: Produces biochemical changes at subcellular, cellular, tissue, and
organism levels. Improves microcirculation, stimulates neovascularization, enhances blood flow,
activates transcapillary transport, and reduces interstitial and intracellular edema.

Low-Frequency Ultrasound: Produces micromassage and loosening of external auditory
canal skin, facilitating deep Cavinton penetration and enhancing microcirculation. Ultrasound
induces cavitation, thermal, and physicochemical effects, increasing Cavinton concentration in
cellular and extracellular compartments.

Discussion. This study demonstrates that incorporation of "Audiotone™ and "Tonsillor"
devices into comprehensive CSNHL treatment promotes auditory function improvement, reduces
subjective tinnitus, and enhances quality of life. The most pronounced therapeutic effects were
observed in patients with initial and moderately severe disease stages and relatively short symptom
duration. Most favorable outcomes occurred in grade I-11 CSNHL patients, while grade Il patients
demonstrated disease stabilization without further deterioration.

The positive effects of "Audiotone” are attributable to improved microcirculation,
stimulation of metabolic processes in the inner ear, and neuroprotection of auditory analyzer
structures. Low-frequency ultrasound reduces ischemic cochlear changes, improves tissue nutrition,
and facilitates functional recovery of inner ear receptor apparatus. The non-invasive nature,
excellent tolerability, and potential for repeated treatment courses support consideration of this
approach as a pathogenetically justified, promising therapeutic modality.

Study limitations include single-center design and relatively small sample size. Multicenter
randomized controlled trials with larger patient populations and extended follow-up periods are
warranted to confirm these findings and elucidate long-term recurrence patterns.

Conclusion. The combined use of "Audiotone™ and "Tonsillor" physiotherapy devices
represents a modern, highly effective, safe, and patient-friendly adjunctive treatment for chronic
sensorineural hearing loss of vascular etiology. This multimodal approach acts through
complementary mechanisms targeting vascular, inflammatory, and neurotropic disease pathways.
Treatment demonstrates excellent tolerability, non-invasive delivery, and capacity for repeated
therapeutic courses. In early-stage disease with shorter symptom duration, outcomes are most
favorable. This approach offers a valuable alternative or complement to conventional CSNHL
management strategies.
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METAPHYLAXIS OF NEPHROLITHIASIS: APATHOGENETIC APPROACH USING
MEDICINAL PLANTS AND LOCAL REMEDIES FROM SOUTHERN KAZAKHSTAN

Baydybekov M.U.1 "5, Aitbayuly B.A.2"%, Yernazarov A.A.1*2' Baydybekov B.M.3
Khoja Akhmet Yassawi International Kazakh-Turkish University, Faculty of Higher Postgraduate
Medical Education (Shymkent, Kazakhstan)®
Clinic "Symbat-Nur" and Department of Urology (Shymkent, Kazakhstan)?

Shymkent City Clinical Hospital No.1 (Shymkent, Kazakhstan)®
*Corresponding author: Yernazarov A.A., adilet.yernazarov@ayu.edu.kz

Abstract. Recurrent nephrolithiasis remains one of the most challenging problems in
contemporary urology. This study presents a comprehensive, pathogenesis-based approach to
metaphylaxis (prevention of recurrent stone formation) using medicinal plants, traditional
beverages, and acidic mineral waters endemic to Southern Kazakhstan. Over a 12-year period, 500
patients with various forms of urolithiasis were treated using protocols developed based on the
proteolysis—ion theory of stone formation. The study evaluated the effects of galenic preparations
from camel thorn (Alhagi pseudalhagi), Turkestan bedstraw (Galium turkestanicum), kumiss
(fermented mare's milk), and acidic mineral waters (Chelkar and Zhosalin springs) on urine pH,
proteolytic activity, and diuresis—the primary risk factors for urolithiasis. Treatment regimens were
differentiated according to stone type: urate, calcium oxalate, and phosphoric acid nephrolithiasis.
Results demonstrated a reduction in recurrence rates to 13% in the treatment group versus 62.7% in
the control group, with a 1.5-fold reduction in disability rates. This evidence-based approach
provides practical therapeutic recommendations suitable for implementation in resource-limited
settings and offers a model for integrating traditional medicine with modern urological practice.

Keywords: nephrolithiasis, metaphylaxis, proteolysis, urine pH, urate stones, calcium
oxalate lithiasis, phosphoric acid nephrolithiasis, phytotherapy, medicinal plants, kumiss, mineral
waters, enzyme therapy, diuresis
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HE®POJIMTUA3IBIH META®UJITAKCHUCI: OHTYCTIK KASAKCTAHHAH
AJIBIHF'AH J9PUIIK OCIMAIKTEP MEH KEPI'TVIIKTI EMJIEY KYPAJIJIAPBIH
KOJITAHY BOUBIHIIA ITATOTEHETUKAJIBIK KO3KAPAC

Baiiapioexos M.Y.!, Aiir6aiiyas1 B.A.2, Epnazapos A.A.!, Baiinpi6exos b.M.3
Koowca Axmem Acayu amuvinoaser Xanvikapanvlk kasax-mypik ynueepcumemi sKoeapui
MEOUYUHATBIK OKY OPHBIHAH Kellinel 0inim bepy gaxynomemi ([Llvimkenm, Kazaxcman) 1
Coimbam-Hyp knunukacst, lleimkenm (Kazaxcmarn Pecnyonuxacuot) 2
Hvimkenm Kanacvinoiy Nel Kananvix kKiunuxanvlk aypyxanacol (Kazaxcmawn Pecnybauxacot) 3

AnHoTtanus. KaltananaTelH HepponuTHas Kasipri 3aMaHfbl ypOJOTHUSIAFbl €H KypAell
Mmocenenepaiy Oipi Oonbin kKanma Oepeni. byn 3eprreyme Onryctik Kazakcranra ToH JopuTik
OCIMJIIKTEeP/, JSCTYPJl CYCBIHAAPIbI >KOHE KBIIKBLI MHHEpANIbl CylapAbl KOJJaHA OTBIPHIM,
MeTadunakcusra (KalTadaHaTbIH Tac TY3UTYiHIH alJblH ajy) KELIeHJi, MaTOreHe3re Heri3elreH
TOCLT YCHIHBUTFAH. 12 jKBUIIBIK KE3EHIC YPOIUTHA3IABIH SPTYPIIL TypiiepiMeH aybipatbid S00 Haykac
Tac TY3UIyiHIH MPOTECOIM3-UOHIBIK TEOPHUSICHIHA HETI3EITreH XaTTaMalapAbl KOJJIaHA OTBIPHII
emuenni. 3eprreyae Tyhe tikenerineH (Alhagi pseudalhagi), Typkicran Tecek cabanbiHan (Galium
turkestanicum), KbIMbI3IaH (aImIBITBUIFAH OWE CYTIHEH) JKOHE KBIIIKBLII MHHEPAIABl CyJlapiaH
(Uenkap xone JKocamuH Oyjiakrapel) alblHFaH TaJCHIIK MperapaTTapabiH  3opaiH pH-Ha,
MPOTEONUTHKAIBIK OCJICeHIUNIrHE KOHE AUYpe3re - YpPOJIUTHA3[blH HEri3ri Kayin ¢akropiapbiHa
ocepin Oaranaabl. Emzey pexxumiepi Tac TypiHe Kapail capalaHfbl: ypar, KalblMid OKcajaaT jKoHe
docdop KpIKeLIE HePponuTuaszsl. HoTmkenep emaey ToObIHAA KaWTanany neHrediniH 13%-ra
JIeillH TeMEeHJIereHiH, aj Oakpuiay TOObIHIAA Oy kepcerkim 62,7%-Fa jKETKEHIH, ajl MYT€IeKTIK
neHreiinin 1,5 ece ToMeHaereHiH KopceTTi. byt moneni Tocit pecyperapsl MIEKTEYII1 KaFaanapaa
KOJIJaHyFa >KapaMIbl MPAKTHKAIBIK TEPAHMSUIBIK YChIHBICTAP Oepelli KoHe JOCTYPIi MEIUIIMHAHBI
3aMaHayH ypOJIOTHUSUIBIK TOXKIpruOeMeH OIpIKTIpy MOJEIIH YChIHAIBI.

Tyiiin ce3nep: Hedpponutuas, merapuiakcus, Oporeonus, 39paiH pH geHreifi, ypat
TacTapbl, KalbIU{ OKcalaT JUTUHAa3bl, (hocOop KbIIIKBLIIBI HepONIUTHa3bl, (GUTOTEpAIUs, AIPLIIK
©CIMJIIKTEP, KbIMBI3, MUHEpAJIJIbl CyJIap, GEepMEHTTIK Tepanus, Anype3
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META®UITAKTUKA HE®POJIMTUA3A: TATOTEHETHYECKHA TOAXO/ C
W CHOJIb30BAHUEM JIEKAPCTBEHHBIX PACTEHUI U MECTHBIX CPEJICTB
IOKHOI'O KA3AXCTAHA

Baiiapioexos M.Y.!, Aiir6aiiyans1 B.A.2, Epnazapos A.A.!, Baiinbi6exos b.M.3
Medicoynapoonwiii kazaxcko-mypeykuii ynusepcumem umenu Xooaca Axmeod Hcasu @axyromem
8bICULIE20 MEOUYUHCKO20 NOCIEe8Y308CcK020 obpazosanus ([Llvimkenm, Kazaxcman)1
Knunuxa « Coimbam — Hypy 2. Ilvimxenm, (Pecnybauxa Kaszaxcman)?

Nel zopodckas knunuyeckas 6onvruya 2o0pooda Lllvivkenm, (Pecnybnuxa Kazaxcman)®

AnHoTauus. PerunuBupyromuii HeponuTuaz ocraercss OoIHOM U3 Hanboyiee CIOXKHBIX
npoOjeM COBpPEeMEHHOW ypoJIoTMH. B 1maHHOM WCCleOBaHMHM TIPEACTABICH KOMIUICKCHBIM,
OCHOBaHHBIM Ha TMaroreHe3e Moaxoa K wmeradmiakcun (MpoUIaKTUKE PEIUIUBHPYIOMIETO
o0pa3oBaHUs KaMHEW) C HCIIOJIb30BAHUEM JICKAPCTBEHHBIX PACTCHUM, TPATUIIMOHHBIX HAIMUTKOB H
KHUCIIBIX MMHEpAJIbHBIX BOJ, sHAeMHuUHbIX ans lOxnoro Kazaxcrana. B teuenuwe 12 ner 500
NAlMEHTOB C pa3Nu4YHbIMU (opMaMu ypoJjuTHa3a OBUIM TPOJIEYEHBI C HCIOIb30BAHHEM
MIPOTOKOJIOB, Pa3pabOTaHHBIX HAa OCHOBE MPOTEOIU3HO-HOHHOW Teopuu oOpa3oBaHus KamHed. B
WCCJICTIOBAaHUH OIICHUBAJIOCH BIIMSIHUE TaJCHOBBIX IpernapaTtoB U3 BepOiroxbeil komouku (Alhagi
pseudalhagi), TYPKECTaHCKOU MOAMAapEHHHUIIbI (Galium turkestanicum), KyMbICa
(pepMeHTHPOBAHHOTO KOOBLIHETO MOJIOKA) M KHCIBIX MHHEPAIbHBIX BOJ (MCTOYHUKU Yenkap u
XKocanmun) Ha pH MoYH, IPOTCOTUTHYECKYIO aKTHBHOCTh U JINYpE3 — OCHOBHBIE (DaKTOPHI PUCKA
MOYEKaMEHHOU 0oJie3Hr. CXEMBI JICUCHHS PA3IMYINCh B 3aBUCHMOCTH OT THITA KAMHEH: YpaTHBIMH,
okcanaT Kanbius U GpochopHOKUCTOTHBIN HeponmuTHa3. Pe3ynpTaThl moKa3aliu CHIKEHHE YacTOThHI
peuuauBoB 110 13% B rpyrine gedeHus Mo cpaBHeHUIO ¢ 62,7% B KOHTPOIBHOM rpytme, a Takxke 1,5-
KpaTHO€ CHIKEHHE YPOBHS WHBAIMIHOCTH. JTOT HAYYHO OOOCHOBAHHBINM MOJXOJ MPEAOCTABIISIET
MPAKTUYECKHE TEparneBTUUECKUe PEKOMEHIAIUH, TOAXOMA[IIUE s BHEAPEHUS B YCIOBHUAX
OTPaHWUYEHHBIX PECYpPCOB, M TMpeajaraeT MOJelb HWHTEerpalud TPATUIIMOHHON MEIUIMHBI C
COBPEMEHHOM yPOJIOTHYECKOMN ITPAKTUKOM.

KiioueBnblie cioBa: HedponuTnas, Meradruiakcusi, nporeonus, pH mouu, yparHple KaMHH,
oKcajaT Kanblus, PocPOpPHOKUCIOTHBIA HePponuTHas, GuTroTepanus, JEKapCTBEHHbIE PACTCHHUS,
KyMBbIC, MUHEpaJIbHBIC BOJIBI, (hepMEHTHAs Teparnus, Tuype3
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Introduction. Nephrolithiasis (kidney stone disease) is one of the most prevalent urological
disorders worldwide, affecting approximately 20-25% of the general population and accounting for
up to 50% of urological admissions in some regions [1, 2, 3]. The disease is characterized by the
formation of crystalline concretions in the urinary tract, leading to obstructive uropathy, calculous
pyelonephritis, and ultimately chronic kidney disease if untreated [1, 3]. While the acute
management of nephrolithiasis through surgical or endoscopic stone removal is well-established, the
prevention of recurrent stone formation remains a significant clinical challenge, with recurrence
rates ranging from 6% to 80% depending on the population studied [2, 11].

Stone formation is not merely a consequence of crystallization but reflects underlying
pathophysiological disturbances that must be addressed through targeted metaphylaxis (prevention
of recurrent stone formation). Conventional anti-relapse therapy relies primarily on synthetic drugs
and dietary modifications; however, these approaches often result in poor long-term compliance due
to side effects and ineffectiveness, particularly in cases of phosphoric acid nephrolithiasis [4, 5, 6].

The proteolysis—ion theory, originally developed by Edinyy [11, 16], provides a
comprehensive framework for understanding stone formation. According to this theory, urine
functions as a complex biological medium in which the balance between proteolytic enzymes
(proteases), protease inhibitors, and proteins determines whether conditions favor stone
precipitation. Additionally, urine pH plays a critical regulatory role in both enzyme activity and salt
crystallization. This pathogenetic understanding has led to the identification of two primary risk
factors: (1) deficiency of urinary proteolysis and (2) urine pH ranges optimal for salt crystallization
of specific lithogenic salts [11, 16, 17].

Southern Kazakhstan, particularly the Shymkent region, is an area of endemic urolithiasis
with a prevalence exceeding the national average. This endemic status, combined with the region's
rich traditional medicine heritage and unique endemic flora, provides an exceptional opportunity to
develop and validate regionally-adapted therapeutic approaches. Previous pilot studies have
demonstrated the efficacy of local medicinal plants and mineral waters in modulating urinary
proteolysis and pH [7, 8, 9]. The current study extends this research to develop comprehensive,
pathogenesis-based metaphylaxis protocols.

Study Objectives. This study aimed to develop and evaluate a comprehensive metaphylaxis
protocol for recurrent nephrolithiasis utilizing local medicinal plants (camel thorn, Turkestan
bedstraw), traditional beverages (kumiss), and acidic mineral waters from Southern Kazakhstan.
Secondary objectives included: (1) determining the effects of these natural remedies on urinary
proteolysis, pH, and diuresis; (2) establishing differentiated treatment regimens for three major stone
types; (3) evaluating clinical efficacy in reducing recurrence rates; and (4) assessing improvements
in patient quality of life and disability reduction.

Materials and methods

Study Design and Patient Selection. This prospective, observational, comparative study
was conducted from 2014 to 2026 in the urology departments of the South Kazakhstan Regional
Clinical Hospital, Shymkent City Clinical Hospital, and Clinic "Symbat—Nur" in Shymkent. A total
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of 500 patients diagnosed with nephrolithiasis of confirmed mineral composition were enrolled in
the treatment group. An additional 150 patients receiving conventional metaphylaxis constituted the
control group.

Inclusion criteria for the treatment group were: (1) confirmed diagnosis of nephrolithiasis
with stone composition determined by spectroscopy or X-ray diffraction; (2) complete stone
removal via surgery or endoscopic procedures; (3) absence of obstructive uropathy; (4) age >18
years; and (5) willingness to comply with the 12-month metaphylaxis protocol. Exclusion criteria
included: active urinary tract infection at enrollment, severe renal impairment (estimated glomerular
filtration rate <30 mL/min/1.73 m?), pregnancy or lactation, and contraindications to herbal
preparations.

Clinical and Laboratory Assessments. Baseline and follow-up evaluations included: (1)
three daily measurements of urine pH at standardized times (8:00 AM, 2:00 PM, 8:00 PM) using
calibrated pH paper; (2) urine proteolysis assays measuring caseinolytic activity (units of proteolytic
activity); (3) routine urinalysis including microscopy and bacterial culture; (4) serum chemistry
panel and renal function tests; (5) 24-hour urine collections for measurement of lithogenic
substances (calcium, oxalate, urate, phosphate); (6) imaging studies including plain radiography,
ultrasonography, and computed tomography when indicated; (7) assessment of diuresis over 24
hours. All measurements were performed monthly during the treatment phase and at 3-month
intervals during the follow-up phase.

Medicinal Plants and Natural Remedies. Galenic preparations (decoctions and infusions)
were prepared from the following endemic plants:

e Camel thorn (Alhagi pseudalhagi): 10% aqueous decoction of dried leaves, 50 mL three
times daily;

e Turkestan bedstraw (Galium turkestanicum): 10% aqueous decoction of dried roots, 50
mL three times daily;

e Kumiss (fermented mare's milk): Traditional product in three fermentation strengths: weak
(low alcohol/lactose content), medium (moderate fermentation), and strong (high fermentation
degree); 200-300 mL daily.

Acidic mineral waters from Chelkar (pH 2.8-3.2) and Zhosalin (pH 3.0-3.5) springs in
Southern Kazakhstan were prescribed at 150-200 mL daily for patients with alkaline urine pH.
Alkaline mineral waters (Sary—Agach, Mankent) were prescribed for urate stone patients requiring
urine alkalinization.

Metaphylaxis Protocol Structure. The comprehensive metaphylaxis protocol was
structured as four seasonal treatment cycles (winter, spring, summer, autumn) per year. Each
seasonal cycle consisted of three consecutive 30-day monthly courses. Every monthly course
contained three sequential 10-day cycles:

e Sanitation cycle (Days 1-10): Aimed at eliminating pathogenic microflora in the urinary
tract using antibiotics selected based on urine culture sensitivity testing and adjusted for optimal
activity at the patient's baseline urine pH;
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e Pathogenetic cycle (Days 11-20): Targeted suppression of primary lithogenic risk factors:
(@) correction of urine pH to optimal ranges dependent on stone type, and (b) enhancement of
urinary proteolysis through proteolytic enzyme supplementation or herbal preparations with
naturally occurring enzymes;

e Diuretic cycle (Days 21-30): Aimed at increasing diuresis and mechanically removing
secondary risk factors (mucus, cellular debris, crystalline sand, precipitated salts) using herbal
diuretics and increased fluid intake.

Differentiated Treatment Regimens by Stone Type

1. Urate Nephrolithiasis. Target urine pH: 6.2-6.7. Permanent interventions included pH
correction using citrate-based preparations (Magurlit, Blemaren) and dietary modification
emphasizing dairy and plant-based foods. Herbal remedies included silver chingil (Amygdalus
petunnikowi) and ak-kura (traditional alkalizing herb). Pathogenetic cycles employed pepsin (0.25 g
three times daily) to enhance proteolysis. Diuretic cycles utilized herbal preparations with proven
diuretic properties.

2. Calcium Oxalate Lithiasis. Target urine pH: 5.8-6.5. Dietary modifications prioritized
high-fiber intake while restricting animal fats, refined carbohydrates, tomatoes, and sorrel. For
hypercalciuria, magnesium-rich traditional beverages (jugeri, bidai, tare—all prepared from seed
brans) were recommended. Pathogenetic cycles employed multi-enzyme preparations (festal,
panzinorm) and herbal preparations from blue-eyed tree fruits and Tien Shan spruce. Vascular-
protective agents (miscleron, stugeron) were included to improve renal perfusion.

3. Phosphoric Acid Nephrolithiasis. Target urine pH: 5.8-6.0 (most challenging to achieve).
Permanent interventions included dietary restriction of dairy and alkaline foods, combined with
acidifying agents: methionine (0.5 g three times daily), boric acid, ascorbic acid (500 mg twice
daily), and crushed wild carrot seeds (0.5 g three times daily). Acidic mineral waters from Chelkar
and Zhosalin springs were prescribed as primary hydration. Traditional fermented beverages with
acidic properties (bread kvass, apple cider vinegar) were recommended. Pathogenetic cycles
employed trypsin and papain for proteolytic enhancement, combined with Turkestan bedstraw and
loose-leaved zhantak decoctions for additional acidification. Diuretic cycles utilized herbal
preparations with proven efficacy (cystenal, urolesan) while monitoring for excessive alkalization of
urine.

Statistical Analysis. Data were analyzed using descriptive statistics (frequencies,
percentages, mean + standard deviation). Comparison of recurrence rates and disability metrics
between treatment and control groups was performed using chi-square tests. Significance was set at
p < 0.05. Analysis was conducted using standard statistical software.

Pathophysiological basis of metaphylaxis. The following section synthesizes the
proteolysis—ion theory as the conceptual framework underpinning the metaphylaxis protocols:

1. Urine as a Biological Medium: Urine is not a passive transport fluid but a biologically
active medium containing dissolved electrolytes, proteins, and biologically active substances
including enzymes, enzyme inhibitors, and their activators. Proteolytic enzymes in urine (including
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trypsin, pepsin, cathepsins, and leucine aminopeptidase) continuously act on urinary proteins,
maintaining them in a finely dispersed colloidal state, preventing gel formation and stone nidus
development [11].

2. Proteolysis Index: The degree of urinary proteolysis can be expressed mathematically as:
P = PA/(1 x B), where P is the proteolysis index, PA is proteolytic activity, | represents protease
inhibitor concentration, and B is urinary protein concentration. In nephrolithiasis patients, this index
Is significantly reduced, indicating a deficiency of proteolytic activity relative to protease inhibitors
and protein substrate. This deficiency represents the primary biochemical abnormality in stone-
forming patients [11].

3. Role of Urine pH: Urine pH functions as a "universal factor" determining both the optimal
pH for specific enzymes and the solubility products of different salts. Each proteolytic enzyme has a
distinct pH optimum: pepsin functions optimally at pH 5.7, while trypsin shows peak activity at pH
8.0. Stone formation occurs preferentially at specific pH ranges: urate stones form at pH < 5.7,
calcium oxalate stones at pH 5.8-6.5, and phosphoric acid stones at pH > 7.0. Thus, correction of
urine pH toward suboptimal ranges for specific lithogenic salts, combined with enhancement of
enzyme activity at that pH, simultaneously suppresses both salt crystallization and organic matrix
formation [11, 16].

4. Stone Crisis Concept: The "stone crisis™ is a temporal window during which individual
protein gel particles grow to sufficient size that interactions between oppositely charged particles
and gravity lead to adsorption of salt crystals onto the gel surface, forming the initial microlith. This
IS not a momentary event but a period of hours to days. Interventions that enhance proteolysis and
optimize pH during this window can prevent microlith formation or, if microliths exist, prevent their
growth into clinically significant stones [11, 16].

Results

Demographic Characteristics. The treatment group (n=500) had a mean age of 45.3 + 12.1
years (range 22—78), with 62% male and 38% female predominance. Stone composition distribution:
urate stones (18%), calcium oxalate (54%), and phosphoric acid (28%). The control group (n=150)
had comparable demographic characteristics and stone composition distribution. Overall follow-up
period ranged from 12 to 144 months, with mean follow-up of 36 + 24 months in the treatment
group and 32 + 22 months in controls.

Primary Outcomes: Recurrence Rates. Recurrence rates differed dramatically between
groups:

e Treatment group: 13% (65/500 patients)

e Control group (conventional therapy): 62.7% (94/150 patients)

e Relative risk reduction: 79.3%

Stone-free rates at 12 months: treatment group 95% vs. control 71% (p < 0.001).
Symptomatic recurrence (painful episodes requiring intervention) occurred in 8% of treatment group
vs. 48% of controls at 12-month follow-up.
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Secondary Outcomes: Disability and Morbidity Reduction. Disability metrics (measured
as days of lost work capacity per year) decreased significantly in the treatment group: from baseline
average of 24.3 + 8.1 days/year to 16.2 + 7.3 days/year at 12-month follow-up, representing a 33.4%
reduction (p < 0.01). The control group showed minimal improvement (from 25.1 = 7.9 to 21.8 + 8.4
days/year, 13.2% reduction). Overall, disability reduction in the treatment group was 1.5-fold
greater than in controls. Hospital readmissions for acute pyelonephritis decreased from 2.1 £+ 1.3
admissions per 100 patients per year (baseline) to 0.4 &+ 0.6 (treatment) vs. 1.8 + 1.1 in controls at 12
months.

Urinary Laboratory Parameters. Mean urine pH achieved in treatment group by end of
therapy: Urate stone patients, 6.45 = 0.23; Calcium oxalate patients, 6.12 = 0.31; Phosphoric acid
patients, 5.96 = 0.43. Proteolytic activity (measured as caseinolytic units) increased significantly
from baseline in all treatment groups. Urine protein concentrations normalized in 78% of patients.
24-hour urine lithogenic substance concentrations decreased: calcium reduction 21.4% (treatment)
vs. 3.2% (control); oxalate reduction 18.7% vs. 2.8%; uric acid reduction 24.1% vs. 4.3% (all p <
0.01).

Diuresis increased by mean 34% in treatment group patients (from 1.8 £ 0.6 L/day to 2.4 +
0.5 L/day) compared to 8% increase in controls, reflecting both herbal diuretic effects and improved
patient compliance with hydration recommendations.

Safety Profile and Adverse Events. The treatment protocol was well-tolerated with
minimal adverse events. Minor gastrointestinal symptoms (mild nausea, diarrhea) were reported in
4.2% of patients on camel thorn preparations and resolved with dose adjustment. No serious adverse
events or hospitalizations attributable to herbal preparations occurred. Allergic reactions to plant
materials were reported in 1.3% of patients and managed through product substitution. Compliance
with the 12-month protocol was 87% in the treatment group, significantly higher than conventional
therapy compliance (42%) in controls.

Discussion. This 12-year prospective study represents one of the most comprehensive
evaluations of pathogenesis-based metaphylaxis for recurrent nephrolithiasis. The dramatic
reduction in recurrence rates (13% vs. 62.7% in controls) and the marked improvement in disability
metrics provide compelling evidence supporting the validity of the proteolysis—ion theory as a
practical framework for therapeutic intervention.

Novelty and Innovation. This is the first systematic study to demonstrate that herbal
preparations from endemic medicinal plants can effectively modulate the two primary pathogenic
factors in stone formation: urinary proteolysis and pH. The study validates traditional botanical uses
within a rigorous scientific framework and demonstrates that traditional medicine and modern
pathophysiology are not mutually exclusive. The regional focus on Southern Kazakhstan flora—
specifically camel thorn, Turkestan bedstraw, and endemic mineral waters—provides a model for
developing regionally-adapted, culturally-relevant therapeutic approaches.

Mechanistic Basis of Efficacy. Camel thorn contains high concentrations of tannins and
polyphenolic compounds with documented proteolytic enzyme activity and mild acidifying
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properties. Turkestan bedstraw contains mucilaginous compounds and organic acids that enhance
proteolytic activity and pH regulation. Kumiss, produced through fermentation of mare's milk,
contains naturally occurring proteolytic bacteria, lactic acid bacteria with antimicrobial properties,
and organic acids that collectively support urine acidification and proteolysis. These natural
mechanisms directly target the pathogenic abnormalities identified by the proteolysis—ion theory,
explaining the clinical efficacy observed.

Differentiation by Stone Type. A major strength of this approach is the differentiation of
therapeutic protocols by mineral composition of the stone. This differs from conventional
approaches that apply uniform therapy to all stone-formers. The protocols specifically tailor
interventions to the optimal pH and enzymatic environment for each stone type: urate stones require
alkalinization; calcium oxalate stones require modest acidification with enhanced proteolysis;
phosphoric acid stones (the most treatment-resistant) require aggressive acidification and profound
proteolytic enhancement. This pathogenetic precision substantially improves outcomes compared to
generic approaches.

Clinical Significance and Public Health Implications. The 79.3% relative risk reduction in
recurrence rates represents a substantial improvement in clinical outcomes. More importantly, the
reduction in disability rates (1.5-fold improvement) and hospital readmissions directly impacts
quality of life and healthcare system burden. Given that nephrolithiasis carries an enormous
economic burden globally, and that conventional therapies often fail particularly for phosphoric acid
stones, this evidence-based integration of traditional remedies offers practical solutions for resource-
limited settings and complements available pharmacological approaches. The high compliance rate
(87%) in the treatment group versus conventional therapy (42%) reflects both improved tolerability
and the cultural relevance of using traditional beverages and plants.

Limitations and Future Directions. While the study's prospective design and large sample
size represent significant strengths, several limitations warrant acknowledgment. First, the study
lacks a true randomized controlled design; however, the comparable baseline characteristics and
concurrent control group mitigate this limitation. Second, regional specificity of endemic plants
limits direct applicability outside Southern Kazakhstan, though the pathophysiological principles are
universally applicable. Third, standardization of herbal preparations varied slightly across the 12-
year study period due to seasonal and geographic variability; this limitation actually strengthens the
findings by demonstrating efficacy despite such variability. Future studies should include: (1)
randomized controlled trials comparing specific herbal preparations with placebo; (2) chemical and
pharmacokinetic characterization of active compounds in endemic plants; (3) evaluation of efficacy
in diverse geographic populations; (4) investigation of potential synergistic effects between different
herbal combinations; and (5) long-term follow-up extending beyond 12 years to assess sustained
efficacy and identify late recurrences.

Conclusions.

1. Recurrent nephrolithiasis, particularly phosphoric acid stones, remains a formidable
clinical challenge. This study demonstrates that a comprehensive, pathogenesis-based metaphylaxis
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protocol utilizing endemic medicinal plants, traditional beverages, and mineral waters achieves
unprecedented reductions in recurrence rates (13% vs. 62.7% with conventional therapy).

2. The proteolysis—ion theory provides a unifying pathophysiological framework explaining
both normal and pathological states in urolithiasis. This theory-driven approach permits rational,
targeted therapeutic interventions that simultaneously address the two fundamental pathogenic
mechanisms.

3. Differentiated protocols based on stone type mineral composition significantly improve
outcomes compared to generic approaches. This precision medicine model should become standard
practice in metaphylaxis.

4. Integration of evidence-based traditional medicine with modern urological science
demonstrates that therapeutic efficacy and scientific rigor are not mutually exclusive. Regional
botanical resources should be systematically evaluated in their relevant geographic and cultural
contexts.

5. The marked improvement in disability reduction and hospital readmission rates
underscores the clinical significance and public health relevance of these findings, particularly for
resource-limited healthcare settings.

6. Implementation of these protocols in urology practices throughout the region and beyond,
supported by continued research to characterize active compounds and mechanisms of action,
promises substantial improvements in patient outcomes and quality of life.
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ASSOCIATION BETWEEN FIRST-TRIMESTER SERUM 25-HYDROXYVITAMIN D
LEVELS AND ADVERSE MATERNAL AND PREGNANCY OUTCOMES

Turymbekova R.E. "=, Moldaliyev 1.S. “=', Kyrykbayeva S.S.
Khoja Akhmet Yassawi International Kazakh-Turkish University, Faculty of Higher Postgraduate
Medical Education (Turkistan, Kazakhstan)

Abstract. Vitamin D deficiency is a widespread public health problem, particularly among
pregnant women, and may be associated with an increased risk of adverse pregnancy outcomes.
The aim of this systematic review was to evaluate the association between first-trimester serum
25-hydroxyvitamin D [25(OH)D] levels and adverse maternal and pregnancy outcomes.

A systematic literature review was conducted using PubMed, Scopus, Web of Science, and
Google Scholar databases. A total of 27 studies that met the inclusion criteria were analyzed. The
prevalence of vitamin D deficiency among pregnant women ranged from 52.8% to 84%,
depending on the population, geographic region, and diagnostic threshold used. Several included
studies reported an association between low first-trimester 25(OH)D levels and an increased risk
of preeclampsia, gestational diabetes mellitus, and preterm birth. Vitamin D deficiency below 20
ng/mL was associated with a higher risk of preeclampsia in some studies, while adjusted analyses
also indicated an increased risk of gestational diabetes mellitus. Low vitamin D levels were
additionally associated with shorter gestational duration and a higher probability of preterm birth.

The findings suggest that vitamin D deficiency in early pregnancy may be considered a
potentially modifiable factor associated with adverse maternal and pregnancy outcomes. Early
assessment of vitamin D status may help identify women at increased obstetric risk. However,
further well-designed prospective studies and randomized controlled trials are needed to confirm
the effectiveness of early correction strategies.

Keywords: vitamin D deficiency, 25(OH)D, pregnancy, preeclampsia, gestational diabetes
mellitus, preterm birth

AKYKTIJIIKTIH BIPIHIOI TPUMECTPIHAEI'T 25-THIPOKCUBUTAMMH D
JIEHT'EWI MEH KAFBIMCbI3 AHAJIBIK )KOHE )KYKTLJIIK HOTHUXKEJIEPI
APACBIHJIAT Bl BAMJIAHBIC

TypbimoexoBa P.E., Moananues U.C., Knipbikbaesa C.C.
Koowca Axmem HAcayu amvinoazvr Xanvikapanvlk kazax-mypik yrueepcumemi sKozapwl
MeOUYUHANBIK OK) OPHBIHAH Kelinel Oinim oepy gaxyromemi (Typkicman, Kazaxcman)

Anparna. D 1opyMeHiHIH TallIbUIBIFBl KOFAMJIBIK JEHCAYJIBIK CAKTayJbIH KEH TapaliFaH
MoceienepiniH 0ipi 601bII TaObLIaAbI XKOHE dcipece KYKTI olernep apackiHaa xui keznecei. by
XKaraal KYKTUTIKTIH KaFbIMCBI3 HOTHDKEJEPIHIH JAaMy KayHiMeH OalaaHbICThl OOJIYbl MYMKIH.
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Ocpl JKy#eni MOy IbIH MaKCaThl — XKYKTUIIKTIH OipiHII TPUMECTPIHJIET1 KaH CapbICYbIHAAFHI 25-
ruapokcuButaMuH D [25(OH)D] nmenreiii MeH KaFbIMCBI3 aHAJIBIK KOHE XYKTIIIK HOTHXKeENepi
apachIHIaFbl OAlIaHBICTHI OaFanay.

PubMed, Scopus, Web of Science xone Google Scholar nepexkkopiiapsr 6oibIHIIA KYyiiem
onebu oy xyprizingi. Kocy kputepuitnepine colikec kenareH 27 3epTrey Taiganasl. JKykTi
oiieniep apachiHaa D mopyMeHI TaNIIbUIBIFBIHBIH —Tapaixybl 3€pTTEITreH MOIYJISIUSFa,
reorpadusUIbIK aiiMaKKa >KoHE KOJIJaHBUIFaH JUArHOCTUKAJBIK IIEKKe OaitnaHbicThl 52,8%-maH
84%-ra neitin e3repai. bipkarap 3eprreynepae Oipinmn Tpumectpaeri 25(OH)D nenreitinin
TOMEH OOJIybl NMPE3KJIAMIICHS, TeCTAUMSIBIK KaHT nuabeTi jkoHe Mep3iMiHeH OypbIH OocaHy
KayIiHiH )XOFapblIaybIMeH OaitnanbICThl ekeHi kepceTinren. 25(OH)D nenreitinin 20 Hr/mi-neH
TeMeH OO0Tybl KeHOip 3epTTeysepie MPedKIaMIICHs KayImiHIH apTybIMEH OaiJIaHBICTBI OOJIBI, all
TY3€TUITEH TajIayyap recTalrsuIbIK KaHT Tua0eTi KayIiHiH )KorapbUIaybiH 1a kepceTTi. COHbIMEH
Karap, D mopyMeHiHIH TOMEH JEHIeWl »KYKTUIIK Mep3iMiHIH KbICKapybIMEH JXOHE Mep3iMiHEH
OypbIH 00CaHy BIKTUMAJIIBIFBIHBIH apTYbIMEH OaiIaHbICThI OOJIJIBI.

AJBIHFaH HOTHIKEJIEp epTe KYKTUIIK Ke3eHiHAeri D aopyMeHi TalibUIbIFBIH KaFbIMCBI3
AHAJIBIK JKOHE KYKTLIIK HOTHXKeNepiMeH OailIaHBICTBI BIKTUMANl ©3TepTUIeTiH (hakTop peTiHzae
KapacThIpyFa OOJIaTBIHBIH KepceTenmi. D mopyMeHi AeHrediH epre Oaranay akymepiik Kayil
JKOFaphl SHeNepAl aHbIKTayFa MYMKIHJIIK Oepyl MyMKiH. JlereHMeH, epTe Ty3eTy IapaiapblHbIH
TUIMIUTITIH ~ HaKThUIAy YIIIH J>KakKChl JKOCHApliaHFaH TMPOCHEKTHUBTI 3€pTTeyiep MeH
paHIOMHU3AlMSIIAHFaH OAKBUTAHATHIH 3EPTTEYIICP KAKET.

Tyiiin ce3gep: D nmopymeni tammbuieirel, 25(OH)D, kyKTinmik, mDpesKiIamMIcus,
recTalUsIIBIK KaHT 1uadeTi, Mep3iMiHeH OypbIH O0caHy

CBA3b MEXAY YPOBHEM 25-T'HIPOKCUBUTAMMUWHA D B IIEPBOM
TPUMECTPE U HEBJIAT'OITPUATHBIMU MATEPUHCKUMHU U AKYIIEPCKUMUA
NCXOJAMH

TypbimoexoBa P.E., Moananues U.C., KnipbikbaeBa C.C.
MesicoynapooHulil kazaxcko-mypeyxuil yHugepcumem umeHu Xooxca Axmeod fAcasu @axynomem
8bICULE20 MEOUYUHCKO20 NOCIe8Y308¢cK020 obpasosanus (Typrecman, Kazaxcman)

Annoranus. Jlepunur BuramuHa D sBiseTcs mUPOKO pacmpocTpaHEHHOW TPoOIeMoit
0OLIECTBEHHOI'O 3/IpaBOOXPAHEHHSI U OCOOEHHO YaCTO BCTPEUaeTCs Cper OEpEMEHHBIX KEHILHH.
JlanHO€ cOCTOSIHME MOKET OBITh CBSA3aHO C MOBBIIIEHHBIM PUCKOM HEOJIAroNnpHUsTHBIX MCXO/0B
6epemeHHOCTH. Llenpl0 HACTOAIIET0 CHCTEMATHYECKOro 0030pa OBIJIO OLEHHUTH CBA3b MEXKIY
ypoBHeM 25-ruapokcuButamuHa D [25(OH)D] B mnepBom Tpumectpe O€peMEHHOCTH H
HEeOJIaronpUsATHBIMA MAaTEPUHCKUMHU U aKYIIEPCKUMH HCXOAaMHU.

[TpoBenén cucreMaTHueCcKuii 0030p JIUTEPATYPHI C UCIOIb30BaHUEM 0a3 TaHHBIX PubMed,
Scopus, Web of Science u Google Scholar. B ananu3 Obuti BiiIOYeHBI 27 WCCIEAOBaHUH,
COOTBETCTBYIOIIMX KpHUTepusiM otOopa. PacmpoctpanéHHocTh nedunura ButamuHa D cpenu
OepeMEeHHBIX JKEHIIUWH BapbupoBaia ot 52,8% 10 84% B 3aBUCHMOCTH OT HCCIEAyEeMOM
MOMYJSIIIMK, TeorpadUyecKoro peruioHa U NpUMEHSEeMOro JuarHoctudeckoro mnopora. B psae
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BKJIIOYEHHBIX Ucciea0BaHui HU3kui ypoBeHb 25(OH)D B nepBoM TpuMecTpe acCOLIMUPOBAIICS C
MOBBIIICHHBIM PUCKOM MPEIKIAMIICHH, T€CTAlMOHHOTO CaXapHoro AuadeTa U MpexaeBpeMEHHbIX
ponoB. Jlebuuut Butamuna D Hike 20 HI/MIJI B OTAENBHBIX UCCIEIOBAaHUSAX ObLI CBA3aH ¢ Oolee
BBICOKHM PHUCKOM IIPEIKIIAMIICHH, & CKOPPEKTUPOBAHHBIN aHAIN3 TAKkKe YKa3bIBaJl HA YBEIHUCHUE
pHCKa TrecTallMOHHOrO caxapHoro auabera. Huskuii ypoBeHb BHUTamMHHA D JOMONMHUTEIHHO
aCCOLIMMPOBAJICS. C COKpAlllEHUEM CpOKa TeCTallud U  TOBBIIIEHHON  BEPOSTHOCTHIO
IPEXKIEBPEMEHHBIX POJIOB.

[Tony4yeHHbIe JaHHBIE TTO3BOJIIOT PACCMATPUBATh Ae(HUIUT BUTaMHHA D Ha paHHUX CpOKax
0epeMEeHHOCTH KaK MOTEHIIHATLHO MOAU(DULIMpPYEMBIi (haKTOp, CBA3aHHBINA ¢ HEOIATONIPUATHBIMU
MAaTePUHCKHUMH M AaKyIIEpCKUMH HCXOAaMu. PaHHss oLeHKa craTyca BUTaMuHa D MoxeT
CI0COOCTBOBATH BBISIBJICHUIO KEHIIKH C MOBBIIICHHBIM aKyIIEPCKUM pUcKoM. BMecTe ¢ Tem anst
noATBepkIeHUs 3 (HEKTUBHOCTH PAHHUX KOPPEKTUPYIOLIUX MEPONPUATUN HEOOXOTUMBI XOPOIIIO
CIUTAHUPOBAHHbIE MPOCTIEKTUBHBIC U PAHIOMU3UPOBAHHBIE KOHTPOIUPYEMbIE UCCIIETOBAHUS.

KualoueBbie ciaoBa: neduuur ButammuHa D, 25(OH)D, GepemeHHOCTh, MpedKIaMIICHs,
recTallMOHHBIN CaxapHBIA AUa0eT, MPEKICBPEMEHHBIE POIBI.

Introduction. Vitamin D deficiency is widely recognized as a global public health problem
and remains particularly relevant during pregnancy. Pregnant women are considered a vulnerable
group because maternal vitamin D status influences not only calcium and phosphorus metabolism,
but also immune regulation, placental development, vascular function, and metabolic homeostasis.
According to recent studies, the prevalence of 25-hydroxyvitamin D [25(OH)D] insufficiency and
deficiency among pregnant women remains high in many regions of the world and may vary
depending on geographic latitude, season, ethnicity, nutritional habits, clothing style, sun
exposure, and socioeconomic factors (Abbasalizadeh et al., 2025; Ku et al., 2024; Varthaliti et al.,
2025).

During pregnancy, vitamin D plays an important role in maintaining maternal and fetal
health. Its biological effects are mediated through vitamin D receptors and the enzyme la-
hydroxylase, which are expressed in placental and decidual tissues. These mechanisms are
especially important in early pregnancy, when implantation, trophoblast invasion, spiral artery
remodeling, and placental vascular development take place. Adequate vitamin D status may
contribute to immune tolerance at the maternal-fetal interface, regulation of inflammatory
responses, and normal angiogenesis. Therefore, vitamin D deficiency during the first trimester
may theoretically affect key processes involved in the development of adverse pregnancy
outcomes, including preeclampsia, gestational diabetes mellitus, and preterm birth (Mansur et al.,
2022; Giourga et al., 2023; Al Balawi et al., 2024; Chen et al., 2024).

The association between low maternal 25(OH)D levels and adverse obstetric outcomes has
been widely discussed in the literature. Several observational studies have reported that vitamin D
deficiency is associated with an increased risk of preeclampsia, gestational diabetes mellitus,
hypertensive disorders of pregnancy, and preterm birth (Das et al., 2021; Reverzani et al., 2025).
However, the available evidence remains inconsistent. Some randomized controlled trials and
intervention studies have not demonstrated clear or uniform benefits of vitamin D supplementation
in preventing pregnancy complications. These discrepancies may be explained by differences in
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study design, baseline vitamin D status, supplementation dose, timing of intervention, population
characteristics, and adjustment for confounding factors such as body mass index, seasonality, diet,
and ethnicity (Dahma et al., 2023; lbrahim et al., 2022; Ku et al., 2024).

An important methodological issue is that many studies assess vitamin D status in the second
or third trimester, when pathological processes leading to adverse outcomes may already be
established. This limits the ability to determine whether low vitamin D levels are a contributing
factor or a consequence of ongoing pregnancy complications. In this regard, the first trimester
represents a critical window for investigation, as placentation, vascular adaptation, and early
metabolic changes occur during this period. Assessment of 25(OH)D levels in early pregnancy
may therefore provide more clinically meaningful information for identifying women at increased
obstetric risk (Malm et al., 2023; Alkhalaf et al., 2026; Beck et al., 2025).

Despite the growing number of studies on vitamin D and pregnancy outcomes, evidence on
first-trimester vitamin D status remains limited and heterogeneous, particularly in relation to
region-specific populations. This is especially relevant for Central Asian countries, including
Kazakhstan, where local epidemiological data on vitamin D deficiency among pregnant women
and its association with maternal outcomes remain insufficient. A better understanding of this
association may contribute to the development of more targeted antenatal screening and prevention
strategies.

Objective. The objective of this systematic review was to evaluate the association between
first-trimester serum 25-hydroxyvitamin D [25(OH)D] levels and the risk of adverse maternal and
pregnancy outcomes, with a particular focus on preeclampsia, gestational diabetes mellitus,
hypertensive disorders of pregnancy, and preterm birth.

Materials and Methods

Study Design. This study was designed as a systematic review with elements of qualitative
evidence synthesis. The review focused on studies investigating the relationship between maternal
serum 25-hydroxyvitamin D [25(OH)D] levels measured during the first trimester of pregnancy
and the subsequent development of adverse maternal and pregnancy outcomes.

The methodological approach was developed in accordance with the PRISMA 2020
statement for reporting systematic reviews. Given the heterogeneity of the included studies in
terms of design, population characteristics, definitions of vitamin D deficiency, outcome measures,
and statistical reporting, a quantitative meta-analysis was not performed. Instead, the findings were
summarized using a narrative synthesis approach.

This design was selected to provide a structured and clinically meaningful overview of the
available evidence, while taking into account methodological differences between the included
studies.

Literature Search Strategy. A comprehensive literature search was conducted in the
electronic databases PubMed, Scopus, Web of Science, and Google Scholar. The search was
performed from April 13 to April 25, 2026.

The search strategy included combinations of keywords and Boolean operators related to
vitamin D status, early pregnancy, and adverse maternal outcomes. The following terms and their
combinations were used: “vitamin D,” “25-hydroxyvitamin D,” “25(OH)D,” “pregnancy,” “first
trimester,” “early pregnancy,” ‘“maternal outcomes,” ‘“adverse pregnancy outcomes,”
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“preeclampsia,” “gestational diabetes mellitus,” “hypertensive disorders of pregnancy,” and
“preterm birth.”

The search was limited to studies published in English and conducted in human populations.
Additional relevant articles were identified through manual screening of reference lists of selected
publications where appropriate.

Inclusion and Exclusion Criteria. Studies were included in the review if they met the
following criteria:

1. original research articles, including cohort studies, case-control studies, cross-sectional
studies, and randomized controlled trials;

2. assessment of maternal serum 25(OH)D levels during the first trimester of pregnancy or
early pregnancy;

3. analysis of adverse maternal or pregnancy outcomes, including preeclampsia, gestational
diabetes mellitus, hypertensive disorders of pregnancy, preterm birth, or related obstetric
complications;

4. availability of full-text articles;

5. clear description of vitamin D status or diagnostic thresholds used to define deficiency or
insufficiency.

Studies were excluded if they met any of the following criteria:

1. review articles, systematic reviews, meta-analyses, editorials, letters, comments, or case
reports;

2. studies that did not clearly define vitamin D status or did not report serum 25(OH)D levels;

3. studies in which vitamin D levels were assessed only in the second or third trimester
without separate first-trimester data;

4. studies with insufficient information on maternal or pregnancy outcomes;

5. duplicate publications or studies reporting overlapping data from the same population.

Original studies were included in the synthesis; review articles were used only for background
context where relevant.

Study Selection. The study selection process was conducted in accordance with the
PRISMA 2020 flow approach. The initial search identified 140 publications. After removing
duplicates, 128 records remained. During title and abstract screening, 52 studies were excluded
because they did not meet the inclusion criteria. Full-text assessment was conducted for 76 articles,
of which 49 were excluded due to methodological limitations, absence of relevant first-trimester
data, insufficient outcome information, or lack of clear definition of vitamin D status. Finally, 27
studies were included in the qualitative synthesis.

Table 1. PRISMA-based study selection process

Stage of selection Number of records
Records identified through database search 140

Records after duplicate removal 128

Records excluded after title/abstract screening 52

Full-text articles assessed for eligibility 76

Full-text articles excluded 49

Studies included in qualitative synthesis 27
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Data Extraction. Data extraction was performed using a structured approach. For each
included study, the following information was collected:

— author and year of publication;

— country and study setting;

— study design;

— sample size and main characteristics of participants;

— gestational age at the time of 25(OH)D assessment;

— serum 25(0OH)D levels;

— cut-off values used to define vitamin D deficiency or insufficiency;

— maternal and pregnancy outcomes assessed,

— statistical measures of association, including odds ratios, adjusted odds ratios, confidence
intervals, and p-values where available;

— key findings and conclusions of the study.

Data extraction was performed independently by two reviewers. Any inconsistencies were
checked and resolved through discussion and verification of the original full-text articles. This
approach was used to minimize selection bias and improve the reliability of the extracted data.

Quality Assessment. The methodological quality of the included studies was assessed using
validated appraisal tools appropriate for each study design. For observational studies, the
Newcastle—Ottawa Scale was used to evaluate the quality of cohort and case-control studies.

The assessment focused on the following domains:

— selection of study participants;

— comparability of study groups;

— adequacy of exposure assessment;

— clarity and validity of outcome measurement;

— adjustment for potential confounding factors;

— completeness of follow-up or outcome data.

Particular attention was given to whether the included studies adjusted for clinically relevant
confounders such as maternal age, body mass index, ethnicity, season of blood sampling, dietary
intake, vitamin D supplementation, socioeconomic status, and comorbid conditions.

The risk of bias was considered when interpreting the findings, especially in studies with
small sample sizes, retrospective design, incomplete adjustment for confounding variables, or
inconsistent definitions of vitamin D deficiency.

Data Synthesis. Due to substantial heterogeneity among the included studies, a qualitative
narrative synthesis was conducted. The included studies differed in terms of population
characteristics, geographic regions, cut-off values for vitamin D deficiency, timing of blood
sampling, outcome definitions, and statistical methods. Therefore, pooling of results in a meta-
analysis was not considered appropriate.

The findings were grouped according to the main categories of adverse outcomes:

1. preeclampsia and hypertensive disorders of pregnancy;
2. gestational diabetes mellitus;
3. preterm birth and gestational duration;
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4. other reported maternal or pregnancy-related outcomes.

Where available, measures of association such as odds ratios, adjusted odds ratios,
confidence intervals, and levels of statistical significance were considered. Greater emphasis was
placed on studies that assessed vitamin D status in the first trimester and adjusted for major
confounding factors.

The synthesis aimed to identify the direction, consistency, and clinical relevance of the
association between early pregnancy vitamin D status and adverse outcomes, rather than to
establish direct causality.

Results. The included studies analyzed pregnant women assessed during early pregnancy,
with first-trimester serum 25-hydroxyvitamin D [25(OH)D] levels reported as the main exposure
variable. Across the studied populations, the mean age of pregnant women ranged from 27.9 to
31.27 years (Abbasalizadeh et al., 2025; Beck et al., 2025). The mean body mass index (BMI)
ranged from 22.16 to 26.6 kg/m?, and in some cohorts a substantial proportion of participants had
normal body weight at the time of registration, reaching up to 71% (Abbasalizadeh et al., 2025;
Beck et al., 2025). The mean gestational age at the initial assessment varied from 9.4 to 11.7 weeks,
indicating that vitamin D status was evaluated during the first trimester, which was the key period
of interest in this review (Abbasalizadeh et al., 2025; Ku et al., 2024).

The prevalence of low vitamin D status among pregnant women was high across the included
studies, although the reported rates differed depending on the population, geographic region, and
cut-off values used to define deficiency or insufficiency. Hypovitaminosis D, defined as serum
25(0H)D levels below 30 ng/mL, reached 52.8% (95% CI: 46.98-58.54) in the Iranian cohort and
up to 84% in the Chinese population (Abbasalizadeh et al., 2025; Wu et al., 2025). Vitamin D
deficiency, defined as serum 25(OH)D levels below 20 ng/mL, was reported in 40.5% of pregnant
women in the Mexican cohort (Arce-Sanchez et al., 2025). The proportion of women with
sufficient vitamin D levels, defined as 25(OH)D > 30 ng/mL, varied from 12.1% to 47.2% during
the first trimester (Abbasalizadeh et al., 2025; Polanek et al., 2024). These findings indicate that
insufficient vitamin D status was common in early pregnancy among the populations included in
the review.

Table 2. Summary of key findings on first-trimester vitamin D status and adverse outcomes

Outcome Reported finding Measure of association Source
Preeclampsia More frequent among women with | Not reported in this row Alkhalaf et al., 2026
vitamin D deficiency: 16.9% vs.
9.6%

Preeclampsia Higher risk among women with |OR: 11.31; 95% CI: 7.60-14.01; |Das et al., 2021
serum 25(OH)D levels <20 ng/mL | p < 0.001

Gestational Diagnosed in 14.4%-24.3% of | Not reported in this row Arce-Sanchez et al,
diabetes mellitus | cases 2025; Aslan Cin et al.,

2022
Gestational Increased odds among women with |aOR: 2.04; 95% CI: 1.14-3.65; p | Arce-Sanchez et al.,
diabetes mellitus | vitamin D  deficiency after | =0.01 2025

adjustment for age and BMI
Gestational Higher risk among women with |OR: 10.60; 95% CI: 2.82-39.76; | Aslan Cin et al., 2022
diabetes mellitus | vitamin D deficiency p <0.001
56

Received: 2.05.2026 / Accepted: 31.07.2026



Yassawi Journal of Health Sciences, Ne2(5), 2026 ISSN-p 3080-8707
ISSN-e 3080-8715

Preterm birth Preterm birth before 37 weeks | Not reported in this row Beck et al., 2025
occurred in 8.3% of cases
Preterm birth Low  first-trimester 25(OH)D |OR: 4.35; 95% CI: 1.14-16.55 Beck et al., 2025
levels < 40 nmol/L were
associated with increased risk

Delivery at < 38 | Associated with serum 25(OH)D |OR:1.611;95% CI: 1.120-2.318; |Chen et al., 2024

weeks levels < 14.7 ng/mL p=0.010

Severe Increased odds among women with |aOR: 2.86; 95% ClI: 1.45-6.08; p | Reverzani et al., 2025
hypertensive vitamin D deficiency =0.003

disorders

Adverse maternal and pregnancy outcomes were reported with varying frequency across the
included studies. Preeclampsia was observed in 10% of cases in the analyzed cohort and occurred
more frequently among women with vitamin D deficiency than among women with normal
vitamin D levels: 16.9% versus 9.6%, respectively (Alkhalaf et al., 2026). Gestational diabetes
mellitus (GDM) was diagnosed in 14.4%—-24.3% of cases, depending on the study population and
diagnostic criteria used (Arce-Sanchez et al., 2025; Aslan Cin et al., 2022). Preterm birth before
37 weeks of gestation was reported in 8.3% of cases (Beck et al., 2025).

The analysis of reported associations showed that low first-trimester 25(0OH)D levels were
associated with a higher risk of several adverse outcomes. In relation to preeclampsia, women with
serum 25(OH)D levels below 20 ng/mL had an 11.3-fold higher risk compared with women with
normal vitamin D levels (OR: 11.31; 95% CI: 7.60-14.01; p < 0.001) (Das et al., 2021). This
finding suggests a strong association between vitamin D deficiency and preeclampsia in the cited
study; however, given the review design and heterogeneity of the included studies, this result
should be interpreted as evidence of association rather than proof of direct causality.

For gestational diabetes mellitus, adjusted analysis also indicated an association with vitamin
D deficiency. In a multivariate logistic regression model adjusted for maternal age and BMI,
vitamin D deficiency was associated with a twofold increase in the odds of GDM (aOR: 2.04; 95%
Cl: 1.14-3.65; p = 0.01) (Arce-Sanchez et al., 2025). In another prospective cohort study
conducted in Turkey, women with vitamin D deficiency had a more than tenfold increased risk of
developing GDM (OR: 10.60; 95% CI: 2.82-39.76; p < 0.001) (Aslan Cin et al., 2022). The
difference in the magnitude of association between studies may reflect variations in study design,
population characteristics, diagnostic thresholds, and adjustment for confounding factors.

Regarding delivery outcomes, low first-trimester 25(OH)D levels were also associated with
shorter gestational duration and a higher risk of preterm birth. Serum 25(0OH)D levels below 40
nmol/L were associated with a 4.35-fold increase in the risk of preterm birth (95% CI: 1.14-16.55)
and with a reduction in gestational duration by an average of 1.17 weeks (Beck et al., 2025). In
addition, serum 25(OH)D levels < 14.7 ng/mL were identified as an independent factor associated
with delivery at < 38 weeks of gestation (OR: 1.611; 95% CI: 1.120-2.318; p = 0.010) (Chen et
al., 2024).

The included studies also reported an association between vitamin D deficiency and
hypertensive disorders of pregnancy. Adjusted analysis demonstrated that vitamin D deficiency
was associated with increased odds of severe hypertensive disorders (aOR: 2.86; 95% CI: 1.45—
6.08; p =0.003) (Reverzani et al., 2025). This supports the possible role of early pregnancy vitamin
D status as a marker of increased obstetric risk, particularly for hypertensive complications.
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Overall, the findings of the included studies consistently suggest that low serum 25(OH)D
levels in the first trimester are associated with an increased risk of preeclampsia, gestational
diabetes mellitus, hypertensive disorders of pregnancy, and preterm birth. However, the strength
of these associations varied across studies. Therefore, the results should be interpreted with
caution, taking into account differences in study design, sample size, definitions of vitamin D
deficiency, timing of assessment, and the extent of adjustment for potential confounding factors.

Limitations. This review has several limitations. First, due to heterogeneity in study designs,
population characteristics, definitions of vitamin D deficiency, and reported outcomes, a
quantitative meta-analysis was not performed. Second, the included studies differed in the extent
of adjustment for potential confounding factors, including maternal age, body mass index,
ethnicity, seasonality, dietary intake, vitamin D supplementation, and socioeconomic status. Third,
most of the available evidence was derived from observational studies, which limits causal
interpretation. Therefore, the findings should be interpreted as evidence of association rather than
definitive proof of causality.

Conclusion. The findings of this study demonstrate a critically high prevalence of vitamin
D deficiency among pregnant women in the first trimester. The results support the hypothesis that
low serum 25(OH)D levels in early pregnancy are associated with an increased risk of
complications such as preeclampsia, gestational diabetes mellitus, hypertensive disorders of
pregnancy, and preterm birth. Vitamin D deficiency may be considered a potentially modifiable
factor associated with increased obstetric risk.

From a public health perspective, these findings support the need to revise antenatal care
protocols toward early screening of vitamin D status. Identifying the first trimester as a critical
window for intervention allows timely nutritional correction, which has important prognostic
implications for reducing maternal morbidity. The implementation of monitoring programs and
personalized vitamin D supplementation strategies may represent a cost-effective approach to
improving perinatal outcomes at the population level.
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DURVALUMAB FOLLOWING SEQUENTIAL MULTIMODAL TREATMENT IN
LIMITED-STAGE SMALL-CELL LUNG CANCER: A REAL-WORLD CASE REPORT OF
SYMPTOM CONTROL AND FUNCTIONAL IMPROVEMENT
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Abstract

Durvalumab is an evidence-based consolidation option for limited-stage small-cell lung cancer
without progression after concurrent platinum-based chemoradiotherapy. Real-world care may
involve sequential treatment, adapted dosing, interruptions, and limited follow-up imaging.

Aim. To describe symptoms, functional recovery, treatment exposure, and safety after
durvalumab following sequential platinum-etoposide chemotherapy and thoracic radiotherapy.

Materials and Methods. This CARE-compliant report reviewed the clinical record, treatment
chronology, imaging, ECOG performance status (ECOG PS), symptoms, and adverse events. Written
informed consent was obtained.

Case Presentation. A 54-year-old current non-smoker with minimal remote tobacco exposure
had right-lung small-cell carcinoma recorded as cT2aN1MO, stage 1I1B. Non-contrast brain MRI on 1
December 2024 reported no intracranial mass. He received six courses of platinum-etoposide followed
by sequential thoracic radiotherapy (60 Gy). Durvalumab 500 mg was administered intravenously
every 2 weeks. Six infusions were delivered from 3 February to 5 June 2026, with a 66-day gap
between infusions 4 and 5.

Results. Cough, exertional dyspnea, and chest pain decreased, while ECOG PS improved from
2 to 1. Grade 1 pruritus was managed symptomatically; no grade 3—4 immune-related adverse events
were documented. Interim '® F-FDG PET/CT after four infusions showed predominantly post-
radiation thoracic changes and new metabolically active foci in the left acetabulum and C7 vertebral
body. Possible progression remained unconfirmed because dedicated follow-up imaging and
RECIST-compatible measurements were unavailable. Baseline brain MRI did not report metastases,
but sensitivity was limited without contrast and no post-treatment brain imaging was available.
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Conclusion. Durvalumab was accompanied by symptomatic and functional improvement with
acceptable short-term tolerability. PET/CT did not establish an objective response and revealed
indeterminate osseous foci requiring confirmation. This case describes treatment feasibility and
tolerability but does not demonstrate tumour control or anticancer efficacy.

Keywords: small-cell lung cancer; limited-stage disease; durvalumab; sequential
chemoradiotherapy; immunotherapy; ECOG performance status; symptom control; case report
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Koowca Axmem HAcayu amevinoazel Xanvikapanwix kazax-mypik yHueepcumemi, Cmomamonocus
gaxynomemi (Typxicman, Kazaxcman)®

Anpaarna

[lekTeyni caTbliarbl YCaK >Kacyllaibl ©KIe OObIpbIHAA Oip Me3riije >Kypri3uireH IuiaTuHa
HETI31HJEerT XMMHOCOYJeNiK €MHEeH KeliH aypy yaeMmece, AypBalyMaONeH KOHCOIUIALUSIIBIK
TepanusHBIH TUIMALIII JonenneHred. HakTel Toxipubene eMHIH PeTTi KYpri3ulyi, >KeprilikTi
Jo3anay, y3iaictep koHe Oakpliay OeifHeNneyiHiH MeKTeyIUlIr Ke3aecei.

Maxkcartsl. PeTTi miuaTnHa-3Tomo3u1 XUMHOTEPATHSICHl MEH TOPAKaJIbIbl COYJIETIK TepanusiaH
KeWiH aypBaiymal anfaH HAlUEHTTErl CUMITOMJAp AMHAMMKACBIH, (DYHKUIMOHAJIIBIK KaJIIbIHA
KeJy/Il, €M SKCTIO3UIIUSACHIH KOHE KaYIMNCI3IIKTI CUTIATTaYy.

Marepuanmap men omictep. CARE karmpaTtrapbiHa coiikec KIMHHUKAIBIK Ky)KaTTama, €M
XpoHonoruscel, OeitHeney Hotuxkenepi, ECOG crarycsl, CHMOTOMIAp OHE KaFbIMCBI3 KYObUIbICTAP
Tangagasl. [lanuenT iy xa30amia KeaiciMi ajIbIHIbL.

Knunaukansik sxarnail. Kasipri yakpeTTa meknenTiH, OypblH TEMEKiHI 6Te KbICKa KoJAanFaH 54
YKacTarbl €p alaM/1a OH OKIIeHIH ycak >kacymansl o0bipsl cT2aN1MO, 1B catbichl peTiHe TipKereH.
2024 xputFbl 1 xKenToKcaHAarbl KOHTpacTchi3 MU MPT-cbiHIa MHTpaKpaHUATIABIK KOJIEeMIl Ty3idic
cunarrainmarad. [[anedT miaTnHa-3TOMO3UANEH alIThl KypCe XUMUOTEpanusi, KeiiH petti Typae 60
I'p Topakanbibl coynenik Tepanus anabl. JlypBanymad 500 Mr 1o3aaa exi anta caiblH eHrizinal. 2026
KBUTFbI 3 aKmaH MEeH 5 MaychIM apaiblFblHAA ainThl MHQY3US Kacajabl, TOPTIHII jXKOHE OeCiHIi
uH(Yy3us apackiHa 66 KyHAIK y311ic O0JIbI.

Hotwxenep. Xeren, ¢pusukanbIk )KyKTeMeeri €HTIry jKoHe Keyze aybipysl azaiibin, ECOG
cTaTychl 2-1eH 1-re jxakcappl. |-7opesxeri KbIIbIHY CHMOTOMATHKAJIBIK €eMMEH OakbUIaHsl, 3—4
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JopexkeNi UMMYHJIBIK JKaFbIMChI3 KYObLIbICTap Tipkenmeni. Tepr undysusanan keifinri '® F-FDG
[IOT/KT moctcoymenik TopakaibAbl ©3repicTep/i KoHe coll kak aneradymym MeH C7 OMBIpTKa
JIeHeCIHeT] xKaHa MeTaboInKaIbIK Oescen i omakrap sl kepcerti. bakpuiay 6eitneneyi men RECIST
eneMaepi OoNMaraHIbIKTaH, BIKTUMAN yIey pactainMajisl. bacranker mu MPT-ceinga meracras
CHMaTTAJIMAaFaHbIMEH, KOHTPACTChI3 3€PTTEYIH CE3IMTANIIBIFBI HIEKTEYIIi OOJIIbl )KOHE eMHEH KeiiH
MU OeifHeneyi KypriziimMeni.

KopsiTeiHapl. [lypBanymald KoigaHy CHMOTOMIBIK JKOHE (DYHKIMOHAIIBIK >KaKCapyMEH,
COHJIai-aK KbICKa Mep3iMJIi KOJIaiibl keTepiMaitikineHn kartap xypai. [I9T/KT oObeKTHUBTI kayarnThbl
JTIeNieMe]Ti )KQHE pacTaybl KKET eTeTiH CyHeK OIIaKTapblH KepceTTi. by sxaraii emai Kosgany
MYMKIHJIIT1T MEH KOTepIMAUIIriH cuUmaTTaiapl, Oipak iCiKTI OakpUIayIbl HEMEce ICIKKE KapChl
TUIMAUTIKTI 19eaeMe .

Tyilin ce3aep: ycak jxacymanbl ©KIE€ OOBIPBI; IIEKTEYJi caThl; AypBalymald; peTTi
XuUMHOCoyInemk em; ummyHorepanusi; ECOG; cumnromaapabl 6akpiiay; KIMHAKAJIBIK KaFaan

JAYPBAJIYMAB ITOCJIE HOCJIEAOBATEJIBHOI'O MYJIBbTUMOJAJIBHOI'O
JEYEHUWSA ITPH MEJIKOKJIETOUHOM PAKE JIETKOI'O OTPAHUYEHHOM
CTAIMM: KJIMHUYECKHIA CJOYYAN C AKHIEHTOM HA KOHTPOJIb CHMIITOMOB
N ®PYHKIHUMOHAJIBHOE YJIYUYHIIEHUE

A6apamos A.C.., Akrep A.M.>2, Hypaunos H.C.%", Anmeros C.B.},
Mycupaau JI.M.12, Exraii E.E.'2, Ceiicen6aii A.C.?
LLP "Amina Medical Center" (Typxecman, Kazaxcman)*

Medicoynapoonblii kazaxcko-mypeyxkuti yHusepcumem umeHu Xoodca Axmeo fcasu, paxyromem
BbICULIe20 MEOUYUHCKO20 NOCTe6y306CK020 0bpasosanus (ILlvimkenm, Kazaxcman)?
MedicOynapoonblii kazaxcko-mypeyxkutl yHusepcumem umeHu Xoodca Axmeo fcasu, pakyromem
cmomamonozuii (Typxecman, Kazaxcman)®

AHHOTALUA

O(PheKTUBHOCTh KOHCOJHUJAIMK JypBalyMabOM TMpU METKOKJIETOYHOM pake JIETKOTo
OTPaHMYEHHOM CTaJuU [OKa3aHa IpH OTCYTCTBHUM IIPOIPECCUPOBAHUS IIOCIE OJHOBPEMEHHOU
IUIATUHCOJAEPKALEH  XMMHUOJIyYeBOM  Tepanuu. B peasbHOM  NpPakTUKE  BCTPEYAIOTCS
MIOCJIEZIOBATENIBHOE JIEUEHUE, JIOKAIBHBIE CXEMBbl JO3UPOBAaHUSA, IEPEPHIBBI U OTpaHUYCHHAS
BU3yalIu3aLusl.

[lens. Omucarh AMHAMHUKY CHUMIITOMOB, (DYHKIIMOHAJIbHOE BOCCTAaHOBJIEHHE, SKCIIO3HIIMIO
JedeHus: U 0e30MacHOCTh MPU MPUMEHEHHUH JypBaiiymala mocie mocie0BaTeIbHON XUMHUOTEpau
IJIATUHA-3TOIIO3H]T ¥ TOPAKAIIBHOW JTy4E€BOM TEPAITHH.

Marepuanst u meronsl. B coorBerctBum ¢ mpunHiunamu CARE  mpoananmsmupoBaHb
MEIUIIMHCKAs JOKYMEHTAIUsI, XPOHOJIOTHUS JieueHus1, Buzyanu3samus, craryc ECOG, cumnromsl u
He)KeJlaTeNIbHbIE siBJIeHUs. [[oryuyeHo NMCcbMEHHOE corjacue MalueHTa.
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Knuanueckuit ciaydail. Y 54-71eTHEro My>XK4HMHBI, HbIHE HEKYPSIIEro, C MUHHMAaJIbHBIM
KypeHHEeM B aHaMHe3e ObUT 3aperuCTPUpPOBAH MEJIKOKIETOUHBIN pak mpasoro jierkoro CT2aN1MO,
craaus |IB. Ha 6eckontpactHoit MPT ronororo mosra ot 1 nexabpst 2024 roga BHyTpUYEpETHOE
o0beMHOE 00pa3oBaHME HE OmHcaHo. [lanueHT MOoIy4Ms mecTh KypcoB XMMHOTEPAINUH IUIATHHA-
ATOMO3M]I, 3aTeM TIOCIIEIOBATEIbHYIO TOPaKaIbHYIO TydeByro Tepamuto 60 ['p. lypBanymad BBoIMIH
o 500 mr kaxapie nBe Heaenu. C 3 despais mo 5 utons 2026 roja BHITOIHEHO IECTh HHDY3HH, C
66-/1HEBHBIM MEPEPHIBOM MEKIY YETBEPTOU U MATOM.

Pe3ynbrarhl. YMEHbIIWINCH Kalllesb, OABIIIKA MPH HArpy3ke U OoJib B TPYAHOHN KIETKE,
cratryc ECOG ynyummics ¢ 2 1o 1. 3y 1 cTeneHr KOHTPOIMPOBAJICA CUMIITOMAaTHYECKHU, UMMYHHbBIE
HesKeNaTebHbIe ABJICHUS 3—4 CTENEeHU He 3aperucTpupoBaHsl. IIpomesxkyrounas '8 F-FDG IIDT/KT
nociae dYerblpex WHQY3WH MoKas3aja IOCTIyuyeBble W3MEHEHHsS B TPYIHOW KJIETKE U HOBBIC
MeTa0OJIMYECKH aKTUBHBIE OYard B JIGBOM BEPTIYKHOHM BrajuHe U Tese nmo3BoHka C7. Bo3moxkHoe
IIPOrPECCUPOBAHUE HE MOATBEPHKACHO U3-32 OTCYTCTBUS KOHTPOJIBHONW BU3yaJIU3alluMi U U3MEPEHUM
no RECIST. Ha wucxomnoii MPT wmeracta3sl He OINHWCaHBI, OJHAKO YYBCTBHTEIBHOCTDH
OECKOHTPACTHOT'O UCCIIEIOBaHMSI OblJIa OTPaHUYCHA U BU3YyaIHM3allHs MOCJe JeUeHUsl OTCYTCTBOBAIA.

3akmouenue. JlypBaiyma® compoBOXIaiCcs CHUMOTOMAaTHYECKMM M (YHKIIMOHATHHBIM
yIydllIeHueM TpHU TmpuemieMol Kpatkocpounoit mnepenocumoctu. [IDT/KT we mnoareepamna
OOBEKTUBHBII OTBET W BBISIBUJIA HEOMpPENEICHHbIE KOCTHBIE ouyard, TpeOyromue BepuduKarim.
Crnyuall XxapakTepu3yeT OCYHIECTBUMOCTb U IEPEHOCUMOCTD JIEYEHMSI, HO HE JOKa3bIBa€T KOHTPOJIb
OITYXOJIU HJTU TMIPOTUBOOIYXO0JIEBYIO 3()(hEeKTUBHOCTB.

KiiioueBbie c¢j10Ba: MEIKOKJIETOYHBIA paK JIETKOT0; OrpaHUYEHHAas CTaausl; TypBaymao;
nocJie/IoBaTeIbHasl XUMUONyueBass Ttepamus; uMmmyHotepanus; ECOG; KOHTpOIb CHMIITOMOB;
KIIMHUYECKUH CITy4au.

Introduction

Small-cell lung cancer (SCLC) is an aggressive thoracic malignancy characterized by rapid
growth, early dissemination, and a high probability of relapse despite initial chemosensitivity [1-3].
In limited-stage disease, platinum-etoposide chemotherapy combined with thoracic radiotherapy
remains the foundation of curative-intent treatment, although the optimal sequence and timing depend
on clinical fitness, local resources, and treatment access [3,4].

Immune-checkpoint inhibition has reshaped the SCLC treatment landscape. In extensive-stage
disease, the CASPIAN program established a survival benefit from adding durvalumab to platinum-
etoposide [5,6]. More recently, the phase 3 ADRIATIC trial showed that durvalumab after concurrent
chemoradiotherapy prolonged overall and progression-free survival in patients with LS-SCLC whose
disease had not progressed [7]. Current US labeling recommends durvalumab 1,500 mg every 4 weeks
for patients weighing at least 30 kg, for up to 24 months, after concurrent platinum-based
chemotherapy and radiotherapy [8]. Patient-reported outcome data from ADRIATIC further indicate
that this strategy does not compromise global health status, functioning, or symptom burden compared
with placebo [9].

The patient described here differs materially from the pivotal-trial population: chemotherapy and
radiotherapy were delivered sequentially, durvalumab was administered using a local weight-based
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schedule, and treatment exposure was interrupted. An interim PET/CT was available after durvalumab
initiation, but it did not permit a standardized objective response assessment. The purpose of this
report is therefore not to claim efficacy, but to provide a transparent account of treatment delivery,
symptom evolution, functional status, safety, and the available imaging findings in routine clinical
practice. A previously published case from the same regional setting similarly highlighted the
influence of diagnostic access and real-world treatment constraints on thoracic oncology care [10].

Materials and Methods

This manuscript is a descriptive clinical case report based on the available medical record,
including chest and brain radiology reports, bronchoscopy and pathology documentation,
multidisciplinary team decisions, treatment-administration records, and follow-up clinical notes. The
report was structured according to the CARE case-report guideline [11].

Functional status was summarized using ECOG PS. Adverse events were graded using Common
Terminology Criteria for Adverse Events (CTCAE) version 5.0 when sufficient clinical detail was
available [12]. Formal EORTC QLQ-C30 questionnaires were not administered serially; accordingly,
quality-of-life statements are restricted to documented symptoms and functional status rather than
quantitative patient-reported outcomes [13].

Serial RECIST-compatible target-lesion measurements were not available. An interim '® F-FDG
PET/CT was performed after durvalumab initiation, but the report did not provide sufficient
quantitative lesion measurements or metabolic parameters for a standardized response assessment. A
RECIST 1.1 response category was therefore not assigned [14]. The term clinical stability is used only
to reproduce the pre-durvalumab clinical-record interpretation and should not be read as an
independently adjudicated radiological response.

The case was prepared within an institutional oncology research framework approved by the
Ethics Committee of Khoja Ahmed Yasawi International Kazakh-Turkish University (Protocol No.
46, 22 October 2025). The patient provided written informed consent for publication of anonymized
clinical information and images.

Case Presentation

Initial presentation and diagnostic work-up

At the time of the initial radiological diagnosis, the patient was a 54-year-old man who reported
marked generalized weakness, persistent dry cough, and pain in the right hemithorax. ECOG PS was
2. He reported smoking for approximately one month at the age of 20 and no tobacco use thereafter;
he was a current non-smoker at presentation.

Screening fluorography in November 2024 showed enlargement of the right lung root. Contrast-
enhanced chest CT on 28 November 2024 demonstrated a central lesion in the right hilar/upper-lobe
region and described thoracic lymphadenopathy. Video bronchoscopy on 30 January 2025 showed
extrinsic compression of the right upper-lobe bronchus and right main bronchus. Histological
examination of biopsy material No. 1784-85 confirmed small-cell carcinoma.

The clinical chart recorded the diagnosis as right-lung SCLC, cT2aN1MO, stage II1B. The original
nodal-station measurements were not available for independent re-adjudication. Non-contrast brain
MRI on 1 December 2024 showed no intracranial mass, perifocal oedema, or diffusion restriction;
only small chronic-appearing white-matter foci and periventricular changes were described. No
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intracranial metastasis was reported. However, the absence of gadolinium contrast limited sensitivity
for small metastases, and the intracranial component of MO could not be verified with a contrast-
enhanced staging study.

Multimodal treatment before durvalumab

Following multidisciplinary review (MDT decision No. 66), the patient received six courses of a
platinum-etoposide regimen between February and August 2025. The available source record did not
specify the platinum compound, individual doses, or dose modifications. Baseline '® F-FDG PET/CT
dated 23 May 2025 showed a poorly marginated right hilar/upper-lobe consolidation partially
narrowing adjacent bronchi, with moderate uptake (SUVmax 2.7). Moderately metabolically active
enlarged mediastinal lymph nodes were considered indeterminate between reactive change and
secondary involvement. No other pathological tracer uptake was reported in the imaged field.

Thoracic radiotherapy was subsequently delivered sequentially under MDT decision No. 400 and
was completed on 10 November 2025. The total dose was reported as 60 Gy; the start date, dose per
fraction, and fractionation schedule were not available in the source record. Prophylactic cranial
irradiation was not documented as performed, and the rationale was not recorded.

A contrast-enhanced chest CT acquired on 27 December 2025 and entered in the clinical record
on 29 December 2025 was described as showing stable thoracic findings after chemotherapy and
radiotherapy. Exact target-lesion measurements were unavailable. At that time, the patient continued
to report fatigue, cough, dyspnea on minimal exertion, and right-sided chest pain, with ECOG PS 2.
A representative axial image is shown in Figure 1.
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Figure 1. Representative axial contrast-enhanced chest CT image acquired on 27 December 2025
after chemotherapy and thoracic radiotherapy and before durvalumab initiation. The image is
provided for clinical context; RECIST-compatible target-lesion measurements were unavailable.
Patient-identifying information was removed. Source: authors' clinical archive.

Durvalumab treatment exposure

The case was re-discussed by the multidisciplinary team. In the setting of chart-recorded limited-
stage SCLC, no documented clinical progression after sequential multimodal treatment, persistent
respiratory symptoms, and ECOG PS 2, durvalumab was initiated as post-radiotherapy consolidation
under local clinical decision-making.

The local treatment record documented a weight-based order of 10 mg/kg and an administered
dose of 500 mg intravenously every 2 weeks. Six infusions were given on 3 February, 17 February, 3
March, 17 March, 22 May, and 5 June 2026. The first four infusions followed the planned schedule.
A 66-day interval then occurred between infusions 4 and 5 because the patient missed scheduled visits;
available records did not attribute the interruption to toxicity.

This exposure should not be interpreted as equivalent to the contemporary LS-SCLC label, which
is based on concurrent chemoradiotherapy and recommends a fixed dose of 1,500 mg every 4 weeks
for patients weighing at least 30 kg [8]. The actual local dose, interval, treatment gap, and cumulative
exposure are reported to preserve clinical transparency.

An interim '® F-FDG PET/CT examination performed on 22 April 2026, after four durvalumab
infusions and during the interval before infusion 5, demonstrated subsegmental atelectatic and fibrotic
changes in the right lung with traction bronchiectasis and diffuse low-grade FDG uptake, as well as
post-radiation fibrotic changes in both lungs. Metabolically active mediastinal lymph nodes were
interpreted as probably inflammatory and post-radiation in origin. Compared with PET/CT dated 23
May 2025, a new metabolically active focus of increased density was identified in the roof of the left
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acetabulum and was considered potentially secondary in nature. A further focus of increased FDG
uptake was present in the C7 vertebral body without definite destruction. A small right pleural effusion
had developed, while a mildly metabolically active left supraclavicular lymph node was considered
more likely reactive. The report recommended oncological consultation and CT follow-up after 2
months. No confirmatory examination was available in the source record.

Clinical timeline
Date / period

November 2024

28 November—1 December
2024

30 January 2025

February-August 2025

23 May 2025

10 November 2025

27/29 December 2025

3 February-17 March 2026

17 March-22 May 2026

22 April 2026

22 May and 5 June 2026

Clinical event
Screening fluorography showed enlargement of the right lung root.

Contrast-enhanced chest CT showed a central right hilar/upper-lobe
lesion and thoracic lymphadenopathy. Non-contrast brain MRI reported
no intracranial mass or diffusion restriction and no metastasis, but
sensitivity was limited without gadolinium.

Bronchoscopy demonstrated extrinsic compression of the right upper-
lobe and right main bronchi; biopsy No. 1784-85 confirmed small-cell
carcinoma.

Six courses of platinum-etoposide chemotherapy were administered.

Baseline '® F-FDG PET/CT showed a right hilar/upper-lobe
consolidation with moderate uptake (SUVmax 2.7), indeterminate
moderately active mediastinal lymph nodes, and no other pathological
uptake in the imaged field.

Sequential thoracic radiotherapy was completed; reported total dose 60
Gy. Fractionation details were unavailable.

Chest CT was acquired on 27 December and recorded on 29 December
as showing clinically stable thoracic findings. Exact RECIST
measurements were unavailable.

Durvalumab infusions 1-4 were administered at 500 mg IV every 2
weeks.

Unplanned 66-day interval because of missed scheduled visits; no
toxicity-related cause was documented.

Interim '® F-FDG PET/CT after four durvalumab infusions showed
predominantly post-radiation thoracic changes, a new metabolically
active focus in the left acetabulum considered potentially secondary, a
new FDG-avid C7 focus without definite destruction, and a small right
pleural effusion. Oncological consultation and interval CT were
recommended.

Durvalumab infusions 5 and 6 were administered.
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Date / period Clinical event

ECOG PS improved from 2 to 1; respiratory symptoms and chest pain
Follow-up through 5 June  improved; grade 1 pruritus occurred; no documented grade 3-4 immune-
2026 related adverse event. Interim PET/CT findings raised concern for
possible extracranial progression but remained unconfirmed.

Table 1. Timeline of diagnosis, multimodal treatment, durvalumab exposure, and follow-up.
Source: compiled from the available clinical record.

Treatment Outcome and Safety

Clinical follow-up was available through the sixth durvalumab infusion on 5 June 2026. The
patient described less frequent cough, easier breathing during light activity, and substantial relief of
right-sided chest pain. General weakness diminished, and ECOG PS improved from 2 to 1. These
changes were clinically meaningful to the patient, but the available record cannot separate the effects
of delayed recovery from chemotherapy and radiotherapy, supportive care, natural symptom
fluctuation, and durvalumab-associated disease control.

No new symptoms or examination findings clearly suggesting clinical progression were
documented during the observed period. Nevertheless, the interim PET/CT of 22 April 2026 revealed
newly developed metabolically active osseous foci in the left acetabulum and C7 vertebral body,
raising concern for possible extracranial progression despite clinical improvement. Because these
findings were not confirmed by dedicated CT, MRI, biopsy, or subsequent imaging and RECIST-
compatible measurements were unavailable, neither objective tumour response nor confirmed
progression could be assigned. Baseline non-contrast brain MRI did not report metastases, but no
contrast-enhanced staging brain study or post-treatment brain imaging was available.

Treatment was generally tolerated. A transient grade 1 pruritus episode was managed
symptomatically without discontinuation. No documented grade 3-4 immune-related adverse events
occurred, including no clinically apparent severe pneumonitis or colitis. The predominantly post-
radiation thoracic changes on interim PET/CT did not exclude subclinical radiological toxicity or
allow confident separation of radiation injury, inflammation, and treatment-related pulmonary effects.
Continued monitoring for respiratory, gastrointestinal, hepatic, endocrine, and dermatologic immune-
related events remains appropriate.

Symptom, functional, and safety dynamics
Parameter Before durvalumab During follow-up through 5 June 2026

Approximately one month of smoking Current non-smoker; exposure recorded

Tobacco exposure . . . .
at age 20; no subsequent use. descriptively without etiologic inference.

Marked weakness limiting routine Weakness reduced; tolerance of light

Fatigue / asthenia . L
g activity. activity improved.
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Parameter Before durvalumab During follow-up through 5 June 2026
Couah Persistent dry cough affecting Less frequent and no longer the dominant
g comfort. symptom.
Dyspnea Dyspnea with minimal exertion. Bre:at'hlng became easier  during  light
activity.
: Right-sided pain, aggravated by Resolved or became minimal; regular
Chest pain . .
breathing. analgesia was not reported.
ECOG PS ECOG PS 2. ECOG PS 1.
Durvalumab Planned local regimen: 500 mg IV Six infusions; 66-day gap between
exposure every 2 weeks. infusions 4 and 5.
Post-chemotherapy and post- Grade 1 pruritus; no documented grade 3-
Safety . )
radiotherapy symptom burden. 4 immune-related adverse event.
Baseline PET/CT: right hilar/upper-
lobe lesion, SUVmax 2.7; Interim '® F-FDG PET/CT after four
mediastinal nodes indeterminate; no  infusions showed predominantly post-
. . other pathological uptake in the radiation thoracic changes and new
Radiological . . . . . . . .
assassrmant imaged field. Baseline non-contrast  indeterminate metabolically active foci in

brain MRI reported no metastasis,
with limited sensitivity without
gadolinium. Pre-durvalumab chest
CT was described as clinically stable.

the left acetabulum and C7 vertebral body.
No RECIST response category or
confirmed progression was assigned.

Table 2. Documented symptom, functional, treatment-exposure, safety, and imaging status before
and during durvalumab treatment.

Discussion

The principal value of this case lies in its patient-centered chronology. During the available
follow-up, cough, dyspnea, chest pain, and functional limitation improved, while treatment was not
complicated by a documented high-grade immune-related adverse event. For a patient recovering
from prolonged multimodal therapy, a one-point improvement in ECOG PS can represent a
meaningful return of independence. However, symptom improvement alone cannot establish tumour
response. In this patient, clinical improvement coexisted with new indeterminate metabolically active
osseous foci on interim PET/CT, underscoring that symptom relief and functional recovery should not
be used as surrogate evidence of tumour control.

The evidence base for durvalumab in LS-SCLC comes from ADRIATIC, in which patients
without progression after concurrent platinum-based chemoradiotherapy received durvalumab every
4 weeks for up to 24 months [7]. The current FDA label reflects that population and schedule [8]. In
contrast, this patient received chemotherapy and thoracic radiotherapy sequentially, followed by a
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locally implemented 500-mg every-2-week regimen. Only six infusions were administered, and
exposure was interrupted for 66 days. The case therefore cannot be regarded as a replication of
ADRIATIC or as evidence supporting equivalence of the local regimen.

The absence of formal quality-of-life instruments also shapes interpretation. ADRIATIC patient-
reported outcome analyses found that consolidation durvalumab did not worsen global health status,
functioning, or symptoms compared with placebo [9]. In the present case, the available evidence is
more modest: symptoms were documented qualitatively and ECOG PS improved from 2 to 1. These
findings are clinically relevant but remain vulnerable to recall, observer, and attribution bias.

Imaging and staging limitations are particularly important. The chart recorded cT2aN1MO, stage
I1B, but the nodal stations could not be independently reviewed. Baseline non-contrast brain MRI on
1 December 2024 did not report intracranial metastases; nevertheless, omission of gadolinium reduced
sensitivity for small lesions and no subsequent brain imaging was available. Baseline PET/CT showed
the right hilar/upper-lobe lesion with moderate uptake (SUVmax 2.7) and indeterminate mediastinal
nodes. The pre-durvalumab CT was described as stable, yet target-lesion measurements were
unavailable. Interim PET/CT after four durvalumab infusions demonstrated predominantly post-
radiation thoracic changes but also identified new metabolically active foci in the left acetabulum and
C7 vertebral body. The acetabular focus was considered potentially secondary in nature, whereas the
C7 focus showed no definite osseous destruction. Without dedicated confirmation, these findings
cannot be classified as proven metastases, but possible extracranial progression cannot be excluded
[14].

The patient's very limited, remote tobacco exposure is noteworthy because SCLC is strongly
associated with smoking, but exposure history in an individual case should be reported without
etiologic overinterpretation [2,3]. This observation does not permit inference regarding causation or
tumor biology.

From a safety perspective, grade 1 pruritus was manageable and no severe immune-mediated
toxicity was documented. Nevertheless, the combination of prior thoracic radiotherapy, respiratory
symptoms, predominantly post-radiation pulmonary changes, and a small right pleural effusion
requires caution. Pneumonitis may be caused by radiation, immunotherapy, infection, or tumour
progression, and clinical symptoms alone may not reliably distinguish these possibilities. Structured
symptom review and timely imaging remain essential during ongoing follow-up.

The strengths of the report are its detailed treatment dates, transparent description of the non-
standard sequence and dosing, explicit reporting of the interruption, inclusion of baseline brain MRI
and serial PET/CT findings, and conservative interpretation of clinical outcomes.

Limitations. This report has several important limitations. It describes a single patient and cannot
establish causality or support generalization regarding durvalumab efficacy. Chemotherapy and
thoracic radiotherapy were delivered sequentially, the locally implemented durvalumab dose and
schedule differed from the contemporary evidence-based regimen, exposure was limited to six
infusions, and a 66-day interruption occurred between infusions 4 and 5. Objective response
assessment was incomplete because serial RECIST-compatible target-lesion measurements, lesion
dimensions, and sufficient quantitative metabolic parameters were unavailable. Baseline PET/CT
showed moderate uptake in the primary lesion (SUVmax 2.7), but the mediastinal nodes were
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indeterminate between reactive and secondary involvement. The new metabolically active foci in the
left acetabulum and C7 vertebral body were not confirmed by dedicated CT, MRI, biopsy, or
subsequent follow-up imaging. Consequently, neither objective response nor confirmed progression
could be assigned. Baseline brain MRI was performed without contrast; although no intracranial
metastasis was reported, small lesions could not be excluded with the sensitivity of a contrast-
enhanced staging examination. No subsequent brain imaging was available, and documentation of
prophylactic cranial irradiation was incomplete. Finally, symptom changes and ECOG PS were
derived from routine clinical records rather than serial validated patient-reported outcome instruments.
Delayed recovery from chemotherapy and radiotherapy, supportive care, natural symptom fluctuation,
and other unmeasured factors may have contributed to the observed improvement, which therefore
cannot be attributed specifically to durvalumab.Conclusion. In this real-world case, durvalumab
administered after sequential platinum-etoposide chemotherapy and thoracic radiotherapy was accompanied by
reduced respiratory symptoms, relief of chest pain, and improvement in ECOG PS from 2 to 1, with grade 1
pruritus and no documented grade 3—4 immune-related adverse event through 5 June 2026. Baseline non-
contrast brain MRI did not report intracranial metastases, although its staging sensitivity was limited. Interim
PET/CT performed after four infusions showed predominantly post-radiation thoracic changes but also
revealed new indeterminate metabolically active foci in the left acetabulum and C7 vertebral body. These
findings raised concern for possible extracranial progression but were not confirmed by dedicated imaging,
biopsy, or subsequent follow-up. Accordingly, neither objective response nor confirmed progression could be
assigned, and post-treatment intracranial status remained unassessed. The observation is best understood as a
transparent account of treatment feasibility, tolerability, symptom dynamics, and functional recovery rather
than evidence of tumour control or durvalumab efficacy.

Clinical Practice Points

* Real-world reports should clearly distinguish sequential from concurrent chemoradiotherapy.

* The exact durvalumab dose, interval, dates, treatment gaps, and cumulative exposure should be
reported.

* Symptom relief and ECOG PS improvement are clinically meaningful but do not substitute for
objective radiological assessment and may coexist with imaging findings suspicious for progression.

* Indeterminate new metabolically active lesions require anatomical correlation and interval
confirmation before being classified as metastatic progression.

» After thoracic radiotherapy, respiratory symptoms require careful evaluation for tumor
progression, radiation injury, infection, and immune-related pneumonitis.

Patient Perspective

According to the clinical record, the changes that mattered most to the patient were easier
breathing, less frequent cough, relief of right-sided chest pain, and recovery of light daily activity. A
direct patient quotation was not available.
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ARTIFICIAL INTELLIGENCE IN MODERN DENTISTRY: CURRENT
OPPORTUNITIES, LIMITATIONS, AND FUTURE PROSPECTS FOR DIAGNOSIS
AND TREATMENT

Anarbayeva G.N. "=, Sapiyeva D.M.
Khoja Akhmet Yassawi International Kazakh-Turkish University, Faculty of Dentistry (Turkistan,
Kazakhstan)

Abstract. Artificial intelligence (Al) has become one of the fastest-growing technologies in
healthcare, fundamentally transforming clinical decision-making, disease diagnosis, treatment
planning, and patient management. Dentistry is among the medical disciplines experiencing rapid
digital transformation due to the integration of artificial intelligence with cone-beam computed
tomography, intraoral scanners, digital radiography, CAD/CAM systems, and three-dimensional
imaging technologies. These innovations have significantly improved diagnostic precision,
reduced clinical errors, optimized treatment planning, and enhanced the quality of dental care.

Recent advances in machine learning and deep learning algorithms have enabled automated
analysis of dental radiographs, panoramic images, cone-beam computed tomography scans, and
digital dental models. Numerous clinical studies have demonstrated that Al systems achieve
diagnostic performance comparable to experienced clinicians in detecting dental caries, periapical
lesions, periodontal bone loss, root canal morphology, orthodontic abnormalities, and implant
planning. Furthermore, Al-based decision-support systems contribute to personalized treatment
strategies by integrating radiographic findings with clinical and demographic information.

Despite these remarkable achievements, several challenges continue to limit widespread
clinical implementation. These include insufficient external validation of Al algorithms, limited
availability of standardized datasets, concerns regarding patient privacy and data security, ethical
and legal issues, algorithm transparency, and the necessity of maintaining clinician supervision
throughout the diagnostic and therapeutic process.

This review summarizes current scientific evidence regarding the application of artificial
intelligence across major dental specialties, including restorative dentistry, endodontics,
periodontology, prosthodontics, implantology, oral surgery, and orthodontics. Additionally, current
limitations, ethical considerations, future technological developments, and opportunities for
integrating Al into routine dental practice are discussed. Artificial intelligence should not be
regarded as a replacement for clinicians but rather as an advanced decision-support technology
capable of improving diagnostic accuracy, treatment outcomes, and overall patient care.

Keywords: Artificial Intelligence, Dentistry, Digital Dentistry, Machine Learning, Deep
Learning, Dental Diagnosis, CBCT, CAD/CAM.

74

Received: 24.07.2026 / Accepted.: 31.07.2026


https://doi.org/10.47526/3080-8715.6496
https://orcid.org/0009-0009-3194-2205
https://orcid.org/0009-0004-1657-1147

Yassawi Journal of Health Sciences, Ne2(5), 2026 ISSN-p 3080-8707
ISSN-e 3080-8715

KA3IPI'T CTOMATOJIOT'UAJATBI KKACAH/IbI UHTEJIJIEKT: IUAI'HOCTUKA
MEH EMAEVAET'T MYMKIHAIKTEPIL, IHIEKTEYJIEPI )KOHE JTAMY
IHHEPCIIEKTHUBAJIAPDBI

Amnapo6aena I'H., CanmeBa JI.M.
Kooica Axmem HAcayu amvinoazvl Xanvikapanvlk Kazak-mypik yrueepcumemi, Cmomamono2us
Gaxyrememi (Typricman, Kaszaxcman)

Amnaarna. JXacaH[Ibl HHTEIUIEKT Ka3ipri MEIUIIMHAHBIH CH KaApKBIH/bI TAMBIIT KeJle KaTKaH
TEXHOJIOTHSUIAPbIHBIH  Oipi OoNbIl TaObLIaAbl >KOHE CTOMATOJIOTHSI CAACBIHBIH IUQPIBIK
TpaHchopMalMsIChIHAA MaHBI3[bl OpPbIH alajbl. MalluHAIbIK OKBITY MEH TEpPeH HEWPOHIBIK
JKENJIEPIIH J1aMybl CTOMATOJOTHSUIBIK aypyiapibl JAUAarHOCTUKANAY[AbIH ASIAINIH apTThIPHI,
eMJIey TaKTUKAChlH >KOCHapijayibl KETUIAipyre, KIWHUKAJIBIK MIClIiM KaObuigay YHAepiciH
OHTaMNaHABIPYFa MYMKIHAIK Oepyzae. JKacaHpl MHTEIJIEKTTI KOHYCTBIK-COYIENIK KOMITbIOTEPIIK
ToMorpadusiMeH, HUQPIbIK peHTreHorpadusiMeH, ayb3iliik ckanepiaeyme xxone CAD/CAM
XKyHenepiMeH OipiKTipy CTOMAaTOMOTHSUIBIK KOMEKTIH CarachlH JKaHa JICHrelre KeTepyne.

CoHFBl  KBULIAPBI JKYPTi3UIT€H XaJIBIKAPAIBIK 3epTTEYJCp JKacaHAbl HHTEJUICKT
AITOPUTMJICPIHIH TICKET1, MAPOJOHT aypysiapbl, MepUAITHKAIbIbI ©3repicTep, TYOIp 63eKTepiHiH
AQHATOMMSICHI, MMIUIAHTAIUSHBI JKOCIAPJIAy KOHE OPTOMOHTHSUIBIK €MJCYy Ke3iHIE JKOFaphl
JTUArHOCTUKAJBIK JIJIIKKE KON kKeTKi3eTiHiH KepceTTi. COHbIMEH Karap >KacaHIbl WHTEJUIEKT
JOpirepaiH KIMHUKAIBIK [IeNiM KaObUIAayblH KOJJIAWTBIH HMHTEJUIEKTYaJAbIK Kypasl peTiHe
MAIMEHTKE JKEKEJICHIIPUITeH eM/eY JKOCHapbIH KYpyFa MYMKIHIIK Oepei.

ConpiMeH Oipre aranfaH TEXHOJIOTHSIHBI KEHIHEH €HTi3y JEpeKTepIiH KYIUSIbLIIBIFBL,
ANTOPUTMACPAIH CTAHIAPTTATYBI, STUKAIBIK MOcelelep, KYKBIKTBIK PETTEY JKOHE KYHelaepiH
KJIMHUKAJIBIK CEHIMIUIIN CHSAKTBI OlpKarap MaHbI3[Abl MoceleNep/l IIelIyll Tajlam eTefl.
CoHABIKTaH JKacaHJbl WHTCIUICKT JOPITepHiH OPHBIH  aJIMAacThIpAaThIH  Kypal —eMec,
CTOMATOJIOTUSUIBIK KOMEKTIH THUIMAUIN MEH KayllCI3AIriH apTThIpaTblH MHTEIIEKTYallIbIK
KIMHUKAJIBIK KOJIJIay JKyHecl peTiH/ie KapacThIPbUIYhI THIC.

byn wmakanama jkacaHapl WHTEIUVICKTTIH TEPANUSIBIK, XHUPYPTUSIIBIK, OPTOMETUSIIBIK
CTOMATOJIOTUSAIA, DHAOMOHTHAA, MapOJAOHTOJOTHSAA >KOHE OPTOJAOHTHSANA KOJJAHBLTYBIHBIH
Ka3ipri >Karjaibl, HETI3T1 apTHIKIIBUIBIKTAPHI, MIEKTeyJepl JKOHE JaMy NepCleKTUBalaphl
KapacTBIPBUIFaH.

Tyiiin ce3nep: xacaHIbl HHTEJUICKT, CTOMATOJIOTHS, U PITBIK CTOMATOJIOTHSI, MAITUHAJIBIK
OKBITY, TEPEH OKBITY, KOMITBIOTEPITIK TOMOTpadus, JMArHOCTHKA.
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MCKYCCTBEHHBIN MHTEJJEKT B COBPEMEHHOM CTOMATOJIOT UH:
COBPEMEHHBIE BO3MOXKHOCTHU, O'PAHUYEHUSA U ITEPCIIEKTUBbBI
JAUATHOCTHUKU U JIEYEHUA

Amnapo6aena I'H., CanueBa JI.M.
Medicoynapoonwiil kKazaxcko-mypeyxkuil yrugepcumem umernu Xoodcu Axmeoa AHcaesu, gpaxynvmem
cmomamonoeuu (Typkecman, Kazaxcman)

AHHoOTauusl. VICKYCCTBEHHBI WMHTEIUICKT SIBISIETCS OAHOM U3 Hambosee OBICTPO
Pa3BUBAIOIIMXCS TEXHOJOTMH COBPEMEHHON METUIIMHBI M MIPaeT BaXKHYIO POJIb B LU(POBOH
Tpanchopmanuu croMarosorud. COBpEeMEHHbIE METOJbl MAIIMHHOTO OOy4YeHHS M TIIyOOKHX
HEHPOHHBIX CETEH 3HAYMTEJIBHO PACHIMPSIIOT BO3MOXHOCTH JMATHOCTUKH CTOMAaTOJIOTMYECKHX
3a00NieBaHUM, TUJIAHUPOBAHUSl JICUYECHUS M IPOTHO3UPOBAHUS KIMHUYECKUX DPE3YJIbTaToB.
WuTerpanus MCKYyCCTBEHHOTO WHTEIJIEKTa ¢ HudpoBol peHTreHorpadueid, KOHYCHO-ITy4eBON
KOMITbIOTEpHOU ToMorpacdueit, BHyTpupoToBbiM ckaHupoBanueM u CAD/CAM-TexHOIOTUAMU
CIIOCOOCTBYET  MOBBIIIEHUWIO TOYHOCTH  JAMArHOCTUKHM H  A((EKTUBHOCTH  OKa3aHUS
CTOMATOJIOTHYECKON TTIOMOLIH.

MHOro4YuClIEHHbIE HCCIEI0BAaHUS TOCIEIHUX JIET CBHUJETENBbCTBYIOT O BBICOKOU
JUArHOCTUYECKON 3(PPEKTUBHOCTH AJTOPUTMOB MCKYCCTBEHHOI'O MHTEJUIEKTA IPU BbISBICHUU
Kapueca, 3a00JeBaHUN TMApPOJOHTA, TMEPUANUKAIBHBIX MOPAXKEHUN, TATOJIOTUHA BHCOYHO-
HIDKHEYENIFOCTHOTO ~ CyCTaBa, AHAJIW3€  OKKIIO3UM, IUIAHUPOBAHWM  HMIUIAHTAUUU U
OPTOIOHTUYECKOro  JieueHHs. lcnonb30oBaHME  MHTEIUIEKTYaJbHBIX  CHUCTEM  IO3BOJISIET
aBTOMAaTU3UPOBaTh 00pPaOOTKY OONBIIMX MACCHMBOB MEAMIIMHCKHX JAaHHBIX, COKPaTHUTh BpeMs
aHanM3a U300paKeHU 1 MUHUMHU3UPOBATh BEPOSTHOCTh TUATHOCTHYECKUX OIIUOOK.

Bwmecte ¢ TeM 1mmpokoe BHEAPEHNE UCKYCCTBEHHOIO MHTEJUIEKTAa COMPOBOXKIAETCS PAIOM
OpraHM3al[MOHHBIX, ATHYECKMX U TEXHMYECKUX MpolsieM, BKJIOYash HEOOXOAUMOCTh
CTaHJapTH3aLUU aJTOPUTMOB, oOOecredeHne KOH(PHUIEHIUAIbHOCTH IE€PCOHAJIBHBIX JIaHHBIX
MAIMEHTOB, COBEPILIEHCTBOBAaHHE HOPMATUBHO-IIPABOBOTO PETYIUPOBAaHUS M 00s3aTeinbHOE
COXpaHEHUe BeAyLIEH POIu Bpaya IpH MPUHIATHH OKOHYATEIbHBIX KIMHUYECKUX PEIICHUN.

B HactosmeM 0030pe TpeAcCTaBIE€Hbl COBPEMEHHBIE HANpaBICHUS TNPUMEHEHUS
UCKYCCTBEHHOTO HHTEJUIEKTa B  pPA3JIMYHBIX  pa3fellax CTOMAaroJIOTHH, PacCMOTPEHBI
IIPEUMYILIECTBA, OTPAHUYEHUS U NIEPCIEKTUBBI JaJIbHEUILIEr0 pa3BUTHSI JAHHOW TEXHOJIOTHH.

KuroueBble cjioBa: MCKYCCTBEHHBIN MHTEJUIEKT, CTOMATOJIOTHS, [IM(pOBasi CTOMATOIOTHUs,
MallIMHHOE 00y4eHue, yOokoe 00yueHue, KOMIbIOTEpHas ToMorpagus, TMarHoCTUKA.

Introduction. Over the past decade, the rapid advancement of digital technologies has
profoundly transformed healthcare systems, leading to the emergence of innovative approaches to
the delivery of medical care. Among these technological innovations, artificial intelligence (Al)
has become one of the most influential developments, significantly improving diagnostic accuracy,
optimizing treatment processes, and enhancing clinical decision-making. Today, Al is widely
applied across numerous medical disciplines, including radiology, oncology, cardiology,
ophthalmology, and dentistry.
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Dentistry has become one of the fastest-growing fields undergoing digital transformation.
The widespread adoption of cone-beam computed tomography (CBCT), digital radiography,
intraoral scanners, computer-aided design and computer-aided manufacturing (CAD/CAM)
technologies, and three-dimensional (3D) modeling systems has resulted in an unprecedented
increase in the volume of diagnostic information. Consequently, the need for rapid and highly
accurate analysis of these large datasets has become one of the primary driving forces behind the
integration of Al into modern dental practice.

Artificial intelligence encompasses computational technologies capable of performing
cognitive tasks traditionally associated with human intelligence, including learning, pattern
recognition, data analysis, and decision-making. In particular, machine learning (ML) and deep
learning (DL) algorithms enable the automated extraction of clinically relevant information from
large-scale medical datasets. The development of convolutional neural networks (CNNs) has
represented a major breakthrough in the automated interpretation of dental images, substantially
improving diagnostic performance in dental imaging.

Currently, Al-based systems demonstrate high diagnostic accuracy in detecting dental
caries, periapical lesions, periodontal bone loss, root canal morphology, and various pathological
conditions affecting the maxillofacial region. Numerous international studies have reported that
the diagnostic sensitivity and specificity of certain Al algorithms are comparable to those achieved
by experienced dental professionals.

One of the major advantages of Al lies in its ability to improve the objectivity and
consistency of the diagnostic process. Conventional diagnosis largely depends on the clinician's
experience, subjective interpretation, and workload, whereas Al algorithms analyze thousands of
images according to standardized criteria within a relatively short period. This capability
contributes to reducing diagnostic errors, facilitating early disease detection, and ultimately
improving treatment outcomes.

In restorative dentistry, Al has been successfully applied to the detection of early carious
lesions, enamel demineralization, and periapical pathology. In endodontics, Al enables automatic
assessment of root canal anatomy, identification of accessory canals, and evaluation of the quality
of root canal treatment. In periodontology, Al-based quantitative analysis of alveolar bone levels
provides an objective method for monitoring disease progression and treatment effectiveness.

In prosthodontics, Al assists in the digital design of crowns, veneers, and fixed dental
prostheses by automatically analyzing occlusal relationships and optimizing both functional and
esthetic parameters. Furthermore, the integration of Al with CAD/CAM systems improves the
precision of prosthetic fabrication while red ucing the duration of both clinical and laboratory

automatically identifying critical anatomical structures such as the inferior alveolar nerve canal
and the maxillary sinus. These capabilities support optimal implant positioning and reduce the risk
of surgical complications. In orthodontics, Al is increasingly employed for cephalometric analysis,
automatic landmark identification, prediction of tooth movement, and simulation of treatment
outcomes.

Despite these remarkable advances, the widespread implementation of Al in clinical
dentistry presents several scientific and practical challenges. These include dependence on the
quality and diversity of training datasets, variability in algorithm performance across different
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ethnic populations, concerns regarding patient data privacy, the need for explainable artificial
intelligence (Explainable Al), issues related to legal responsibility, and the absence of universally
accepted regulatory standards.

Moreover, many Al algorithms have primarily been validated using carefully curated
datasets or images acquired from specific imaging devices, limiting their generalizability to routine
clinical practice. Therefore, evaluating the reliability, robustness, and clinical applicability of Al
systems across diverse healthcare settings remains one of the major priorities in contemporary
dental research. At present, the scientific community increasingly recognizes that Al should not
be regarded as a replacement for dentists but rather as an intelligent clinical decision-support tool.
This collaborative approach combines the computational capabilities of Al with the clinical
expertise of dental professionals, thereby enhancing diagnostic accuracy, improving treatment
planning, and ultimately increasing the quality of patient care.

In the Republic of Kazakhstan, healthcare digitalization has become one of the strategic

priorities of national health policy. Accordingly, the gradual implementation of Al technologies in
dental practice, the development of national clinical databases, and the creation of domestic digital
healthcare solutions represent important scientific and practical objectives.
In conclusion, a comprehensive analysis of the contemporary scientific literature provides valuable
insights into the current applications, limitations, and future perspectives of artificial intelligence
in dentistry. Such evidence contributes to the continued advancement of digital dentistry and
supports the implementation of innovative clinical solutions based on the principles of evidence-
based medicine.

Research Objective. The objective of this review article is to provide a comprehensive
analysis of the main applications of artificial intelligence (Al) technologies in modern dentistry,
evaluate their diagnostic accuracy and clinical effectiveness, and systematically summarize their
use across different dental specialties based on the available scientific literature. Furthermore, this
review aims to compare the advantages and limitations of Al technologies and to identify current
trends and future prospects in the development of digital dentistry.

The study also seeks to analyze the application of machine learning (ML) and deep learning
(DL) algorithms in restorative dentistry, endodontics, periodontology, prosthodontics,
implantology, and orthodontics. In addition, it aims to substantiate the scientific and practical
significance of integrating these technologies into clinical practice by evaluating their contribution
to improving treatment quality, reducing diagnostic errors, predicting treatment outcomes, and
supporting clinicians in evidence-based decision-making.

Materials and Methods. This study is a systematic literature review aimed at evaluating
the scientific evidence regarding the application of artificial intelligence (Al) technologies in
modern dentistry. A qualitative analysis of published scientific studies was conducted in
accordance with the principles of evidence-based medicine. The literature search was performed
using the following international scientific databases: PubMed, Scopus, Web of Science,
ScienceDirect, SpringerLink, Google Scholar, and IEEE Xplore.

The literature search employed the following keywords and their combinations: Artificial
Intelligence, Dentistry, Deep Learning, Machine Learning, Dental Radiology, Cone-Beam
Computed Tomography, Digital Dentistry, Endodontics, Periodontology, Implantology,
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Orthodontics, CAD/CAM, and Computer Vision. Studies published between 2020 and 2025 were
considered for inclusion.

To ensure transparency and reproducibility, the literature search and study selection were
performed according to the PRISMA 2020 statement. Two reviewers independently screened titles
and abstracts of the retrieved records. Potentially eligible studies underwent full-text assessment.
Disagreements regarding study eligibility were resolved through discussion until consensus was
achieved. The study selection process consisted of four stages: identification, screening, eligibility
assessment, and final inclusion.

The inclusion criteria were as follows:

scientific articles published within the last five years;
systematic reviews;

meta-analyses;

randomized clinical trials;

multicenter studies; and

peer-reviewed articles published in international scientific journals.
The exclusion criteria included:

articles with unavailable full texts;

conference abstracts;

duplicate publications;

studies with insufficient scientific evidence; and
brief reports lacking clinical investigation.

The database search identified 287 records. After removal of 73 duplicate publications, 214
records remained for title and abstract screening. During the screening stage, 128 studies were
excluded because they did not meet the predefined inclusion criteria or were not directly related
to the application of artificial intelligence in dentistry. Full-text assessment was performed for the
remaining 86 articles. All 86 studies fulfilled the eligibility criteria and were included in the final
qualitative synthesis. The study selection process followed the four phases recommended by the
PRISMA 2020 statement: identification, screening, eligibility assessment, and inclusion.

The literature review was conducted in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines. A PRISMA flow diagram
illustrating the study identification, screening, eligibility assessment, and inclusion process is
presented as Figure 1. Each included study was evaluated according to the year of publication,
study design, Al algorithm employed, diagnostic task, clinical outcomes, and diagnostic
performance.

The collected evidence was categorized into the following major application areas:
dental caries detection;
diagnosis of periodontal diseases;
diagnosis of endodontic pathologies;
implant treatment planning;
orthodontic analysis;
prosthodontics;
oral and maxillofacial surgery; and
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digital treatment planning systems.

A comparative qualitative analysis was performed to evaluate the clinical performance of
Al algorithms based on commonly reported diagnostic metrics, including sensitivity, specificity,
overall accuracy, and the area under the receiver operating characteristic curve (AUC).

As this study did not involve human participants or the use of patients' personal medical data
and was based exclusively on previously published scientific literature, ethical approval from an
institutional review board was not required. The review was conducted in accordance with the
ethical principles outlined in the Declaration of Helsinki.

Al Technologies Most Commonly Used in Dentistry

[ Deep Learning (CNN)
(40%)

Machine Learning
(25%)

Computer Vision
(15%)

Natural Language
Processing (NLP)
(10%)

Other Al Techniques
B q
(10%)

Source: Data extracted from included studies

Results. The literature review demonstrated that artificial intelligence (Al) is being actively
integrated into all major fields of modern dentistry. Most studies published over the past five years
have focused on the automated analysis of diagnostic images and the development of clinical
decision support systems.

The findings indicate that the highest level of Al performance has been achieved in the
interpretation of digital dental imaging. In particular, convolutional neural network (CNN)-based
algorithms have demonstrated high diagnostic accuracy in the analysis of panoramic radiographs,
periapical radiographs, and cone-beam computed tomography (CBCT) images.

Artificial Intelligence in Dental Caries Detection. Modern deep learning models have
demonstrated high sensitivity for the detection of early-stage dental caries. Several international
studies have reported diagnostic accuracies ranging from 90% to 96%. Furthermore, Al algorithms
are capable of identifying subtle areas of enamel demineralization that may remain undetected
during conventional visual examination.

The automated detection of proximal caries and early occlusal lesions using Al has been
shown to reduce clinicians' workload, improve diagnostic efficiency, and decrease the likelihood
of diagnostic errors. These findings suggest that Al-assisted caries detection has considerable
potential to enhance the accuracy and consistency of routine clinical diagnosis.
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Artificial Intelligence in the Diagnosis of Periodontal Diseases. In periodontology,
artificial intelligence enables the automated assessment of alveolar bone loss and provides an
objective evaluation of the severity of periodontal disease. Al-based algorithms can accurately
quantify bone resorption from radiographic images, facilitating more standardized and
reproducible periodontal diagnosis.

Several studies have reported that the measurement error of Al algorithms for alveolar bone
level assessment is less than 1 mm, demonstrating performance comparable to that of experienced
oral and maxillofacial radiologists. These findings highlight the reliability and clinical
applicability of Al-assisted periodontal assessment.

Furthermore, Al facilitates the longitudinal monitoring of treatment outcomes by enabling
consistent evaluation of radiographic changes over time. This capability supports clinicians in
assessing disease progression, monitoring therapeutic response, and optimizing individualized
treatment strategies.

Applications of Artificial Intelligence in Endodontics. In endodontic practice, artificial
intelligence has demonstrated high performance in the assessment of root canal morphology,
detection of additional canals, and diagnosis of periapical inflammatory lesions. Al-based
systems provide automated analysis of cone-beam computed tomography (CBCT) images,
enabling more accurate and efficient evaluation of complex endodontic structures.

Through automated CBCT image interpretation, Al systems are capable of:

determining the number and configuration of root canals;

detecting fractured endodontic instruments;

assessing root perforations; and

evaluating the quality of root canal obturation.

Several studies have reported diagnostic accuracies exceeding 95% for the detection of
periapical lesions using Al-assisted analysis. These findings indicate the potential of artificial
intelligence to improve diagnostic precision and support clinical decision-making in endodontic
treatment.

Artificial Intelligence in Implantology. In implant dentistry, artificial intelligence
technologies provide valuable support during treatment planning by enabling precise analysis of
anatomical structures and optimization of surgical procedures. Al-based systems are capable of:
assessing available bone volume;
calculating bone density;
identifying the location of the mandibular canal;
automatically defining the boundaries of the maxillary sinus; and
recommending optimal implant length and diameter.

The integration of Al into implant planning improves surgical safety, enhances treatment

predictability, and reduces operative time. By providing accurate three-dimensional anatomical

assessments, Al contributes to more individualized and reliable implant placement strategies.
Artificial Intelligence in Orthodontics. In orthodontics, artificial intelligence is applied for:

automatic identification of cephalometric landmarks;

analysis of tooth position and alignment;

simulation of treatment outcomes; and
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prediction of aligner movement.

The implementation of Al significantly reduces analysis time and improves the
reproducibility and reliability of orthodontic measurements. These capabilities enhance treatment
planning efficiency and support more individualized orthodontic approaches.

Artificial Intelligence in Prosthodontics. When integrated with CAD/CAM systems,
artificial intelligence provides advanced capabilities in prosthodontic workflows, including:
processing of digital impressions;
analysis of occlusal relationships; and
automated optimization of the design of crowns, fixed dental prostheses, and veneers.

The use of Al in prosthodontics improves the accuracy of digital restorations and contributes to
higher levels of both functional and aesthetic patient satisfaction.

Table 1 — Applications of Artificial Intelligence in Dentistry Based on Khanagar et al.
(2021)
Dental Specialty Al Application Main Purpose Main Advantage

. . ) ) Detection and diagnosis of Early and automated
Restorative dentistry Dental caries detection

dental caries diagnosis
. Periodontal disease Analysis and diagnosis of Improved diagnostic
Periodontology ) .
assessment periodontal conditions support

Identification and

. . Reduction of diagnostic
Endodontics Root canal analysis assessment of root canal
errors

anatomy

. ) . Automated analysis of o
Orthodontics Cephalometric analysis o Reduced analysis time
cephalometric images

. Treatment planning and Support for prosthetic Improved accuracy and

Prosthodontics ) ] ) o

restoration design treatment planning efficiency
Oral and . o o

. . . . Detection and classification Faster and more objective
maxillofacial Dental image analysis . . . .
. of abnormalities image interpretation

radiology
Oral medicine / i . Identification of Earlier detection and

Oral disease detection ) o o
pathology pathological changes clinical decision support

Source: Compiled by the authors based on Khanagar SB, Al-Ehaideb A, Maganur PC, et al.
Developments, application, and performance of artificial intelligence in dentistry — A systematic
review. Journal of Dental Sciences. 2021;16(1):508-522. DOI: 10.1016/j.jds.2020.06.019.
PubMed / Full Text — Khanagar et al. (2021)

Table 2 — Applications and Diagnostic Capabilities of Artificial Intelligence in Dentistry
Based on Khanagar et al. (2021)

Dental Application

A Al Application Diagnostic / Clinical Purpose Main Benefit
rea
. Detection and diagnosis of
. Al-based caries ) Early and automated
Dental caries ) dental caries from dental )
detection . detection
images
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Periodontal Al-assisted periodontal Identification and assessment of Improved diagnostic
diseases assessment periodontal conditions support

. Al-assisted endodontic Analysis of root canal anatomy Reduction of diagnostic
Endodontics

diagnosis and endodontic conditions errors
) Automated Identification and analysis of Faster analysis and
Orthodontics . . . .
cephalometric analysis cephalometric landmarks treatment planning
Oral cancer and oral ) _ Detection and classification of  Earlier detection and
. Al-based image analysis . . .
diseases pathological changes clinical decision support
. Automated dental Detection and classification of  Faster and more
Dental radiology ) . } " L .
image interpretation  dental abnormalities objective image analysis

. Al-assisted treatment  Support for prosthetic diagnosis Improved efficiency and
Prosthodontics

planning and treatment planning treatment planning
Support for implant-related
) Al-assisted implant . PP i P Improved planning and
Dental implantology ) diagnosis and treatment o o ]
planning . clinical decision-making
planning

Source: Compiled by the authors based exclusively on Khanagar SB, Al-Ehaideb A, Maganur
PC, et al. Developments, application, and performance of artificial intelligence in dentistry — A
systematic review. Journal of Dental Sciences. 2021;16(1):508-522. DOI:
10.1016/j.jds.2020.06.019.

Reference:

Khanagar SB, Al-Ehaideb A, Maganur PC, et al. Developments, application, and performance of
artificial intelligence in dentistry — A systematic review. Journal of Dental Sciences.
2021;16(1):508-522. DOI: 10.1016/j.jds.2020.06.019 PubMed / Full Text — Khanagar et al.
(2021)

Overall, the conducted analysis demonstrates that artificial intelligence is evolving in
dentistry beyond a diagnostic tool and is becoming an intelligent clinical decision-support system.
Continuous improvement of Al algorithms contributes to enhanced clinical performance,
improved treatment planning, and the transition of digital dentistry toward a new stage of
technological development.

Discussion. The results of this literature review demonstrate that artificial intelligence (AI)
is being actively integrated into all major fields of modern dentistry and is becoming an
increasingly important component of clinical practice. In recent years, the rapid development of
machine learning (ML) and deep learning (DL) technologies has significantly improved the
accuracy of dental disease diagnosis, treatment planning, and clinical decision-making processes.

According to the findings of this review, one of the most significant achievements of
artificial intelligence is the improvement of diagnostic accuracy. While conventional diagnosis
largely depends on the clinician’s professional experience, clinical reasoning, and ability to
interpret medical images, Al algorithms are capable of analyzing thousands of images within
seconds and identifying subtle pathological changes that may be difficult for the human eye to
detect. This advantage is particularly important for the early detection of dental caries, periapical
inflammatory lesions, initial bone resorption, and complex root canal anatomy. Several
international studies have demonstrated that convolutional neural networks (CNNs) can achieve
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diagnostic sensitivity and specificity comparable to or even exceeding those of experienced dental
professionals. These findings confirm the potential of Al as an effective clinical decision-support
tool. However, the current scientific consensus considers artificial intelligence not as a
replacement for clinicians, but as an intelligent technology designed to complement and enhance
professional expertise.

The findings of this review are consistent with publications by Schwendicke and colleagues,

Khanagar and co-authors, Hung and other researchers. These studies have demonstrated the high
accuracy of Al applications in radiological diagnosis, their ability to reduce diagnostic errors, and
their potential to improve clinical workflow efficiency. Furthermore, many authors emphasize that
the integration of Al into clinical practice not only increases dentists’ productivity but also
improves the overall quality of patient care. In periodontology, studies have demonstrated the
effectiveness of Al-based systems for automated assessment of alveolar bone levels. Previously,
such measurements depended largely on manual evaluation by clinicians, whereas modern
intelligent algorithms can provide objective and quantitative assessment of periodontal bone loss.
This capability allows more accurate monitoring of disease progression, evaluation of treatment
effectiveness, and prediction of long-term clinical outcomes.
The role of artificial intelligence in endodontics is also of particular importance. Numerous studies
have shown the high efficiency of Al in detecting additional root canals, evaluating periapical
changes, and monitoring the quality of endodontic treatment. Automated analysis of cone-beam
computed tomography (CBCT) images facilitates the diagnosis of complex clinical cases and
improves treatment planning. Consequently, Al-assisted approaches may reduce the need for
retreatment and contribute to improved long-term clinical outcomes.

Significant progress has also been observed in implantology. Modern Al-based software
systems are capable of automatically analyzing bone volume, mineral density, and the location of
critical anatomical structures to determine the optimal implant position. These technologies
enhance surgical safety, reduce operative time, and minimize the risk of complications.
Additionally, the use of Al-supported surgical guides improves implant placement accuracy and
predictability.

In orthodontics, the implementation of artificial intelligence has considerably simplified the
diagnostic process. Automated cephalometric analysis, prediction of tooth movement, and
simulation of aligner treatment effects reduce clinicians” workload and improve the precision of
treatment planning. These advantages are particularly valuable in complex orthodontic cases
where accurate clinical decision-making is essential.

Similarly, in prosthodontics, the integration of Al with digital modeling and CAD/CAM
technologies enables the production of high-quality dental restorations with improved functional
and aesthetic outcomes. Al algorithms can automatically evaluate occlusal relationships,
distribution of masticatory forces, and anatomical characteristics. As a result, the accuracy of
crowns, fixed dental prostheses, and other restorations is improved, while the need for clinical
adjustments is reduced.

Despite these advantages, several challenges continue to limit the widespread
implementation of artificial intelligence in dentistry. One of the major limitations is the
dependence of algorithm performance on the quality and diversity of training datasets. If a neural
network is trained using images obtained from a specific geographic region or a single healthcare
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institution, its diagnostic accuracy may decrease when applied to different populations. Therefore,
the development of large-scale, multicenter international databases remains an important priority.
Another critical issue is the protection and security of medical information. Al systems
require large volumes of medical images and patient-related clinical data for training and
validation. Therefore, ensuring data privacy, cybersecurity, and compliance with international
ethical standards represents one of the fundamental requirements of modern digital healthcare.

Ethical considerations also require careful attention. In cases where an Al system produces
an incorrect diagnosis, the question of responsibility remains insufficiently defined. Current legal
frameworks in many countries do not yet provide clear regulations regarding liability in such
situations. Therefore, international organizations emphasize the need to establish unified legal and
ethical standards for the safe and responsible use of artificial intelligence in healthcare.

In the Republic of Kazakhstan, the digital transformation of healthcare represents one of the
important directions of national health policy. In recent years, digital health platforms, electronic
medical records, and telemedicine systems have been actively implemented. These developments
create favorable conditions for the introduction of Al technologies into dentistry. However, several
barriers remain, including limited availability of national clinical databases, high costs of
specialized software, and differences in digital competencies among healthcare professionals.

In the coming years, the development of artificial intelligence in dentistry will be closely
associated with emerging technologies such as generative artificial intelligence (Generative Al),
large language models (Large Language Models), explainable artificial intelligence (Explainable
Al), federated learning, and digital twin technologies. These innovations have the potential not
only to further improve diagnostic accuracy but also to enable prediction of individualized clinical
scenarios, simulation of treatment outcomes, and development of fully personalized dental care
approaches.

Overall, the findings of this review indicate that artificial intelligence is becoming an
integral component of modern dentistry. Its effectiveness is demonstrated by improved diagnostic
accuracy, accelerated clinical decision-making, and enhanced treatment outcomes. However,
successful large-scale implementation requires further development of international standards,
expansion of clinical research, protection of medical data security, and improvement of digital
competencies among dental professionals.

Conclusion. The conducted literature review demonstrated that artificial intelligence
technologies are being increasingly integrated into clinical practice in modern dentistry and
significantly contribute to improving the efficiency of diagnostic and therapeutic processes.
Machine learning and deep learning algorithms have shown high effectiveness in automated
analysis of dental images, early detection of pathological changes, prediction of treatment
outcomes, and support of clinical decision-making.

The analysis revealed that the highest performance of artificial intelligence has been
observed in the diagnosis of dental caries, periapical pathologies, periodontal diseases, implant
treatment planning, orthodontic assessment, and the design of prosthodontic restorations. In many
clinical applications, the diagnostic accuracy of modern Al algorithms has reached levels
comparable to those achieved by experienced dental professionals.
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Furthermore, artificial intelligence optimizes clinicians’ workflow, reduces diagnostic
errors, enables personalized treatment planning, and improves the overall quality of patient care.
Particularly in the context of digital dentistry development, the integration of Al with cone-beam
computed tomography (CBCT), digital radiography, CAD/CAM technologies, and intraoral
scanning systems is creating new opportunities for advancing clinical practice.

Despite these advantages, the widespread implementation of artificial intelligence
requires addressing several important challenges. These include the development of unified
international standards, ensuring medical data security, improving algorithm reliability across
diverse populations, strengthening legal and ethical regulations, and enhancing digital
competencies among dental professionals.

In the Republic of Kazakhstan, the ongoing digital transformation of the healthcare
system provides favorable conditions for the adoption of artificial intelligence technologies in
dentistry. In the future, the development of national clinical databases, expansion of international
scientific collaboration, and implementation of clinically validated intelligent systems may
significantly improve the quality of dental care.

In conclusion, artificial intelligence should not be considered a replacement for dental
professionals but rather an advanced clinical decision-support tool that enhances diagnostic
accuracy and contributes to the improvement of evidence-based dental care. Further development
of Al technologies will play an important role in establishing patient-centered, safe, and
personalized approaches to dental treatment.
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SIGNIFICANCE OF FLUOROGRAPHY IN PREVENTIVE EXAMINATION OF
CITIZENS

Shapambayev N.Z. "=, Khidiraliyeva Kh.S., Muratbekova U.N.* "=
Nazarbekova B.M., Omarbekova A.A., Astana U.G.
Khoja Akhmet Yassawi International Kazakh-Turkish University, Faculty of Higher Postgraduate

Medical Education (Shymkent, Kazakhstan)
*Corresponding author: Muratbekova U.N., muratbekova.ulzhalgas@mail.ru

Abstract. The frequency of undergoing screening fluorographic examinations depends
on age, employment status, and education level; therefore, these factors should be considered
when planning screening programs and increasing regular and active participation of the
population.

The relevance of this study stems from the continuing high epidemiological significance
of tuberculosis and the key role of fluorographic examinations in its early detection. Failure to
comply with the prescribed fluorographic screening schedules leads to late diagnosis, the
development of severe and destructive forms of tuberculosis, and an increased epidemiological
risk to the population. Therefore, studying the factors influencing the regularity of screening
fluorographic examinations is of great practical importance for improving preventive measures
and public health education.

Purpose. The aim of the study was to identify factors influencing the regularity of
screening fluorography and to identify the subjective reasons for delays.

Materials and methods.The study examined 728 individuals, including 342 patients with
newly diagnosed pulmonary tuberculosis and 386 conditionally healthy individuals. It has been
established that irregular fluorography screening is more common among unemployed
individuals of working age and those with low levels of education. Increasing the interval
between screenings by more than one year significantly increases the risk of developing
tuberculosis, and exceeding two years doubles the risk. Data were collected and analyzed using
a standardized questionnaire and medical records. The timing of screening fluorography
examinations, as well as to determine the relative risk of developing pulmonary tuberculosis
when screening schedules are not met.

Conclusion. Fluorographic screening adherence was associated with age, employment
status, and educational level. Screening delays of more than one year significantly increased the
risk of pulmonary tuberculosis, while delays exceeding two years doubled the risk. Enhanced
monitoring and targeted interventions are needed for high-risk groups.

Keywords: pulmonary tuberculosis, fluorography, screening, pathology, statistics,
epidemic, prevention, diagnostics.
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ASAMATTAPIA TIPO®UJIAKTUKAJIBIK TEKCEPIC XKXYPI'I3YIEI']
OJIIOOPOT'PAOUAHDBIH MAHBI3bI

HHanamo6aes H.3., Xuaupanuea X.C., MyparoexoBa Y.H., HazapoexoBa b.M.,
OmapoexoBa A.9., Actana Y.T.
Koowca Axmem Hcayu amvinoaewt Xanvikapanvix xazax-mypik ynueepcumemi Kozapbi
MeOUYUHATBIK OKY OPHBIHAH Keliinei 0inim bepy gakyiomemi (LLlvimkenm, Kaszaxcman)

Anparna. CKpUHHUHITIK (Ir00porpadusuiblK TEKCEPYIEPAiH KHUIUIITT KacKa, *KYMBICTICH
KaMTBIIyFa JKOHE OLIIM JcHreiiHe OaljaaHbICTBI OOJFAHIBIKTaH, OYJI epeKIIeNiKTep i
CKPMHHUHITI JKOCIapiiay MEH XaJbIKThIH TYPAKTbl *oHE O€JCEHIl KAaThICYblH apTThIPy OOJIbII
caHajaapl. bysn 3epTreymiH  ©3eKTUIr  TYOEpKyJe3diH JKOFapbl  SIHISMHOJIOTHSIIBIK
MaHbI3JbUIBIFBIHBIH ~ CaKTATyblHAH JKoHE (irooporpadusiablk  TEKCepyJaepAiH OHbl epTe
aHBIKTAyJaFrbl HETI3ri pejiHeH TybIHAaWael. benrinenren ¢mooporpadusiablk  CKpUHUHT
KecTeJepiH cakTaMay Kell JUarHo3 KOIFa, TYOSpKYIe3IiH aybIp KoHE ACCTPYKTHBTI TYPIICPiHIH
JTAMYBIHA JKOHE XAJIBIK YIIIH SMTUAEMHUOJIOTHSUIBIK KayINTiH )KOFapbliaybiHa okeneai. COHIbIKTaH,
CKPHHHUHTTIK (II00pOrpadusuIblK TEKCEpyJIEpAiH TYPAKTBUIBIFBIHA 9cep €TETiH (aKTopiapabl
3epTTey ajIbIH ajly IIapajapblH kKOHE KOFaMJBIK JIeHCAYJIbIK CaKTay cajachblHAarbl Ou1iM Oepyi
KaKcapTy YLIIH 6Te MaHbI3/Ibl IPAKTUKAJIBIK MaHbI3Fa He.

Makcartsl. 3epTTeyliH MaKcaTbl CKPUHUHITIK (Ir0oporpadusHblH TYPaKThUIBIFBIHA CEp
eTeTiH (aKTopiapAbl aHBIKTAY JKOHE KEHIryJlepaAiH cyObeKTUBTI ceOenTepiH aHbIKTaY OOJIIbI.

Marepuanmap MeH omictep. 3epTreyne 728 agam, OHBIH INIIHAC XaHAIAaH aHBIKTAJIFAH
OKIe TyOepKyJie3iMeH aybIpaThiH 342 HayKac »XoHE MIapTThI Typae cay 386 agaMm TeKcepiii.
Typaktel emec (arooporpadusuIbIK TEKCepy *KYMBICCHI3 JKOHE OLTiM JeHreli TeMeH aaamzaap
apacblH/a KUl Ke3JeceTiHl aHbIKTaiabl. CKpUHUHITEp apachlHIarbl apalibIKThl Oip KbUINaH
acTaMra y3apTy TYOepKyJe3iH JaMy KayliH alTapibIKTail apTTBIpaJbl, ajd €Ki *KbUIJaH achlll
KeTy KayilTi €Ki ecere apTThIpajbl. JlepekTepii CTaTUCTHKANBIK OHAEY Oi3re »KacTblH, OUTIM
JICHIeHiHIH, OJIEYyMETTIK MOpPTEOEHIH MKOHE IKYMBICIEH KaMTyIbIH (Irooporpadusibik
TEKCepyJNepiH TYpaKTbUIBIFbIHA ocCepiH OaFanayfa, COHJai-aKk CKPUHHUHITIK KecTesep
OpBIHJAIMaFaH Ke3/e oKIe TyOepKyNe3iHiH JaMy KayliH aHbIKTayFa MYMKIHJIIK Oepi.

KopbITeiHbl. CKpUHUHITIK (IH00pOrpadusuIbIK TEKCEPYIIepAiH TYPaKThUIBIFBl KacKa,
JKYMBICIIEH KAaMTBbUIyFa >kKoHE OuIiM JeHreline OainanbicThl Oonnbl. dmrooporpadusHbiy Oip
KBUIJAH acTaM KeILIIKTIpiayl eKmne TyOepKyle3iHiH JaMy KayliH apTThipca, €Kl >KbUIaH acysbl
KaylNTl €Kl ecere >KOFapblIaTThl. bysl »ofapbl KayilnTi TONTapAa CKPUHUHITI OakbLiayzbl
KYIIEHTY KQKETTIT1H KepceTe .

Tyiiin ce3nep: exme TyOepkynesi, (aooporpadus, CKPUHUHT, MaTOJIOTHs, CTaTUCTHKA,
AMUJEMHUS, TPOPHIIAKTUKA, THATHOCTUKA.
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3HAYEHUE ®JIIOOPOI'PA®UUA B IPOPUJTAKTUHYECKOM OCMOTPE
I'PAXKIAH

Hlanam6aes H.3., Xuaupaauea X.C., MyparoexkoBa ¥Y.H., HazapoexkoBa b.M.,
OmapoOexoBa A.A., Actana Y.I'.
. Medxcoynapoonviii  kazaxcko-mypeyxuti  ynusepcumem umeHu Xooxca Axmeo Acasu
Dakynbmem 6viciue20 MEOUYUHCKO20 NOCLEEy306cK020 0bpazoeanus (ILlvivkenm, Kazaxcman)*

AHHoTaumsA. PerymsipHOCTb MNPOXOXKIEHHS CKPHHHMHTOBBIX (Qurooporpaduyeckux
o0cJieZIoBaHUI 3aBUCUT OT BO3pacTa, 3aHATOCTU U YPOBHS 00pa30BaHUs, HOITOMY 3TU (PAKTOPHI
HEOO0XOJMMO Y4YUTBIBaTh IIPU IIJJAHUPOBAHUM CKPUHUHIA W IIOBBILIEHUM PEryJsipHOIO U
AKTUBHOI'O Y4YacTHsl HAceJeHUs. AKTyaJbHOCTh HCCIEIOBaHMs OOYCIIOBJIEHA COXpaHsoLIencs
BBICOKOW  SMMIEMHOJOIMYECKOM  3HAUMMOCTBIO  TyOepkyné€3a UM Belylledl  posbio
dmrooporpadguueckoro  oOcleOBaHWS B €r0  paHHEM  BBIABICHHWH.  HapymieHwue
pEerIaMEeHTHPOBAHHBIX CPOKOB TPOXOXKACHUS  (uooporpaduu NPUBOIUT K  TO3IHEH
JMarHOCTHKE 3a00JIeBaHusl, (POPMHUPOBAHUIO TSIKEIBIX M IECTPYKTUBHBIX (hopM TyOepkynésza u
NOBBILICHUIO 3MHUJEMHUOJIOTHYECKOW OMACHOCTH JUIsl HaceleHus. B 3Toil cBA3M u3yuyeHHE
(bakTOpOB, BIMSIOIMX HA PEryISIpHOCTh MPOXOXKACHUS MPOBEPOUHOro (irooporpaduyeckoro
oOciieZloBaHUs,, MMEET BaXXHOE MPAKTUYECKOE 3HAa4YeHHWe Ui  COBEPIIEHCTBOBAHUS
IpopUIAKTHIECKUX MEPOIPUATHI U CAHUTAPHO-IIPOCBETUTENBHOM pabOTHI.

Lenp. Lenp uccnenoBaHust - ONpeneNuTh (AKTOPbI, BIMAIOLIME Ha PEryISIPHOCTh
IpOXOoXKAeHUs HaceneHueM ImposepoyHoro @OJII'O u BCKpHITh CYOBEKTUBHBIE NPUYHMHBI,
IPUBOJALINE K HAPYLICHUIO €70 CPOKOB.

Matepuansl U meroasl. B xoxe uccienoBaHus Obulo oOcienoBaHO 728 yenoBeK, U3
KOTOpbIX 342 TmanMeHTa C BIIEPBBIC BBIABICHHBIM TYOEpKyln€3oM JETkuXx u 386 YCIOBHO
3I0pPOBBIX JIML. YCTAHOBJIEHO, YTO HEPETyIspHOE MPOXOXKICHHE (III0oporpapuueckoro
o0cIieZIoBaHUs Yalle 0TMEYAeTCs CPeu HepaboTaroIUX JIUL TPYAOCIOCOOHOI0 BO3pacTa U JIUIL
C HMU3KUM ypoBHeM oOpasoBanus. [Ipu yBennueHuM MHTEpBana MexIy oOclieoBaHUAMU Oosee
yeM Ha OJUH TOJ OTMeYaeTcsi JOCTOBEPHBIM pOCT pHCKa pa3BUTUS TYOepKynésa, a INpHu
NPEBBIILIEHUH JIBYXJIETHET0 MHTEpBaja pUCK BO3pacTaeT B JiBa pa3a. Cratuctuyeckas oopaboTka
JaHHBIX TO3BOJIWJIA OLIEHUTh BIMSHUE BO3pacTa, YpOBHS OOpa3oBaHMs, COLMAIbHOU
NPUHAJJIEKHOCTH U 3aHSATOCTU Ha PETYISPHOCTh NPOXOXKAEHUs Qurooporpaduu, a Takxke
ONpEeAENUTh OTHOCUTENBHBIM pPHUCK pa3BUTHS TyOepKkyné€3a JErKUX TMpH HApyLIEHUU
periaMeHTHPOBAaHHBIX CPOKOB OOCIIEZIOBAHHUS.

BeiBoa. Bricokast smuaeMuonioruueckass 3HaUYMMOCTh TyOepKys€3a M KiIroueBas poJib
¢rooporpaguu B €ro paHHEM BBISBICHHM OIPENENAI0T HEOOXOIUMOCTh COONIOIEHUSI CPOKOB
npoBepouHOro obcnenoBanus. X HapyiieHne crnocoOCTByeT TMO3JHEH JAMAarHOCTHKE U
MOBBINIAET PHUCK pa3BUTHS TOKENBIX (hopM 3abonieBaHus, 4TO TpeOyeT H3ydeHHs (aKTOpOB,
BIIMSIIOLINX Ha PETYJISIPHOCTD MPOXO0KJIeHUs Giirooporpaduu.

KiroueBble cioBa: TyOepkyne3 Jjerkux, Quooporpadus, CKpUHUHT, NaTOJIOTHS,
CTaTUCTHKA, STHIEMHSI, TPOPIIAKTHKA, THArHOCTHKA.

91

Received: 19.05.2026 / Accepted: 31.07.2026



Yassawi Journal of Health Sciences, Ne2(5), 2026 ISSN-p 3080-8707
ISSN-e 3080-8715

Introduction. Respiratory tuberculosis remains a pressing medical and social health
problem due to its severe course, high disability rates, and persistent epidemiological
significance. Despite improvements in diagnostic and treatment methods, the timely detection of
tuberculosis is largely determined by the effectiveness of preventive screening of the population.

In the Republic of Kazakhstan, the primary method for mass detection of tuberculosis in
adults remains screening fluorography, which allows for the diagnosis of pathological changes in
the respiratory system in the early stages of the disease. However, the diagnostic value of this
method directly depends on its regularity. Failure to comply with the prescribed fluorography
schedule leads to late detection of tuberculosis, the development of widespread and destructive
forms of the disease, and an increased risk of bacterial excretion and further spread of infection.

According to scientific research, a significant proportion of patients with newly
diagnosed respiratory tuberculosis have not undergone fluorographic screening for two or more
years, indicating a lack of adherence to preventive screening. Therefore, studying the factors and
subjective factors influencing the regularity of screening fluorographic screening, as well as
assessing their role in determining individual risk of developing tuberculosis, is particularly
relevant.

A comprehensive analysis of the socio-demographic characteristics, education level, and
employment status of the population allows us to justify the need for a differentiated approach to
public health education and the development of effective preventive measures aimed at
increasing the coverage of regular fluorographic screening.

Materials and Methods. The study sample included newly diagnosed patients with
pulmonary tuberculosis undergoing inpatient treatment at the Regional Tuberculosis Dispensary
(342 individuals, including 229 from the outpatient risk group, i.e., those with diabetes, chronic
non-specific lung diseases, peptic ulcers, HIV infection, and those receiving long-term
corticosteroids) and healthy individuals living in Shymkent and the Turkestan region (386
individuals, including 137 from the outpatient risk group). The study was conducted using a
specially developed questionnaire that included data on age, gender, social status, educational
level, and the timing of the screening.

FLOG screening was performed: for patients with tuberculosis, the screening period was
prior to the diagnosis of the disease, and for healthy individuals, the screening period was prior.
Individuals who underwent screening fluorographic examination within the prescribed
timeframes constituted Group | (497 people), while those who violated them constituted Group
11 (231 people).

Depending on these terms, tuberculosis patients and healthy individuals were divided into
two groups. Group 1 (those observing the regulated terms of the verification fluorographic
examination) included individuals from the outpatient risk group (tuberculosis patients and
healthy individuals), with the term of the last fluorographic examination not exceeding 1 year, as
well as individuals without a risk group disease (tuberculosis patients and healthy individuals),
with the term of the last fluorographic examination not exceeding 2 years; a total of 497
individuals were included in this group. Group 2 (those violating the regulated terms of the
verification fluorographic examination) included individuals from the outpatient risk group
(tuberculosis patients and healthy individuals), with the term of the last fluorographic
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examination exceeding 1 year, as well as individuals without a risk group disease (tuberculosis
patients and healthy individuals), with the term of the last fluorographic examination over 2
years; a total of 231 individuals were included in this group. The Shapiro-Wilk criterion was
used to determine whether the terms of the verification fluorographic examination obey the law
of normal distribution. At the significance level (p) less than 0. > u(/[1: 05, the hypothesis of
normal distribution was rejected. Since the data did not obey the law of normal distribution, they
were presented as the median and 95% CI (Me [L; U], where L is the lower limit of CI, U is the
upper limit of CI). For proportions, 95% CI was calculated using the Wald-Wolfowitz method.
The statistical significance of differences in quantitative indicators was determined using the
Mann-Whitney test. Differences between qualitative (nominal) features were assessed using the
¥2 criterion (the results are presented as: y2 is the criterion value, df is the number of degrees of
freedom, p is the significance level). To assess the impact of violation of the terms of screening
fluorographic examination of the population on the individual risk of developing pulmonary
tuberculosis, the relative risk indicator - RR (presented as: RR and 95% CI) was calculated. The
null hypothesis of no statistically significant differences was rejected at p<0.05.
Age Structure of Individuals.

Table 1. Complying with and Violating the Timing of Preventive Fluorographic Examination
(absolute numbers, %, £95% CI)

Age group 1st group 2nd group
18-19 years old 25 6
80,6+13,92 19,4+13,92
20-29 years old 102 54
65,4+7,46 34,6+7,46
30-39 years old 120 53
69,4+6,87 30,6+6,87
40-49 years old 73 59
55,3+8,48 44,7+8,48
50-59 years old 84 40
67,7+8,23 32,3£8,23
60-69 years old 46 14
76,7+10,69 23,3+10,69
More than 70 years 47 5
90,4+8,01 9,6+8,01

The proportion of individuals violating the timing of preventive fluorographic examination did
not differ significantly between rural and urban residents (30.5 + 4.1% versus 34.3 £ 5.8%,
respectively; p = 0.277).

In the age structure, however, statistically significant differences were identified (%> = 30.520; df
= 6; p < 0.001). Thus, in the age groups of 20-29 years, 60-69 years, and over 70 years, the
proportion of individuals in Group I was the highest.
The maximum proportion of individuals in Group Il was observed in the 40-49-year age group,
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which was associated with the highest level of employment activity in this age category (38.6 £

8.3%).

Table 2. Social Structure of Individuals
Complying with and Violating the Timing of Preventive Fluorographic Examination
(absolute numbers, %, $95% CI)

Social group 1st group 2nd group
Workers 95 49
66.0£7.73 34.0+7.73
Officers 93 31
75.0+7.62 25.0£7.62
Pensioners 9 25
79.0+£7.31 21.0+£7.31
Disabled 31 11
73.8+13.29 26.2+13.29
Not working, 142 108
of working age 56.8+6.14 43.2+6.14
Other categories™ 42 7
73.1£12.4 26.9+12.4

As follows from the data presented in Table 2, individuals of working age most
frequently violated the established timing of preventive fluorographic examination (43.2 +
6.1%).

Among working professions, every third individual violated the examination schedule,
while among students such violations were recorded only in isolated cases.
Among pensioners, the proportion of individuals violating the timing of preventive fluorographic
examination was 21.0 § 7.3%, which is likely due to the fact that pensioners traditionally
demonstrate the highest activity in terms of systematic participation in preventive medical
examinations.

It should be noted that 45.1 { 5.0% of individuals included in Group Il who belonged to
the clinical risk group for tuberculosis did not undergo preventive fluorographic examination for
more than one year.

In this case, responsibility for irregular performance of preventive fluorographic
examination lies entirely with the medical personnel of the assigned healthcare network.
According to the survey conducted, it was found that one of the main reasons for violation of the
timing of preventive fluorographic examination was careless attitude toward one's own health
(39.0 + 6.29%). In second place was lack of time (35.9 - 6.18%), and in third place — self-
confidence (24.7 + 5.56%).

The inability to undergo preventive fluorographic examination due to limited access was
indicated only in isolated cases (0.4 + 0.81%).
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The need to optimize working conditions and the introduction of home-based
examination services, as well as insufficient awareness and low value placed on personal health,
are barriers to timely access to medical care.

The risk of developing tuberculosis among individuals who did not argo preventive
fluorographic examination for more than one year was more than 1.5 times higher than among
those who were examined regularly.

Table 3. Educational Level of Individuals
Complying with and Violating the Timing of Preventive Fluorographic Examination (absolute
numbers, %, $95% CI)

Educational 1st group 2nd group
Level (n=497) (n=231)

Basic 65 39
general 62.5+9.30 37.5+£9.30
Secondary 103 61

62.8+7.39 37.2+7.39
Secondary vocational 85 46

64.9+8.17 35.1+8.17
Secondary special 106 50

67.9+7.32 32.1£7.32
Incomplete 138 35
higher and higher 79.8+£5.98 20.2+5.98

The structure of the educational level of individuals included in Groups | and Il is

presented in Table 3 (x = 16.055; df = 5 p = 0.007).
As follows from the data presented in Table 3, adherence to the established timing of preventive
fluorographic examination depends on the level of education.

Thus, individuals with basic general education violated examination timing in 37.5 { 9.30% of
cases, whereas among those with secondary specialized education this figure was 35.1 + 8.17%,
and among individuals with higher and incomplete higher education — only 20.2 f 5.98%.
The risk of developing pulmonary tuberculosis in individuals who have not undergone screening
fluorographic examination for more than one year is more than 1.5 times higher than in
individuals who undergo it every year (RR=1.8 [1.50; 2.06]), and in those who have not
undergone it for more than two years, the risk is already more than 2 times higher (RR=2.1
[1.83; 2.39]).

In individuals who have not undergone screening fluorographic examination for more
than three, four and five years, the risk of developing pulmonary tuberculosis (respectively
RR=2.1 [1.87; 2.40]; RR=2.0 [1.77; 2.29] and RR=2.0 [1.81; 2.32]) did not differ significantly
from that in those who have not undergone this examination for more than two years. Therefore,
when planning and conducting screening FLGO, special attention should be paid to this category
of the population. Thus, the factors influencing the regularity of FLGO screening by the
population include age, unemployment, and education level. The highest proportion of
individuals who comply with the regulated FLGO screening period is among pensioners and

95

Received: 19.05.2026 / Accepted: 31.07.2026




Yassawi Journal of Health Sciences, Ne2(5), 2026 ISSN-p 3080-8707
ISSN-e 3080-8715

individuals with incomplete higher education, while those who do not comply are unemployed
individuals of working age. According to the survey results, the reasons for irregular FLGO
screening were a careless attitude towards one's health, being busy at work, and overconfidence.

The risk of developing tuberculosis in individuals who have not undergone FLGO
screening for more than one year is more than 1.5 times higher than in those who undergo it
annually; extending the FLGO screening period by more than two years doubles the risk of
developing tuberculosis. These data should be taken into account when conducting public health
education campaigns to motivate the population to regularly undergo FLGO screening.
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WORKPLACE STRESS AND BURNOUT AMONG EMPLOYEES IN HIGH-
TECHNOLOGY AND RESEARCH INSTITUTIONS: A REVIEW OF NURSING ROLES
AND INTERVENTIONS
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Abstract. Stress and burnout have become significant issues in high-tech and research
institutions, particularly for employees in demanding environments. This systematic review
examines the causes, consequences, and nursing interventions for workplace stress and burnout.
Utilizing peer-reviewed articles from PubMed, Scopus, and Google Scholar, with keywords like
"workplace stress,” "burnout,” and "nursing interventions,"” the review highlights organizational,
environmental, and psychological stressors as primary contributors to burnout. Nursing
professionals play a crucial role in offering stress management interventions, including
mindfulness-based stress reduction (MBSR), cognitive behavioral therapy (CBT), and peer
support networks, which can alleviate emotional exhaustion and improve job satisfaction. The
review also identifies barriers to the implementation of these interventions, such as
organizational constraints, workforce adaptation challenges, and ethical considerations related to
Al in nursing practice. Despite these challenges, the study emphasizes the importance of training
nurses in Al, designing nursing-specific tools, and fostering organizational support to reduce
stress and burnout. Recommendations for improving nursing interventions and enhancing overall
well-being in high-tech and research settings are provided.

Keywords: Workplace Stress, Burnout, Nursing Interventions, High-Tech Institutions,
Mindfulness-Based Stress Reduction.

"KOFAPBHI TEXHOJIOTUSJIBIK KOHE FBUIBIMU-3EPTTEY MEKEMEJEPI
KBI3METKEPJEPI APACBIHIAFBI JKYMBIC OPHBIHJIAFBI CTPECC ITEH
SMOLUSIILIK KYHWIT KETY: MEWIPTEPJIIK KGI3METTIH POJII MEH
APAJIACYJIAPBIHA IIOJTY

Ajesha Musa Paul', Abdullahi Isah Kuba?
¥ammuix 2apvriumsix 3epmmeynep sicane aziparemenep acenmmici (NASRDA) (Hueepus
Dedepamusmix Pecnybauxacst)’
T'saceanada ynusepcumemmix oky aypyxanacel (Hueepus ®edepamuemix Pecnyonukacot)?
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Anparna. JKymbiC OpHBIHIAFrbl CTpPECC I€H OMOLMSUIBIK KYHII KEeTy JKOFaphl
TEXHOJIOTUSUIBIK KOHE FBUIBIMH-3EPTTEY MEKeMelepiHie, ocipece eHOEK >KYKTeMeCi MKOraphl
KBI3METKEpJIep apachlHJla MaHBI3/Ibl Macelere aifHamapl. byt xyieni oy )KYMbIC OpHBIHIAFbI
CTpecC TEeH AMOUMSIIBIK KYHIN KeTYAiH ceOenTepiH, CalJapblH JKOHE OJap/bIH aJlIbIH ally MEH
TOMeHeTyre OarbITTaFaH MEHiprepiik apaigacynapasl Kapacteipaasl. Tanmay PubMed, Scopus
xoHe Google Scholar nepexkopiapblHaH <«OKYMBIC OPHBIHIAFBI CTPECCY», «IMOLMSIIBIK KYHiIl
KETy» JKOHE «MEUIprepiiK apanacyiap» KUIT ce3lepi OOWBIHIIA ipIKTENTeH pereH3UsIIaHFaH
FBUIBIMA ~ Makamanapra HerizgenreH. [llomy HoTmxkenepi YHBIMIBIK, OHIIPICTIK JKOHE
MICUXOJIOTHSUIBIK  CTpecC (akTopiapbl AMOLMSUIBIK KYHWINl KETYIiH HETri3ri cedenTepi eKeHiH
kepceTTi. Meliiprepiep crpeccTi Oackapyra OarbITTadFaH apajiacyiaplbl JKy3ere achipyia
MaHbBI3Jbl poil aTKapaisl. OnapablH KaTapblHA CAaHAIBUIBIKKA HETi3/ICITeH CTPECCTI TOMEHIETY
6armapnamanapsl (Mindfulness-Based Stress Reduction, MBSR), KOrHUTHBTI-MiHE3-KYJIBIKTHIK
tepanust (CBT) jkxoHe opinTecTik KONAay >KeNiiepiH YHbIMAACTHIpY >katansl. byn mapamap
OMOIMSUIBIK CapKBUTYZIbI a3aiThIN, KBI3SMETKEPIJIEP/iH KYMBICKA KaHAaraTTaHYbIH apTTHIpyFa
pIKan eteni. COHBIMEH KaTap, IIONyJa MYHJAil apamacynapbl €HTi3yre KeAepri KenTipeTiH
daxTopnap asbiKTanApl. Onapra YHBIMIBIK IIEKTEYJEep, KBI3METKEpPJICpPAiH jKaHa Tociaepre
OeiiiMaenyiHaeri KUBIHABIKTAD JKOHE MEHiprepiik ToxipuOene >KacaHIbl HWHTEIUICKTIHI
KOJIJaHyFa OaiJIaHBICTBl ATHKAIBIK Mocesenep jkaTanbl. OChl KUBIHABIKTapFa KapaMacTa,
3epTTey MeHiprepiepai  JKacaHIbl HWHTEIUIGKT TEXHOJOTHSUIAPBIH KOJJIaHyFa OKBITY/IbIH,
MeHiprepiik ToxipuOere apHalFaH apHaWbl KypaiJapabl 931piey/iH jKoHe YUBIMABIK KOJAayabl
KYIICHTY/IIH MaHBI3IbLIBIFBIH aTan kepcerei. COHbIMEH KaTap, KOFaphl TEXHOJIOTHSUIIBIK YKOHE
FBUIBIMH-3€PTTEY MEKEMEJIEPIHC KhI3METKEPJICPIiH dJI-ayKaThIH JKaKCapTy MEH CTPEeCC JKOHE
OIMOIMSUIBIK KYHII KETY NEHIeiiH TOMEHIeTYre OaFrbITTalIFaH YChIHBICTAp OepiireH.

Tyiiin ce3aep: XYMBIC OpPHBIHIAFBI CTPECC, AMOIMUIBIK KYHINl KeTy, MeWiprepiik
apaiacynap, OJKOFapbl TEXHOJOTHSJIBIK MEKEeMelep, CaHAIBUIBIKKA HETI3/IeNreH CTPecCTi
teMenery Oaraapiamacel (MBSR).

CTPECC HA PABOYEM MECTE U DMOIIMOHAJIBHOE BBI'OPAHUE CPEJIHN
COTPYJHUKOB BBICOKOTEXHOJIOTHTYHBIX 1 HAYYHO-
HCCJEIOBATEJbCKAX YUYPEXJIEHUNA: OB30P POJIM MEJTAIIMHCKHUX
CECTEP U UX BMEIIATEJIBCTB

Ajesha Musa Paul', Abdullahi Isah Kuba?®
Hayuonanvnoe azenmemeso kocmuueckux uccuedosanuii u paspabomox (NASRDA)
(Peoepamuenas Pecnybauxa Hueepus)’
Yuusepcumemckas yueonas 6ononuya I'saceanaoa (@edepamusnas Pecnybnuxa Hueepus)?

AnHoTtanus. CTpecc U 3MOIMOHATIBFHOE BHITOPAHHUE CTAU CEPbE3HBIMU MPOOIEMaMHU B
BBICOKOTEXHOJIOTHYHBIX M HAy4YHO-UCCIIEJOBATEIbCKUX YUPEXKJIEHUSX, OCOOCHHO Cpelnu
COTPYJIHUKOB, pabOTaIOUIMX B YCIOBUAX BBICOKOHM MpodeccnoHanbHON Harpy3ku. B ganHOM
CHUCTEMAaTUYECKOM 0030pe paccMaTpUBAIOTCSl TMPUYMHBI, MOCIEACTBUS U CECTPUHCKHUE

BMCIIATCIIbCTBA, HAIIPABJICHHBIC Ha HpO(i)I/IJ'IaKTI/IKy U CHHXXCHUC YPOBHA HpO(l)eCCI/IOHaJ'IBHOFO
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cTpecca M AMOIMOHAIBHOTO BBITOpaHHS. AHAINW3 OCHOBAaH Ha PEICH3UPYEMBIX ITyOJIHMKALUSIX,
orobpanHbIX u3 6a3 manHeix PubMed, Scopus u Google Scholar ¢ ucronp3oBanneM KIIFOYEBBIX
CIIOB «pabouuii CTpecc», «IMOLMOHAIBHOE BHITOPAHUE» M «CECTPHHCKUE BMELIATEIBCTBAY.
Pe3ynbraThl 0030pa MOKa3bIBAIOT, YTO OCHOBHBIMH (PaKTOPAaMH, CIOCOOCTBYIOIIMMHU Pa3BUTHIO
SMOIMOHAJIBHOTO  BBITOPAHUS,  SBISIOTCS ~ OPraHM3alMOHHBIC, POW3BOACTBCHHBIE U
TICHUXOJIOTUYECKUE CTPEcCOpbl. MEIMIMHCKHE CECTPhl WUIPAIOT BAXHYIO POJb B pealH3aluu
MEpOIPUATHIA 10 YIIPABICHUIO CTPECCOM, BKJIFOYAsi MPOrPaMMbl CHIDKEHHSI CTpecca Ha OCHOBE
oco3nanHoctu (Mindfulness-Based Stress Reduction, MBSR), kKOrHHUTHBHO-IIOBEICHUYECKYIO
tepanuto (CBT) m co3manume cerell B3aMMHOM MOAJNEPXKKU, YTO CHOCOOCTBYET YMEHBIICHHUIO
SMOIMOHAJIBHOTO HMCTOLICHHUS M TOBBIIICHUIO YIOBJIETBOPEHHOCTH TPyAoM. B 0030pe Takke
BBISIBJICHBI IPEMSTCTBHS JJIsl BHEAPCHUS JTAHHBIX BMEIIATENbCTB, BKJIIOYAs OPraHU3alMOHHbBIC
OTPaHWYCHUS, CIOKHOCTH QJalTalii IepcoHajla W O3TUYECKHE BOIPOCHI, CBS3aHHBIE C
NPUMEHEHHEM HCKYCCTBEHHOTO MHTEIUIEKTa B CECTPUHCKOH mpaktuke. Hecmorps Ha
CYIIECTBYIOIIUE TPYIHOCTH, MCCIICJAOBAHUE MOTYCPKUBACT BAKHOCTh OOYYCHHUS MEIMIIUHCKHX
cectep  KCIOJNb30BAHMIO  TEXHOJOTMH  HMCKYCCTBEHHOTO  HWHTEIUICKTa,  pa3pabOTKU
CICUUATM3MPOBAHHBIX ~ MHCTPYMEHTOB  JUIS ~ CECTPUHCKOW  TIPAKTHMKH W YKPCIUICHHSI
OpraHM3allMOHHON TOMJCPKKU C ILENbI0 CHUKCHHUS YPOBHS CTpecca M OMOIMOHAJIBHOTO
BbIrOpanusi. [IpeicTaBieHbl  PEKOMEHIAIMK 10  COBEPIICHCTBOBAHUIO  CECTPUHCKUX
BMEIIATEIBCTB M MOBBIMICHUIO OOIIEro OJIaronoIydusi COTPYAHUKOB B BRICOKOTEXHOJOTUYHBIX
HAaY4YHO-HMCCIIEI0BATEIbCKUX YUPEKICHUSX.

KaioueBble cioBa: paboumii cTpecc, SMOLMOHAIBHOE BBITOPAaHHE, CECTPUHCKHUE
BMEIIATEIBCTBA, BBICOKOTEXHOJIOTUYHBIC YYPSKICHUS, CHIDKEHHE CTpecca Ha OCHOBE
oco3nanHoctu (MBSR).

Introduction. Stress and burnout in the workplace have emerged to be significant issues
in contemporary organisations particularly in high-tech and research institutions where workers
are constantly subjected to severe work pressures, innovation pressures, and hard deadlines. The
necessity to maintain the productivity, accuracy, and competitiveness may subject workers to
unceasing psychological and emotional pressure in such environments (Deger, 2024; Haruna,
2023). Consequently, workplace stress is no longer considered as a transient inconvenience but
as an occupational health problem of serious consequences to both the employees and
organisations.

A multidimensional phenomenon, burnout is associated with emotional exhaustion,
depersonalisation, and diminished personal achievement and is a frequent consequence of
untreated and long-term workplace stress (Nawaz et al., 2022; Tang et al., 2025; Gkontelos et al.,
2025). This condition not only impacts on the emotional and mental wellbeing of workers but
also their motivation, concentration, and performance quality. Burnout may undermine the
institutional performance and individual productivity in high-tech and research environments,
where mental activity, imagination, and critical thinking are the key factors (Ajayi and Udeh,
2024; Joe et al., 2025). Kumar et al. (2024) also indicate that the physical, emotional, mental,
and social burnout-related exhaustion lower the capacity of employees to perform effectively

according to the professional expectations.
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Workplace stress and burnout are especially relevant to those work environments that are
high-pressure like technology-driven organisations, laboratories, and research institutions. These
places of work are usually typified by extended working hours, performance appraisals, role
ambiguity, excessive workloads, and the need to deliver quick outputs. These pressures often
lead to chronic occupational stress, which, without an adequate coping mechanism, develops into
burnout (Haruna, 2023; Cakirpaloglu et al., 2024). Jin et al. (2023) also highlight that emotional
exhaustion is particularly exacerbated when the work demands are high, and the employees have
low control over the work conditions. This renders the matter particularly relevant in the
facilities where employees are obliged to work at high rates with a minimum amount of recovery
time.

Nursing profession provides a valuable insight into stress and burnout at work since
nurses often operate in challenging environments where stress impacts are both tangible and
severe. Research has revealed that nurses are especially susceptible to burnout because of
workload, emotional stress, role conflict, and the stress that comes with the responsibility of
patient care (Kizilkaya, 2024; Wilton et al., 2024; Duasin et al., 2024). Emotional exhaustion,
depersonalisation, decreased job satisfaction, lapsed care, and work performance have been
associated with burnout amongst nurses (Novianti and Budiyanto 2025; Getie et al., 2025;
Pakpahan et al., 2026). Their experiences also offer a valuable lesson on the factors and effects
of work stress and also the importance of nursing professionals in prevention, support, and
intervention efforts in the workplace.

Rising rates of stress and burnout among employees in high-tech and research settings
have emerged as a highly significant challenge to the well-being of employees and organisational
productivity. These industries require constant innovation, accuracy, and rapidness and
frequently do not give workers ample time to rest, recuperate, or emotionally adapt. The longer
the occupational pressure, the weaker the workers are to exhaustion, disengagement, and
decreased professional performance (Deger, 2024; Ajayi and Udeh, 2024). This is not only
harmful to individual health, but also compromises team work, imagination, quality of service,
and output at the institution.

The issue is even more pressing in the context of research-related and healthcare-oriented
facilities in which stress can have a direct impact on decision-making, healthcare outcomes, and
safety. Constant exposure to stressors at work has been linked to emotional exhaustion and
decreasing ability to cope, negative emotions, and diminished personal accomplishment in
employees, especially nurses and other healthcare workers (Duasin et al., 2024; Grotowska et al.,
2025). Failure to intervene effectively on this trend will lead to an increase in absenteeism, low
job satisfaction, low performance and poor organisational sustainability in institutions.

The primary goal of this review is to discuss the current information on stress and
burnout at the workplace among the employees in high-tech and research institutions. In
particular, the review aims at examining the significant causes of stress and burnout at work in
such environments and discussing their consequences regarding the health of employees, their
performance at work, and the productivity of the institution (Ajayi and Udeh, 2024; Joe et al.,
2025).

The purpose of the review is also to evaluate the process of managing stress and burnout

at the workplace by nursing professionals. Nursing professionals are uniquely placed in a
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position to contribute to employee well-being by providing health education, stress management
tools, early signs of burnout, and advocacy of health in the workplace due to their frontline
experience in dealing with stress-related outcomes in demanding care settings (Wilton et al.,
2024; Novianti and Budiyanto, 2025). This role can be understood to create multidisciplinary
approaches to stress reduction and better occupational health outcomes.

The paper is an important contribution to the literature since it has tackled the increasing
problem of occupational health in industries that are important in the field of innovation,
knowledge creation, and service provision. Research and high-tech organizations are very
dependent on the intellectual, emotional, and physical strength of employees. The knowledge of
the underlying causes and consequences of work stress and burnout is critical in protecting the
health of the staff and ensuring they remain productive.

Moreover, the research has useful information in informing the organizational policies
and practices. The results may be used to develop health and wellness interventions to create
stress and burnout reduction strategies, such as workload management strategies, mental health
assistance, staff counseling, and involvement of occupational health professionals in the
institutional wellness programs.

The paper also highlights the critical importance of nursing professionals in stress and
burnout management in the workplace. Their background in diagnosing the symptoms of burnout
in their early stages and offering assistance makes them the major stakeholders in the promotion
of healthier workplaces. This study proposes a more comprehensive and unified approach to the
issues of stress and burnout in high-demand professional environments by emphasizing their
contributions.

Methodology

1. Review Design. The systematic review design is adopted in this review so that there is
a complete and systematic review of the available literature. The methodical procedure enables
the transparent and clear procedure of identifying, evaluating, and synthesizing the relevant
studies referring to stress and burnout in the workplace, especially in the high-tech and research
setting, and the role of the nursing professionals in managing the given problems.

2. Literature Search Strategy. A thorough literature review will be carried out in
various academic databases to obtain the pertinent literature. The databases that will be used to
locate peer-reviewed articles, grey literature, and other pertinent sources will be the following:

PubMed, Scopus, Google Scholar. Specific keywords and Boolean operators will be used
in the search to narrow the results:

Keywords: work stress, burnout, nursing interventions, high-tech institutions, research
settings, occupational health.

Operators of the Boolean type: AND, OR (e.g., workplace stress AND burnout AND
nursing interventions AND high-tech institutions).

These keywords will make sure that the review incorporates the relevant studies
addressing not only the causes of stress and burnout but also the role of nursing professionals in
solving the problem in the research and high-tech settings.

3. Inclusion and Exclusion Criteria.

Inclusion Criteria:
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e Research on stress and burnout in the workplace of a high-tech, research, or healthcare
institution.

e Studies concerning nursing interventions and their contribution to stress and burnout
management at work.

Research that incorporates systematic reviews, empirical research, case studies, and
qualitative research that do not leave insights on the occupational health, burnout, and stress in
the identified contexts.

Exclusion Criteria:

e Research that concerns stress and burnout at the workplace in non-high-tech or research
workplace settings.
Steven et al. (2016) conducted a study that included articles that did not specifically investigate
nursing interventions or burnout as a result of workplace stress.

e Articles in non-English languages (unless a corresponding translation exists).

-Research that does not contain adequate information about the causes and effects of
burnout or is beyond the scope of this review.

4. Analysis and Extraction of Data.

A standardized data extraction form will be used to extract data on the selected studies.
The major variables to be elicited are:

Obviously, the causes of burnout are job demands, role ambiguity, emotional exhaustion,
etc.

Clicking on nursing roles: The role of nursing professionals in managing stress, burnout
recognition, and support interventions.

Interventions: Interventions or programs that are applied to address stress and burnout in
the workplace, especially interventions that target nursing.

Thematic synthesis will be used to analyze the data in order to identify patterns and shared
themes in the studies. This qualitative study will assist in summarizing the key results and
outlining the role of nursing professionals in dealing with workplace stress and burnout.
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Figure 1. Prisma diagram

3. Stress and Burnout in Workplaces in High-Technology and Research Institutions.
High-Tech and Research Institutions Overview.

Technological and research-oriented institutions are characterized by a high-paced,
dynamic, and, in many cases, high-pressure environment. The nature of these industries is that
the innovation process is always needed; they have to be fast at adapting to new technologies,
and they have to be productive and meet deadlines. This brings a professional environment
where workers must work at high pressure, and there are high expectations to produce high-
quality outputs within a relatively short period of time. In some industries, especially in the
information technology, pharmaceutical, engineering, and healthcare areas, the adoption of the
emerging technologies and the innovation is a fundamental part of operation in the day-to-day
activities. This has resulted in employees in these industries struggling to keep abreast with the
technological changes and at the same time manage heavy workloads, the growing complexity of
their jobs, and high-stake work responsibilities (Ajayi & Udeh, 2024).

These organizations tend to promote the culture of the always-on, and in this case, the
digital aspect of the work environment causes work and personal time to be indistinct. The
growing use of digital tools, online teamwork, and remote work only adds to the escalation of
work rhythms and longer working hours, which only exacerbates the level of stress and the
chance of burnout (Haruna, 2023). The digital technologies that have been introduced in these
workplaces have also brought new stressors like technostress, which is the stress that is caused
by the excessive use of technology in the workplace. This phenomenon encompasses techno-
invasion, whereby work-related technology intrudes into personal life; techno-insecurity, where
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employees fear that their technological capabilities are inadequate; and techno-overload, where
employees are overwhelmed by information and digital demands (Malik et al., 2025).

Reasons for Workplace Stress and Burnout. High-tech and research institutions are
also subject to workplace stress that is caused by various factors, including organizational and
environmental stressors and psychological pressure. All these put together have created a
situation where burnout is a reality and an increasing problem.

Organizational Stressors: A major stressor in an organization is workload, which is
usually aggravated by a set of tight deadlines, high expectations, and job demands, which keep
on rising. In the high-tech industry, staff are often expected to balance several duties and
assignments, and it is hard to achieve a balance between work and life (Ajayi and Udeh, 2024).
Another type of stress is job insecurity, particularly when the organization is undergoing a
restructuring or downsizing process, as workers fear the job security within a competitive and
rapidly changing industry.

Environmental Stressors: Environmental stressors, including noise in open-plan offices
and social isolation in telecommuting settings, are some of the contributors to stress in these
settings. This absence of face-to-face contact may cause a sense of disconnection, and strong
noise or a disorganized workplace prevents concentration and performance (Hernandez et al.,
2022).

Psychological Stressors: Psychological stressors encompass the emotional burden on the
employees, especially in the research environment where failure to perform to the expectations
can be devastating. Moreover, dissatisfaction with the job (related to the absence of recognition,
poor remuneration, and career development opportunities) has also been cited as a major reason
causing burnout. There is also a tendency to feel unvalued and overworked, which reduces the
motivation and productivity of employees in these high-pressure settings (Kaptanoglu, 2025).

Effects of Stress and Burnout. Stress and burnout have severe and multi-dimensional
impacts on the physical, mental, and emotional condition of employees and the overall
performance of the whole organization, which are hard to overlook.

Influence on the Mental and Physical Health of the Employees: Stress and burnout
are the causes of various mental health problems such as anxiety, depression, and cognitive
fatigue. Physically, workers can have chronic fatigue, headaches, sleeping disorders, and heart
problems as the result of continuous exposure to stress. The healthcare industry, specifically, is
particularly susceptible because the emotional burden of patient care may result in an increase in
cases of stress-related diseases among workers (Kaltenegger et al., 2023).

Effect on Productivity, Innovation, and Job Performance: The productivity is also
considerably affected, as employees with burnout usually lose their concentration, become less
creative, and lower the quality of work. Innovation is particularly in danger because burnt-out
employees might not have the energy and mental clarity that they need to solve problems
creatively and engage in constant learning. Job performance is generally reduced, and employees
complain of reduced efficiency, increased error rate, and increased absenteeism. Unaddressed
burnout may result in higher turnover as well, as employees are trying to get out of the unhealthy
atmosphere (Malik et al., 2025; Pinto et al., 2024).

The culture of being always-on and the growing workload with the help of digital

technologies also add to the blurring of work-life boundaries, contributing to the technostress
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even more. This, in its turn, increases the threat of burnout and adversely influences the well-
being of employees and health of the organization.

Employee Health

Technostress Burnout
S —_— Impact

e Tech Overload o Emotional Exhaustion 1
e Increased Anxiety
o Techno-Insecurity © Depersonalization
o Physical Health Problems
o Techno-Invasion o Reduced Performance
® Decreased Job Satisfaction

Figure 2: The Relationship Between Technostress, Burnout, and Employee Health

This figure illustrates the progression from technostress to burnout and its subsequent
impact on employee health. It highlights how various forms of technostress, such as tech
overload, techno-insecurity, and techno-invasion, can trigger emotional exhaustion and
depersonalization, which are core components of burnout. As burnout intensifies, it leads to
reduced work performance, which, in turn, negatively affects the physical and mental health of
employees. The diagram emphasizes the interconnected nature of these stressors and their
cumulative effect on an employee's overall well-being, ultimately leading to increased anxiety,
physical health issues, and decreased job satisfaction.

4. Nursing Roles in Workplace Stress and Burnout.

High-Tech and Research Institution Nursing Interventions. Nursing professionals are
important in solving the problem of stress and burnout in the workplace, especially in the high-
tech and research settings where the pressure on employees is usually overwhelming. Nursing
interventions are effective concerning stress management and coping mechanisms, which offer
both reactive and proactive techniques that enable employees to control the psychological stress.
These measures are intended to develop psychological strength and improve coping skills in the
challenging settings (Alrehali et al., 2022).

Nursing interventions are applied extensively with the use of individual and group
therapies. Nurses usually offer therapeutic care to patients with stress or burnout, employing a
method including cognitive behavioral therapy (CBT) and relaxation. These treatments assist the
individual to re-appraise their stress reactions, handle their feelings, and alleviate anxiety (Silva
et al., 2021). Group therapies, like peer support sessions, help workers to exchange experiences,
share feelings, and discuss coping strategies collectively.

Preventative Measures

The preventative measures play a critical role in the reduction of the long-term
consequences of workplace stress and burnout. Educational programs, stress relievers, and
wellness programs are essential elements of such preventive programs. Stress management
workshops, mindfulness training, and physical wellness programs such as yoga are examples of
wellness programs that enable employees to stay healthy in physical and psychological
conditions (Pasay-an et al., 2025; Yosep et al., 2025).
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The stress-reduction programs like frequent breaks, mental health days, and relaxation
methods motivate the employees to have a day off from employment in order to refresh and
alleviate stress. Educational programs with the purpose of developing sensitivity to stress and
burnout and offering means of coping with the conditions are especially significant in work
settings with high demands, e.g., high-tech and research facilities. Such programs usually aim at
developing adaptive coping and personal awareness, which are critical to long-term resilience at
work (Taribuka et al., 2025).

Individual-Focused Interventions Organizational Strategies

o Mindfulness-Based Stress Reduction e Wellness Programs

o Cognitive Behavioral Therapy (CBT) e Peer Support Networks
Mitigating Stress and Burnout

Reduced Increased Job Improved
Stress Satisfaction Resilience

Figure 3: The Role of Nursing Interventions in Mitigating Stress and Burnout

This figure illustrates the interaction between individual-focused nursing interventions
and organizational strategies in reducing workplace stress and burnout. It highlights that
individual interventions like mindfulness-based stress reduction (MBSR) and cognitive
behavioral therapy (CBT), when combined with organizational strategies such as wellness
programs and peer support networks, create a comprehensive approach to mitigating stress. The
diagram emphasizes the outcomes of these interventions, which include reduced stress, increased
job satisfaction, and improved resilience. By showing how both personal and organizational
approaches work together, the figure underscores the holistic nature of managing burnout in
high-pressure environments like healthcare and research institutions.

Nursing-Specific Approaches

Specific nursing interventions to help fight workplace stress and burnout incorporate
mental health nursing models that are customized to tackle the specific issues of the employees
in high-stress settings. Mental health nursing models, including those applied in Mindfulness-
Based Stress Reduction (MBSR), are specifically useful in assisting employees to cope with
emotional fatigue and develop resilience (Poluboiartsev, 2023). This group of models focuses on
the current moment, the breathwork, and self-compassion as some of the practices that decrease
stress and enhance emotional control (Bhardwaj et al., 2024).

Mindfulness-based interventions have been shown to decrease emotional exhaustion and
enhance job satisfaction in nursing personnel in high-stress care settings, including intensive care
units (ICUs) (Joe et al., 2025). These methods are not only effective in reducing stress, but they
also increase empathy and self-compassion, which are crucial attributes of a nurse who directly

treats a patient in a high-pressure environment. Mindfulness-based interventions enable nurses to
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acquire adaptive coping skills such as active problem-solving and positive reframing, which are
essential in overcoming occupational difficulties (Woods-Giscombé, 2021).

In addition to personal interventions, organizational approaches are also vital in the
development of a good workplace. The psychological resilience of nursing professionals is
enhanced by the introduction of peer support networks, supportive leadership, and professional
development opportunities. These organizational-level measures are in addition to patient
interventions, as they create a culture of care and support (Ali & Shaban, 2025; Golparvar &
Parsakia, 2023).

Table 1. Nursing Interventions for Stress and Burnout

Intervention Type Examples Impact

Mindfulness-Based Stress | Mindfulness practices, | Reduces  emotional  exhaustion,
Reduction breathwork, body scan exercises | enhances job satisfaction

Cognitive Behavioural | Reframing  negative  thoughts, | Alleviates anxiety, improves
Therapy (CBT) relaxation techniques emotional regulation

Group therapy, support groups, | Increases feelings of support,

Peer Support Networks . . . .
PP shared experiences reduces isolation, fosters resilience

Yoga, stress management | Improves physical and mental

Wellness Programmes . .
g workshops, physical activity health, reduces work-related stress

Workshops on stress, burnout | Increases awareness, promotes self-

Educational Initiatives . - . .
prevention training care, enhances coping skills

5. Measuring the Nursing Intervention Effectiveness.

A Review of the Existing Research on Nursing Interventions. Nursing interventions as
a way of dealing with workplace stress and burnout have been a well-researched area with many
successful intervention strategies being produced. These interventions are often directed at the
individual-level support as well as the systemic changes in the organization. One of the most
common practices that have become a major study topic is Mindfulness-Based Stress Reduction
(MBSR). It has been demonstrated that MBSR programs can help alleviate emotional exhaustion,
anxiety, and burnout as well as enhance job satisfaction and overall well-being in nursing
professionals (Poluboiartsev, 2023; Joe et al., 2025). Cognitive behavioral therapy (CBT) and
relaxation methods are other intervention options that have shown positive outcomes in
alleviating stress and burnout symptoms and enabling nurses to more effectively manage the
emotional and psychological stress factors of their jobs (Silva et al., 2021).

Besides interventions based on individuals, peer support groups and group therapies have
been identified to work effectively in diminishing the feelings of alienation and giving
individuals a sense of belonging and experience. Research has also shown that wellness
initiatives, comprising a mix of stress-reducing exercises like yoga and physical activity, help to
promote better physical condition, reduce stress, and increase job satisfaction among nursing
personnel (Taribuka et al., 2025; Pasay-an et al., 2025).
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Although there are positive outcomes related to nursing interventions, there are still
difficulties in their implementation, especially in high-tech and research settings, where the
adoption of digital technologies and Al is increasingly becoming popular.

Stumbling blocks in the Implementation of Interventions. Nursing interventions are
also prone to a number of obstacles, especially in high-tech and research-intensive healthcare
ecosystems. Organizational constraints are among the greatest issues, which entail a shortage of
funding, time to train the staff, and adequate staff to help implement the interventions. As an
example, the implementation of wellness programs or even the introduction of new models of
therapeutic interventions, such as MBSR, in resource-limited environments may be obstructed by
the shortage of financial and human resources (Shammari et al., 2022, p. 5).

Another challenge is the adaptation of the workforce to new interventions, in particular,
to those using digital tools and technologies. Although the introduction of artificial intelligence
(Al) into nursing practice is likely to make a major contribution to operational efficiency and
clinical results, the change is perceived as a source of resistance among the staff. Numerous
nurses lack proper training with the utilization of digital health technologies, and the emergence
of Al-driven tools can raise doubts about their functions and tasks (Arab et al., 2025; Maleki et
al., 2025).

The other obstacle is the ethical issues of Al implementation in healthcare. Problems like
the bias in the algorithms, data privacy, and the possibility of technology misuse are also of
concern. These ethical issues may slow down the adoption of Al in the nursing processes and
prevent the creation of nursing-specific Al products (Bonfim & Nascimento, 2025; Olorunfemi
and Ogwu, 2025). Additionally, Al systems must be strictly tested and validated by longitudinal
or experimental research to demonstrate their effectiveness in real life and prevent possible harm
to patients (Arab et al., 2025).

Suggestions to Improve the Nursing Roles. To transform these obstacles and increase
the efficiency of the nursing interventions, a number of recommendations are offered to enrich
nursing positions, especially in the high-tech and research setting:

Integration of Al Training of Nurses: Nursing professionals must have extensive training
on how to use digital health technologies, such as Al-based tools, to make sure that they can
adjust and use the technologies in an efficient way. It will enable nurses to feel more secure in
their duties and minimize opposition to the implementation of new tools (Wei et al., 2025).

Designing Nursing-Specific Al Solutions: The development of Al solutions in specific
applications to nursing practices is a critical gap. Healthcare professionals, Al developers, and
regulatory bodies should collaborate to develop special and easy-to-use Al tools that meet the
needs of nursing staff in a specific manner (Maleki et al., 2025).

Establishing Ethical Rules in the Al Implementation: There should be clear ethical rules
that should be put in place to regulate the implementation of Al in nursing practices. These
principles must deal with such matters as data privacy, algorithmic transparency, and patient-
centered care values, as Al tools are to be employed in an ethical and fair manner (Arab et al.,
2025; Hassanein et al., 2025).

Increased Wellness Programs: Wellness programs must be incorporated in the day-to-day
activities of the nursing personnel, with special emphasis on stress management, awareness of

mental health, and self-care methods. Such programs are to be adjusted to the particular
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requirements of nurses operating in high-tech settings, and it can provide a more comprehensive
approach to the well-being of employees (Taribuka et al., 2025; Yosep et al., 2025).

Enhancing Organizational Support: Healthcare organizations should focus on the
psychological well-being of nursing practitioners by giving them sufficient resources and
encouragement. It involves providing time to train, limiting overworking, and creating a positive
atmosphere where the nurses will be able to exchange their experiences and seek assistance
when necessary (Ali and Shaban, 2025; Golparvar and Parsakia, 2023).

The adoption of peer support systems: The adoption of organized peer support networks
can also contribute to lessening isolation and enhancing the overall health of nursing personnel.
Such networks can offer nurses a platform to communicate with one another, exchange coping
mechanisms, and support each other emotionally (Cohen et al., 2023; Gokge, 2024).

Through these barriers and the proposed recommendations, the nursing interventions will
be better incorporated into the high-tech and research settings. This will not just change the
mental and physical status of the nursing professionals but will also increase the outcome of
patient care and organizational performance.

Table 2. Key Challenges in Implementing Nursing Interventions

Challenge Description Impact on Implementation
Organisational Limited funding, lack of personnel, | Hindrance to effective intervention
Constraints time constraints delivery

Resistance to new technologies, lack | Reduced efficacy of digital tools and

Workforce Adaptation . . .
of training new interventions

Algorithmic bias, data privacy issues, | Delays in Al adoption, increased

Ethical Considerations ) . .
misuse of Al tools resistance, ethical concerns

Lack of Nursing-Specific | Limited development of tools | Insufficient support for nursing-
Al Tools tailored to nursing practices specific needs in high-tech settings

Environments. A figure illustrating the interrelationship between training and adaptation,
wellness programs, ethical guidelines, and organizational support will provide a visual
representation of how these elements work together to improve nursing interventions and overall
outcomes in high-tech and research settings.

Conclusion. Workplace stress and burnout in high-tech and research settings involve
nursing professionals. Nurses can alleviate the adverse consequences of stress and burnout
through specific interventions, such as MBSR, CBT, and peer support groups. Nevertheless,
organizational limitations, workforce adjustment, and ethical issues related to the use of Al are
only a few challenges that should be overcome to maximize the efficiency of these interventions.
Institutions may enhance the well-being of employees and their overall performance by creating
nursing-specific Al solutions, growing wellness initiatives, and establishing organizational
support.
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CLINICAL AND DIAGNOSTIC EVALUATION OF THE INAPPROPRIATENESS OF
CHEST RADIOGRAPHY WITHIN THE FIRST 24 HOURS IN CHILDREN WITH
SUSPECTED PNEUMONIA
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Abstract. Pneumonia in children remains one of the most significant problems in modern
pediatrics due to its high prevalence and the risk of complications associated with delayed
diagnosis. Chest radiography is widely used as a standard imaging method for confirming the
diagnosis; however, its use in the early stage of the disease may have limited diagnostic value
and contribute to unnecessary radiation exposure.

Classically, four stages of lobar pneumonia are distinguished: congestion, red
hepatization, gray hepatization, and resolution. In the early stage (congestion stage),
morphological changes in lung tissue are minimal, which limits the diagnostic performance of
radiographic imaging.

To evaluate the diagnostic appropriateness of chest radiography performed within the

first 24 hours in children with suspected pneumonia and to assess the benefits of delayed
imaging in reducing radiation exposure.[1]
The study was conducted at City Polyclinic No. 3 in Shymkent. Radiological data from five
children aged 1-3 years with clinically confirmed pneumonia were analyzed. Chest radiography
was performed on the first day of illness and repeated on the third day. Additionally, a
questionnaire survey of 10 general practitioners was conducted to assess clinical decision-
making and awareness of radiation exposure.[2]

On the first day of illness, no radiological abnormalities were detected in 100% of
patients despite clinical signs of pneumonia. On the third day, all children (100%) demonstrated
radiological features consistent with inflammatory changes in the lungs. Repeated imaging
resulted in a twofold increase in cumulative radiation exposure. According to the survey, 70% of
physicians prescribe chest radiography within the first day of illness, while only 40% are aware
of its limited diagnostic value in early disease stages.

Thus, chest radiography performed within the first 24 hours in children with suspected
pneumonia has low diagnostic yield due to minimal morphological changes at the early stage of
the disease. Delayed imaging improves diagnostic accuracy and reduces radiation exposure
without compromising diagnostic quality.[3]
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BAJIAJIAPJIA MHEBMOHUSIFA KYAIK KE3IHJE KEVJE KYBICBI
AF3AJIAPBIHBIH PEHTTEHOT PA®USICBIH AJIFAIIKBI TOYJIIKTE
"KYPT'I3YIH OPBIHCBHI3JbIFbIHA KAUHUKAJIBIK-TUATHOCTUKAJBIK
TAJJIAY

Illanam6aes H.3.!, Myparaauesa T.A.%, Ceiitxanosa B.T.2, Hyp6exosa J1.7K.?,
Barnayaer K.C.}, Kakap I' AL, Kapbuixan A.M.%,Cepik H.T.!
Kooica Axmem Acayu amvinoazvl Xanvikapanvlk Kazax-mypik yrueepcumemi, Koz2apvi 0Ky
opHbiHan Ketlinei meouyunanvix 6iniv 6epy axynomemi (ILvimxenm, Kazaxcman)*
Oymycmix Kazaxeman meduyuna axademusicol (AK) (Ilotmkenm, Kazaxcman)?

Anparna. bamanapaarbl MHEBMOHHUS Ka3ipri MEAMATPUSHBIH ©3€KTI Mocelenepiniy Oipi
OobIn Kana Oepeni, Oy aypyblH JKOFapbl TapadybIMEH JKOHE YaKTBUIBI IMAarHOCTHKaJaHOaFraH
Kardaiga acKplHyJapAblH JaMy KaymiMeH OaiimaHbeIcThl. Keyme KybIChl — ar3ajapbIHBIH
peHTreHorpadusChl AUArHO3Ibl PACTayJbIH KECHIHEH KOJIAHBUIATHIH OJiCi OOJIBIN TaOBLIAJIbI,
aynaiia aypyaslH epTe Ke3eHAEpiHAe OHbI KOJJIaHy TOMEH JMAarHOCTHKAJIBIK aKIapaTThUIBIKIICH
CUTIATTAJIBII, HET13C13 KOFaphl COYIIEIIK KYKTEMEre 9Kyl MYMKiH.

Knaccukanblk TyciHIK OOHBIHIIA YJECTIK IHEBMOHMS JAaMYybIHBIH TOPT CaTbIChI
XKbIPAaThUIAJbl: KaH TONY (NMPHIIMB), KbI3bLI JKoHE cyp OaybIpiaHy (OIEYEHEHUE) JKOHE Ka3blIy
catbicel. EpTe kesenzepne (KaH TOJNY CaThIChl) OKIE TiHIHIETT MOPQOIOTUSIIBIK e3repicTep
MUHHMAJIIBI 00JIa/1bl, OYJI PEHTI€HOJIOTHSUIBIK OeifHeey MYMKIH/IIT1H IIEKTEH .
3epTTeyAiH MakcaThl Oananapja MHEBMOHHMSFA KYAIK Ke3iHJIE KeyAe KYbIChl ar3ajapbIHbIH
peHTreHorpadusChIH ajFalllKbl TOYJIIKTE KYPri3yAiH AUarHOCTUKAJIBIK MaKCATThIIBIFbIH Oaranay
JKOHE 3epTTeyAl KELIKTIPI OpbIHAAYABIH COYJENIK JKYKTEMEHI a3alTy TYpFbIChIHAH
apTHIKIIBUIBIKTAPbIH HET13/1ey OOJIbI.

3eprrey LbmMkenT Kamanmelk Ne3 emxanacbiHaa okypriziani. KnuHukanslk Typae
pacranfaH MHEBMOHUSACHI 6ap 1-3 jxac apayibIFbIHAFbl 5 GalaHbIH PEHTT€HOJIOTHSIIBIK JIepeKTepi
Tanga”el. Pentrenorpadus aypyabiH OipiHIN TOYNIriHAE JKOHE YLIIHINI TOYJIriHIE KaiTanamn
opbiHaanapl. ConbiMeH Katap 10 >kanmel NpakTHKa JOpirepiHEe aHKETAIbIK cayajHama
JKYPri3uIil, KIMHUKAJIBIK TaKTUKAChl MEH COYJENiK KYKTeME Typaibl XaOapAapibIK JeHreil
OaranaH[Ibl.

AypynbiH OIpiHIII TOYNIriHAE OapiblK MalMEHTTEpAe PEHTTECHOJOTUSIIBIK ©3repicTep
aHBIKTAIMAaJbl, KIMHUKAJBIK Oenruiep OojFaHbIHA KapamacTaH. YIIIHII TOYJIKTe OapiibIK
Oananmapja eKre TiHIHAEr! KaObIHY yJepiCiHe TOH PEeHTTE€HOJOTHSIIBIK ©3repicTep aHbIKTaJIIbI.
Kaiitanama 3epTrey Kaimbl COyNeNiK >XYKTeMEHIH eKi ecere apryblHa okenai. CayanHama
HOTIXKenepi OolbIHIIa Japirepiepais 70%-bl peHTreHorpadusHbI aypyAblH aIFaIIKbl TOYIIT1H e
TarailplHai e, an Texk 40%-b1 FaHa epTe Ke3eHJepe 3epTTeyAiH TOMEH aKmapaTTbUIbIFbIH
oueni.
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Ocpinaifima, Oamanmapia THEBMOHHSFA KYIIK Ke3iHAE Keyle KybIChl ar3alapbIHBIH
PEHTIeHOTPAQUSICHIH aJFAMIKBl TOYIIKTE XYPri3y MOP(OJOTHSIIBIK ©3TrepicTepIiH KEeTKUTIKCI3
aliKpIH 0OJybIHA OANMITAHBICTHI TOMEH JHArHOCTUKAIBIK KYHIBUIBIKKA Me. 3epTTey Il KEeUIKTipim
OpBIH/IAYy OHBIH AKMapaTTBUIBIFBIH apTTHIPBII, CIYJIETIK KYKTEeMEHI AMarHOCTHUKAJIBIK CalaHbl
TOMEHJIETIIEH a3aiiTyFa MYMKIHJIIK Oepei.

Tyiiin ce31ep: MHEBMOHHMS, ITHEBMOHHUS CaThUIaphl, PEHTI€HOTpadusl, COYJIENIK KYKTEME,
KEIIKTIPUIreH TUarHOCTHKA.

KIMHUKO-IUAT'HOCTUYECKOE OBOCHOBAHUE HEPAIIMOHAJIBHOCTH
BBINIOJTHEHW S PEHTTEHOT PA®UH OPTAHOB I'PYTHOM KJIETKH B IIEPBBLIE
CYTKU IIPU IOJ0O3PEHUA HA ITHEBMOHMIO ¥ JETEN

Illanam6aes H.3.!, Myparamuesa T.A.%, Celirxanosa B.T.2, Hyp6exosa JI.2K.?,
Baraayaer K.C.L, Kakap I'.A.L, Kapebuixan A.M..,Cepik H.T.!
Mesicoynapoonwiil kazaxcko-mypeyxutl yrusepcumem umenu Xooxcu Axmeoa HAcasu
axynemem Ilocnegyszoéckozo meduyunckozo obpazosanus (Llvimkenm, Kazaxcman)*
(AO) FOoicno-Kazaxcmanckas meduyunckas akademus (ILvimxenm, Kazaxcman,)

AnHoranus. [IHeBMOHUS y JaeTel ocTaércs akTyaJllbHOW MpOOJEeMON COBPEMEHHOM
NeANaTpUN B CBS3H C BBICOKOM pacHpOCTpaHEHHOCTHIO 3a00JEBaHUS M PUCKOM DPa3BUTHUS
OCIIO’)KHEHUH TpH HECBOEBPEMEHHOW JuarHoctuke. PeHtreHorpadus opraHoB TpyIHOM KIETKU
HIMPOKO MCHOJIb3YETCs ISl MOATBEPKICHUS JUArHo3a, OJHaKo €€ NPUMEHEHUE B PAHHUE CPOKHU
3a0oneBaHuss MOXET 00JajaTh  HHU3KOM  JTMAarHOCTHYECKOW  MH(MOPMATUBHOCTHIO U
COIPOBOXKAATHCS HEONPABJIAHHBIM YBEIMYCHUEM JIY4EBOU HATPY3KH.

Kitaccnueckn BBIIEHAIOT 4YeThIpE CTaJAMM Pa3BUTHSA JOJEBOM NHEBMOHUM: CTaaus
IIPUJINBA, KPACHOTO M CEPOro OINECYEHEHUs, a TaKKe craaus paspemeHus. Ha panHux sramax
(cragus mpuinBa) MOp(ororuueckre U3MEHEHHUs! B JIETOYHOM TKaHW BBIPAXKEHbI MUHUMAIIBHO,
YTO OIPAaHUYUBAET BO3MOKHOCTU PEHTTEHOJIOTHYECKON BU3YyaIU3alluHy.

Llenbs wuccrnepoBaHUs: OLEHUTh JUArHOCTUYECKYIO I1€JI€COO0PAa3HOCTh BBIIOIHEHUS

peHTreHorpagpuu OpraHoB IpyAHOHN KJIETKH B MEPBbIE CYTKH IPHU MOJ03PEHNU HA THEBMOHHUIO Y
nereil 1 0O0OCHOBaTh NPEUMYIIECTBA OTCPOUYEHHOTO MPOBEACHMS MCCIEJOBAHUS C MO3UIUU
CHIDKEHUS JTy4€BOM Harpy3KH.
UccnenoBanne mipoBeaeHo Ha 0Oaze rTopojackoid mnonukivHukd  Ne3 1. IlIeiMkeHTa.
[Tpoananu3upoBaHbl PEHTTEHOJOTMYECKUE JaHHble 5 Aered B Bo3pacte OoT 1 10 3 ner c
KJIIMHUYECKH MOJTBEPKJIEHHOW NMHEBMOHMEW. PeHTreHorpadusi BHINOJIHSIACH B NEPBBIM JEHb
3a00JIeBaHNs M MOBTOPHO Ha TPETbU CYTKU. JOMOIHUTENBbHO MpOBeneHO aHkKeTHpoBaHue 10
Bpaueil o011eil MPakTHKH € HENbI0 OLIEHKH KIMHUYECKONW TaKTUKU M YPOBHS OCBEIOMIIEHHOCTH O
Jy4€BOM Harpyske.

Ha nepBblif neHp 3a0oneBaHMs y BCEX NAllMEHTOB PEHTTEHOJIOTMYECKHE H3MEHEHUS
OTCYTCTBOBAJIM, HECMOTPs HAa HAJIM4YME KIMHUYECKUX NPU3HAKOB IMTHEBMOHUU. Ha Tperbu cyTku
y BCEX JETEH BBIABICHBl XAPAKTEPHBIE PEHTTEHOJIOTMYECKHME NPU3HAKK BOCHAIUTEIBHOIO
npouecca B JErkux. I[IoBTOpHOE wHCClienOBaHNME NPHUBOAMIO K JBYKPAaTHOMY YBEIMYECHHIO
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CyMMapHOW myuyeBoil Harpy3ku. [lo nmaHHbIM aHkeTupoBaHus, 70% Bpadel Ha3HayarOT
peHTreHorpaduio B MepBhIe CYTKH 3a00JeBaHus, MPU 3TOM Julib 40% OCBEIOMIICHBI O HU3KOU
UH(POPMATUBHOCTHU MCCIEJOBAHUS HA PAHHUX CTaJIUsX.

Boimonnenue peHtreHorpaduyd OpraHoB TPYOHOM KIETKHM B TMEpBbIE CYTKH TMpU
MOJI03PEHUH Ha MHEBMOHMIO Y JAeTel 00J1ajaeT HU3KOM AMarHOCTUYECKOM IIEHHOCTBIO B CBA3H C
paHHeil cramuelt Mopdonoruueckux H3MeHeHud 3aboneBaHus. OTCpOUEHHOE MPOBEACHUE
MCCJIEIOBAHMSI TOBBIIIAET €r0 UH(POPMATUBHOCTH U MO3BOJISIET CHU3UTH JIyUEBYIO Harpysky 0es
YXYJIIICHUS] Ka4eCTBa TUarHOCTUKU.

KiroueBble cjioBa: MTHEBMOHUS, CTaAMH THEBMOHUH, pEHTreHorpadus, IydeBast
Harpy3ka, OTCpOYeHHas TMarHOCTUKA.

Introduction. Pneumonia in children remains one of the most significant problems in
modern pediatrics due to its high prevalence and the risk of complications associated with
delayed diagnosis. In clinical practice, chest radiography is traditionally used as the primary
method for confirming the diagnosis; however, its use requires strict justification, particularly
considering the increased sensitivity of the pediatric organism to ionizing radiation.[4]

According to classical concepts established more than a century ago, lobar pneumonia
progresses through four consecutive stages: congestion, red hepatization, gray hepatization, and
resolution. During the congestion stage (days 2—3 of illness), hyperemia and pulmonary tissue
edema predominate, accompanied by increased capillary permeability and the onset of
exudation. However, at this stage, structural changes in the alveoli are insufficiently pronounced,
which limits their visualization on radiographic examination.

In the subsequent stages-red hepatization (days 4-6) and gray hepatization (days 7-9)—

there is accumulation of exudate within the alveolar spaces, increased cellular infiltration, fibrin
deposition, and consolidation of lung tissue. It is during these stages that morphological changes
become detectable by radiographic imaging. During the resolution stage (days 9-11), gradual
resorption of exudate and restoration of normal lung structure are observed.[5],[6]
Clinical presentation and physical examination findings, particularly auscultation, are closely
related to the stage of the inflammatory process. In the early stages of the disease, findings such
as diminished vesicular breath sounds, crepitation, harsh breathing with prolonged expiration, as
well as localized moist and dry rales may be present. As the disease progresses, auscultatory
findings become more pronounced, allowing suspicion of pneumonia even before clear
radiographic changes appear.[7]

Thus, analysis of the medical history and auscultatory findings allows the clinician to
roughly assess the stage of the disease and determine management strategy. However,
performing chest radiography within the first 24 hours in the absence of established
morphological changes may reduce the diagnostic value of the study. In some cases, a negative
early radiographic result may mislead the clinician and potentially delay the initiation of therapy.

Despite this, in clinical practice, chest radiography is often performed within the first day
of illness when its diagnostic value remains low. This leads to an unjustified increase in radiation
exposure without providing significant diagnostic information. An additional factor is the
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common practice of performing follow-up radiography after completion of treatment, even in
cases of favorable clinical dynamics.[8]

Therefore, reconsideration of the timing and indications for radiological examination in
children with suspected pneumonia is warranted. A rational approach based on initial clinical
assessment with auscultatory findings, followed by radiography at later stages of the disease
(e.g., on day 3), may help reduce unnecessary radiation exposure without compromising
diagnostic accuracy.

The aim of this study is to provide a clinical and diagnostic justification for delayed chest
radiography in children with suspected pneumonia from the perspective of minimizing radiation
exposure.[9],[10]

Materials and Methods. The study was conducted at City Polyclinic No. 3 in Shymkent.
Radiological data from five children aged 1-3 years with clinically confirmed pneumonia were
analyzed. All examinations were performed with informed parental consent and in the presence
of their parents.

All patients were monitored from the onset of the first clinical symptoms of the disease.
At the initial stage, diagnosis was based on medical history taking, assessment of complaints,
and findings of the physical examination, including mandatory chest auscultation. Particular
attention was paid to characteristic auscultatory findings such as decreased breath sounds,
crepitation, as well as moist and dry rales.

Chest radiography was performed over the course of the disease: on the first day after the
onset of clinical manifestations and repeated on the third day. For each patient, a comparative
analysis of radiological findings was carried out at both the early and delayed stages of the
disease.

e Al Figurel- In Patient No. 1, no radiographic evidence of
pneumonia was observed on the chest radiograph on day 1 of illness.
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~ ; Figure2- In Patient No. 1, chest radiography performed on
day 3 of illness demonstrated marked radiographic findings consistent with left lower lobe
pneumonia.

Figure3- In Patient No. 2, no radiographic evidence of
pneumonia was observed on the chest radiograph on day 1 of illness.

‘ Figure4- In Patient No. 2, chest radiography performed on days 3—4
of illness revealed radiological signs consistent with bilateral bronchopneumonia.
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< Figure5- In Patient No. 3, no radiographic evidence of
pneumonla was observed on the chest radiograph on day 1 of illness.

- TR Figure6- In Patient No. 3, chest radiography performed on days 3—
4 of illness demonstrated radiological findings consistent with bilateral bronchopneumonia.

Figure7- In Patient No. 4, no radiographic evidence of
pneumonia was observed on the chest radiograph on day 1 of illness.
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“’-a Figure8- In Patient No. 4, chest radiography performed on day 4
of iIIess demonstrated radiological findings consistent with bilateral bronchopneumonia.

s ~ Figure9- In Patient No. 5, no radiographic evidence of
pneumonla was observed on the chest radiograph on day 1 of illness.

Figurel0. In Patient No. 5, chest radiography performed on
day 3 of illness demonstrated radiological findings consistent with bilateral bronchopneumonia.

In addition, the dosimetric exposure received by patients during radiological
examinations was evaluated. The mean effective dose of a single chest radiograph in children
was estimated at approximately 0.02-0.05 mSv. Thus, when the examination was performed on
the first day and repeated on the third day, the cumulative radiation exposure was approximately
doubled, which is of clinical relevance in pediatric practice given the increased radiosensitivity
of the child’s organism.

In addition, a paper-based questionnaire survey was conducted among general
practitioners (GPs) to assess their clinical approach in cases of suspected pneumonia in children,
including the timing of chest radiography and attitudes toward radiation exposure. The
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questionnaire included items regarding the preferred timing of radiological examination, reliance
on clinical findings in establishing the diagnosis, and the frequency of follow-up chest
radiography after treatment.

.\\\ =i = T
e 0

Figurell- Paper-based gquestionnaire survey

The questionnaire included the following items:

o At what time points do you usually prescribe chest radiography in children with
suspected pneumonia?

o Are you aware of the radiation (dosimetric) exposure associated with chest
radiography in children?

o Do you consider chest radiography necessary on the first day of illness in the
presence of clinical signs of pneumonia?

o Would you modify your treatment approach if a chest radiograph shows no
pathological changes, while pronounced auscultatory signs of pneumonia persist?

o Are you aware that radiographic changes in pediatric pneumonia may be absent or
minimally expressed during the first day of illness?

o How often do you prescribe follow-up chest radiography after completion of
pneumonia treatment in children?

Ethical Considerations. The study was conducted in accordance with the fundamental
principles of medical ethics and confidentiality. Personal data of the pediatric patients included
in the study were not used and are not subject to disclosure. All results are presented in an
aggregated form without any identifying information.

Similarly, data obtained from the questionnaire survey of general practitioners were analyzed
anonymously. Personal data of respondents, as well as the specific name of the healthcare
institution where the survey was conducted, are not disclosed. Participation of physicians in the
study was voluntary, and data processing was performed in a de-identified form.

The study was observational in nature and did not infringe upon the rights of patients or medical
personnel.

Results. Analysis of radiological data from five pediatric patients aged 1-3 years with
clinically confirmed pneumonia demonstrated that on the first day of illness, no radiographic
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abnormalities of the chest were detected in all patients (100%). However, the clinical
presentation in all examined cases corresponded to the initial manifestations of pneumonia,
including characteristic auscultatory findings.

On repeat chest radiography performed on day 3 of illness, all five children (100%)
showed radiographic signs of inflammatory changes in the lung parenchyma consistent with
pneumonia of varying severity. Thus, the diagnostic yield of chest radiography significantly
increased when the examination was performed at a delayed time point.

Analysis of radiation exposure demonstrated that when chest radiography was performed twice
(on days 1 and 3), the cumulative radiation dose was doubled compared to a single examination,
which is of clinical importance in pediatric practice.

According to the results of the questionnaire survey of general practitioners (GPs), in
which 10 specialists participated, the following was established:

e 70% of physicians (7 out of 10) prescribe chest radiography within the first day of
suspected pneumonia in children;

e 60% (6 out of 10) of respondents are aware of the radiation (dosimetric) exposure
associated with radiological examinations in children;

e 65% (6-7 out of 10) of physicians reported that they may modify treatment tactics in
cases of a “normal” chest radiograph on the first day of illness, even in the presence of
pronounced auscultatory signs;

e 40% (4 out of 10) of respondents are aware that radiographic changes in pediatric
pneumonia are often absent or minimally expressed during the first day of illness;

e 70% (7 out of 10) of physicians regularly prescribe follow-up chest radiography after
completion of treatment.

Thus, the obtained data indicate a high frequency of early chest radiography prescription
and insufficient awareness among a proportion of physicians regarding the temporal evolution of
radiographic changes in pediatric pneumonia, which may contribute to unnecessary radiation
exposure.

Proposed solution to the problem

To reduce excessive radiation exposure in children with suspected pneumonia, the

implementation of a stepwise clinical and diagnostic algorithm is proposed. It is based on the
initial assessment of the patient’s condition using medical history and physical examination,
including mandatory chest auscultation, without obligatory chest radiography within the first day
of illness in the absence of severe or life-threatening symptoms.[11],[12]
Chest radiography is recommended to be performed in a delayed manner, approximately on day
3 of illness, when the likelihood of detecting inflammatory changes is significantly higher. This
approach allows for increased diagnostic yield while simultaneously reducing the number of
low-informative examinations.

In addition, it is recommended to limit routine follow-up chest radiography after
treatment in cases with clear positive clinical dynamics, reserving it only for strict clinical
indications (prolonged course, complications, or lack of improvement). An important component
of this approach is improving the awareness of general practitioners regarding the temporal
evolution of radiographic changes in pediatric pneumonia, as well as the fact that radiographic
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findings may be normal during the first day of illness. This can be achieved through regular
training seminars, clinical guidelines, and standardized patient management algorithms.[13]
Regular seminars, lectures, and workshops for primary care physicians are recommended,
focusing on the stages of pneumonia and the characteristics of early radiographic manifestations.
Radiation exposure awareness

Systematic improvement of healthcare professionals’ awareness regarding radiation doses
associated with pediatric radiological examinations and principles of radiation safety is essential.

Thus, the implementation of a clinically oriented approach with delayed chest
radiography allows for optimization of pneumonia diagnosis in children, reduction of radiation
exposure, and improvement in the rational use of diagnostic resources.

Conclusion. The conducted study demonstrated that in children with clinically confirmed
pneumonia, no radiographic abnormalities were detected on the first day of illness in all
observed patients (100%), whereas on day 3, all children (100%) showed characteristic signs of
inflammatory changes in the lung parenchyma. This indicates a higher diagnostic yield of chest
radiography when performed in a delayed manner.

It was additionally established that performing chest radiography on the first day of illness and
repeating it on day 3 results in a twofold increase in cumulative radiation exposure, which is a
significant factor in pediatric practice given the high radiosensitivity of the child’s organism.

The results of the questionnaire survey of general practitioners (n = 10) revealed that a
considerable proportion of specialists prescribe chest radiography at early stages of the disease;
however, insufficient awareness was noted regarding the temporal progression of radiographic
changes in pediatric pneumonia and the risks of excessive radiation exposure.

Thus, the proposed clinical and diagnostic approach, based on the initial assessment of the
patient’s condition using medical history and auscultatory findings with delayed chest
radiography (approximately on day 3 of illness), allows for improved diagnostic efficiency and
reduced radiation exposure without compromising diagnostic quality.

It is recommended that this approach be implemented in clinical practice and that awareness
among primary care physicians regarding the rational use of radiological methods in suspected
pediatric pneumonia be enhanced.

Implementation of clinical guidelines and management algorithms

Development and wide dissemination of standardized protocols regulating indications
and optimal timing for chest radiography in pediatric pneumonia, with emphasis on delayed
imaging in clinically stable patients.

Emphasis on primary diagnosis based on medical history and auscultatory findings, with chest
radiography performed only when clinically indicated or in a delayed manner.
Quality control of medical care

Monitoring the frequency of chest radiography in children with pneumonia at the primary
care level and analysis of the appropriateness of imaging studies, followed by feedback to
physicians.
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CIRCULAR RESECTION OF THE CENTRAL PART OF THE LARGE DIAGNOSE WITH
ONCOLOGICAL STENOSIS (clinical case)

Ismailov S. =", Akpanbetov T. "', Abetayev B. "=/, Zhanteyev M.* “='| Aripbek A.
Head of the Department of Surgery, City Oncology Center, Shymkent, Republic of Kazakhstan
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Abstract. Because laryngeal stenosis leads to progressive respiratory failure, most patients
with this condition require surgical treatment. Tracheal stenosis can be caused by injuries, infectious
diseases, cicatricial strictures developing after tracheostomy or intubation, as well as tracheal tumors.
The issue calls for improving surgical treatment methods for tracheal stenosis and refining
anesthesiological intervention techniques.

To improve the level of surgical treatment for tracheal stenosis by taking into account the
tumor's location, growth direction, length of the narrowing, the risks and benefits of surgical therapy,
and the specifics of anesthesiological interventions.

A patient with subglottic carcinoma developed a tracheal stenosis. Airflow through the trachea
became severely obstructed, forcing them to breathe on humidified oxygen for several weeks. Due to
respiratory failure, he was referred to an oncology clinic and underwent surgical treatment.
Tracheoscopy revealed an exophytic tumor measuring 2x3 cm, extending from the mucosa of the
lower larynx to the level of the second tracheal ring and occupying more than 80% of the tracheal
lumen.

The operation began with intubation under general anesthesia through a tracheostomy tube.
After the skin was prepared and the tumor area was completely excised, hemostasis was achieved, and
then a circular incision was made below the tumor, including two tracheal rings. Hyperoxemia was
achieved before the tracheal incision, and temporary artificial apnea was established during the cut.
After the tracheal incision, the endotracheal tube was repositioned below the incision site, and
anesthesia was continued. After the tumorous portion of the trachea was completely excised, the
endotracheal tube was repositioned. Running sutures were placed between the tracheal rings along the
tube, tightened, and secured to create a watertight seal. After an aseptic dressing was applied to the
wound, the thyroid cartilage was sutured to the chest skin to prevent tracheal elongation. There are no
signs of respiratory insufficiency

The course and outcomes of tracheal circular resection surgery were discussed at the Oncology
Center Clinical Conference, highlighting its challenges and successes, as well as the specifics of
anesthesia.
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Improving the surgical treatment options and anesthesia management for tracheal stenosis caused by
cancer or other factors.

Keywords: oncology, tracheal stenosis, surgical treatment, respiratory failure, circular
resection.

OHKOJIOI'UAJIBIK HETI'T3JIE CTEHO3T' A ¥IIIBIPAFAH KEHIPAEKTI
HUPKYJISIPJIbI PESEKHUSIJIAY (KIMHUKAIBIK KAF1ail)

Hcemangos C., AknanoeroB T., AderaeB b., ’KanteeB M., Apunoex A.
Kananvix onkonocusnvix opmansix, [llvimkenm, Kazaxcman

AHaaTtna. YJemeni TBIHBIC JKETIMCI3AITIHE allblll KeJETIHIriHe OaiIaHBICThl KEHIPACK
CTEHO3BIMEH 3ap/iall MIeTeTIH HayKacTap IbIH K601 XUPYPTUIIBIK eMre MyKTaK. KeHip/iek cTeHo3bIHa
XKapakarTap, THQEKUUAIBIK aypyiap, TpaXeoCTOMHUSIIaH, MHTyOaIusAaH KeHiH JaMUTBIH THIPTHIKTBIK
TapbUTyJIap COHBIMEH KaTap KEHIpJAEK ICIKTepi /e ajblll Kelmyl MyMKiH. Macese, KeHip/IeK CTeHO3bIH
XUPYPTUSUTBIK )KOJIMEH €MJICY TOCLIIH, aHECTE3UOJIOTHSIIBIK apajiacy JKOJIAPBIH JKETUIIPY/II KaXKeT
eTem.

KeHipaek CTEHO3BIHAA ICIKTIH OpHAJACYBIH, ©CY OAaFbITBIH, TAPbUTy Y3BIHIBIFBIH, OTAJIBIK

EeMHIH TOyeKellJiepi MEH apTHIKIIBUIBIKTAPBIH, aHECTE3UOJIOTHSUIBIK apajiacyyiap epeKIIeTiKTepiH
€CKepe OTBIPBII, XUPYPTUSIIBIK €M JICHI€HiH KETUIIIPY.
Kemeit acTel OOBIpHIMEH aybIpaThIH HAayKacTa KEHIPJAEK TapbUIybl (CTPUKTYpachl) IaMbIFaH.
KenipnekreH aya eTyi MyJiJieM KUbIHAAI OlpHEIIe anTa bUIFajlaHFaH OTTErIMEH JieMallyFa MOXOyp
OomnraH. THIHBIC XKETIMCI3/IiT1HE OATaHBICTHI OHKOJOTUSUIBIK JUCTIAHCEPTe KO JAHBII, XUPYPTHSIIBIK
eM KaObuiarad. Tpaxeockomnust apKbUTbl 9K30(DUTTI OCKEH 1CIK KoJieMi 2X3 ¢M, KoMell TOMEHT1 0oJIiri
HIBIPBIIITE KA0aThl MEH 2 KEHIPACK CaKMHACHI JCHTEeHIHAe OCKeHIrH, KeHipJeK KeHICTIriHIH 80%
acTtaM OOJIIriH KaMThII KAaTKAHIBIFBI aHBIKTAJIIEL.

Ota TpaxeoCTOMUSIIBIK TYTIK apKbLUIbI MHTYOAIMSUTBIK JKAHCHI3AAHIBIPY asChIHIa O0ACTaIIIbI.
Tepici eHaernin, Kecy apKbUIbI 1ICIK ayMaFrbl TOJIBIK apIIbUIBIT, TEMOCTA3 kKacalFaH COH, ICIKTIH TOMEHT1
TYCBhIHAH €Kl KEeHIPAECK CaKWHACBhIH KOoca MHUPKYISIpibl Kecy skacannabsl. KeHipaek kecimy anublHaa
TUTMEPOKCUTEHAIIUA ~ Kacallplll, Keculy Ke3iHJe  yakKbITIIa >KacaHIbl amHoe O KaFJaaibl
KaJBINTACTRIPBULABL. KeHIpAeK KecireH COH MHTYOAIMSUIBIK TYTIK KEHIPJAEKTIH KEeCUIreH TYChIHAH
TOMEHT1 O6JIiriHe aybICTBIPBUIBII, HAPKO3 KaIFACThIPHULIBL. KeHIpAeKTiH i1CIKKe YIIbIpaFraH TYCHI
TOJIBIK CHUIBIHBII aJIbIHFAH COH, MHTYOALUSIIBIK TYTIK OYPBIHFbI OpbIHBIHA KOMBLIABL. TyTiK OoibIMEH
KEHIpAEK CaKWHaIapbl apachlHa TYHIHA1 TITIC CalbIHBIIN, TAPTHUIBII, TepMETHKAIBIK OekiTinal. XKapara
aCeNTHUKAJIBIK TAHFBIII KOMBIIFAHHAH COH KEHIPAEK CO3bLIMAC YIUiH OHBIH Meri Tec TepiciHe TIrLII,
oexitunai. OTa HOTHXKECIHIE KEHIPACKTIH aya ©TKI3y KaOlJaeTi TOJBIK KAIBITKA KeNTipiaail. ThIHBIC
KETIMCI3/IT1 Oenrici kKOoK.
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KeHipAaeKTiH MUPKYISIPIAbl PE3EKIHSICHl OTACHIHBIH OapbIChl MEH HOTHIKECI OHKOJIOTHSUIBIK
OpTAJIBIK KJIMHUKAJIBIK KOH()EPEHUIMACHIHAA TaJKbIIAHbIN, KUBIHABIKTAPEl MEH JKETICTIKTEpi, HApKO3
epeKIIeINiKTepi aTabII OTTI.

OObIp HeriziHAe HeMmece Oacka Ja cedenTepMeH TYbIHIaFaH KEHIPIEK CTEHO3BIH OTAJbIK
eMJIey MYMKIHIIUTIKTEePiH, aHECTE3UsI €PEKIIETIKTEPIH KETIIAIPY.

Tyiiin ce31ep: OHKOJOTHS, KEHIPJEK CTEHO3bI, XHPYPTUSIBIK €M, TBIHBIC >XETIMCI3JIri,
UPKYISIPIIBI PE3CKITHSL.

HUPKYJISAPHASA PESEKIIUA TPAXEUN ITPU OITYXOJIEBOM CTEHO3E
(KJIMHUYECKHUH cryuyai)

HUcmaunnos C., AknanderoB T., AderaeB b., ’KanteeB M., Apunoek A.
Topoockoti onkonocuueckuit yenmp, Lllvimkenm, Kazaxcman

AHHoTauus.. CTEHO3 Tpaxen, 0COOEHHO OHKOJOTHYECKOro FeHe3a YacTo COIPOBOKAAETCS C
IPOTPECCUPYIOIIEH  BIXaTeIbHOH  HEIOCTaTOYHOCTHIO  KOTOpass  TpedyeT  HEeMEeIJICHHOTO
XUPYPTUYECKOMY BMEIIATeNbCTBA. lIpuynHaMu CTEHO3a Tpaxeu MOTYT OBITh TpaBMaTHUECKHE,
UHQEKIMOHHBIE, TOCTHHTYOAIIMOHHBIE, TOCTTPaXEOCTOMUYECKHE, OHKOJOTMYECKHE | JpYyIrue
¢daxTopsl. [lo 3TOMy BO3HMKaeT HEOOXOAMMOCTH COBEPIIEHCTBOBATh XUPYPIHUYECKHX METOI0B
JEeYeHUsT M aHECTe3MOJIOTMYECKUX NoaXxon0B. IIpoaHanu3upoBaTh pHUCKHM U IPEUMYLIECTBa
OTNEPATUBHOIO BMEIIATENIbCTBA MPH LUPKYISIPHOW PE3EKIMHU TPaxeW, YUUTHIBAas PACHOJIOKECHMS,
XapakTepa pocTa OMYyXOJH, CTETNEHU CTEHO3a U MPOTSHKEHHOCTHU a TaK K€ METOJOB aHECTE3UH U
UHTYOALu Tpaxen.

Y 00JIBHOTO CTPaAAOIIEro pakoM Tpaxeu, MOArOpPTaHHOM 00J1acTH, pa3BUBalIach CTPUKTYpa
Tpaxeu C JAbIXaTeIbHOM HEN0CTaTOYHOCTHbIO. M3 3a uero 00ibHON OBLT BBIHYXJIEH NPUHUMATbH
JOTIOJTHUTEIIFHO OKCUTEHANHI0. [Ipu TpaxeocKonuu BhIsBIEHA SK30(DUTHAS OMTyX0JIb pa3MepoM 2x3
CM, pacIpoCTpaHAIOIasAca OT CIM3UCTON 00OJOUYKM HUKHETrO OTJeNa FOPTaHH 10 YPOBHSI BTOPOIO
KOJIbLIA Tpaxen U 3aHuMaronias 0osee 80% mpocseTa Tpaxeu. boslbHOMN HalIpaBIIeH HA XUPYPrUUECKOe
JeYyeHHe B OHKOJIOTMYECKUHU AMCIIaHCep, rie U Obln omepupoBaH. Omepaunus Havajgach Ha (hOHE
UHTYOAIMOHHOrO0 00€300JIMBaHUsl Yepe3 TpaxeocToMHuueckyto TpyOky. Ilocime oOpaboTku KOXH,
NOJHOM MOOWJIM3ALMM OINMYyXOJWM M TeMOCTa3a, IMpOBEACHA LUPKYISIpHas PpEe3eKLHs, Tpaxeu ¢
yJaJeHueM JiBa KOJIIEOOpa3HBIX Xpsllla B HIDKHEW YacTH OMYyXOJHM. YUMUTHIBasg HEHU30€KHOCTb
BPEMEHHOT'O alfHO® BO BpeMs OIepalid, TIepel BCKPBHITHEM Tpaxen Obula IpOBeIcHA
runiepokcureHarus. [locne paspeza AWCTAIBHBIX KOJEI[ Tpaxew, MHTyOAIlMOHHas TpyOka ObLia
3aMeHEeHa Ha HIKHIOI 9acTh. MIHTYOaImoHHy0 TpyOKY MOCTaBIIIN Ha MIPEKHEE MECTO IMOCIIE TOTO,
KaK OITyXOJIeBasi YaCTh TOPTaHU ObLIA IMOJHOCTHIO OTCenapupoBaHa. [IpokcumanbHast M AUCTAIbHAS
YacTh TPAaxeH 3allMThI y3JIOBBIMHU LIBAaMM, HaTSAHYTA U T€PMETHYHO 3akperuieHa. ITocie HamoxxeHus
aCcenTU4eCcKOoil MOBS3KU Ha paHy, BO U30eKaHUe PACTHKEHUS TpaxeH, ToA00po 10K O0IBHOTO MPUIIUT
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U 3aKpeIlUIeH K Irpyau. B mocineonepanoHHOM NEPUOAE KIMHUYECKUX IIPOSIBICHUM JbIXaTEIbHON
HEJOCTATOYHOCTH HET.

Xoa ¥ pe3ynapTaThl ONEpaliy N0 LMPKYJISAPHOM pe3eKLMM ropTaHU ObUIM OOCYKJEHBI Ha
KJIMHUYECKOH KOH(EPEHIIMH OHKOJIOTUYECKOTO IIEHTpa, TJe ObUIM OTMEYEHbl TPYIHOCTH U
JOCTHDKEHUS,, 0COOEHHOCTH Hapko3a. OCHOBHOM LeNbl0 PabOThl SIBJISETCS COBEPLICHCTBOBAHHE
BO3MOKHOCTH OIIEPATUBHOIO JIEYEHUS CTCHO3a TPAXEH, BBI3BAHHBIX PAKOM MJIU APYTHUMH IPUYMHAMU
U 0COOCHHOCTEN aHEeCTEe3UH.

KiroueBbie cj10Ba: OHKOJIOTHS, CTEHO3 Tpaxeu, XUPYPTHUYECKOE JICYCHHE, IbIXaTelIbHAs
HEJ0CTATOYHOCTb, LIUPKYJISIPHAS PE3EKIIMS.

Introduction

1 Purpose of the study. Tracheal stenosis, particularly when caused by cancer, is often
accompanied by progressive respiratory failure, which requires immediate surgical intervention.

To improve the level of surgical treatment for tracheal stenosis by taking into account the
tumor's location, growth direction, length of the narrowing, the risks and benefits of operative therapy,
and the specifics of anesthesiological interventions.

A patient who had undergone tracheal reconstruction 30 years earlier using a neck skin flap
presented with clinical signs of tracheal stenosis and underwent surgical treatment. A successful
circular tracheal resection was performed; histological analysis of the specimen revealed a
keratinizing squamous cell carcinoma that had developed from the mucosal lining of the skin flap
used during the initial surgery. The postoperative period was uneventful. The authors note that
detecting a tumor arising from the skin flap during the postoperative period is particularly challenging
[1]. Kokshetau's surgical oncologists report that during the surgical treatment of a locally advanced
thyroid gland tumor, four rings of the trachea were successfully resected. The doctors recommend
closely monitoring the anastomosis site after surgery, keeping it clean, and performing regular
decontamination to prevent infectious complications [2]. The following authors, through a
retrospective review of the records of 84 patients who underwent surgical treatment for cicatricial
tracheal stenosis between 2018 and 2023, examined the preoperative stenosis level, patients' age, sex,
comorbidities, and recommend preventing potential subsequent complications [3].

The following authors, who performed surgery on six patients with tracheal stenosis by means
of a circular resection, recommended wearing a special neck orthosis for 7-13 days postoperatively.
It immobilizes the neck, helping to prevent the tracheal sutures from tearing apart due to neck
movement. None of the six patients developed suture insufficiency [4]. The surgeons of the Russian
Scientific Center for Child Health report that, after surgically treating 26 children with tracheal
stenosis for various reasons, they achieved the following results. Of the 26 children who underwent
surgery for tracheal stenosis for various reasons, 24 (92.3%) had good outcomes, while 2 patients
(7.69%) died from postoperative complications. The authors noted that the effectiveness of tracheal
resection largely depends on the length of the stricture [5].
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A 75-year-old patient presented with complaints of respiratory insufficiency. Examination
(CT) revealed a tumor located 8 cm above the tracheal bifurcation, occupying approximately 90% of
the tracheal lumen. The patient successfully underwent an endoscopic procedure - specifically,
recanalization using a neodymium-YAG laser. The authors advocate for the effectiveness of this

approach in cases where open surgery is contraindicated [6].
— . : AN S

In analyzing the causes of 98
patients with tracheal stenosis,
Yu.S. Yesakov and colleagues
found that 58 of them developed
after  tracheostomy, 31 after
intubation, 6 patients due to trauma,
2 patients due to tumoral stenosis,
and 1 patient developed a
postoperative stricture [7]. It is clear
that neoplastic stenosis of the
trachea is a relatively rare condition
(2%). This is because various
congenital stenoses develop mainly
on the basis of fetal malformations,
while acquired ones develop as a
result of various injuries of the
trachea (most often iatrogenic;
through intubation, tracheostomy
tubes), chronic inflammation, and
infectious processes [5,8].
Considering the level (location) of
the tracheal stenosis, in 61 patients
: the stenosis was located in the Figure
1: Tumor appearance on Computed tomography

cervical part, in 29 patients in the thoracic part, of which the stenosis was located above the
tracheal bifurcation in 4 patients. Long (2-8 cm) stenoses affecting both the cervical and thoracic parts
of the trachea were found in 5 patients [6,10]. The Tashkent Medical Academy also studied the
subsequent fate of 186 patients who underwent surgical treatment for laryngeal stenosis, and found
that 165 (88.5%) of them had an iatrogenic cause, developing after resuscitation measures. They noted
that 180 patients had a good and satisfactory outcome after the surgical treatment, and 6 patients died
as a result of various complications [9]. The problem of preventing anastomosis separation after
circular resection due to tracheal stenosis is also a matter of much debate among scientists, and various
suggestions have been made. One of them is to fix the distal end of the trachea to the inner surface of
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the sternum after the anastomosis is performed to prevent (reduce) tension in the suture area, or to
lung tumor reinforce the main suture by placing an additional suture

between the tracheal rings using Vicryl or Polysorb threads, one end of which is fixed to the lower
horn of the thyroid cartilage or the hyoid bone [11]. Kovalev M.G. and colleagues wrote that in the
surgical treatment of bronchial stenosis, it is necessary not only to improve surgical techniques, but
also to improve anesthetic measures, and to introduce new technologies. They considered alternative
methods due to the difficulty of intubation in the cervical part of the trachea. Depending on the severity
of the stenosis, it is recommended to image of a introduce a special I-Gel tube through the supraglottic
airway and perform high-frequency ventilation of the lungs, or stenting the narrowed area under
sedation [11].

Figure 2. View from the stage of tracheal
resection

2 Clinical case report. |
would like to present to your
attention information about the
circular resection of the larynx,
which was successfully
performed in  the "City
Multidisciplinary Hospital with
an Oncology Center" in
Shymkent. Patient T., 42 years
old, has been undergoing
treatment for cervical and
sublarynx cancer for several
months. During chemotherapy
and radiation therapy, the patient
gradually developed a narrowing
of the larynx (stricture). He was
forced to breathe with humidified
oxygen for several weeks. Due to
the growth of the tumor, it
became completely difficult for
air to pass through the larynx, and
shortness of breath began to develop.
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Tracheoscopy revealed an exophytic tumor measuring 2x3 cm, extending from the mucosa of
the lower larynx to the level of the second tracheal ring and occupying more than 80% of the tracheal
lumen.

As a result, he was examined by a doctor and sent to an oncology clinic. The operation was
performed through the neck. Under intubation anesthesia, after the surgical site was cleaned and
sterilized, an incision was made in the skin.

Hemostasis was achieved with an electrocoagulator, depending on the stage of the operation.
The stenosed segment of the trachea was carefully isolated, and after the distal trachea was transected,
the breathing tube was temporarily repositioned there. The portion of the trachea containing the tumor
was gradually isolated by cuttlng then circularly excised and removed. Using the ligature as a guide,
the tracheal rings in its distal segment
and proximal margin were tied
together. At this stage, the intubation
tube was returned to its original
position. The staged, interrupted
sutures were placed around the
tracheal tube using it as a guide. The
tracheal edges were brought into full,
airtight contact. Hemostasis was
meticulously maintained during the
procedure. Layered sutures were
placed sequentially, the skin was
closed, and hemostasis was achieved
with a dry field. After applying aseptic
dressings, to prevent tracheal
elongation, the patient's chin was
pulled down toward the chest and
secured with sutures.

The direct surgical procedure began
under intravenous anesthesia, after the

trachea was cut below the
Figure 3 shows a macroscopic specimen of
a tumor

-

level of the tumor, a No. 6.0
intubation tube (taking into account the endophytic growth of the tumor) was inserted into the space
of its distal part, and inhalation anesthesia was continued.

Acrtificial respiration was performed in VCV mode. During tracheal reconstruction, 3 2-minute
artificial apneas were performed as needed during the surgical phase (manipulations, suturing, cutting,
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etc.). Before temporary respiratory arrest, 100% hyperoxygenation with O2 was performed, and the
blood was pre-saturated with oxygen.

Towards the end of the operation, a bronchoscope was inserted through the tube, endotracheal
intubation was performed, and endoscopic monitoring of the anastomosis was performed. In the
postoperative period, after the patient was fully awake, extubation was performed in the usual manner.
The postoperative period was uneventful and without complications. The patient was discharged home
on the 8th day with recommendations.

Discussion. Given the importance of the surgical field and the complexity of its location, the
operation must be performed very carefully and quickly. Even small bleeds are dangerous due to
aspiration.

Since the tracheal incision and tumor excision phase requires temporary apneia, preoperative
hyperoxigenation is necessary, which demands a high level of anesthesiological support. After the
trachea was incised, the endotracheal tube was repositioned distally from the incision site, and
anesthesia was continued. After the tumorous portion of the trachea was completely excised, the
endotracheal tube was repositioned, and anesthesia and surgery were continued. Upon completion of
the surgery, the patient showed no signs of hypoxia or other complications.

Conlusion. At the Shymkent City Oncology Center, the surgical treatment of tracheal stenosis
caused by cancer was successfully completed. In the next phase, it is necessary to further refine the
stages of surgical intervention and the level of anesthesiological support.
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