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Tear fluid levels of interleukin-6 and tight junction protein ZO-1
and their association with the course of bacterial keratitis
in type 2 diabetes mellitus under martial law in Ukraine

Abstract

Relevance. Bacterial keratitis is one of the most common infectious diseases of the cornea and may lead to severe
complications, persistent visual impairment, and disability.

Aim. To investigate the levels of interleukin-6 and the tight junction protein zonula occludens-1 in the tear fluid
of patients with bacterial keratitis according to the presence of type 2 diabetes mellitus and to assess their
association with the clinical course and development of disease complications.

Materials and methods. A prospective comparative multicentre cohort study involving 88 participants was
conducted, including patients with bacterial keratitis with and without type 2 diabetes mellitus, as well as
healthy controls. Concentrations of interleukin-6 and the tight junction protein zonula occludens-1 in tear fluid
were determined using enzyme-linked immunosorbent assay (ELISA).

Results. Significantly elevated concentrations of interleukin-6 and zonula occludens-1 were detected in
patients with bacterial keratitis compared with the control group. The highest levels of both biomarkers
were observed in patients with concomitant type 2 diabetes mellitus. The concentration of interleukin-6 in
patients with bacterial keratitis without diabetes mellitus was 245 [170;390] pg/mL, whereas in patients
with concomitant type 2 diabetes mellitus it reached 430 [310;610] pg/mL. The level of zonula occludens-1
was 6.8 [4.9;9.5] ng/mL and 9.6 [7.2;13.4] ng/mL, respectively. Statistically significant positive correlations
were found between the levels of the investigated biomarkers and the thickness, width, and area of corneal
infiltrates. The strongest correlations were observed between interleukin-6 concentration and infiltrate
thickness (p = 0.74; p < 0.001), as well as between zonula occludens-1 level and infiltrate thickness (p = 0.76; p
< 0.001) in patients with type 2 diabetes mellitus. Patients with infiltrate ulceration, delayed epithelialisation,
and stromal opacity demonstrated significantly higher levels of both biomarkers compared with those without
a complicated disease course.

Conclusions. Bacterial keratitis is associated with increased levels of interleukin-6 and the tight junction protein
zonula occludens-1 in tear fluid. The investigated biomarkers were associated with morphometric characteristics
of corneal infiltrates and the development of clinical complications of the disease.

Keywords: infectious corneal disease; diabetic keratopathy; proinflammatory cytokines; corneal infiltrate;
biomarkers.
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ICLINICAL MEDICINE

INTRODUCTION

Bacterial keratitis is one of the most common and po-
tentially sight-threatening infectious diseases of the
cornea, as it may lead to the development of corneal
ulceration, scarring, opacification, and even corne-
al perforation, resulting in permanent impairment of
visual function. Patients with type 2 diabetes mellitus
represent a particular clinical challenge because distur-
bances in glucose metabolism, chronic inflammation,
and delayed tissue repair are associated with a more
severe disease course and an increased risk of compli-
cations. The problem has become even more relevant in
Ukraine under martial law, where restricted access to
timely specialist ophthalmic care and pathogenetically
targeted treatment may adversely affect the course of
bacterial keratitis, promote the development of com-
plications, and worsen functional treatment outcomes,
particularly in patients with concomitant type 2 dia-
betes mellitus. Consequently, investigating the mecha-
nisms of local inflammation and disruption of corneal
epithelial integrity, which may determine the clinical
course of bacterial keratitis and the development of its
complications, is of considerable importance.

Current knowledge regarding the epidemiology,
risk factors, and clinical characteristics of infectious
keratitis has been summarised by D. Ting et al. [1]. The
authors emphasised that disease severity is determined
not only by the virulence of the causative pathogen but
also by the characteristics of the host local immune re-
sponse. Similar conclusions were reached by M. Cabre-
ra-Aguas et al. [2], who demonstrated that the inten-
sity of the inflammatory response directly influences
the extent of corneal damage and the risk of adverse
clinical outcomes. One of the principal mechanisms of
tissue damage in bacterial keratitis is local inflamma-
tion. Pro-inflammatory cytokines play a central role in
this process, with interleukin-6 (IL-6) being of particu-
lar importance. H. Alenezi et al. [3], investigating the
tear cytokine profile in bacterial keratitis, reported a
marked increase in the levels of pro-inflammatory me-
diators, including IL-6. They concluded that IL-6 con-
centration reflects the activity of the local inflammatory
response and may be associated with the severity of the
infectious process.

An equally important component of the patho-
genesis of infectious corneal disease is the integrity
of the epithelial barrier. The protective function of
the ocular surface is maintained by a system of tight
junctions, which regulate epithelial permeability and
preserve structural integrity. S. Kaur et al. [4] demon-
strated that disruption of tight junction architecture
is associated with impairment of the corneal barrier
function and facilitates the penetration of pathogenic
microorganisms into corneal tissue. W. Kuo et al. [5]
established that the zonula occludens-1 (Z0-1) protein
is one of the key regulators of intercellular junctions,
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supporting epithelial cell proliferation, survival, and
functional activity. Alterations in Z0-1 levels may there-
fore indicate disruption of epithelial structural integrity
and the extent of epithelial damage. These mechanisms
are of particular importance in patients with diabetes
mellitus. L. Ladea et al. [6] demonstrated that chronic
hyperglycaemia is associated with structural altera-
tions of the corneal epithelium, impairment of barrier
function, and delayed regenerative processes. Similar
findings were reported by F. Buonfiglio et al. [7], who
showed that oxidative stress and chronic inflammation
are the principal mechanisms underlying diabetic ker-
atopathy and contribute to the progression of corneal
tissue damage. Thus, concomitant diabetes mellitus
may exacerbate both inflammatory and structural al-
terations in bacterial keratitis.

Considerable attention has recently been devoted
to the identification of non-invasive biomarkers for oc-
ular surface diseases. Tear fluid represents a promising
biological medium because its composition reflects
local pathological processes. In a systematic review
and meta-analysis, M. Polkamp et al. [8] demonstrated
that changes in tear fluid composition may reflect the
development of diabetic ophthalmic complications.
Likewise, N. Gospodarczyk et al. [9] highlighted the po-
tential of tear biomarkers for assessing ocular surface
status and monitoring the course of pathological pro-
cesses. Collectively, current evidence indicates that lo-
cal inflammation and disruption of the corneal barrier
function play a pivotal role in the pathogenesis of bacte-
rial keratitis. Interleukin-6 reflects inflammatory activi-
ty, whereas the ZO-1 protein characterises the integrity
of intercellular junctions and the structural condition of
the epithelial barrier. Simultaneous assessment of these
biomarkers may therefore provide a comprehensive
evaluation of both inflammatory activity and the extent
of structural corneal damage. However, data regarding
their concurrent measurement in the tear fluid of pa-
tients with bacterial keratitis remain limited. The rela-
tionship between IL-6 and Z0O-1 levels, the influence of
concomitant type 2 diabetes mellitus on these biomark-
ers, and their value in predicting the clinical course,
complications, and treatment outcomes of bacterial
keratitis have not yet been sufficiently investigated.

The aim of this study was to determine the concen-
trations of interleukin-6 and the ZO-1 protein in the
tear fluid of patients with bacterial keratitis with and
without type 2 diabetes mellitus and to evaluate their
association with the clinical course and complications
of the disease.

MATERIALS AND METHODS
A prospective comparative multicentre cohort study
was conducted. The clinical investigation was per-
formed in accordance with the principles of the World



Medical Association Declaration of Helsinki, the Con-
vention for the Protection of Human Rights and Dignity
of the Human Being with regard to the Application of
Biology and Medicine, and Order No. 690 of the Min-
istry of Health of Ukraine [10-12]. The study protocol
was approved by the Bioethics Committee of Danylo
Halytsky Lviv National Medical University (Protocol
No. 12, 16 December 2024). Written informed consent
was obtained from all participants before enrolment.
The diagnosis of bacterial keratitis was established
on the basis of a comprehensive ophthalmological ex-
amination, including medical history taking, slit-lamp
biomicroscopy of the anterior segment, fluorescein
staining, and assessment of stromal infiltrate, epithelial
defect, conjunctival injection, and other clinical signs
of infection. The bacterial aetiology of the disease was
confirmed by bacterioscopic and bacteriological exam-
ination of corneal ulcer specimens obtained before the
initiation of antibacterial therapy.

The study included 88 participants (88 eyes), com-
prising 60 patients with bacterial keratitis and 28 ap-
parently healthy individuals in the control group. The
participants were divided into three groups. Group 1
consisted of 32 patients with bacterial keratitis without
disturbances of glucose metabolism. Group 2 includ-
ed 28 patients with bacterial keratitis and confirmed
type 2 diabetes mellitus. The control group comprised
28 apparently healthy individuals without corneal pa-
thology, diabetes mellitus, or other systemic diseases.
The inclusion criteria were age over 18 years, clinically
and laboratory-confirmed bacterial keratitis, the ability
to undergo a complete ophthalmological examination,
and the availability of tear fluid samples for laboratory
analysis. For the main study group, confirmed type 2
diabetes mellitus was an additional inclusion criterion.
Exclusion criteria included viral, fungal, Acanthamoeba,
or autoimmune keratitis, type 1 diabetes mellitus, se-
vere concomitant systemic diseases, immunosuppres-
sive therapy, and recent corneal surgery.

All participants underwent a standard ophthal-
mological examination, including assessment of visual
acuity, refraction, intraocular pressure, slit-lamp bi-
omicroscopy, and fundus examination. Optical coher-
ence tomography of the anterior segment was used to
evaluate the morphometric characteristics of the cor-
nea. Corneal infiltrate thickness, width, and area were
measured. Tear fluid samples were collected following
instillation of 60 uL of sterile 0.9% sodium chloride
solution into the conjunctival sac. After 30 seconds,
tear fluid was collected using sterile capillary tubes,
transferred into microcentrifuge tubes, and stored at
-70°C until laboratory analysis. IL-6 concentrations
were determined using a solid-phase enzyme-linked
immunosorbent assay (ELISA) with the High Sensi-
tivity Human Interleukin-6 ELISA Kit (MyBioSource,
USA). The results were expressed in pg/mL. ZO-1
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concentrations were measured using ELISA with the
Human Tight Junction Protein 1 (Z0-1) ELISA Kit (My-
BioSource, USA) and expressed in ng/mL.

To evaluate the pathogenetic significance of the
investigated biomarkers, their relationships with the
morphometric characteristics of the corneal infiltrate
(thickness, width, and area) and with the development
of clinical complications, including delayed epithelial-
isation, stromal opacity, and corneal ulceration, were
analysed. Statistical analysis was performed using Sta-
tistica version 13.3 (StatSoft Inc., USA) and IBM SPSS
Statistics version 27.0. Normality of data distribution
was assessed using the Shapiro-Wilk test. Quantita-
tive variables with a non-normal distribution are pre-
sented as the median and interquartile range (Me [Q1;
Q3]). Comparisons between independent groups were
performed using the Kruskal-Wallis test followed by
Dunn’s post hoc test or the Mann-Whitney U test, as
appropriate. Correlation analysis was performed using
Spearman’s rank correlation coefficient. Differences
were considered statistically significant at p <0.05.

The authors declare that the views expressed in
this article are their own and do not represent the offi-
cial position of their institution.

RESULTS AND DISCUSSION

To evaluate the characteristics of the local inflammato-
ry response and the integrity of the corneal epithelial
barrier, the concentrations of interleukin-6 (IL-6) and
the tight junction protein ZO-1 were analysed in the
tear fluid of patients with bacterial keratitis with and
without type 2 diabetes mellitus. Tear fluid IL-6 concen-
trations differed significantly between the study groups
(Table 1). In the control group, the median IL-6 concen-
tration was 18 [12;25] pg/mL. In patients with bacteri-
al keratitis without concomitant type 2 diabetes melli-
tus, the IL-6 concentration was 245 [170;390] pg/mlL,
representing a 13.6-fold increase compared with the
control group (p<0.001). In patients with bacterial ker-
atitis and type 2 diabetes mellitus, the median IL-6 con-
centration reached 430 [310;610] pg/mL, which was
23.9-fold higher than in the control group (p <0.001)
and 1.8-fold higher than in patients with bacterial ker-
atitis without type 2 diabetes mellitus (p =0.02). The
highest IL-6 concentrations were observed in patients
with bacterial keratitis and type 2 diabetes mellitus.

Similar changes were observed in the analysis of
Z0-1levelsin tear fluid (Table 2). In patients with bacte-
rial keratitis without type 2 diabetes mellitus, the medi-
an Z0-1 level was 6.8 [4.9;9.5] ng/mL, which was signif-
icantly higher than that of the control group (p<0.001).
In patients with bacterial keratitis and type 2 diabetes
mellitus, the ZO-1 level increased to 9.6 [7.2;13.4] ng/
mlL, exceeding the corresponding value in the control
group by 4.6-fold and that in the group without type 2
diabetes mellitus by 1.4-fold (p=0.01).
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Table 1. IL-6 levels in the tear fluid of patients in the study groups, Me [Q1; Q3]

Study group (number of eyes) IL-6, pg/mL p
Control group (n=28) 18 [12;25] -
Bacterial keratitis (n=32) 245 [170;390] p<0.001*
Bacterial keratitis + type 2 diabetes mellitus (n=28) 430 [310;610] p<0.001%; p=0.022

Note: normality of data distribution was assessed using the Shapiro-Wilk test. As the data were not normally distributed, non-parametric
statistical methods were applied. Statistical analysis was performed using the Kruskal-Wallis test followed by Dunn’s post hoc test.
Data are presented as the median and interquartile range, Me [Q1; Q3]. ! Statistically significant differences compared with the control
group; 2 statistically significant differences compared with the bacterial keratitis group without concomitant type 2 diabetes mellitus
Source: authors’ own research

Table 2. ZO-1 concentration in the tear fluid of patients in the study groups, Me [Q1;Q3]

Study group (number of eyes) Z0-1, ng/mL p
Control group (n=28) 2.1[1.4;3.2] -
Bacterial keratitis (n=32) 6.8 [4.9;9.5] p<0.001*
Bacterial keratitis + type 2 diabetes mellitus (n=28) 9.6 [7.2;13.4] p<0.001%; p=0.012

Note: normality of data distribution was assessed using the Shapiro-Wilk test. As the data were not normally distributed, non-parametric
statistical methods were applied. Statistical analysis was performed using the Kruskal-Wallis test followed by Dunn’s post hoc test.
Data are presented as the median and interquartile range, Me [Q1; Q3]. ! Statistically significant differences compared with the control
group; 2 statistically significant differences compared with the bacterial keratitis group without concomitant type 2 diabetes mellitus

Source: authors’ own research

To assess the relationship between tear fluid IL-6
levels and the clinical characteristics of the disease, a
correlation analysis was performed with the morpho-
metric parameters of the corneal infiltrate (thickness,
width, and area) (Table 3). Statistically significant pos-
itive correlations were identified between IL-6 levels
and all investigated parameters. In patients with bacte-
rial keratitis without type 2 diabetes mellitus, the corre-
lation coefficients ranged from 0.45 to 0.52, whereas in
the group with type 2 diabetes mellitus they ranged from
0.66 to 0.74. The strongest association was observed
between IL-6 levels and corneal infiltrate thickness

in patients with type 2 diabetes mellitus (p = 0.74;
p < 0.001). Analysis of the relationship between tear
fluid ZO-1 levels and the morphometric characteris-
tics of the corneal infiltrate also revealed statistically
significant positive correlations (Table 4). In the bac-
terial keratitis group without type 2 diabetes mellitus,
the correlation coefficients ranged from 0.47 to 0.55,
whereas in patients with type 2 diabetes mellitus they
ranged from 0.69 to 0.76. The highest correlation co-
efficient was recorded between ZO-1 levels and cor-
neal infiltrate thickness in the bacterial keratitis with
type 2 diabetes mellitus group (p = 0.76; p < 0.001).

Table 3. Correlation between tear fluid IL-6 levels and the morphometric characteristics
of the corneal infiltrate at initial presentation in patients with bacterial keratitis and type 2 diabetes mellitus

Morphometric characteristic ,
of the infiltrate (jum) Group IL-6 (pg/mL) Value Spearman’s p p
Bacterial keratitis (n=32) | 245 [170;390] 378.4+83.2 0.52 0.003
Infiltrate thickness (um) Bacterial keratitis + type 2 .
diabetes mellitus (n = 28) 430 [310;610] 401.8+82.9 0.74 <0.001
Bacterial keratitis (n=32) | 245[170;390] | 1,655.2+162.1 0.48 0.006
Infiltrate width (um) Bacterial keratitis + type 2 |, [310;610] | 1,728.6+168.4 0.69 <0.001
diabetes mellitus (n=28) ! e ) ' '
Bacterial keratitis (n=32) | 245[170;390] 0.53+£0.15 0.45 0.009
Infiltrate area Bacterial keratitis + type 2 )
diabetes mellitus (n = 28) 430 [310;610] 0.57+0.14 0.66 <0.001

Note: data are presented as the median and interquartile range, Me [Q1; Q3]. The morphometric parameters of the infiltrate are
presented as the mean + standard deviation (M + SD). Correlation analysis was performed using Spearman’s rank correlation

coefficient (p)
Source: authors’ own research

Table 4. Correlation between tear fluid ZO-1 levels and the morphometric characteristics
of the corneal infiltrate at initial presentation in patients with bacterial keratitis and type 2 diabetes mellitus

Morphometric characteristic 0
of the infiltrate (um) Group Z0-1 (ng/mL) Value Spearman’s p p
Bacterial keratitis (n=32) 6.8 [4.9;9.5] 378.4+83.2 0.55 0.002
Infiltrate thickness (um) Bacterial Keratitis + type 2 .
diabetes mellitus (n = 28) 9.6 [7.2;13.4] 401.8+82.9 0.76 <0.001
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Table 4. Continued

Morphometric characteristic 0
of the infiltrate (um) Group Z0-1 (ng/mL) Value Spearman’s p p
Bacterial keratitis (n=32) 6.8[4.9;,9.5] | 1,655.2+162.1 0.51 0.004
Infiltrate width (um) Bacterial keratitis + type 2
diabetes mellitus (n = 28) 9.6 [7.2;13.4] | 1,728.6+168.4 0.71 <0.001
Bacterial keratitis (n=32) 6.8 [4.9;9.5] 0.53+£0.15 0.47 0.007
Infiltrate area Bacterial keratitis + type 2
diabetes mellitus (n = 28) 9.6 [7.2;13.4] 0.57+0.14 0.69 <0.001

Note: data are presented as the median and interquartile range, Me [Q1; Q3]. The morphometric parameters of the infiltrate are
presented as the mean + standard deviation (M + SD). Correlation analysis was performed using Spearman’s rank correlation

coefficient (p)
Source: authors’ own research

Analysis of tear fluid IL-6 levels according to the de-
velopment of clinical complications demonstrated sta-
tistically significant differences between patients with
and without complications. Patients who developed
complications had significantly higher IL-6 levels than
those without the corresponding clinical manifesta-
tions. In the group without type 2 diabetes mellitus, the

highest IL-6 levels were recorded in patients with cor-
neal infiltrate ulceration, reaching 420 [340;520] pg/
mL compared with 250 [180;345] pg/mL in patients
without ulceration (p = 0.018). In the group with type
2 diabetes mellitus, the corresponding values were
660 [520;780] pg/mL and 375 [290;490] pg/mL, re-
spectively (p <0.001) (Tables 5 and 6).

Table 5. Development of complications in patients with bacterial keratitis
without type 2 diabetes mellitus according to tear fluid IL-6 levels (n=32)

Complication Complication present | Complication absent | Mann-Whitney U p
Delayed epithelialisation (>10 days) 365 [290;470] (n=8) 228[170;310] (n=24) 52.0 0.010
Development of stromal opacity 385[300;490] (n=11) 235[175;325] (n=21) 46.0 0.006
Corneal infiltrate ulceration 420 [340;520] (n=5) 250 [180;345] (n=27) 28.0 0.018

Note: data are presented as the median and interquartile range, Me [Q1; Q3]. Between-group comparisons were performed using the
Mann-Whitney U test. Differences were considered statistically significant at p <0.05

Source: authors’ own research

Table 6. Development of complications in patients with bacterial keratitis
and type 2 diabetes mellitus according to tear fluid IL-6 levels (n=28)

Complication Complication present | Complication absent | Mann-Whitney U p
Delayed epithelialisation (>10 days) | 595 [470;710] (n=12) | 330[250;440] (n=16) 31.0 <0.001
Development of stromal opacity 610 [490;735] (n=14) | 345 [260;460] (n=14) 26.0 <0.001
Corneal infiltrate ulceration 660 [520;780] (n=8) 375 [290;490] (n=20) 19.0 <0.001

Note: data are presented as the median and interquartile range, Me [Q1; Q3]. Between-group comparisons were performed using the
Mann-Whitney U test. Differences were considered statistically significant at p<0.05

Source: authors’ own research

A similar pattern was observed for the ZO-1 protein
(Tables 7 and 8).In patients without type 2 diabetes mel-
litus, the highest ZO-1 level was detected in those with
cornealinfiltrate ulceration, reaching 11.6 [9.4;13.8] ng/
mL compared with 6.1 [4.6;7.8] ng/mL in patients

without this complication (p = 0.006). In the group of
patients with type 2 diabetes mellitus, the highest ZO-1
levels were likewise recorded in those with infiltrate
ulceration, reaching 15.8 [12.7;18.4] ng/mL compared
with 8.4 [6.7;10.6] ng/mL, respectively (p < 0.001).

Table 7. Development of complications in patients with bacterial keratitis
without type 2 diabetes mellitus according to tear fluid ZO-1 levels (n=32)

Complication Complication present | Complication absent Mann-Whitney U p
Delayed epithelialisation (>10 days) | 8.9[7.2;10.8] (n=8) 5.9 [4.3;7.6] (n=24) 48.0 0.008
Development of stromal opacity 9.8 [8.0;11.9] (n=11) 6.0 [4.5;7.8] (n=21) 41.0 0.003
Corneal infiltrate ulceration 11.6 [9.4;13.8] (n=5) 6.1[4.6;7.8] (n=27) 18.0 0.006

Note: data are presented as the median and interquartile range, Me [Q1; Q3]. Between-group comparisons were performed using the
Mann-Whitney U test. Differences were considered statistically significant at p <0.05

Source: authors’ own research
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Table 8. Development of complications in patients with bacterial keratitis
and type 2 diabetes mellitus according to tear fluid ZO-1 levels (n=28)

Complication Complication present | Complication absent Mann-Whitney U p
Delayed epithelialisation (>10 days) | 13.1 [10.4;15.6] (n=12) | 8.0 [6.4;10.2] (n=16) 29.0 <0.001
Development of stromal opacity | 14.0 [11.2;16.5] (n=15)| 8.2[6.6;10.4] (n=13) 22.0 <0.001
Corneal infiltrate ulceration 15.8[12.7;18.4] (n=8) | 8.4[6.7;10.6] (n=20) 12.0 <0.001

Note: data are presented as the median and interquartile range, Me [Q1; Q3]. Between-group comparisons were performed using the
Mann-Whitney U test. Differences were considered statistically significant at p <0.05

Source: authors’ own research

One of the principal findings of the present study
was the significant increase in IL-6 and ZO-1 concentra-
tions in the tear fluid of patients with bacterial keratitis,
with the highest levels of both biomarkers observed in
the presence of concomitant type 2 diabetes mellitus.
Specifically, the IL-6 concentration in patients with bac-
terial keratitis and type 2 diabetes mellitus was almost
1.8-fold higher than that in patients without diabetes.
These findings indicate a more pronounced activation
of the local inflammatory response in patients with
metabolic disturbances. Similar observations have
been reported by A. Konstantopoulos et al. [13], who
demonstrated an association between the cytokine
profile and the clinical characteristics of bacterial kera-
titis. Likewise, K. Cheng et al. [14] emphasised that ex-
cessive production of pro-inflammatory cytokines rep-
resents one of the key mechanisms underlying corneal
tissue damage during infectious keratitis. The clinical
relevance of the observed immunoinflammatory altera-
tions is further supported by studies investigating pre-
dictors of bacterial keratitis severity and risk factors for
the development of disease complications [15].

Another important finding of this study was the
identification of positive correlations between IL-6
concentration and the morphometric characteristics of
the corneal infiltrate. The strongest association was ob-
served between IL-6 concentration and infiltrate thick-
ness in patients with type 2 diabetes mellitus (p=0.74;
p<0.001). This finding suggests that the intensity of the
local inflammatory response is directly related to the ex-
tent of structural corneal damage. Of particular interest
is the observation that these correlations were stronger
in patients with type 2 diabetes mellitus than in those
without diabetes. This may be explained by the presence
of chronic low-grade inflammation, oxidative stress,
and impaired reparative processes, which are charac-
teristic features of diabetic keratopathy. A similar inter-
pretation has been proposed by F. Buonfiglio et al. [7].

The findings regarding the ZO-1 protein are equal-
ly important. In the present study, ZO-1 concentrations
were significantly higher in patients with bacterial
keratitis, with the highest values observed in those
with concomitant type 2 diabetes mellitus. Moreover,
strong positive correlations were identified between
Z0-1 levels and the thickness, width, and area of the
corneal infiltrate. These findings suggest that disrup-
tion of intercellular junctions and impairment of the

10 Medical Science of Ukraine 22(2), 2026

epithelial barrier constitute important components
of the pathogenesis of bacterial keratitis. S. Alfuraih et
al. [16] demonstrated that hyperglycaemia adversely
affects tight junction proteins and the barrier function
of the ocular surface epithelium. Similar findings were
reported by S. Casarella et al. [17] and A. Ebrahim et
al. [18], who described structural and functional al-
terations of the corneal epithelium in diabetic kera-
topathy. Furthermore, M. Yu et al. [19] showed that
activation of pro-inflammatory signalling pathways is
accompanied by disruption of corneal epithelial bar-
rier integrity and contributes to the progression of
structural corneal damage. The clinical significance of
these pathogenetic alterations is further supported by
epidemiological studies demonstrating an increased
susceptibility of patients with diabetes mellitus to se-
vere corneal disease [20].

Particular attention should be paid to the observed
association between elevated IL-6 and ZO-1 levels and
the development of clinical complications. Patients
with infiltrate ulceration, delayed epithelialisation,
and stromal opacity exhibited significantly higher con-
centrations of both biomarkers than patients with an
uncomplicated disease course. The highest levels were
consistently observed in patients with type 2 diabetes
mellitus. These findings indicate that local inflamma-
tion and impairment of the corneal barrier function
may represent interrelated mechanisms contributing
to the development of complications in bacterial ker-
atitis. Similar conclusions regarding risk factors for
adverse outcomes in bacterial keratitis have been re-
ported by C. Bertret et al. [15], A. Nayel et al. [21], and
E. Osterhed et al. [22], who highlighted the importance
of clinical, microbiological, and therapeutic factors in
predicting treatment outcomes. Particular emphasis
has also been placed on the integrity of the corneal ep-
ithelial barrier, the disruption of which is regarded as
one of the key factors promoting disease progression
and the development of complications [23].

Thus, the findings of the present study expand cur-
rent understanding of the pathogenetic mechanisms
underlying bacterial keratitis in patients with type 2
diabetes mellitus. Concomitant type 2 diabetes mellitus
was associated with greater increases in IL-6 and Z0-1
concentrations, larger corneal infiltrates, and a high-
er incidence of clinical complications. Determination
of these biomarkers in tear fluid may therefore have



practical value for assessing disease severity and pre-
dicting the risk of developing complications in patients
with bacterial keratitis.

CONCLUSIONS

1. It was established that the median tear fluid IL-6 level
in patients with bacterial keratitis and type 2 diabetes
mellitus was 1.8-fold higher than in patients without
diabetes and 23.9-fold higher than in the control group.
The ZO-1 level in this group was also significantly el-
evated, exceeding that of the bacterial keratitis group
without type 2 diabetes mellitus by 1.4-fold and the
control group by 4.6-fold. These findings indicate more
pronounced disruption of the corneal epithelial barrier
and a more intense local inflammatory response in the
presence of concomitant metabolic disturbances.

2. Statistically significant positive correlations
were identified between IL-6 and Z0O-1 levels and the
morphometric characteristics of the corneal infiltrate.
In patients with bacterial keratitis and type 2 diabetes
mellitus, strong correlations were observed between
the investigated biomarkers and infiltrate thickness,
width, and area (p =0.66-0.76; p <0.001), whereas in
patients without diabetes the correlations were of
moderate strength (p=0.45-0.55; p<0.01). These find-
ings demonstrate a close relationship between the se-
verity of local inflammation, the degree of disruption
of intercellular junctions, and the extent of structural
corneal changes.

3. Elevated IL-6 and ZO-1 levels were shown to be
associated with the development of clinical complica-
tions of bacterial keratitis. The highest levels of both bi-
omarkers were recorded in patients with corneal infil-
trate ulceration, whereas lower levels were observed in
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patients without complications. Similar patterns were
identified for delayed epithelialisation and the devel-
opment of stromal opacity. These changes were more
pronounced in patients with type 2 diabetes mellitus,
confirming the adverse effect of metabolic disturbances
on the course of the infectious process and the repara-
tive capacity of the cornea.

4. The obtained findings support the potential use
of IL-6 and Z0-1 as promising biomarkers of inflamma-
tory activity, epithelial barrier damage, and the risk of a
complicated course of bacterial keratitis, particularly in
patients with type 2 diabetes mellitus.

5. Future research should focus on investigating
the dynamics of IL-6 and ZO-1 levels in response to
treatment, evaluating their prognostic value for long-
term functional outcomes, and developing models for
the early prediction of bacterial keratitis complications
based on a combination of clinical and laboratory pa-
rameters.

6. Study limitations. The findings should be inter-
preted in the context of the relatively small sample size
of the study groups and the absence of long-term fol-
low-up to assess changes in the investigated biomark-
ers over time.
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BwMicT iHTep/1eliKiHy-6 Ta 6i/ka miIbHIX KOHTAKTIB Z0O-1
y C/Ti3Hil piguHi Ta iX 3B’A30K i3 mepedirom 0akTepiaslbHOT0 KEPAaTUTY
NpH LYKPOBOMY JiabeTi 2 Ty B yMOBax BOEHHOT0 CTaHy B YKpaiHi

AHoTargis

AxktyanbHicTb. bakTepiasbHUN KepaTUT € OJHUM i3 HaWGiabll momupeHUx iHPeKUiHHUX 3aXBOpIOBaHb
pOTiBKM Ta MOXe NPU3BOJAUTH /0 PO3BUTKY TMKKHUX YCKJIQJHEHb, CTIMKOro 3HMXEHHS TOCTPOTHU 30py U
iHBaJIiu3alii malieHTIiB.

Meta. BuBuuTu BMicT iHTepJielikiHy-6 Ta 6ijKa IiIBHUX MDKKJIITUHHUX KOHTakTiB zonula occludens-1 y
ci3Hil pigvHi nanieHTIB i3 6aKTepiaIbHUM KepaTUTOM 3aJIeXKHO BiJl HAABHOCTI I[yKPOBOTO AiabeTy 2 TUIY Ta
OLIIHMTH iX 3B’s130K i3 K/IiHIYHUM nepe6iroM i po3BUTKOM yCKJia[HEHb 3aXBOPIOBAHHS.

Marepianm Ta metopu. [IpoBe/ieHO NPOCNeKTHBHE NOPiBHAIbHE KOTOPTHE MYJIbTHLEHTPOBE J0Ci/PKEHHS 32
ydacTio 88 ocib, cepes; IKUX NALi€EHTH 3 6aKTepia/lbHUM KEPAaTUTOM 3a HAasBHOCTI Ta BiZICYTHOCTI IIyKPOBOTO
JiabeTy 2 TUMy, a TaKoX 0COO6M KOHTpoJsibHOI rpynu. KoHueHTpauii iHTepJsielikiHy-6 Ta 6ijka LiIbHUX
MDKKJIITHHHUX KOHTaKTiB zonula occludens-1 y cii3Hill pifuHi BU3Ha4a/iu MeTOZ0M iMyHOpEpPMEHTHOIO
aHauizy.

Pesynbraru. BcTaHOBJIEHO [IOCTOBipHe MiJBUIEHHS KOHIIEHTpALiil iHTepselKiHy-6 Ta 6iska L[iIbHUX
MDKKJITHHHHUX KOHTAkKTiB zonula occludens-1 y mamieHTiB i3 6akTepialbHUM KepaTUTOM IOPiBHAHO 3
KOHTPOJIbHOIO Ipy1noto. HaliBuIli 3HaYeHHs1 060X MOKa3HUKIB BU3HAYa/IMCS Y NAL[iEHTIB i3 CynyTHIM [IyKpOBHUM
JiabetoM 2 Tuny. KoHneHTpalis iHTepselikiHy-6 y nanieHTiB i3 6akTepiajilbHUM KepaTUTOM 6e3 IIyKpOBOTO
JiabeTy craHoBMIIa 245 [170;390] nir/mu1, TOAl IK y XBOPUX i3 CyIyTHIM LIyKPOBUM /jiabeToM 2 TUIy Jocsirana
430[310;610] nr/mu1. BmicT 6isiKa IiIbHUX MDDKKJIITHHHUX KOHTaKTiB Zonula occludens-1 cTaHOBUB BiATIOBiTHO
6,8 [4,9;9,5] ur/ma ta 9,6 [7,2;13,4] Hr/MJ1. BUsIBJIEHO CTaTUCTUYHO 3HAUYINI MPsAMi KOpessaliiiHi 3B’ I3KU MiXx
piBHSIMM J0CIi/P)KyBaHUX GioMapKepiB i TOBIMHOW, IIUPUHOIO Ta ILIoILer0 iHGIIbTpaTy poriBku. Hal6iapm
CUJIbHI KopesiAlil BCTAaHOBJIEHO MiXK KOHLlEHTpali€lo iHTepselKiHy-6 Ta ToBIMHOW iHinbTpaTy (p =0,74;
p<0,001), a Takoxk Mixk piBHEeM OijsiKa MITBHUX MIKKJIITUHHUX KOHTAKTIB zonula occludens-1 Ta ToOBIIHHO0O
indinerparty (p=0,76; p<0,001) y nanieHTiB i3 nykpoBuM fAiabeToM 2 THMy. Y XBOpPHUX i3 BUPA3KyBaHHAM
iHdinbpTpaTy, ynoBisbHEHOIO emniTeJsi3ali€lo Ta CTpoMaJbHUM NMOMYTHIHHSIM PiBHiI 060X 6ioMapkepiB 6ynu
JIOCTOBiIpHO BHILIMMHU NOPIBHSAHO 3 NallieHTaMH 6€3 yCKJIa/[HEHOTO Nepebiry 3axBoploBaHHs.

BucHoBku. bakTepiaJbHUN KepaTUT CYNpPOBO/KYETHCS MiJBUIIEHHAM BMIcTy iHTepsieHKiHy-6 Ta 6inka
IIJIbHUX MDKKJIITHHHUX KOHTaKTiB zonula occludens-1y cai3Hiil piguHi. BcTaHOBJ/IeHO 3B’ 130K JOCTiPKYBaHUX
MOKa3HUKIB i3 MOppOMeTPpHUYHUMHM XapaKTepPUCTHKAaMU iHPIAbTpaTy pOTiBKM Ta PO3BUTKOM KJIHIYHHUX
yCKJIa/[HEHb 3aXBOPIOBaHHS.

KmouoBi ciioBa: iHQeKIiliHe ypakeHHs POTiBKY; [JiabGeTHYHA KepaToMNaTis; Mpos3amnajbHi LHUTOKIHHY;
KopHeaslbHUH iHdinbTpaT; 6ioMapkepH.
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Systemic biomarkers of apoptosis and endothelial activation
in the pathogenesis of rubeosis iridis and iridocorneal angle
neovascularisation in secondary neovascular glaucoma

Abstract

Aim. To assess systemic levels of CD95 (Fas) and ICAM-1 (CD54) in patients with secondary neovascular
glaucoma (NVG), to determine the relationship with the severity of iris rubeosis and the iridocorneal angle, and
to evaluate the role of endothelial apoptosis in neovascular remodelling of the anterior segment of the eye.
Materials and methods. A single-centre cross-sectional study included 186 eyes with secondary NVG (96
associated with proliferative diabetic retinopathy and 90 following retinal vein occlusion) and 34 eyes in the
control group. The severity of rubeosis was assessed using the Weiss grading scale. CD95 and ICAM-1 levels in
peripheral blood were measured using an immunocytochemical method.

Results. In patients with NVG, CD95 and ICAM-1 levels were significantly higher compared with controls
(p<0.001). Both markers positively correlated with the severity of rubeosis according to Weiss (CD95: rs=0.46;
ICAM-1: rs=0.45; p<0.001) and with intraocular pressure. In a multivariable ordinal logistic regression model,
CD95 and ICAM-1 remained independently associated with more severe rubeosis after adjustment for aetiology
and intraocular pressure (CD95: OR =2.31; 95% CI 1.27-4.18; p=0.006; ICAM-1: OR = 2.48; 95% CI 1.56-3.95;
p <0.001). ROC analysis demonstrated moderate discriminative ability of the markers for detecting clinically
significant rubeosis (Weiss = 11): AUC=0.729 for CD95 and AUC=0.730 for ICAM-1. Cut-off values were 687 cells/
pL and 542 cells/pL, respectively.

Conclusions. CD95 (Fas) and ICAM-1 (CD54) are associated with the severity of rubeosis in secondary NVG and
may serve as systemic biomarkers for neovascular remodelling and risk stratification of disease progression.
Keywords: CD95 (Fas); ICAM-1 (CD54); angiogenesis; neovascular remodelling; endothelial dysfunction;
apoptosis; risk stratification.

INTRODUCTION

Secondary neovascular glaucoma is among the most se-
vere forms of glaucomatous eye damage and remains
one of the leading causes of irreversible vision loss in pa-
tients with ischaemic retinal diseases. The disease most
commonly develops in association with proliferative dia-
betic retinopathy (PDR) and retinal vein occlusion (RVO).
Both conditions are characterised by chronic tissue

Suggested Citation:

hypoxia, activation of angiogenesis and the formation of
pathological newly formed vessels in the anterior and/
or posterior segment of the eye. Rubeosis iridis and neo-
vascularisation of the iridocorneal angle are key clinical
manifestations of this process. These clinical signs de-
termine further progression of ophthalmic hypertension
and the development of refractory glaucoma. Despite the
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use of vascular endothelial growth factor (VEGF) inhibi-
tors and modern laser technologies, the clinical course of
the disease remains highly variable. Such variability sug-
gests that additional pathophysiological mechanisms are
involved and that the disease process extends beyond lo-
cal angiogenesis alone.

In the latest review of NVG, S. Gergeker Demircan &
A. Sanal Dogan [1] pointed out that the clinical course
of the disease is determined by a complex interaction
between retinal ischaemia, pathological angiogenesis,
inflammation and remodelling of the anterior segment
of the eye. S. Senthil et al. [2] noted that progression
of rubeosis iridis and neovascularisation of the anteri-
or chamber angle depends not only on VEGF-mediated
mechanisms. Concomitant activation of inflammatory
and vascular signalling pathways also affects it, influ-
encing disease severity and treatment outcomes. D. Ur-
bonaviciuteé et al. [3] also showed that neovascular glau-
coma has a multicomponent pathogenesis, in which
ischaemia, angiogenesis, inflammation and fibrovascu-
lar remodelling form a single pathological cascade.

Particular attention has been paid to endothelial
activation as one of the key mechanisms of neovascu-
lar remodelling. Analysing current views on the patho-
genesis of RVO, M. Lendzioszek et al. [4] showed that
ischaemic damage is accompanied by activation of
pro-inflammatory signalling pathways, impaired en-
dothelial homeostasis and remodelling of the vascular
wall. The authors stressed that endothelial dysfunc-
tion is not only a consequence of retinal ischaemia. It
can also actively contribute to further progression of
the pathological process. ]. Tang & T.S. Kern [5] noted
that chronic retinal hypoxia stimulates the production
of VEGF and other pro-angiogenic mediators. These
mediators support the development of rubeosis iridis,
neovascularisation of the iridocorneal angle and patho-
logical vascular remodelling.

Intercellular adhesion molecule-1, ICAM-1 (CD54),
is of particular interest in this context. It reflects en-
dothelial activation and enhanced leukocyte-endothe-
lial interaction. In a comprehensive review of vascular
complications of diabetes mellitus, D.R. Yang et al. [6]
showed that endothelial dysfunction is accompanied
by increased expression of adhesion molecules, in-
cluding ICAM-1, microvascular inflammation and im-
paired vascular homeostasis. The authors underlined
that endothelial activation is an essential mechanism in
the progression of vascular remodelling and tissue is-
chaemia. Similar findings were reported by S.F. Abcou-
wer [7], who showed that activation of pro-inflamma-
tory cytokines and adhesion molecules is an important
component of ischaemic retinal injury and pathological
angiogenesis, contributing to chronic inflammation and
vascular remodelling.

Apoptosis-associated mechanisms are also critical
alongside endothelial activation. L. Hu et al. [8] showed
that the CD95 (Fas) system is not only one of the key
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regulators of programmed cell death. It also partici-
pates in inflammation, intercellular signalling and tis-
sue remodelling. The authors emphasised that Fas-me-
diated signalling pathways can influence the course
of chronic vascular-inflammatory diseases through a
combination of apoptotic and immunoregulatory ef-
fects. These data broaden the understanding of CD95.
It may act both as a marker of cellular damage and a
potential participant in pathological angiogenesis and
neovascular tissue remodelling.

C. Mishra & ].J. Meyer [9], analysing the mechanisms
of iris neovascularisation, concluded that the interaction
of ischaemia, inflammation, endothelial activation and
tissue remodelling forms the biological basis for rube-
osis progression. The authors also outlined the need to
determine systemic biomarkers capable of reflecting the
activity of these processes. 0.V. Guzun et al. [10] showed
that elevated ICAM-1 levels were linked to a more severe
course of diabetic NVG and a less favourable response to
treatment. In another study, E. Dogan et al. [11] found
increased systemic inflammatory biomarkers, including
NLR, SII and TyG, in patients with neovascular glaucoma.
These findings support further investigation of systemic
biological mechanisms involved in the development and
progression of the disease.

Despite growing evidence on the role of inflamma-
tion, endothelial dysfunction and apoptosis in ischae-
mic eye diseases, the relationship between systemic
levels of CD95 (Fas), ICAM-1 (CD54) and the severity of
rubeosis iridis and neovascularisation of the iridocor-
neal angle in secondary NVG remains insufficiently
studied. Further research is needed to clarify systemic
mechanisms of neovascular remodelling in the anteri-
or segment of the eye and to identify biomarkers that
can reflect the biological activity of rubeosis and dis-
ease severity. The purpose of the study was to assess
systemic levels of CD95 (Fas) and ICAM-1 (CD54) in pa-
tients with secondary neovascular glaucoma associated
with proliferative diabetic retinopathy and retinal vein
occlusion. The framework of the above purpose encom-
passed defining the relationship with the severity of
rubeosis iridis and the iridocorneal angle, and evaluat-
ing the possible role of systemic apoptosis-endothelial
disturbances in neovascular remodelling of the anteri-
or segment of the eye.

MATERIALS AND METHODS
Study design and ethical considerations. A sin-
gle-centre cross-sectional observational study was
conducted. It included 186 patients, corresponding
to 186 eyes, with secondary neovascular glaucoma.
The study was carried out at the State Institution “V.P.
Filatov Institute of Eye Diseases and Tissue Therapy of
the National Academy of Medical Sciences of Ukraine”
during 2018-2024. The study was performed in accord-
ance with the World Medical Association Declaration
of Helsinki [12] and the standards of the International
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Council for Harmonisation of Technical Requirements
for Pharmaceuticals for Human Use [13]. The Bioeth-
ics Committee of the State Institution “V.P. Filatov In-
stitute of Eye Diseases and Tissue Therapy” (Protocol
No. 4,2024) approved it. All participants provided writ-
ten informed consent. The data were anonymised in
line with confidentiality requirements. All procedures
remained within standard ophthalmological practice.
Participants and groups. The study researched
the sample of 186 eyes with NVG: 96 with NVG related
to proliferative diabetic retinopathy (NVG/PDR) and 90
with NVG following retinal vein occlusion (NVG/RVO).
The control group consisted of 34 eyes from age-
matched individuals without rubeosis iridis or glauco-
ma. The inclusion criteria were a confirmed diagnosis
of NVG associated with PDR or RVO, the presence of
rubeosis iridis, and uncontrolled intraocular pressure
(IOP) 230 mmHg. The exclusion criteria were second-
ary NVG of another origin, severe systemic disease that
could affect immune parameters, and the absence of
clinical signs of anterior segment neovascularisation.
Clinical examination. All participants underwent
a standard ophthalmological examination, including
visual acuity testing, biomicroscopy, ophthalmoscopy
and gonioscopy. IOP was measured by Goldmann ap-
planation tonometry. The degree of iris neovascular-
isation was assessed using the classic Weiss grading
scale (1971), which presupposes four stages. Stage |
refers to scattered neovascular vessels located near
the pupillary margin. Stage Il describes neovascular
proliferation extending to the mid-periphery of the iris.
Stage IlI is characterised by a vascular network associ-
ated with anterior synechiae and incomplete angle clo-
sure. Stage 1V indicates a dense neovascular network
with anterior synechiae and complete closure of the
iridocorneal angle [14]. No patients with Weiss stage IV
were present in the study cohort. Weiss =1l was used as
a quantitative measure of clinically significant rubeosis.

Biomarker assessment. Expression of CD95
(Fas) and ICAM-1 (CD54) on lymphocytes was deter-
mined in peripheral venous blood samples by indirect
immunofluorescence using monoclonal antibodies
against the corresponding antigens. The R.E. Kavetsky
Institute of Experimental Pathology, Oncology, and
Radiobiology of the National Academy of Sciences of
Ukraine, Kyiv, Ukraine produces the antibodies. Flu-
orescein isothiocyanate (FITC) from the same man-
ufacturer was used to visualise the immunological
reaction. A lymphocyte suspension was obtained by
centrifuging peripheral blood on a Ficoll density gra-
dient (1.076 g/cm?; Simesta, Ukraine), followed by
two rounds of cell washing. After smear preparation
and fixation, the samples were incubated with specific
monoclonal antibodies, washed, and then incubated
with FITC for 3 hours. After the final wash, the slides
were examined using an iSCOPE fluorescence micro-
scope (Euromex, the Netherlands). During the analy-
sis, the proportion of positively stained cells among
100 lymphocytes was defined. To standardise the
results, the obtained values were recalculated as the
absolute number of CD95* and CD54" cells per 1 pL
of peripheral blood, taking into account the absolute
lymphocyte count in the complete blood count. All
analyses were performed in the same laboratory ac-
cording to a unified protocol, using the same reagents
and analytical conditions [15].

Endpoints. The primary endpoint was the severity
of rubeosisiridis and neovascularisation of the iridocor-
neal angle according to the Weiss grading scale, consid-
ered as an ordinal clinical characteristic of neovascular
process activity. The secondary endpoint was the pres-
ence of clinically significant rubeosis (Weiss 2 1I). It was
employed for ROC analysis and stratification of neovas-
cular process activity. Clinical characteristics and bio-
marker levels in patients with neovascular glaucoma
and in the control group are presented in Table 1.

Table 1. Clinical characteristics and biomarker levels in patients
with neovascular glaucoma and in the control group

NVG/PDR NVG/RVO Control
Parameters (n=96) (n=90) (n=34)
Me (Q1-Q3), n (%)
Male/female 42 (44%) / 54 (56%) 40 (44%) / 50 (56%) 13 (38%) / 21 (62%)
Age, years 66 (62-68.5) * % 63 (61-66) 63.5 (60-66)
Intraocular pressure, mmHg 36 (33-40) * 34 (33-40) * 15 (14-17)

Rubeosis of the iris (Weiss)

O Idegree 50 (52%) 52 (58%) -

O 11 degree 28 (29%) 29 (32%) -

O 111 degree 18 (19%) 9 (10%) -
CD95 (Fas), cells/uL 653 (610-832) * 612 (553-691) * 263.5 (220-283)
ICAM-1 (CD54), cells/pL 373 (345-566) * 368 (339-542) * 190.5 (186-197)
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Table 1. Continued

NVG/PDR NVG/RVO Control
Parameters (n=96) (n=90) (n=34)
Me (Q1-Q3), n (%)
Duration of diabetes/ Duration i " 1oy * _
of retinal vein occlusion, months 132 (84-168) * + 15 (12-18)
Cardiovascular diseases 56 (58%) * 53 (59%) * 15 (44%)

Note: data are presented as median (interquartile range) or number (%). * — p <0.05 between control and PDR/RVO group; + —p<0.05
between NVG/PDR and NVG/RVO group at the corresponding Weiss stage. NVG — neovascular glaucoma; PDR — proliferative diabetic
retinopathy; RVO - retinal vein occlusion; ICAM-1 — intercellular adhesion molecule-1. CD95 and ICAM-1 levels are presented as the

absolute number of positive lymphocytes per microlitre of peripheral blood

Source: developed by the authors

Statistical processing was Statistical analysis was
performed using JASP software, version 0.19.2, and Py-
thon. Normal distribution of the biomarkers was reject-
ed by the Shapiro-Wilk test (CD95: p<0.001; ICAM-1:
p < 0.001). This justified the use of non-parametric
methods: the Mann-Whitney test for between-group
comparisons, the Kruskal-Wallis test for multiple-group
comparisons, and Spearman’s coefficient (r,) for corre-
lations. Quantitative variables were presented as the
median and interquartile range (Q1-Q3). To ensure
statistical independence of observations, only one eye
from each patient was included in the analysis. In cases
of bilateral involvement, the eye with more pronounced
manifestations of rubeosis iridis and neovascularisa-
tion of the iridocorneal angle according to the Weiss
grading scale was selected.

Multivariable regression analysis was performed
to identify independent predictors of rubeosis sever-
ity, with adjustment for NVG aetiology (PDR/RVO) and
IOP. The diagnostic ability of CD95 and ICAM-1 for
clinically significant rubeosis (Weiss = II) was assessed
using ROC analysis, with calculation of the area under
the curve (AUC), the optimal cut-off value according to
the Youden index, sensitivity, and specificity. Quartile
analysis was performed to define dose-dependent ef-
fects, with the frequency of Weiss 211 calculated in each
quartile. Values of p<0.05 were considered statistical-
ly significant.

RESULTS AND DISCUSSION

CD95 and ICAM-1 levels in patients with NVG. Given the
presumed role of apoptosis-associated and endothelial-in-
flammatory mechanisms in the development of the neo-
vascular process, systemic levels of CD95 (Fas) and ICAM-1
(CD54) were assessed. Patients with NVG had significantly
higher CD95 and ICAM-1 levels compared with controls
(p<0.001). The highest CD95 levels were observed in the
NVG/PDR group. This may be an indication of a more pro-
nounced activation of apoptosis-associated mechanisms in
diabetic ischaemic injury. ICAM-1 levels were also higher
in the NVG groups compared with controls, reflecting acti-
vation of systemic endothelial inflammation.

Association between biomarkers and the severity
of rubeosis. In the overall NVG cohort, significant positive
correlations were found between the severity of rubeosis
according to Weiss and biomarker levels: r;=0.46 for CD95
and r,=0.45 for ICAM-1 (both p<0.001). Significant associ-
ations with IOP were also identified: r,=0.58 for CD95 and
r,=0.61 for [CAM-1 (p<0.001).

Multivariable analysis. In the multivariable ordinal
logistic regression model, increased CD95 and ICAM-1
levels were independently associated with more severe
rubeosis iridis. The strongest association was observed for
ICAM-1 (OR=2.48; 95% CI 1.56-3.95; p<0.001) (Table 2).
This finding supports the pivotal role of endothelial activa-
tion and vascular inflammation in the development of ne-
ovascular remodelling of the anterior segment of the eye.

Table 2. Multivariate ordinal logistic regression analysis of the association between CD95, ICAM-1
and clinically significant rubeosis (Weiss > 1I) in secondary NVG

Indicator B SE OR (95% CI) Wald x* p
CD95 0.84 0.31 2.31(1.27-4.18) 7.41 0.006
ICAM-1 (CD54) 0.91 0.24 2.48 (1.56-3.95) 14.36 <0.001
10P 0.07 0.03 1.07 (1.01-1.14) 5.12 0.024
NVG/PDR (vs. NVG/RVO) 0.42 0.28 1.52 (0.88-2.64) 2.21 0.137
Cardiovascular pathology 0.29 0.25 1.34 (0.82-2.20) 1.37 0.241

Note: dependent variable: degree of rubeosis according to Weiss; OR — odds ratio; CI — confidence interval; NVG — neovascular
glaucoma; IOP — intraocular pressure; PDR — proliferative diabetic retinopathy; RVO — retinal vein occlusion

Source: developed by the authors

Elevated CD95 was also associated with a higher
likelihood of more severe rubeosis (OR=2.31; 95% CI

1.27-4.18; p=0.006). This reflects the involvement of

apoptosis-associated signalling in the progression of
ischaemic-reparative processes. After adjustment for
IOP, NVG aetiology and concomitant cardiovascular
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disease, the aetiological factor (PDR/RVO) lost statis-
tical significance. This may suggest that systemic bio-
logical activity of the process plays a greater role than
the nosological background of the disease.

Stratification of clinically significant rubeosis.
ROC demonstrated comparable discriminative ability
of CD95 (Fas) and ICAM-1 (CD54) for detecting clini-
cally significant rubeosis (Weiss = II) in patients with
secondary neovascular glaucoma (Fig. 1).

Figure 1 shows that the areas under the ROC curves
were 0.729 for CD95 and 0.730 for ICAM-1. These val-
ues correspond to moderate prognostic accuracy for
both markers. Similar AUC values indicate a compara-
ble contribution of apoptosis-associated and endothe-
lial-inflammatory mechanisms to the progression of
neovascular changes in the anterior segment of the eye.
A non-parametric Kruskal-Wallis rank analysis was ad-
ditionally performed to assess the association between
biomarker levels and rubeosis grades according to

Systemic biomarkers of apoptosis and endothelial activation in the pathogenesis
of rubeosis iridis and iridocorneal angle neovascularisation in secondary neovascular glaucoma

Weiss in the NVG cohort (n=186). For CD95, highly sig-
nificant between-group differences were found across
rubeosis grades (H(2) =43.149; p<0.001). Mean ranks
increased consistently from Weiss [ (n = 102; mean
rank 74.26) to Weiss I (n=57; 101.57) and Weiss III
(n=27; 149.13). This pattern reflects a monotonic in-
crease in CD95 levels with greater severity of neovas-
cular changes. A similar gradient pattern was observed
for ICAM-1 (CD54): H(2)=42.30; p<0.001. Mean ranks
were 74.20 for Weiss [ (n=102), 102.23 for Weiss 1l
(n=57) and 147.98 for Weiss III (n=27). These results
confirm the dose-dependent nature of the association
between CD95, ICAM-1 and the degree of rubeosis. The
findings are also consistent with the regression analy-
sis and further emphasise the pathogenetic significance
of both markers in the formation of active anterior seg-
ment neovascularisation. Biomarker levels progres-
sively increased with greater severity of rubeosis iridis
(p-trend <0.001).
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Figure 1. ROC curves for differentiating clinically significant rubeosis (Weiss > IT)
Note: receiver operating characteristic (ROC) curves showing the diagnostic performance of CD95 (Fas) and ICAM-1 (CD54) for
detecting clinically significant rubeosis iridis (Weiss > II) in patients with neovascular glaucoma. The diagonal dashed line indicates

the random classification level
Source: developed by the authors

For stratification of clinically significant rube-
osis (Weiss = II), ROC analysis was performed with
calculation of optimal cut-off values according to the
Youden index. For CD95, the optimal cut-off value
was 687 cells/uL. This corresponded to a sensitivity
of 63.1% and a specificity of 83.3%, with an AUC of

0.729. For ICAM-1 (CD54), the optimal cut-off val-
ue was 542 cells/uL, with a sensitivity of 59.5% and
a specificity of 85.3% at an AUC of 0.730. These val-
ues confirm the clinical applicability of both markers
for quantitative identification of clinically significant
rubeosis (Table 3).

Table 1. Optimal threshold values (Youden index) and diagnostic efficiency of CD95 and ICAM-1

. Optimal threshold e P
0, V) 0,
Biomarker AUC (95% CI) (Youden) Sensitivity, % Specificity, %
CD95 (Fas) 0.729 (0.62-0.83) 687.0 63.1 83.3
ICAM-1 (CD54) 0.730 (0.63-0.84) 542.0 59.5 85.3

Note: the values are obtained from the results of ROC analysis for the differentiation of clinically significant rubeosis of the iris (Weiss > II).

The optimal threshold values were determined by the Youden index (J =sensitivity + specificity — 1). AUC — area under the ROC curve
Source: developed by the authors

Quartile analysis showed a dose-dependent in-
crease in the frequency of severe rubeosis iridis with

18 Medical Science of Ukraine 22(2), 2026

rising CD95 and ICAM-1 levels. The proportion of pa-
tients with Weiss II-1II rubeosis increased from 12.5%



in the lowest CD95 quartile to 71.2% in the highest
quartile. A similar trend was observed for ICAM-1, with
an increase from 15.1% to 74.5%, respectively. These
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findings display a graded increase in neovascular ac-
tivity as systemic apoptosis-endothelial signalling be-
comes more pronounced (Fig. 2).
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Figure 2. Frequency of clinically significant Weiss rubeosis > II depending on the quartiles
of CD95 (a) and ICAM-1 (CD54) (b) levels
Note: Q1 is the lowest quartile (25% of patients with the lowest marker values); Q4 is the highest quartile (25% of patients with the
highest marker values). A statistically significant dose-dependent trend was found for both biomarkers (p-trend <0.001)

Source: developed by the authors

Quartile analysis demonstrated a clear dose-de-
pendent relationship between CD95 (Fas), ICAM-1
(CD54) levels and the frequency of clinically significant
rubeosis (Weiss = II) (Fig. 2). As the values increased
from the lowest quartile (Q1) to the highest quartile
(Q4), the frequency of pronounced neovascular chang-
es in the anterior segment of the eye rose steadily for
both biomarkers. The highest rates of rubeosis were re-
corded in patients whose CD95 and ICAM-1 levels cor-
responded to the fourth quartile. In contrast, clinically
significant rubeosis was least frequent in the groups
with the lowest marker concentrations. The statistical-
ly significant trend (p-trend <0.001) validates a graded
association between increasing systemic apoptosis-en-
dothelial activation and progression of the neovascu-
lar process. These findings suggest that elevated CD95
and ICAM-1 levels are correlated with higher biological
activity of rubeosis iridis and iridocorneal angle neo-
vascularisation. The above findings may also reflect
increasing pathological neovascular remodelling in
secondary NVG.

The results prove a major role of systemic apop-
tosis-endothelial activation in the development and
progression of rubeosis iridis and iridocorneal angle
neovascularisation in secondary neovascular glauco-
ma. NVG is known to result from a complex interaction
between retinal ischaemia, pathological angiogenesis,
inflammation and remodelling of anterior segment tis-
sues [1, 2]. Chronic retinal hypoxia stimulates the pro-
duction of VEGF and other pro-angiogenic mediators.
These mediators support the development of rubeosis
iridis and neovascularisation of the anterior chamber
angle [3, 5]. Current views on NVG pathogenesis, howev-
er, extend beyond VEGF-dependent mechanisms alone.

The above views also involve endothelial dysfunction,
systemic inflammation and immune activation [4].

In the present study, systemic markers of endotheli-
al activation (ICAM-1/CD54) and apoptosis (CD95/Fas)
were significantly elevated in patients with secondary
NVG. In addition to it, these markers were also inde-
pendently related to the severity of rubeosis. After ad-
justment for intraocular pressure and disease aetiology,
both indicators retained a statistically significant asso-
ciation with the severity of neovascular changes. These
findings presume that defining the biological activity of
the process comprises local haemodynamic changes or
the level of ophthalmic tone. Systemic mechanisms of
vascular and cellular remodelling also appear to play a
pivotal role.

The findings are consistent with the modern con-
cept of NVG as a multifactorial vascular-inflammatory
disease. In this model, anterior segment neovascular-
isation reflects an integrated ischaemic-inflamma-
tory cascade [2, 3]. S. Ger¢ceker Demircan & A. Sanal
Dogan [1] emphasised that the clinical course of NVG is
determined by the degree of retinal ischaemia. Further-
more, it is shaped by the intensity of the inflammatory
response, vascular remodelling and endothelial dys-
function. Similarly, M. Lendzioszek et al. [4] considered
endothelial dysfunction one of the key mechanisms
supporting the ischaemic-neovascular process in reti-
nal vascular diseases.

ICAM-1 (CD54) deserves particular attention as a
marker of endothelial activation and intercellular adhe-
sion. D.R. Yang et al. [6] showed that in diabetic microa-
ngiopathy, endothelial dysfunction is accompanied by in-
creased ICAM-1 expression, microvascular inflammation
and impaired vascular homeostasis. S.F. Abcouwer [7]
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also highlighted the important role of adhesion molecules
in maintaining ischaemic inflammation and pathological
angiogenesis. The present results support these observa-
tions, since the independent association between ICAM-1
and the severity of rubeosis persisted even after intraoc-
ular pressure had been taken into account. Additional
support comes from the data of K. Siddiqui et al. [16] and
the meta-analysis by Y. Yao et al. [17], which underscored
systemic elevation of ICAM-1 levels in diabetic retinop-
athy and other ischaemic retinal diseases. The present
findings are also consistent with previous data from the
authors, who showed an association between elevated
ICAM-1 levels, a more severe clinical course of diabetic
neovascular glaucoma and a less favourable response to
treatment [10]. In summary, these observations suggest
that endothelial activation is not only a marker of ischae-
mic injury. It may also be a potential component of neo-
vascular process progression.

The results also align well with data on the local
cytokine microenvironment in NVG. S. Ohira et al. [18]
demonstrated a marked increase in IL-6, IL-8, CCL2,
TNF-a and VEGF levels in the aqueous humour of eyes
with NVG. This increase partially persisted even after
anti-VEGF therapy. T. Kokubun et al. [19] identified
characteristic profiles of pro-inflammatory cytokines
in patients with different forms of glaucoma, includ-
ing NVG. These data highlight that impaired aqueous
humour outflow in NVG should not be regarded only
as a mechanical consequence of neovascularisation. It
can also reflect persistent inflammatory-endothelial re-
modelling of anterior segment tissues.

Alongside endothelial activation, apoptosis-associ-
ated mechanisms play an important role in the forma-
tion of the neovascular phenotype. K. Seyrek et al. [20]
and L. Hu et al. [8] showed that the CD95/Fas system
is a multifunctional signalling platform. It regulates
programmed cell death, inflammation, cell survival and
tissue remodelling. Under conditions of chronic tissue
injury, CD95 activation may involve non-apoptotic sig-
nalling pathways, including NF-xB, MAPK and PI3K/
Akt. These pathways support a pro-inflammatory mi-
croenvironment and pathological remodelling. The ele-
vated systemic CD95 levels found in patients with more
severe rubeosis are consistent with these concepts. The
involvement of Fas-mediated signalling in maintaining
the neovascular process can be substantiated.

M. Lendzioszek et al. [4] noted that ischaemic reti-
nal diseases are accompanied by a complex interaction
between hypoxia, inflammation, endothelial dysfunction
and vascular remodelling. The authors emphasised that
progression of retinal ischaemia is related to activa-
tion of pro-inflammatory and pro-angiogenic signalling
pathways. Such pathways may maintain the neovascu-
lar process even after the primary vascular injury has
been eliminated. The present findings coincide with
these views and submit a possible contribution of sys-
temic mechanisms to the maintenance of pathological
angiogenesis in secondary NVG. The role of systemic
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inflammation is supported by the findings of E.W. B6hm et
al. [21]. The authors established an association between
elevated systemic inflammatory indicators and the se-
verity of clinical manifestations of retinal vein occlusion,
as well as the impact on functional disease outcomes.
Higher ICAM-1 and CD95 levels in NVG linked to prolifer-
ative diabetic retinopathy, compared with post-occlusive
NVG, may reflect the chronic systemic nature of diabetic
microangiopathy. Prolonged endothelial activation and
inflammation accompany this process [6, 10]. Similar
conclusions were reported by M. Kozman et al. [22],
who showed that the risk of NVG in proliferative diabet-
ic retinopathy is determined by local retinal ischaemia.
Meanwhile, systemic metabolic factors, including poor
glycaemic control and concomitant manifestations of
diabetic microangiopathy, also become prerequisites
for this risk. In retinal vein occlusion, by contrast, acute
ischaemic and VEGF-mediated mechanisms appear to
dominate to a greater extent [5].

The dose-dependent association of CD95 and ICAM-1
with the severity of rubeosis confirms the systemic na-
ture of the pathological processes underlying neovascular
remodelling of the anterior segment of the eye in second-
ary NVG. Given this, the findings support the inclusion of
apoptosis and endothelial activation markers in the com-
prehensive assessment of patients. The use of the results
may improve the objectivity of disease course prediction
and help justify personalised treatment strategies.

CONCLUSIONS

1. Patients with secondary NVG had significantly ele-
vated systemic levels of CD95 (Fas) and ICAM-1 (CD54)
compared with the control group (p < 0.001). This
makes activation of apoptosis-associated and endothe-
lial-inflammatory mechanisms in neovascular remod-
elling of the anterior segment of the eye evident. The
study also found a significant positive association be-
tween both biomarker levels and the severity of rube-
osis iridis and iridocorneal angle neovascularisation
according to Weiss. Significant associations with in-
traocular pressure were also observed, confirming the
relationship with neovascular process activity.

2. In the multivariable ordinal logistic regres-
sion analysis, CD95 and ICAM-1 remained independ-
ent predictors of more severe rubeosis after adjust-
ment for disease aetiology and intraocular pressure
(CD95: OR=2.31; 95% CI 1.27-4.18; p=0.006; I[CAM-1:
OR=2.48; 95% CI 1.56-3.95; p<0.001). This specifies
an independent contribution of apoptosis-endothelial
mechanisms to the progression of neovascular changes.
ROC analysis demonstrated moderate discriminative
ability of both markers for detecting clinically signifi-
cant rubeosis (AUC = 0.729 for CD95 and AUC=0.730
for ICAM-1). The cut-off values of 687 cells/uL and
542 cells/uL, respectively, may be used for risk stratifi-
cation of a more severe disease course.

3. Quartile analysis revealed a statistically signifi-
cant dose-dependent association between increasing



CD95 and ICAM-1 levels and the frequency of clinical-
ly significant rubeosis (p-trend < 0.001). This further
supports the role of systemic apoptosis-endothelial
activation in the pathogenesis of secondary NVG. The
findings suggest that CD95 and ICAM-1 may serve as
additional biomarkers for assessing the biological ac-
tivity of rubeosis, objectifying the risk of disease pro-
gression and improving personalised approaches to
patient management.

4. A promising direction for later research is to
study the prognostic value of these biomarkers during
long-term follow-up and to integrate aforementioned
biomarkers into multivariable models for predicting
the course and treatment outcomes of secondary NVG.
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CucremHi DioMapkepu anonTo3y Ta eHJ0Te/Tia/TbHOI aKTHBaIil
y maroreHe3i py0eo3y pai/Jy’kKKd Ta ipuI0KOpHea/IbHOT0 KyTa NPH BTOPHUHHIN
HeOBaCKY/IAPHIH IJ1ayKoMmi

AHoTargist

Merta. OuinuTy cucteMHi piBHi CD95 (Fas) Ta ICAM-1 (CD54) y nmanieHTiB i3 BTOPUHHOIO HEOBACKYJISPHOIO
riaykomoro (HBIY), BusHauuTH ix 3B’s130K i3 TKKiCTIO py6eo3y paliyKKM Ta ipHJJOKOPHeaJbHOIro KyTa, a
TaKOXX OLiHUTH POJIb allONTO3-eHA0Te iaIbHUX [TOPYIIeHb Yy HEOBACKY/IIPHOMY pPeMo/Ie/II0BaHHI nepeHbOoro
cerMeHTa oKa.

Marepiann Ta mMeToau. B ofHOLIEHTpOBe MepexXpecHe AOCJI[PKeHHsI BKJIHO4YeHO 186 oded i3 BTOPHUHHOIO
HBT (96 - Ha Tii nposidepaTuBHOi fiabeTuuHoi peTrHonaTii Ta 90 - micis okuozii BeH ciTkiBkH) i 34 oka
KOHTpOJIbHOI rpymnu. TsKKicTb py6eo3y oLiHoBaiU 3a mKauok Weiss. PiBai CD95 Ta ICAM-1 y nepudepuyHin
KpOBI BU3Ha4a/1d IMyHOUUTOXIMIYHUM METOLOM.

Pe3ynbraru pociaimkenHs. Y nanienTis i3 HBI' piBai CD95 Tta ICAM-1 6y/u A0CTOBIpHO BUIMMHU MOPiBHSHO
3 KoHTpoJsieM (p < 0,001). O6uBa MapKepu MO3UTHBHO KOpEJIIOBAIU 3 TSKKICTIO py6eo3y 3a Weiss (CD9I5:
rs=0,46; ICAM-1:rs=0,45; p<0,001) Ta piBHEM BHYTpPilIHBOOYHOI'0 TUCKY. Y 6araTodakTopHiit ordinal logistic
regression Mmozesii CD95 ta ICAM-1 3anuianucs He3aeXKHO acOliHOBaHUMHU 3 GiJ/bII TSXKKHUM Py6e030M Mics
KopekIiil Ha eTiosorito Ta BHyTpimHboOYHUM TucK (CD95: OR =2,31; 95 % CI 1,27-4,18; p=0,006; ICAM-1:
OR=2,48; 95 % CI 1,56-3,95; p<0,001). ROC-aHasi3 nokasaB NOMipHY AUCKpPUMiHALiIMHY 3/jaTHICTh MapKepiB
I10/10 BUSIBJIEHHS KJIiHiYHO 3Hauyoro py6eo3y (Weiss=11): AUC=0,729 assa CD95 ta AUC=0,730 g ICAM-1.
[Toporosi 3HaUeHHs CTAaHOBUJIM 687 KJ1/MKJI Ta 542 KJI/MKJI BiJjlTOBiIHO.

BucnoBok. CD95 (Fas) ta ICAM-1 (CD54) acouiroioTbcs 3 TSKKiCTIO py6eo3y npu BTopuHHINA HBT i MoxyTb
posrisaTrca K CUCTeMHI GioMapkepd HEOBACKY/ISIpDHOIO peMoJieJIIoBaHHSI Ta cTpaTudikauii pusuky
IporpecyBaHHs 3aXBOPIOBaHHS.

KmouoBi coBa: CD95 (Fas); ICAM-1 (CD54); aHrioreHes; HEOBAaCKyJIsIpHE PEeMO/e/II0BaHHS; eHJ0TeliaTbHa
AucyHKIis; anonTo3; cTpaTudikaris pusuxky
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Comparative effectiveness of robot-assisted
and laparoscopic procedures in deep infiltrating endometriosis

Abstract

Relevance. The importance of the study is determined by the high prevalence of endometriosis among
women of reproductive age and by the substantial negative effect of deep infiltrating endometriosis on the
functional state of the pelvic organs, the quality of life of patients, and treatment outcomes. Despite the active
development of minimally invasive gynaecological surgery, the choice of the optimal surgical approach for
complex infiltrative forms of the disease remains debatable. An analysis of current scientific data on the
effectiveness of robot-assisted and laparoscopic procedures is therefore especially relevant.

Aim. To summarise current scientific data on the use of robot-assisted and laparoscopic surgical procedures
in deep infiltrating endometriosis and to analyse their clinical outcomes and features of use in minimally
invasive gynaecological surgery.

Materials and methods. The study used methods of analysis, systematisation, and generalisation of current
scientific sources devoted to the problem of surgical treatment of deep infiltrating endometriosis. The results
of clinical studies, systematic reviews, and meta-analyses concerning the effectiveness and safety of robot-
assisted and laparoscopic procedures were analysed. Approaches to analytical generalisation of perioperative
indicators and clinical treatment outcomes were applied.

Results. Current approaches to the surgical treatment of deep infiltrating endometriosis were examined, and
the role of laparoscopic and robot-assisted technologies in minimally invasive gynaecological surgery was
determined. A generalisation of scientific data indicated that laparoscopic procedures remain the main method
of surgical treatment for this pathology, whereas robot-assisted technologies broaden the possibilities for
performing complex operations in cases of deep tissue infiltration and involvement of adjacent pelvic organs.
It was established that, according to perioperative indicators such as intraoperative blood loss, complication
rate, and length of hospitalisation, the results of both approaches were similar in most studies. Robotic
systems may provide improved visualisation of the surgical field and greater precision of manipulation during
treatment of complex anatomical localisations of the pathological process.

Conclusions. The analysis of the contemporary scientific sources indicated that the effectiveness of
treatment for deep infiltrating endometriosis depends largely on the correct choice of surgical tactics and
on individualisation of the surgical approach. Laparoscopic surgery remains the basic method of surgical
treatment, whereas robot-assisted technologies should be used in complex clinical cases requiring high
precision of surgical manipulation. The results obtained confirm the need for further accumulation of
evidence on the long-term outcomes of different minimally invasive surgical technologies in deep infiltrating
endometriosis.

Keywords: minimally invasive gynaecological surgery; pelvic pain syndrome; surgical tissue dissection;
perioperative indicators; postoperative recovery.
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INTRODUCTION

Endometriosis is one of the most common gynaecolog-
ical diseases among women of reproductive age and is
characterised by a chronic course, complex pathogene-
sis, and a marked negative effect on reproductive health
and the quality of life of patients. Deep infiltrating en-
dometriosis is a particularly complex clinical form,
accompanied by penetration of endometriotic lesions
into deep tissue layers with involvement of the bowel,
bladder, ureters, and other pelvic structures. The high
frequency of pain syndrome, dysfunction of adjacent
organs, and disease recurrence determines the need to
improve approaches to the surgical treatment of this
pathology. The active development of minimally inva-
sive surgery has promoted the wide introduction of
laparoscopic and robot-assisted technologies, but the
choice of optimal surgical tactics for complex forms of
the disease remains debatable.

The problem of surgical treatment for deep infiltrat-
ing endometriosis is extensively covered in modern sci-
entific literature. H. Ong et al. [1], in a systematic review
on the treatment of deep infiltrating endometriosis
with bowel involvement, concluded that robot-assist-
ed surgery is a safe and technically feasible treatment
method that provides high precision of manipulation
and improved visualisation of the surgical field in com-
plex anatomical areas. M. Koteliukh [2], in turn, empha-
sised the importance of predicting clinical outcomes
and using evidence-based approaches when choosing
treatment tactics, which underlines the relevance of
evaluating the long-term outcomes of modern surgical
technologies. M. Cherniak & O. Korchynska [3] noted
that, in widespread forms of endometriosis, surgical
treatment is often the most effective way to eliminate
symptoms and restore the functional state of the pelvic
organs. A. Balan & L. Yurieva [4] stressed that deep in-
filtrating endometriosis is characterised by diagnostic
complexity, considerable variability of clinical manifes-
tations, and a high frequency of adjacent organ involve-
ment, which requires an individualised approach to
treatment. When comparing robotic and conventional
laparoscopy for colorectal endometriosis, M. Le Gac et
al. [5] indicated that both approaches produce similar
clinical outcomes, whereas robotic surgery may pro-
vide additional technical advantages during complex
surgical procedures.

A. Osaki & M. de Oliveira [6] specified that bowel
or ovarian involvement substantially affects the du-
ration of surgery regardless of the chosen surgical
approach, which confirms the importance of careful
preoperative planning and individualisation of surgi-
cal tactics. A meta-analysis of current publications by
M. Pavone et al. [7] indicated that robot-assisted pro-
cedures are highly effective and safe, but they do not
have substantial advantages over laparoscopic sur-
gery for most perioperative indicators. Similar con-
clusions were reached by X. Zhang & X. Zhang [8], who
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demonstrated similar results for robotic and laparo-
scopic operations in colorectal endometriosis and the
absence of important differences in the main clinical
indicators. T. Hebert [9] noted that the use of robotic
systems broadens the possibilities of minimally inva-
sive surgery through improved surgeon ergonomics,
three-dimensional visualisation, and high-precision in-
strument control during treatment of complex forms of
deep infiltrating endometriosis. However, A. Csirzé et
al. [10], in a systematic review and meta-analysis, did
not identify convincing evidence of substantial clinical
advantages of robot-assisted surgery over conventional
laparoscopy. The authors concluded that the available
results remain heterogeneous, and that the evidence
base needs further expansion through high-quality
multicentre studies. Thus, the existing scientific studies
confirm the prospects for using robotic technologies in
the treatment of deep infiltrating endometriosis, while
the question of their clinical advantages over conven-
tional laparoscopy remains unresolved. The ambiguity
of the results obtained, differences in study design, and
the insufficient number of long-term clinical observa-
tions determine the need for further generalisation of
current scientific data on the use of different minimally
invasive surgical technologies.

This study aimed to analyse current scientific data
on the effectiveness and safety of robot-assisted and
laparoscopic surgical procedures in deep infiltrating en-
dometriosis and to determine the features of their use
in modern minimally invasive gynaecological surgery.

MATERIALS AND METHOD

The study was designed as a review of scientific litera-
ture concerning the use of laparoscopic and robot-as-
sisted surgical procedures in deep infiltrating endo-
metriosis. The literature search was conducted in the
international scientometric and bibliographic data-
bases PubMed, Scopus, Web of Science, ScienceDirect,
and Google Scholar. Combinations of the following Eng-
lish-language keywords were used for the search: “deep
infiltrating endometriosis”, “robot-assisted surgery”,
“robotic surgery”, “laparoscopic surgery”, “minimally
invasive gynecologic surgery”, “colorectal endometri-
osis”, “surgical treatment of endometriosis”, “robot-
ic-assisted laparoscopy”, “perioperative outcomes”, and
“clinical effectiveness”. The search used the Boolean
operators AND and OR to broaden or refine the results.

The inclusion criteria for the review were: avail-
ability of the full text of the publication; relevance to
the study topic; publication in peer-reviewed scientif-
ic journals; coverage of the results of laparoscopic or
robot-assisted surgical procedures for endometriosis;
and availability of data on clinical effectiveness, safety,
perioperative indicators, or technical features of sur-
gical performance. Systematic reviews, meta-analy-
ses, clinical studies, randomised controlled trials, and
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clinical trial protocols published mainly during 2020-
2025 were included in the analysis. The exclusion cri-
teria were duplicate publications, conference abstracts
without full text, articles with insufficient description
of treatment outcomes, studies devoted exclusively to
drug therapy for endometriosis, and works that did not
contain information on the use of laparoscopic or ro-
bot-assisted surgical technologies.

At the initial stage of the search, 86 publications
were identified. After removing duplicates and analys-
ing titles, abstracts, and full texts for compliance with
the defined criteria, 20 of the most relevant sources
were included in the final review. These sources di-
rectly concerned current approaches to the surgical
treatment of deep infiltrating endometriosis and the
comparison of laparoscopic and robot-assisted tech-
nologies. Methods of systematisation, critical analysis,
comparison, and logical generalisation of scientific in-
formation were used to process the selected materials.
Primary attention was given to the analysis of data on
the technical characteristics of surgical procedures,
perioperative outcomes, complication rates, length of
hospitalisation, and features of postoperative recov-
ery in patients. The results were generalised through
a qualitative synthesis of the available evidence, with
identification of common tendencies and discrepancies
between studies. A meta-analysis was not performed in
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this study because of the heterogeneity of the available
publications, differences in study design, characteris-
tics of clinical samples, localisation of endometriotic
lesions, and approaches to evaluating treatment out-
comes. For this reason, the results obtained are pre-
sented as a qualitative review and analytical generali-
sation of current scientific data.

RESULTS AND DISCUSSION

In gynaecological surgery, treatment of deep infiltrat-
ing endometriosis is based on the use of minimally
invasive surgical technologies that provide accurate
removal of endometriotic lesions with minimal tissue
trauma and preservation of the functional integrity of
the pelvic organs. Laparoscopic surgery remains the
most common method of surgical treatment and has
formed the basis of minimally invasive gynaecology
over recent decades. The development of high-technol-
ogy medical equipment has also promoted the active
introduction of robot-assisted tools, which open new
prospects for performing complex surgical procedures
in widespread forms of endometriosis. In clinical prac-
tice, these approaches are considered complementary
elements of minimally invasive surgery, and the choice
between them depends on the anatomical features of
the lesion and the technical capacity of the medical in-
stitution (Table 1).

Table 1. Current surgical approaches to the treatment
of deep infiltrating endometriosis in minimally invasive gynaecological surgery

Surgical approach

Main technological characteristics

Clinical significance in treatment

Conventional laparoscopic
surgery

Use of laparoscopic instruments and a video-
optical system for minimally invasive access

Provides effective removal of endometriotic
lesions, reduces surgical trauma, and promotes
faster postoperative recovery

Robot-assisted
laparoscopic surgery

Three-dimensional visualisation of the
surgical field and use of robotic instruments
with high movement precision

Enables complex dissections in difficult-to-
access anatomical areas and increases the
precision of manipulation

Multidisciplinary minimally
invasive procedures

Combined use of gynaecological, colorectal,
and urological surgery

Provides comprehensive treatment of
widespread forms of infiltrative endometriosis
involving adjacent organs

Source: compiled by the author based on [3, 4, 9]

The choice of surgical technology is determined
primarily by the anatomical localisation and depth
of infiltration of endometriotic lesions. W. Huang et
al. [11] stated that, when complex minimally invasive
procedures are performed, the technical capabilities of
the surgical system and the capacity to ensure precision
of manipulation in difficult-to-access anatomical areas
are decisive. Similar views were expressed by C. Albo-
ni et al. [12], who considered robot-assisted surgery
a promising direction for the treatment of widespread
forms of deep infiltrating endometriosis involving ad-
jacent pelvic organs. According to J. Hiltunen et al. [13],
robot-assisted laparoscopy is a technically feasible and
safe method for treating deep infiltrating endometrio-
sis, especially when the pathological process is local-
ised in the rectosigmoid area. Z. Song et al. [14], in a
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meta-analysis, reported that robotic and laparoscopic
procedures demonstrated similar results for blood
loss, complication rate, and length of hospitalisation in
most studies.

M. Renso et al. [15] emphasised the need for ran-
domised clinical trials to provide a more objective
comparison of robot-assisted and laparoscopic ap-
proaches in the treatment of complex forms of en-
dometriosis. A systematic review by S. Di Michele et
al. [16] underscored that robotic technologies may be
useful during reconstructive procedures on the uri-
nary system because of the high precision of surgical
manipulation. K. Kanno et al. [17] reported positive re-
sults from the use of robot-assisted nerve-sparing sur-
gical procedures in deep endometriosis. E. Kivekds et
al. [18] also drew attention to the importance of



evaluating long-term clinical outcomes of minimal-
ly invasive technologies, as these outcomes provide
an objective assessment of the effectiveness of the
surgical approach. A meta-analysis by S. Restaino et
al. [19] demonstrated that robotic and laparoscopic
procedures are generally associated with similar clin-
ical outcomes, while A. Terho et al. [20] stressed the
need for further accumulation of evidence on the opti-
mal choice of minimally invasive technology in severe
forms of deep infiltrating endometriosis.

Thus, laparoscopic and robot-assisted technologies
are considered complementary tools of modern mini-
mally invasive surgery, and the choice between them
is determined by the localisation of the pathological
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process, the complexity of the surgical procedure, and
the technical capacity of a specialised medical centre.
The clinical and surgical characteristics of robot-as-
sisted and laparoscopic procedures in deep infiltrating
endometriosis are based on the analysis of periopera-
tive indicators that reflect the technical complexity of
the operation, the level of intraoperative safety, and the
rate of postoperative recovery in patients. The main pa-
rameters include duration of surgery, volume of blood
loss, frequency of intraoperative complications, length
of hospitalisation, and functional recovery. These indi-
cators are used in clinical studies for the comparative
evaluation of the effectiveness of different minimally
invasive surgical technologies (Table 2).

Table 2. Perioperative clinical indicators for evaluating robot-assisted
and laparoscopic procedures in deep infiltrating endometriosis

Perioperative indicator

Clinical characteristic

Practical significance for outcome
evaluation

Duration of surgery

Time from the beginning of surgical access to
completion of the main surgical stage

Reflects the technical complexity of the
procedure and the efficiency of the surgical
process organisation

Intraoperative blood loss

Volume of blood lost during surgery

Characterises the degree of tissue trauma
and the precision of surgical manipulation

Frequency of intraoperative

complications structures

Damage to vessels, bowel, bladder, or nerve

Enables assessment of the safety of the
surgical technique

Length of hospitalisation

Number of days the patient remains in the
hospital after surgery

Reflects the speed of postoperative
stabilisation and recovery

Functional postoperative
recovery

Restoration of bowel function, reduction of
pain syndrome, and return to physical activity

Characterises the clinical effectiveness of
treatment and the quality of rehabilitation

Source: compiled by the author based on [7, 8, 10, 14]

In contemporary clinical studies, perioperative
indicators are considered the main criteria for evalu-
ating the results of minimally invasive surgical treat-
ment of deep infiltrating endometriosis. M. Pavone et
al. [7] indicated that duration of surgery, intraoperative
blood loss, and complication rate are among the most
informative indicators when comparing robot-assisted
and laparoscopic procedures. A similar approach was
used by X. Zhang & X. Zhang [8], who, in their analy-
sis of treatment outcomes in colorectal endometriosis,
primarily evaluated blood loss, duration of surgery, and
length of hospitalisation.

According to A. Csirzé et al. [10], an important cri-
terion of clinical effectiveness is not only the imme-
diate result of surgery but also the rate of functional
postoperative recovery. Z. Song et al. [14] reported
that, in most of the analysed studies, blood loss, com-
plication rate, and length of hospitalisation were simi-
lar for robotic and laparoscopic procedures. S. Restai-
no et al. [19] emphasised that treatment success is
determined not only by the radicality of endometriotic
lesion removal but also by the speed of recovery after
surgery. A similar position was taken by A. Terho et
al. [20], who stressed the need for standardised eval-
uation of both perioperative and long-term treatment

outcomes. Thus, duration of surgery, intraoperative
blood loss, complication rate, length of hospitalisa-
tion, and functional recovery remain key indicators
for evaluating the effectiveness and safety of robot-as-
sisted and laparoscopic procedures in deep infiltrat-
ing endometriosis.

Comparative evaluation of robot-assisted and lap-
aroscopic procedures in deep infiltrating endometrio-
sis is based on analysis of perioperative indicators that
reflect the technical features of surgery, the level of in-
traoperative safety, and the dynamics of postoperative
recovery. Taken together, the available studies indicate
that both approaches are effective according to the main
criteria, but they differ in the technological character-
istics of surgical performance, which determines their
appropriateness depending on the complexity of the
anatomical localisation of the pathological process [3].
According to current scientific reviews, robot-assist-
ed surgery provides more precise visualisation of the
surgical field and greater instrument stability, which is
important during resection of infiltrative lesions of the
bowel or retrocervical space [12]. The results of me-
ta-analyses also indicate that the overall clinical indi-
cators of effectiveness of the two methods are mostly
similar (Table 3).
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Table 3. Comparative characteristics of the effectiveness
and safety of robot-assisted and laparoscopic procedures in deep infiltrating endometriosis

Evaluation criterion

Robot-assisted surgery

Laparoscopic surgery

Visualisation of the surgical field

Three-dimensional, stable

Two-dimensional

Precision of surgical manipulation

High due to robotic instruments

Depends on the manual technique of the surgeon

Intraoperative blood loss

Low or similar

Low

Complication rate

Low in specialised centres

Low with sufficient surgeon experience

Postoperative recovery Rapid

Similar to robotic procedures

Source: compiled by the author based on [7, 10, 12, 13]

Evaluation of the results of surgical treatment for
deep infiltrating endometriosis extends beyond the
purely technical characteristics of the surgical proce-
dure. Current studies increasingly focus not only on
the duration of surgery or the volume of blood loss
but also on the rate of functional recovery in patients
and their quality of life after treatment. M. Pavone et
al. [7] indicated that duration of surgery, intraopera-
tive blood loss, and complication rate are among the
most informative criteria for evaluating the effective-
ness of minimally invasive procedures. A similar ap-
proach was used by X. Zhang & X. Zhang [8], who, in
their analysis of treatment outcomes in colorectal en-
dometriosis, primarily evaluated blood loss, duration
of surgery, and length of hospitalisation. The literature
analysis suggests that isolated evaluation of separate
perioperative indicators does not always provide an
objective basis for determining the advantages of a
particular surgical technology. In most studies, robotic
and laparoscopic procedures demonstrate similar re-
sults for the main clinical parameters, whereas differ-
ences most often concern the technical aspects of sur-
gical performance and the complexity of a particular
clinical case [10, 14].

Evaluation of postoperative recovery in patients
is especially important. The speed of return to usual
physical activity, reduction of pain syndrome, and res-
toration of the function of adjacent organs largely de-
termine the clinical effectiveness of treatment. This is
emphasised by S. Restaino et al. [19] and A. Terho et
al. [20], who stress the need for a comprehensive anal-
ysis of both immediate and long-term outcomes of sur-
gery. A generalisation of study results reveals that the
current tendency in the development of minimally in-
vasive surgery for endometriosis lies not in opposing
laparoscopic and robot-assisted technologies, but in
identifying the most appropriate field of application
for each approach depending on the clinical situation.
Therefore, when evaluating the effectiveness of surgical
treatment, it is appropriate to consider not only periop-
erative indicators but also the features of localisation
of the pathological process, the complexity of the pro-
cedure, and the predicted functional outcomes. In the
author’s view, the choice of surgical tactics in deep infil-
trating endometriosis should be based not only on the
characteristics of the surgical technology but also on
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comprehensive consideration of the localisation of the
pathological process, the functional state of adjacent
organs, and the capacities of a specialised centre. A ra-
tional combination of laparoscopic and robot-assisted
approaches can individualise treatment, improve the
safety of surgery, and improve long-term clinical out-
comes. The development of a multidisciplinary treat-
ment model, which provides comprehensive manage-
ment of patients with complex forms of the disease, is
especially important.

CONCLUSIONS

1. It was established that minimally invasive surgical
technologies form the basis of modern treatment for
deep infiltrating endometriosis. Laparoscopic surgery
remains the standard surgical approach due to its ef-
fectiveness and well-established technique, whereas
robot-assisted technologies broaden the possibilities
for performing complex operations in widespread infil-
trative pelvic lesions.

2. A comparative analysis of clinical studies indicat-
ed that, according to the main perioperative indicators
- blood loss, complication rate, and length of hospital-
isation - the results of robot-assisted and laparoscopic
operations are similar in most cases, although robotic
systems may provide greater precision of manipulation
in complex anatomical areas.

3. It was determined that the choice of optimal sur-
gical tactics is difficult because of the technical com-
plexity of operations in deep tissue infiltration, the var-
iability of clinical outcomes, and the limited evidence
base on the long-term effectiveness of robot-assisted
procedures.

4. The appropriateness of an individualised ap-
proach to the choice of surgical technology was sub-
stantiated, considering the localisation of the patholog-
ical process, the clinical features of the disease, and the
technical capacities of the medical institution.

The limitations of the study were its primarily
review-based nature and the heterogeneity of the in-
cluded clinical studies in terms of design, sample size,
and criteria for outcome assessment. Further research
should focus on multicentre clinical studies and the
development of standardised algorithms for choosing
minimally invasive surgical tactics in deep infiltrating
endometriosis.
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ITopiBHA/IbHA e()eKTUBHICTH PO0OT-aCHCTOBAHUX Ta JIAMAPOCKOMYHHUX
BTPY4YaHb MPH [JIH00KOMY iH(iTBTPaTUBHOMY €H/JOMETPio3i

AHoTanis

AKTyaJIbHICTb. 3Ha4YyIIiCTh AOC/I/P)KEHHS 3yMOBJIEHA BUCOKOIO MOLUMPEHICTIO €HJO0METPio3y cepej »KIHOK
pPenpoAyKTUBHOTO BiKy Ta CYTTEBMM HEraTUBHUM BIJIMBOM IJIMG0KOro iHQIIBTPaTHBHOTO eHZ0MeTpio3y Ha
$YHKILIOHAIBHUH CTaH OpraHiB MaJjioro Tasa, sIKiCTb KUTTS MALiEHTOK i pe3y/IbTaTH JiKyBaHHs. He3Baxkarouu
Ha aKTUBHUH pO3BUTOK MasIOiHBAa3WBHOI TiHeKkoJioriyHOl Xipypril, HmuTaHHA BHOOPY ONTHMAaJIbHOIO
OTepaTUBHOIO MiJIX0AY MPU CKJIAJAHUX iHQINBTPAaTUBHUX POpPMaxX 3aXBOPIOBAHHS 3aJMULIAETHCS JUCKYCIHHUM.
0Oco6./1MBOi aKTyaIbHOCTi HAOYBA€E aHa/i3 Cy4YaCHUX HAYKOBUX JJAHUX 110/10 epeKTUBHOCTI po60OT-aCHCTOBAHUX
1 J1anmapoCKONiYHUX BTPY4YaHb.

MeTa. Y3araJbHUTH Ccy4yacHi HayKoBi JaHi 1070 3acTOCYyBaHHS POGOT-aCMCTOBAHUX i JIAaMapOCKOIMIYHUX
ONepaTUBHUX BTPY4YaHb NPU IMTUO60KOMY iHQIIBTpaTHBHOMY eHJioMeTpio3i Ta mpoaHasisyBaTH iX KiiHiuHI
pe3yJbTaTy ¥ 0C06JIMBOCTI BUKOPHUCTAHHSI B MaJloiHBa3MBHIiM riHekosoriyHil xipyprii.

Marepiaiu Ta MeTOAHU. Y po60OTi BUKOPUCTAHO METO/M aHaJi3y, cucTeMaTH3alii Ta y3araJbHEHHS Cy4YaCHUX
HAayKOBHUX JDKepeJ, MNPUCBIYEHUX TMpobseMi XxipypriuHoro JiikyBaHHS TIJiM6oKoro iH}inbTpaTUBHOrO
e”HgoMeTpio3y. [IpoBesieHO aHai3 pe3y/bTaTiB KJAIHIYHUX 1OC/i2KEHb, CACTEMAaTUYHUX OIJIsA/[IiB | MeTaaHasli3iB
mozo0 epeKTUBHOCTI Ta 6e3MeKH poOOT-aCUCTOBAHUX i JIaMapoCKOMiYHUX BTPY4YaHb. 3aCTOCOBAHO IiJIXOAU
AQHAJIITUYHOI0 y3araJbHeHHd NeprolepaliiHyUX MOKa3HUKIB I KJIIHIYHUX pe3yJsIbTaTiB JiKyBaHHA.
PesysnbraTu. [IpoaHasizoBaHOo cy4acHi migxoau Ao xipypriuHoro JiikyBaHHsS INIM60Koro iH}isbTpaTUBHOrO
eHJloMeTpio3y Ta BHU3HAYEHO Miclle JIamapoCKOMiYHUX | po6OT-acHUCTOBAaHUX TEXHOJIOTIH Yy CTPYKTypi
MaJIOiHBa3MBHOI TiHEKOJIOTIYHOI Xipypril. Y3araJjbHeHHA HAayKOBHUX JAHUX 3aCBIJYMJIO, 110 JIAMAPOCKOMIYHI
BTPY4YaHHS 3a/IMIIAIOTHCS OCHOBHMM METO/IOM OINepaTHBHOIO JiKyBaHHA Liei maToJsorii, Toal sk po6oT-
aCHCTOBaHi TEXHOJIOTII PO3IHPIOIOTh MOXKJIMBOCTI BUKOHAHHS CKJIQJIHUX ONepalii npu rin6okii iHgiabTparil
TKaHWH 1 3aJlydeHHiI CyMDKHHUX OpraHiB MaJsioro Tas3a. BcTaHOBJIEHO, 110 3a TaKUMHU MepuornepaliiHUMU
NOKa3HUKaMH{, K IHTpaolnepaliiiHa KpOBOBTpAaTa, 4YacTOTa YCKJ3JHEHb 1 TPUBaICTb rocmiTanaisanii,
pesysnbTaTh 060X MiAXOAIB y GiMBLIOCTI AOCHiMKeHb Oy/IM CHiBCTaBHUMU. BogHO4Yac po60TH30BaHI cHCcTEMU
MOXXYTb 3abe3MeuyBaTH NOKpalleHy BidyaJsiizaniro onepaliiiHOTo moJisl Ta BUILLY TOYHICTb MaHINy AN mif yac
JIIKyBaHHA CKJIaZJJHUX aHATOMIYHUX JIOKaJsli3aliid NaTOJIOTiYHOTO MPOLIECY.

BHUCHOBKM. AHaJi3 Cy4yacHUX HAYKOBHUX /pKepes 3acBifuuB, 110 epeKTUBHICTb JiKyBaHHS IJIMOGOKOIoO
iH}inpTPaTUBHOrO €H/IOMEeTPio3y 3HAYHOI MipOI0 3a/I€XXUTh BiJi MPaBUIbHOI0 BUGOPY XipypriuyHoi TaKTHUKU
Ta iHAUBiAyanisanii omepatuBHoro migxoxy. JlamapockomiyHa Xipyprifd 3ajJHUIIa€ETbC 6a30BHM METOAOM
ONepaTUBHOIO JIIKYBaHHS, TOAI K POo6OT-acCMCTOBaHi TexHOJOrii A0LiJIbHO BUKOPHUCTOBYBATH Y CKJIAJHUX
KJIIHIYHUX BUNaJKaX, 1[0 MOTPe6GYIOTh BUCOKOI TOYHOCTI XipypriuHux MaHinmyusuid. OTprMaHi pe3ysabTaTH
HiITBEP/KYIOTh HEOOXIIHICTh MOA/BIIOr0 HAKONUYEHHS J0Ka30B01 6a3H L[0/10 I0BIOCTPOKOBHUX Pe3Y/IbTATIB
3aCTOCYBaHHA PIi3HUX MaJoiHBa3MBHUX XipypriuHuxX TexHoJsorid npu raubokoMmy iHQinbTpaTUBHOMY
eH/oMeTpiosi

KiiouoBi c1oBa: MasioiHBa3rBHA riHeKoJioriyHa Xipyprisi; Ta3oBUi 60J1bOBUN CUHPOM; XipypridyHa JHUceKis
TKaHWH; lepyolepaliliHi NOKa3HUKY; Nic/sgonepaliiiHe BiIHOBIEHHS.
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Features of the course of pregnancy and labour
and the condition of newborns in women after in vitro fertilisation

Abstract

Background. Infertility remains a significant issue in reproductive medicine, and pregnancy following IVF
requires specialised medical supervision due to differences in its course compared with physiological pregnancy.
Aim. To determine the characteristics of pregnancy, labour, and neonatal outcomes in women whose pregnancies
resulted from in vitro fertilisation.

Materials and methods. A retrospective clinical and statistical analysis was conducted of 318 pregnancy
and delivery records, as well as medical records of newborns of women whose pregnancies resulted from IVF
(Group I), and 137 pregnancy and delivery records of women who conceived spontaneously (Group II). All
patients received treatment and delivery care in the obstetric department of the multidisciplinary medical centre
“Leleka” (Kyiv) during the period from 2020 to 2024.

Results. Women in Group I were characterised by a higher incidence of moderate pre-eclampsia - 94 cases
(29.6%), compared with 21 cases (15.3%) in Group II (p < 0.05), placental dysfunction - 198 cases (62.3%)
versus 43 cases (31.4%) in Group II (p < 0.05), which was accompanied by foetal growth restriction - 99 cases
(31.1%) compared with 19 cases (13.9%), abnormal amniotic fluid volume - 141 cases (44.3%) versus 14 cases
(10.2%) in Group II (p <0.05), and vaginitis - 177 cases (55.7%) compared with 29 cases (21.1%) in Group II
(p < 0.05). The incidence of severe pre-eclampsia, 19 cases (5.9%) in Group I and 2 cases (2.1%) in Group II,
showed no statistically significant difference (p>0.05). Regarding the timing of delivery, women in Group I had
a lower rate of term births - 186 cases (58.5%) compared with 107 cases (78.1%) in Group II (p <0.05), against
a background of an increased number of preterm births - 87 cases (27.4%) versus 14 cases (10.2%) (p <0.05),
and post-term births - 45 cases (14.1%) compared with 16 cases (11.7%) in Group II (p > 0.05). Within the
structure of preterm births among women in Group I, 10 cases (3.1%) occurred at 22-27 weeks + 6 days. There
was no significant difference in the number of preterm births at 28-33 weeks + 6 days (Group I - 26 cases (8.2%),
Group II - 4 cases (2.9%), p>0.05) or at 34-36 weeks + 6 days (Group I - 51 cases (16.0%), Group II - 10 cases
(7.3%), p>0.05). Analysis of labour demonstrated a higher incidence of abnormalities of labour activity among
women in Group I - 94 cases (29.6%) compared with 19 cases (13.8%) in Group II (p <0.05), mainly due to
uterine inertia - 66 cases (20.7%) versus 7 cases (5.1%) (p <0.05), with successful medical correction achieved
in 59 cases (62.7%) in Group I and 16 cases (84.2%) in Group II (p <0.05).

Conclusions. During 2022-2024, the number of pregnancies and births following IVF increased by 56%, and
their complicated course may be associated with obstetric history, impaired placentation, and the specific
characteristics of pregnancy after IVF.

Keywords: obstetric complications, gestation, course of pregnancy, assisted reproductive technologies, condition
of newborns.
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INTRODUCTION

Infertility remains one of the most widely debated is-
sues in contemporary obstetrics, gynaecology and re-
productive medicine. An analysis of current sources
shows that one in six married couples in Ukraine are
unable to conceive within a year of regular sexual in-
tercourse, whilst in some regions of Ukraine the preva-
lence of infertility reaches 20% [1-2] It should be noted
that one of the main causes of infertility in Ukraine is
considered to be dysfunction of the reproductive sys-
tem in both women and men, particularly when de-
layed onset of reproductive function is combined with
advanced parental age [3-4]. Globally, and in Ukraine in
particular, there is a trend towards delaying the birth
of the first child. This is linked to a shift in priorities
from parenthood towards career advancement, which
results in both parents being older at the stage of plan-
ning the birth of their first child. Equally important fac-
tors include the deterioration in the general health of
both women and men, and stressful situations - includ-
ing those arising from the war in Ukraine - which force
married couples to postpone their reproductive plans
at a young age, and subsequently lead to reproductive
failures and pregnancy losses [2-4]. The most common
causes of infertility among Ukrainian married couples,
as noted by O.I. Krotik [3] and A.G. Salmanov et al. [4],
are endometriosis, acute and chronic inflammatory dis-
eases of the pelvic organs - particularly those caused
by specific pathogens and viruses and the associated
scarring processes - a history of abortion, and a dimin-
ished ovarian reserve. In the current context, one of the
main ways of overcoming the problem of infertility is
the use of assisted reproductive technologies (ART), the
use of which has been steadily increasing over recent
decades, as emphasised by A.G. Salmanov et al. [4] and
S.A. Carson & A.N. Kallen [5]. According to V.L. Baker et
al. [6], by early 2017 alone, the number of ART cycles
performed worldwide stood at around three million,
and by the end of 2018, this figure had already reached
three and a half million, indicating the significant prev-
alence and incidence of infertility. A.G. Salmanov et
al. [2, 4] noted that in Ukraine, as of 2021, out of 21,000
pregnancies, nearly 1,500 (around 6.7%) resulted from
the use of ART. According to the authors, around 1.6%
of newborns in Ukraine as of 2018 were born as a result
of ART. However, the success rate of reproductive cycles
in Ukraine is almost 20% lower than in many Central
European countries.

ART procedures have undergone changes and have
evolved significantly; specifically, they have come a
long way from retrieving oocytes during laparoscop-
ic surgery to the use of transvaginal access, and from
retrieving oocytes in natural cycles to the introduction
of ovulation stimulation protocols, which has signifi-
cantly improved their effectiveness [7-8]. In modern
reproductive medicine, the range of options available
to prospective parents facing infertility has expanded
considerably. As emphasised by C.M. Cox et al. [9] and
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V.N. Varlas et al. [10], this has been made possible by
the successful use of donor reproductive cells, surro-
gacy, in vitro fertilisation (IVF), laparoscopically and/
or sonographically guided techniques for transferring
male and female gametes, as well as zygotes, directly
into the fallopian tubes, testicular sperm extraction and
intracytoplasmic sperm injection. At the same time, it
should be emphasised that a pregnancy resulting from
the use of ART proceeds under specific conditions that
differ significantly from physiological ones, requiring
doctors to pay particular attention to and care for the
condition of the pregnant woman, as well as the antena-
tal and intranatal condition of the foetus. Researchers
believe that pregnant women who have undergone IVF
to achieve pregnancy should be classified as high-risk,
primarily due to the very fact of ART itself, as well as
in connection with a complicated somatic and gynae-
cological history, more advanced age and a prolonged
period of infertility [9, 11]. The available scientific
findings regarding the characteristics of pregnancy
and labour, as well as the condition of foetuses and
newborns, are rather contradictory. Despite the exist-
ence of a fairly substantial number of scientific publi-
cations comparing the course of gestation and labour
in women with spontaneously conceived pregnancies
and those resulting from IVF, there are only a few stud-
ies, notably [6, 12], which compare the characteristics
of the course of pregnancy and labour, as well as the
condition of the foetus and newborns, depending on
the IVF technique used. The aim - to analyse the course
of pregnancy and labour, and to assess the condition of
newborns in patients whose pregnancies resulted from
in vitro fertilisation.

MATERIALS AND METHODS
A retrospective cohort study was conducted involving
318 pregnancy and delivery records, as well as medical
records of newborns whose mothers’ pregnancies re-
sulted from IVF (Group I), and 137 pregnancy and de-
livery records of women whose pregnancies occurred
naturally (Group II), who were treated and delivered
in the obstetrics department of the “Leleka” Multidisci-
plinary Medical Centre (Kyiv) between 2020 and 2024.
Data collection was carried out through a comprehen-
sive retrospective analysis of medical records: pregnan-
cy and delivery records (Form 111/0) and medical re-
cords of newborns (Form 097/0). Data validation was
performed by means of a double independent check of
the recorded parameters. Group I was formed by a com-
plete sample of all cases of childbirth following IVF be-
tween 2020 and 2024. Group Il was formed using a sys-
tematic random sampling method from among women
whose pregnancies occurred spontaneously and who
gave birth between 2020 and 2024 at the “Leleka”
Multidisciplinary Medical Centre (Kyiv). The ratio of the
groups was 2.3:1, which is acceptable for retrospective
cohort studies. Inclusion criteria for Group I: pregnancy



and delivery records of women whose pregnancies re-
sulted from IVE singleton pregnancies. For Group II:
singleton pregnancies. Inclusion criteria for Group II:
singleton pregnancies. Exclusion criteria for both
groups: multiple pregnancy; pregnancy following other
assisted reproductive technologies (ART) (intrauterine
insemination and intracytoplasmic sperm injection as
standalone procedures without IVF). The identifica-
tion and classification of obstetric complications were
carried out in accordance with the current standards
and guidelines of the Ministry of Health of Ukraine: the
evidence-based clinical guideline “Hypertensive Dis-
orders in Pregnant Women” No. 151 dated 24 January
2022 [13], the standard of medical care “Foetal growth
restriction” No. 1718 dated 2 October 2023 [14], and
the unified clinical protocol for primary, secondary
(specialised) and tertiary (highly specialised) medical
care “Caesarean section” No. 8 of 5 January 2022 [15],
the evidence-based clinical guideline “Normal preg-
nancy” No. 1437 of 9 August 2022 [16], the standard
of medical care “Preterm Prelabour Rupture of Mem-
branes” No. 1533 dated 25 August 2023 [17] and the
evidence-based clinical guideline “Physiological Child-
birth” No. 170 dated 26 January 2022 [18].

This study utilised categorical variables - the pres-
ence or absence of obstetric complications, mode of
delivery, and Apgar score by grade - as well as quanti-
tative variables - the patients’ age and gestational age
at delivery. Potential confounders were identified as the
women’s age, the presence of extragenital pathology,
and a complicated medical history. It should be noted
that, within the framework of this retrospective study;,
no statistical adjustment for these factors was carried
out. It is also worth noting that the characteristics of
IVF protocols (cycle types, embryo types) were not
systematically available in the medical records. The
investigation of obstetric and perinatal complications
in women following IVF, depending on the type of pro-
tocol, is the subject of further prospective studies. The
analysis of the assessment of the newborns’ condition
was based on data obtained from the newborns’ medi-
cal records, which were assessed using the Apgar score
at one and five minutes after birth in accordance with
standard methodology. The scale comprises five clinical
parameters: heart rate, breathing, muscle tone, reflex
responsiveness and skin colour. Each parameter was
scored on a scale of 0 to 2, with a maximum total score
of 10. Statistical analysis of the study results was per-
formed using the x? test (with Yates’ correction where
necessary). Fisher’s exact test was used only in cases
where the expected frequency in at least one cell of
the contingency table was less than 5 (placenta prae-
via, preterm birth at 22-27 weeks); calculations were
performed using Statistica 14.0.1 for Windows and
Microsoft Excel 2019 (version 16.0). Differences were
considered statistically significant at p<0.05. The study
was conducted in accordance with the principles of the
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Declaration of Helsinki [19] and Ukrainian legislation,
and was approved by the Commission on Ethics and
Bioethics at V.N. Karazin Kharkiv National University
(Protocol No. 3/1 dated 7 January 2026). The views ex-
pressed in this article are those of the authors and do
not represent the official position of the institution.

RESULTS AND DISCUSSION
Between 2020 and 2024, 7,492 births took place at the
“Leleka” Multidisciplinary Medical Centre, of which
728 (9.7%) occurred in women whose pregnancies had
been achieved through assisted reproductive technol-
ogies (ART). Among the women who became pregnant
following ART, 318 patients (43.7%) conceived as a
result of IVE. The mean age of women in Group I was
34.1 + 3.4 years, which is 22.3% higher than the mean
age of women in Group II (26.3 + 3.7 years, p < 0.05).
In terms of age distribution, Group I was dominated
by women aged 30-35 years - 148 (46.6%); Group II -
30 (21.9%, p <0.05), whilst among women in Group II,
those aged 25-30 accounted for 63 (45.9%), compared
with 43 (13.5%) in Group I (p < 0.05). According to
current literature, advanced parental age should be re-
garded as one of the main factors contributing to un-
successful IVF attempts, as well as one of the leading
factors in the development of obstetric and perinatal
complications [20]. In the infectious and somatic medi-
cal histories of women in Group I, herpesvirus infection
was the most common - 110 (34.6%), Group II - 22
(16.1%, p<0.05), chickenpox - 164 (51.6%), Group II -
52 (37.9%, p<0.05), acute respiratory viral infections -
100 (31.4%), Group II - 15 (10.9%, p < 0.05), cardio-
vascular diseases - 89 (40.6%), Group 1I - 14 (22.2%,
p<0.05) and endocrine system disorders - 61 (27.8%),
Group Il - 9 (12.7%, p < 0.05), which is consistent with
the findings of contemporary researchers who empha-
sise the need to classify women whose pregnancy re-
sulted from the use of ART as being at high risk of devel-
oping obstetric complications based on the presence of
cardiovascular disease [21-22]. In the vast majority of
women in Group I, gynaecological history revealed in-
flammatory diseases of the pelvic organs - 199 (67.0%);
Group II - 34 (38.2%, p<0.05), as well as conditions as-
sociated with endometriosis - 207 (69.7%), Group II -
14 (15.7%), p < 0.05). Endometrial pathology in the
form of polyps and hyperplasia was identified in almost
half of the women - 148 (49.8%), Group 11 - 22 (24.7%,
p<0.05), which led to a statistically significantly higher
number of surgical interventions on the pelvic organs -
181 (60.9%), Group I1-19 (21.3%, p<0.05). At the same
time, no statistically significant difference was observed
in the number of cases of underlying cervical condi-
tions (Group I - 174 (58.6%), Group II - 41 (46.1%),
p > 0.05) or reported cases of sexually transmitted
infections (Group I - 39 (13.1%), Group Il - 6 (6.7%),
p > 0.05) against a background of a higher number
of cases of precancerous cervical conditions among
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pregnant women in Group I - 68 (22.9%), Group II - 8
(8.9%), p<0.05. Chronic inflammatory conditions of the
pelvic organs, caused by endometriosis and infectious
processes, are the leading factors contributing to the
development of pelvic adhesions and have an extreme-
ly negative impact on the quality of the ovaries, oocytes
and embryo implantation. These factors have a negative
impact on embryo implantation, increasing the likeli-
hood of early pregnancy loss [3, 23]. In the vast majori-
ty of women in Group I, infertility was of the secondary
type - 194 (61.1%) - and among the leading causes of
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infertility were tubal-peritoneal factors - 251 (78.9%)
and infectious factors - 214 (67.3%) - which are direct-
ly linked to the pattern of gynaecological morbidity and
the prevalence of inflammatory and endometriosis-as-
sociated factors of infertility. The number of women with
a duration of infertility of 3-6 years was 109, account-
ing for 34.3%, and those with a duration of more than 6
years numbered 130 (40.6%); there was no statistically
significant difference, p >0.05, however, in the vast ma-
jority of these cases, two IVF cycles were required to
achieve pregnancy - 163 (51.3%), as shown in Figure 1.

513 W < 3 years
m 3-6 years
32.4 > 6 years
163 ul
2
3and >
Number of IVF attempts

Figure 1. Duration of infertility and number of IVF attempts among the women examined in Group I (%)

Source: compiled by the authors

According to data from G. Mburu et al. [24], the
duration of infertility is a prognostic indicator of un-
successful IVF attempts and outcomes, regardless of
the pregnant woman’s age and the chosen protocol,
and also reflects the severity of the factor that was
the direct cause of infertility. When assessing the
course of the current pregnancy, it was found that
women in Group I were characterised by a higher

number of cases of moderate pre-eclampsia - 94
(29.6%), Group II - 21 (15.3%), p <0.05, and placen-
tal dysfunction - 198 (62.3%), Group II - 43 (31.4%),
p <0.05, accompanied by foetal growth restriction -
99 (31.1%), Group II - 19 (13.9%), abnormal amniot-
ic fluid volume - 141 (44.3%), Group Il - 14 (10.2%),
p<0.05, as well as vaginitis - 177 (55.7%), Group II -
29 (21.1%), p<0.05 (Table 1).

Table 1. Data on the course of the current pregnancy in the women examined (absolute numbers, %)

Indicator Value of the indicator in the groups of women examined (n)
GroupI (n=318) Group II (n=137)

Gestational hypertension 67 (21.1) 17 (12.4)
Pre-eclampsia:

© moderate 94 (29.6)* 21(15.3)

O severe 19 (5.9) 3(2.1)
Placental abnormalities:

o placenta praevia 39 (12.3) 14 (10.2)

o low-lying placenta 69 (21.7) 33(24.1)

o placenta accreta 10 (3.1) 0 (0.0)
Bleeding during pregnancy 89 (27.9)* 21 (15.3)
Placental dysfunction 198 (62.3)* 43 (31.4)
Foetal growth restriction (FGR) 99 (31.1)* 19 (13.9)
Abnormal amniotic fluid volume:

o oligohydramnios 141 (44.3)* 14 (10.2)

o polyhydramnios 24 (7.5) 13 (9.4)
Threatened miscarriage 241 (75.7)* 69 (50.4)
False labour before 37 weeks 216 (67.9) 51 (37.2)
PROM:

o PPTR 67 (21.1) 7 (5.1)

o PTRM 27 (8.5) 31 (22.6)
Cervical insufficiency 49 (15.4) 16 (11.7)
Metabolic complications 59 (18.6) 11 (8.0)
Anaemia in pregnancy 131 (41.2) 49 (35.8)
Vaginitis 177 (55.7)* 29 (21.1)

Note: * — statistically significant differences; PROM — premature rupture of membranes in a full-term pregnancy; PPTR — premature
pre-term rupture of membranes; PTRM — pre-term rupture of membranes

Source: compiled and calculated by the authors
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The number of cases of severe pre-eclampsia
(Group I - 19 (5.9%), Group II - 2 (2.1%), p > 0.05)
showed no statistically significant differences; how-
ever, women in Group [ were characterised by the
early onset of this complication, which served as the
basis for premature, including surgical delivery, and
was consistent with the findings of contemporary re-
searchers, who noted an association between pregnan-
cies resulting from IVF and early and severe forms of
pre-eclampsia, compared with spontaneous pregnan-
cies [25]. It is interesting to note the absence of a sta-
tistically significant difference in the number of cases
of preterm prelabour rupture of membranes among
the pregnant women in the study groups (Group I - 94
(29.6%), Group II - 38 (27.7%), p > 0.05). However,
it should be noted that women in Group I were more
frequently characterised by PPTR, whereas women in
Group II were characterised by PTRM. Placenta-asso-
ciated pregnancy complications in women following
IVF may result from impaired invasion of the extravil-
lous trophoblast, inadequate remodelling of the spiral
arteries, changes in endometrial receptivity, and lead
to early disturbances in placentation processes with
atypical placental localisation and trophoblastic vas-
cular dysfunction [25-27]. With regard to the timing
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of delivery, Group I was characterised by a reduc-
tion in the number of full-term births - 186 (58.5%),
Group Il - 107 (78.1%), p <0.05, against a background
of an increase in the number of preterm births - 87
(27.4%), Group II - 14 (10.2%), p < 0.05) and post-
term births - 45 (14.1%), Group II - 16 (11.7%),
p > 0.05. In the breakdown of preterm births among
women in Group I, 10 (3.1%) occurred at 22-27 weeks
+ 6 days, whilst there was no difference in the number
of preterm births at 28-33 weeks + 6 days (Group I -
26 (8.2%), Group II - 4 (2.9%), p>0.05) and at 34-36
weeks + 6 days (Group [ - 51 (16.0%), Group II - 10
(7.3%), p > 0.05). The onset of labour was character-
ised by a reduction in the number of cases of spontane-
ous onset of labour in women in Group I - 188 (59.1%),
Group II - 99 (72.3%), p>0.05, largely due to cases of
labour induction - 67 (21.1%), Group II - 9 (6.6%),
p<0.05, and elective caesarean sections - 63 (19.8%),
Group II - 29 (21.2%), p > 0.05. When analysing the
course of labour among women in Group I, a higher
number of cases of abnormal labour was noted - 94
(29.6%), Group I - 19 (13.8%), p<0.05, predominant-
ly due to weak labour - 66 (20.7%), Group I1- 7 (5.1%),
p < 0.05, with successful medical correction in 59
(62.7%) cases; Group 11 - 16 (84.2%), p<0.05 (Table 2).

Table 2. Analysis of the course of labour in the women studied (absolute numbers, %)

. Value of the indicator in the study groups (n)
Indicator
Group I (n=318) Group II (n=137)
Abnormalities of labour:

O primary 66 (20.7) 7 (5.1)

o secondary 28 (8.8) 12 (8.7)
Foetal distress:

o in the first stage of labour 19 (5.9) 6 (4.3)

© in the second stage of labour 10 (3.1) 4(1.2)
Premature placental abruption:

o in the first stage of labour 22 (6.9) 4(29)

o in the second stage of labour 6(1.9) 0(0.0)
Clinically narrow pelvis 18 (5.7) 7 (5.1)
Retained placenta 19 (5.9) 7 (5.1)
Placental defect 33(10.4) 9 (6.5)
Trauma to the birth canal 37 (11.6) 16 (11.7)
Episiotomy/perineotomy 66 (20.7) 21 (15.3)
Postpartum haemorrhage 64 (20.1) 10 (7.2)

Note: * — statistically significant differences
Source: compiled and calculated by the authors

The number of cases of operative delivery by cae-
sarean section was found to be almost twice as high
among pregnant women in Group I - 129 (40.5%,
p<0.05) - compared with Group II - 39 (28.4%). These
findings are consistent with those of the study by N.A.
Lodge-Tulloch et al. [28], in which, based on a systemat-
ic review and meta-analysis of 34 cohort studies, it was
reported that pregnancy following IVF or ICSI is associ-
ated with an almost twofold increase in the likelihood
of a caesarean section compared with a spontaneous-
ly conceived pregnancy. These findings apply to both

elective and emergency caesarean sections. Pathologi-
cal conditions identified during labour may result from
impaired uterine contractility against a background of
clinical and subclinical placental dysfunction, which is
predominantly characteristic of pregnancies resulting
from IVF. These findings are consistent with the re-
sults of a cohort population study by F. Kong et al. [29],
which demonstrated abnormalities in placental devel-
opment and function in women whose pregnancies re-
sulted from IVF, accompanied by a higher incidence of
placental abruption, pre-eclampsia, foetal distress and
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foetal growth restriction. Pregnancies resulting from an
assisted reproductive cycle involving the implantation
of a frozen embryo are characterised by the absence
of a corpus luteum, which leads to changes in the oes-
trogen-progesterone ratio and is accompanied by im-
paired cervical ripening. At the same time, placental
dysfunction leads to delayed activation of prostaglan-
din and oxytocin receptors in the myometrium, which
is one of the main causes of weak labour. The findings
are partly consistent with the results of F. Waschkies et
al. [30], obtained from an analysis of pregnancies fol-
lowing cryotransfer of embryos in an artificial cycle
without a corpus luteum. The publication states that
the absence of a corpus luteum can be considered an in-
dependent predictor of adverse maternal and neonatal
outcomes, including an increased risk of hypertensive
disorders during pregnancy:.

In women in Group I, 311 (97.5%) newborns were
born alive, and the perinatal mortality rate was 22.0%o.
Cases of stillbirth were attributed to antenatal foetal
asphyxia caused by purulent-destructive changes in
the placenta, intrapartum death of extremely preterm
foetuses, and acute foetal distress caused by premature
abruption of a normally situated placenta. Analysis of
the Apgar scores for newborns at one and five minutes
revealed a statistically significantly lower number of
infants scored at 9 points among women in Group I -
79 (22.6%), in Group 1I - 57 (41.6%), p <0.05, against
a background of an increase in the number of new-
borns scored at 7 - 67 (21.6%), in Group I1 - 11 (8.0%),
p<0.05, and those scoring 6 points or less - 59 (19.0%),
in Group II - 8 (5.9%), p < 0.05. At the fifth minute af-
ter birth, a non-significant trend towards a decrease in
the number of newborns scored 6 or below on the Ap-
gar scale was observed among women in Group I (first
minute - 59 (19.0%), fifth minute - 27 (8.7%), p>0.05).
However, their number was not significantly higher
than the corresponding figure for women in Group II -
3 (2.2%), p>0.05. The number of newborns scored at
10 points (Group [ - 37 (11.9%), Group II - 49 (35.8%),
p <0.05) and at 9 points (Group I - 89 (28.7%), in
Group II - 65 (47.4%), p < 0.05) was significantly high-
er among women in Group lI, against a non-significant
trend towards a decrease in the number of newborns
scored at 8 and 7 points.

CONCLUSIONS
1. The results of a retrospective study of pregnancy and
delivery records and newborn medical records show
an increase in the number of pregnancies and deliver-
ies among women following IVF treatment, from 85 in
2022 to 133 in 2024.

2. Complications during pregnancy (a higher num-
ber of cases of moderate pre-eclampsia - 94 (29.6%),
Group II - 21 (15.3%), p < 0.05), placental dysfunc-
tion - 198 (62.3%), Group II - 43 (31.4%), p < 0.05),
accompanied by foetal growth restriction - 99 (31.1%),
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Group II - 19 (13.9%), abnormal amniotic fluid
volume - 141 (44.3%), Group 11 - 14 (10.2%), p<0.05),
as well as vaginitis - 177 (55.7%), Group II - 29
(21.1%), p<0.05).

3. Complications during labour (a higher number of
cases of abnormal labour - 94 (29.6%), Group II - 19
(13.8%), p < 0.05) due to weak labour - 66 (20.7%),
Group II - 7 (5.1%), p < 0.05) with successful medi-
cal management in 59 (62.7%) cases (Group II - 16
(84.2%), p<0.05) and caesarean sections among preg-
nant women in Group [ - 129 (40.5%), in Group II - 39
(28.4%), p<0.05).

4. A more severe condition among newborns (a sig-
nificantly lower number of infants scored at 9 points
among women in Group I - 79 (22.6%), in Group Il - 57
(41.6%), p<0.05) against a background of an increase
in the number of newborns scored at 7 - 67 (21.6%),
in Group II - 11 (8.0%), p < 0.05) and those scoring
6 points or less - 59 (19.0%), in Group II - 8 (5.9%),
p<0.05) in women whose pregnancies resulted from in
vitro fertilisation are, to a certain extent, attributable to
a history of significant infectious, somatic and gynaeco-
logical histories and are the result of impaired troph-
oblast invasion, inadequate remodelling of the spiral
arteries, and changes in endometrial receptivity, all of
which have an extremely negative impact on the pro-
cesses of placentation; and, according to the study re-
sults, may be attributable to the fact that the pregnancy
resulted from IVE.

Limitations of the study. The interpretation of the
study results should take into account the study’s limi-
tations, namely: its retrospective, single-centre nature;
the unequal group sizes in the comparison groups; and
the lack of stratification by IVF protocol type, which
may limit the generalisability of the results.

Prospects for further research. Given the lack of
information on the types of protocols used, as well as
the types of embryos used during in vitro fertilisation,
it is deemed appropriate to continue research into the
characteristics of clinical, laboratory, immunological,
hormonal, ultrasound and Doppler parameters; this
will enable the identification of specific features of the
course of pregnancy, childbirth, and the condition of
foetuses and newborns in women, depending on the in
vitro fertilisation technique used and the type of em-
bryos, with the aim of optimising diagnostic measures,
predicting complications, and improving antenatal and
intranatal care for women whose pregnancies resulted
from in vitro fertilisation.
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XapkiBCbKUi HallioHa/IbHUH yHiBepcuteT imeHi B. H. Kapasina

61022, maiinan Coboay, 6, M. XapkiB, YkpaiHa
https://orcid.org/0000-0002-2410-861X

Oco0/mBocCTi mepediry BariTHOCTI i M0JIOTiB Ta CTaH HOBOHAP O/PKEHNX
y JKiHOK MiC/If1 eKCTPAKOPNOPaIbHOT0 3arJIi/iHeHHSA

AxTyanbHicTb. [Ipo6ieMa HeNJIiAHOCTI 3a/TMIIAETHCSA aKTYaJIbHOI B PENPOAYKTHUBHIN MeJIUIMH], a BariTHICTb
nicns EK3 notpebye 0co61MBOro MeJUYHOI0 CynpoBoAy Yepe3 BiaMiHHIcTE ii mepebiry Biz ¢isionoriunoi.
Ilisb. BusHayuTH 0cobMBOCTI nepebiry BariTHOCTI, M0JIOTiB Ta CTaH HOBOHAPO/KEHHUX Y »KIHOK, BariTHiCTb
SIKUX HaCTaJla B pPe3y/IbTaTiB 3aCTOCYBAaHHS €KCTPAKOPIOPaIbHOI0 3aIl/Ii/HEHHS.

Marepiasiu Ta MeToAM. [IpoBe/ieHO peTPOCIEKTUBHUMN KJIiHIKO-CTaTUCTUYHUU aHasi3 318 icTopili BariTHOCTI
I moJIoriB, @ TAKOXX MeAWYHUX KapT HOBOHAPOJXKEHHUX Yy KIHOK, BariTHICTb AKUX HacTa/la B pe3yJbTaTiB
3actocyBaHHsa EK3 (I'pyna I) i 137 icTopiit BariTHOCTI i M0JI0TiB KiHOK, BariTHiCTh SIKUX BUHUKJIA CAMOCTIHHO
(Ppyma II), siki 3HaxXoAMIMCh HA JIIKYBaHHI Ta pO3po/pKeHHI B aKyllepcbKoMy BifJiiyieHH] 6araTonpodisibHoro
MeaUYHOTO I[eHTpy «Jleseka» (M. KuiB) B mepion 3 2020 mo 2024 poxu.

PesynbraTu. /l151 xiHOK ['pynu | BUsiBU/Iach XapaKTePHOIO 6iJbIlIa KiIbKICTh BUNIAZKiB OMipHOI Tpeek/IaMIIcii -
94 (29,6 %), 'pyna Il - 21 (15,3 %, p<0,05), nnanentapHoi fuchyHknii - 198 (62,3 %), 'pyna Il - 43 (31,4 %,
p <0,05), mo cynpoBoKyBasiach 3aTpUMKO pocTy mioay — 99 (31,1 %), 'pyna Il - 19 (13,9 %) aHomasibHOI
KizbkocTi aMHioTuuHOl pigunu - 141 (44,3 %), I'pyna Il - 14 (10,2 %, p <0,05), a Takox BariHiTamu - 177
(55,7 %), I'pyma II - 29 (21,1 %, p <0,05). KinbkicTe BunazakiB Tsxkoi npeexsamcii, 'pyna I - 19 (5,9 %),
Ipynall -2 (2,1 %) npu p>0,05 He MaJia ocTOBipHUX BiMiHHOCTeH. /|11 TepMiHiB po3po/keHHS )iHOK [pynu
[ 6y/10 XapaKTepHUM 3MeHIIEHHS KiJIbKOCTI TepMiHOBUX noJtoriB - 186 (58,5 %), 'pynall - 107 (78,1 %, p<0,05),
Ha ¢oHi 36ibLIeHHS KiNIbKOCTI nepegyacHux - 87 (27,4 %), I'pyna Il - 14 (10,2 %, p<0,05) Ta 3amni3Higux - 45
(14,1 %), I'pyna Il - 16 (11,7 %, p > 0,05) moJsioriB. B cTpykTypi nepeyacHUX noJioris cepef iHok rpymnu |
BifzHaueHo 10 (3,1 %) B 22-27 TuxHIB + 6 AHIB NPH BiACyTHOCTI pi3HUI B KiJIbKOCTI NepegyacHUX MOJIOTIB
B 28-33 TwxHiB + 6 aHiB (I'pynal - 26 (8,2 %), I'pyna Il - 4 (2,9 %) npu p>0,05) Ta B 34-36 THXKHIB + 6 JHIB
(Fpynmal-51 (16,0 %), 'pyna Il - 10 (7,3 %) npu p > 0,05). AHasnisyrouu nepe6ir moJoriB cepef; )KiHOK rpynu [
Bi/I3HauYeHO 6i/bIy KiJbKiCTh BUIAAKIB aHOMaUTi# moJioroBoi AisisibHOCTI - 94 (29,6 %), pyna Il - 19 (13,8 %,
p<0,05), mnepeBaXkHO, 3a paxyHOK CJIaOKOCTi M0JI0TOBOI AisaibHOCTI - 66 (20,7 %), 'pyna Il - 7 (5,1 %, p<0,05) 3
YCHiIHOI0 MeJJUKaMeHTO3HO0 KopekKiiet B 59 (62,7 %) Bunazakax, ['pyna Il - 16 (84,2 %, p<0,05).
BucHoBKM. Y 2022-2024 pokax KijibKicTb BariTHocTel i moJioriB niciis EK3 3pocsia Ha 56 %, a iX yckiaiHEHUH
nepe6ir Moxke 6yTH OB’sI3aHUH 3 aHAMHE30M, TIOPYLIEHHSMH IJ1alieHTalil Ta 0Co6JIUBOCTSIMU BariTHOCTI mic/is
EK3.

Kiio4yoBi cioBa: akyliuepcbki ycKJIaJlHEHHs, recTallis, recTallifHUNA mepebir, gonoMikHi penpoJyKTHUBHI
TEXHOJIOTiI, CTaH HOBOHAPO/PKEHUX
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Morphological features of renal glomerular injury in experimental diabetes
mellitus and their correction through the inhibition of cellular protein kinases

Abstract

Relevance. Diabetic nephropathy significantly impairs patients’ quality of life, leads to loss of working capacity,
and is associated with high mortality. Current scientific trends demonstrate a transition from a conventional
approach focused solely on normalising blood glucose levels towards developing comprehensive preventive
strategies that block pathogenetic mechanisms directly at the molecular level.

Aim. To investigate the impact of the protein kinase inhibitor sorafenib on the histological structure of the kidney
in a model of type 2 diabetes mellitus and during treatment.

Materials and methods. An experimental study was conducted on laboratory rats to model diabetes using
a hypercaloric, high-fat diet for 150 days, followed by the induction of diabetes mellitus with streptozotocin.
The animals were divided into the following experimental groups and subgroups: Group I: normal-calorie diet.
Group II: diabetes modelling comprising subgroups Ila (placebo treatment), IIb (sorafenib treatment), lic (insulin
treatment) and Ild (combined insulin and sorafenib treatment). Treatment following the induction of diabetes
lasted for 30 days. The animals’ kidneys were then examined using general histological and morphometric
methods. Paraffin sections were stained with haematoxylin and eosin. The areas of the renal corpuscles and
glomeruli, as well as the cell density within the glomeruli, were measured.

Results. Animals in the experimental subgroups Ila, IIb and Ilc exhibited moderate changes that predominantly
affected the glomeruli. This was manifested by an increase in the glomerular area compared to that of intact
animals. Animals in subgroup Ila were more frequently characterised by the presence of both obliterated and
dilated capillaries. These capillaries were found within the glomerular loops. In animals in subgroups I1b and Ilc,
enlargement of the glomeruli was accompanied by dilatation of the capillary loops. The histological structure
and morphometric parameters of the renal glomeruli in animals in subgroup I1d were similar to those observed
in group I. The morphological changes identified in subgroups Ila, IIb and Ilc are characteristic of the early stages
of diabetic nephropathy, indicating compression of the capillaries due to mesangial expansion and excessive
dilatation of other capillaries as a result of hyperfiltration.

Conclusions. Using the protein kinase inhibitor sorafenib alongside the standard insulin therapy regimen
prevented the development of the renal glomerular lesions characteristic of diabetic nephropathy.

Keywords: diabetic nephropathy; protein kinase inhibitors; sorafenib; glomerular mesangium; signalling
pathways.
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INTRODUCTION

Diabetic nephropathy is one of the most severe and
clinically significant complications of diabetes mellitus.
It is a leading cause of disability, a substantial reduc-
tion in quality of life and high mortality among patients
worldwide. For many years, the conventional approach
to preventing this condition focused exclusively on
achieving intensive glycaemic control. However, evi-
dence has shown that this approach is insufficient to
prevent renal failure and kidney fibrosis. Consequently,
the modern understanding of the condition’s patho-
physiology has shifted considerably, moving away from
a glucose-centred model and towards identifying and
developing strategies that target the molecular and cel-
lular cascades involved in renal injury. Chronic hyper-
glycaemia triggers a complex cascade of intracellular
signalling pathways, in which excessive protein kinase
activation plays a pivotal role by inducing oxidative
stress, endothelial dysfunction and extracellular matrix
expansion. Therefore, investigating the morphological
features of renal glomerular injury under conditions of
experimentally modelled type 2 diabetes mellitus, to-
gether with searching for pharmacological methods of
correcting these changes using cellular protein kinase
inhibitors, is an important objective of modern fun-
damental medicine. Such research could lead to new
possibilities for developing combined therapeutic reg-
imens aimed at protecting the kidneys.

A review of recent scientific literature reveals a sig-
nificant interest among researchers in the molecular
mechanisms that cause renal tissue damage in diabetes
mellitus. H. Xu et al. [1] provided a detailed characteri-
sation of the ERK1/2 signalling pathway’s role in diabe-
tes mellitus, emphasising its significance in the devel-
opment of the disease and its potential as a therapeutic
target for reducing cellular stress. Investigating the
same cascade, Y. Hu et al. [2] concluded that activation
of the RAF/MEK/ERK signalling pathway in the tubular
epithelium directly stimulates epithelial-mesenchymal
transition, thereby promoting fibrosis of the renal pa-
renchyma. In an experimental study, C. Lavoz et al. [3]
demonstrated that blocking VEGFR2 receptors signifi-
cantly reduces the severity of renal damage in diabetic
nephropathy by inhibiting pathological angiogenesis
and normalising the permeability of the glomerular
barrier. L. Feng et al. [4] emphasised the importance
of the condition of the mesangium, demonstrating that
mesangial cell proliferation and excessive matrix syn-
thesis induced by protein kinases constitute the mor-
phological basis of early glomerular changes. At the sys-
temiclevel, S. Hu et al. [5] identified various therapeutic
targets, noting that molecularly targeting intracellular
kinases is the most promising strategy for overcoming
resistance to standard therapy.

Sorafenib, a multikinase inhibitor that suppress-
es key components of the RAF/MEK/ERK, VEGFR and
PDGFR pathways, is of particular interest in terms of its
potential impact on the mechanisms underlying diabetic
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complications. K. Usenko et al. [6] found that the combi-
nation of sorafenib and insulin, when used to block pro-
tein kinases, effectively prevented the pathological ex-
pression of the growth factors VEGF and HIF-1a. This,
in turn, reduced the severity of neurodegeneration in
retinopathy. In another study, K. Usenko et al. [7] demon-
strated that sorafenib substantially reduced glial acti-
vation and suppressed proliferative processes caused
by prolonged metabolic stress. Furthermore, Y. Chen et
al. [8] confirmed the high biological efficacy of novel
sorafenib nanoparticle formulations in preserving tis-
suehistology under conditions of experimental diabetes.

Parallel studies have confirmed the potential of
other kinase inhibitors for renal protection. For ex-
ample, ]. Wang et al. [9] showed that, in a rat model of
diabetes, administration of a selective protein kinase
C a and B inhibitor could halt the progressive decline
in renal function and substantially reduce the severity
of morphological changes in the glomeruli. Meanwhile,
X. Zhu et al. [10] found that combining the multikinase
inhibitor dasatinib with quercetin protected the kid-
neys against diabetic injury by activating autophagy
and restoring podocyte structure. This was directly cor-
related with improvements in the organ’s overall his-
tological parameters. K. Matoba [11] found that inhib-
iting Rho-associated protein kinase (ROCK) stabilised
the glomerular capillary architecture at the tissue level.

The objective of this study was to determine the na-
ture and extent of morphological changes in the renal
glomeruli of rats during long-term modelling of type 2
diabetes mellitus, and to evaluate the effectiveness of
their therapeutic correction through the administra-
tion of the multikinase inhibitor sorafenib, either alone
or in combination with insulin.

MATERIALS AND METHODS

The experimental study was conducted on three-
month-old male Wistar rats, which were kept in an ex-
perimental animal facility under standard conditions:
an air temperature of 20-24°C, a relative humidity of
45-65%, natural daylight, and unrestricted access to
water and food. All experimental procedures, animal
identification, housing, and care were carried out in
accordance with Directive 2010/63/EU [12], as well as
the provisions of the Ukrainian Law No. 3447-1V [13].
The study protocol was reviewed and approved by the
Commission on Bioethical Expertise and Research Eth-
ics of Bogomolets National Medical University (Approv-
al No. 204, 23 March 2026). The sample size was calcu-
lated using G*Power software (version 3.1.9.7, Heinrich
Heine University Diisseldorf) with the “ANOVA: Fixed
effects, omnibus, one-way” statistical test to compare
mean values among five groups. A significance level of
a=0.05 and a statistical power of 80% were adopted
for the power analysis.

The experimental animals were allocated to groups
using simple randomisation. Before the start of the

Medical Science of Ukraine 22(2), 2026 41



ITHEORETICAL MEDICINE

study, identification numbers were assigned to all rats
by marking their tails. The animals were randomised
into the following groups using a random number gen-
erator - the RANDBETWEEN function in Microsoft Ex-
cel: Group I (n =9; normal-calorie diet): the animals
received standard pelleted feed (PK 120-1, Rezon Pri-
vate Enterprise, Ukraine) before and after reaching
three months of age. This feed contained 3,295 kcal/
kg, 23% crude protein, 6.6% fibre, and 6% fat. Group II
(n = 36, high-calorie diet and induction of insulin re-
sistance): after reaching three months of age, the ani-
mals received a high-calorie diet enriched with fat and
fructose for 150 days. This diet contained 5,260 kcal/
kg and had a fat content of 56.7%. At the end of this
period, the animals received a single intraperitoneal in-
jection of streptozotocin at a dose of 25 mg/kg. They
then continued to receive the high-calorie diet for a
further 30 days and were divided into the following
subgroups: Subgroup Ila (n =9, placebo treatment):
the animals received 5 ml of physiological saline orally
once daily; Subgroup IIb (n =9, sorafenib treatment):
the animals received an oral suspension of sorafenib
in 5 ml of physiological saline at a dose of 50 mg/kg
(Soranib, Cipla, India); Subgroup Ilc (n=9, insulin treat-
ment): the animals received ultra-short-acting insulin
intraperitoneally at a dose of 30 1U/kg (Actrapid HM,
Novo Nordisk, Denmark) every other day; Subgroup I1d
(n=9, combined sorafenib and insulin treatment): the
animals received insulin and sorafenib according to the
protocols used for subgroups IIb and Ilc.

On day 180, all the animals were euthanised with
an overdose of thiopental, which was administered
intraperitoneally at a dose of 75 mg/kg. Kidney frag-
ments were collected for light microscopic examina-
tion and fixed by immersion in 10% buffered formalin
(PBS, pH 7.2; Sigma-Aldrich, USA) for 72 hours. The
samples were then dehydrated in a graded series of
isopropyl alcohol solutions and embedded in Paraplast
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Plus (McCormick, USA). Sections were prepared us-
ing an Accu-Cut Sakura SRM-200 microtome (Sakura,
USA). The resulting sections were stained with hae-
matoxylin and eosin. The stained histological speci-
mens were photographed using a MicroMed Evolution
ES-4130 microscope (MicroMed, People’s Republic of
China) and analysed using version 1.50 of the Image]
biomedical image analysis software (National Insti-
tutes of Health, USA). For the morphometric analysis,
the areas of the renal corpuscles and glomeruli, as
well as the cell density within the glomeruli, were cal-
culated in randomly selected microscopic fields. The
distribution of the numerical data was tested for nor-
mality using the D’Agostino-Pearson test. Intergroup
comparisons were performed using the Kruskal-Wal-
lis test in Prism statistical software (version 11.0.0,
GraphPad, USA). Differences were considered statisti-
cally significant at p<0.05.

RESULTS AND DISCUSSION

Light microscopic examination of haematoxylin- and
eosin-stained sections from Group I animals on a nor-
mal-calorie diet revealed that the histoarchitecture of
the organ, consisting of parenchyma and stroma, was
intact. The renal parenchyma consisted of renal cor-
puscles and tubules belonging to different segments
of the nephron (Fig. 1A). The renal corpuscles consist-
ed of capillary glomeruli and capsules. A wide, clearly
visible urinary space was present. The capsule looked
like a thin, rounded structure made up of flattened epi-
thelial cells. In transverse sections, the capillary lumina
were clearly visible and round or triangular in shape.
Tubules of different diameters were observed. The tu-
bular epithelial cells had uniformly stained eosinophilic
cytoplasm. The nuclei were centrally located. In some
tubules, the epithelial cells exhibited a surface brush
border corresponding to the microvilli of proximal tu-
bular epithelial cells.

Figure 1. Histological structure of the renal corpuscles in rats from the different group
Note: A — Group I; B and C — Subgroup Ila (diabetes induction and placebo treatment); D — Subgroup IIb (diabetes induction and
sorafenib treatment); E — Subgroup Ilc (diabetes induction and insulin treatment); F — Subgroup IId (diabetes induction and insulin and

sorafenib treatment). Haematoxylin and eosin stainin
Source: compiled by the authors
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In subgroup Ila animals, which were fed a high-cal-
orie diet, made diabetic and given a placebo, the his-
toarchitecture of the organ was preserved and similar
to that observed in the previous group. The renal pa-
renchyma contained renal corpuscles and tubules of
various diameters. The renal corpuscles consisted of
a capsule and a capillary glomerulus. The glomeru-
li were visibly enlarged. Unlike Group I animals, most
of the glomeruli in this subgroup contained capillaries
without a clearly visible lumen (Fig. 1B), or exhibited
dilated capillaries with increased diameters within the
glomerular loops (Fig. 1C). The mesangium appeared
as a homogeneous mass containing a moderate number
of cells. The tubules contained eosinophilically stained
desquamated epithelial cells.

In subgroup IIb animals, which received a high-cal-
orie diet, underwent diabetes induction, and were
treated with sorafenib, the renal structure was pre-
served. The parenchyma was made up of renal corpus-
cles and tubules that corresponded to different parts
of the nephron. In more than half of the renal corpus-
cles, the urinary space was clearly visible around the
periphery of the glomerulus. Most glomeruli were en-
larged with a narrowed urinary space and consisted
of capillaries with narrowed lumina. More than half of
the capillaries had no clearly visible lumen (Fig. 1D).
The mesangium contained a moderate number of cells,
which were unevenly distributed within the glomeru-
lus and which were present in areas without cells. The
tubules contained eosinophilically stained desquamat-
ed epithelial cells. In animals in subgroup Ilc that re-
ceived a high-calorie diet, underwent diabetes induc-
tion, and were treated with insulin, the renal structure
was similar to that observed in the previous subgroup,
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characterised by enlarged glomeruli. However, a great-
er number of glomerular capillaries exhibited visible
round or linear lumina depending on their orienta-
tion relative to the sectioning plane. Some glomeruli
contained loops with dilated capillaries (Fig. 1E). The
glomeruli exhibited a clearly visible urinary space and
a capsule composed of flattened epithelial cells. The
mesangium contained a homogeneous, pale pink ma-
trix and a moderate number of evenly distributed cells.
In animals in subgroup Ild that received a high-calorie
diet, underwent diabetes induction, and were treated
with insulin and sorafenib, the renal structure was pre-
served. The renal corpuscles were normal in size, and
the glomeruli were clearly separated from the capsule
by the urinary space. The glomeruli had a clearly visible
urinary space and a capsule composed of flattened ep-
ithelial cells (Fig. 1F). The mesangium contained a ho-
mogeneous, pale pink matrix and a moderate number
of evenly distributed cells.

Morphometric analysis revealed significant dif-
ferences in renal corpuscle area among animals from
the various study groups and subgroups (p < 0.001)
(Table 1). Intergroup comparisons revealed that this
parameter was significantly higher in rats from sub-
groups lla, IIb, and Iic than in Group I animals. The re-
nal corpuscle area in subgroup I1d, which received com-
bined treatment, did not differ significantly from that in
group I animals. The glomerular area followed a similar
pattern to the renal corpuscle area across the groups.
Intergroup comparisons revealed that the glomerular
area was significantly larger in rats from subgroups
I1a, IIb, and Ilc than in Group I animals. The glomerular
area in subgroup IId, which received combined treat-
ment, did not differ significantly from that in group L.

Table 1. Morphometric parameters of renal corpuscles in animals from the different experimental groups

Animal group/ Renal corpuscle area, pm?, Glomerular area, pm? median Cell density, cells per
subgroup median (25%-75% percentile) (25%-75™ percentile) 1,000 pm?
I 7,856 (6,216-8,750) 6,636 (5,327-7,738) 7.1 (6.4-7.9)
Ia (placebo) 9,487 (8,333-10,716)* 8,011 (7,343-8,903)* 6.8 (6.4-7.5)
IIb (sorafenib) 9,741 (8,617-11,770)* 7,724 (6,694-9,280)* 6.6 (6.2-7.4)
IIc (insulin) 9,572 (7,927-11,218)* 7,953 (6,575-9,218)* 7.4 (7.0-8.0)
11d (insulin + sorafenib) 7,235 (6,604-8,123) 6,137 (5,571-7,062) 7.4 (6.6-8.0)

Note: * — p < 0.05 compared with Group I animals
Source: compiled by the authors

There was no significant difference in cell densi-
ty among animals from the different groups and sub-
groups (p > 0.05 for all pairwise comparisons). Under
conditions of experimentally induced diabetes melli-
tus in rats, a statistically significant increase in renal
corpuscle and glomerular areas was observed in sub-
groups Ila (placebo), IIb (sorafenib), and Ilc (insulin),
compared to Group I animals (p <0.05). The most pro-
nounced changes, including both obliterated and dilat-
ed capillary loops, were observed in the placebo group.

Sorafenib or insulin monotherapy partially modified
the nature of the glomerular changes, but neither pre-
vented glomerular hypertrophy. Only the combined
administration of insulin and sorafenib in subgroup I1d
maintained morphometric parameters of renal cor-
puscles and glomeruli, which did not differ statistically
from those in Group I. This treatment was also associat-
ed with an even distribution of cells within the mesan-
gium and preservation of the normal architecture of the
glomerular capillaries.
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The morphological changes identified in Group II
predominantly affected the glomeruli and involved the
tubular portion of the nephrons to a lesser extent. The
glomerular changes can be regarded as moderate in
severity. They may represent the initial manifestations
of diabetic nephropathy, which can be explained by
the relatively short duration of the experiment. These
changes correspond to the early stages of the disease:
according to the current Renal Pathology Society clas-
sification, Class I is characterised by thickening of the
glomerular basement membrane, and Class Ila/IIb is
characterised by mild or moderate mesangial expan-
sion. This classification remains the principal instru-
ment for histopathological assessment of diabetic ne-
phropathy, as described by H. Qasim et al. [14]. In their
review, H. Thomas & A. Ford Versypt [15] analysed the
pathophysiology of mesangial expansion in detail. They
emphasised the roles of biomechanical stress, signal-
ling pathways such as TGF-$ and MAPK, and extracel-
lular matrix accumulation as key mechanisms under-
lying the early changes that occur in the glomeruli of
patients with diabetic nephropathy. Consistent with
these findings, animals in subgroups Ila, IIb, and Ilc of
the experimental group exhibited enlargement of the
renal corpuscles due to glomerular hypertrophy, while
the urinary space remained relatively intact. Along
with the presence of dilated capillary loops, this may
be functionally equivalent to hyperfiltration, which is
characteristic of the initial manifestations of diabetic
nephropathy. This phenomenon is associated with the
development of hyperglycaemia and the subsequent
increase in glucose and sodium reabsorption in the
proximal tubule. This reduces the delivery of sodium
and chloride ions to macula densa cells. This suppress-
es tubuloglomerular feedback, reduces adenosine pro-
duction, and causes relative dilatation of the afferent
arteriole. Ultimately, this increases glomerular hyper-
filtration. Y. Yang & G. Xu [16] reported that this process
leads to glomerulomegaly and mechanical stress on
mesangial cells and podocytes over time, thereby con-
tributing to disease progression.

Narrowing and obliteration of the glomerular cap-
illary lumina were also identified, with the most pro-
nounced signs observed in subgroups Ila and IIb. These
changes were likely caused by mesangial expansion. In
their review of the risk factors, progression and mecha-
nisms of diabetic nephropathy, V. Natesan & S. Kim [17]
emphasised that hyperglycaemia induces the activation
of protein kinases, oxidative stress, and the excessive
accumulation of extracellular matrix components, in-
cluding fibronectin, laminin and collagen, within the
mesangium. This leads to mesangial expansion and the
subsequent mechanical compression of the glomerular
capillary loops. In the absence of statistically significant
changes in glomerular cell density, the expansion of the
mesangial space in subgroups Ila and IIb was likely pre-
dominantly caused by the accumulation of non-cellular
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matrix. However, definitive confirmation of this mech-
anism requires additional immunohistochemical and
electron microscopic investigations.

The effectiveness of insulin therapy in subgroup Ilc
was demonstrated through the partial preservation
of visible capillary lumina. This can be attributed to a
reduction in the direct cytotoxic effects of hyperglycae-
mia on endothelial and mesangial cells. Nevertheless,
glycaemic control alone was ineffective in preventing
an increase in glomerular area, thus confirming the
limitations of this glucose-centred approach. Even af-
ter blood glucose normalisation, previously activated
intracellular signalling cascades may continue to stim-
ulate matrix synthesis and cellular hypertrophy. D. Vig-
giano [18] showed that strict blood sugar control can
slow down but not stop the progression of diabetic
nephropathy because a significant part of the harmful
processes, such as inflammation, fibrosis, endothelial
dysfunction and matrix accumulation, continue to be
active even when blood sugar levels are normalised.
Sorafenib, a multikinase inhibitor, would theoretically
be expected to block proliferative signals by inhibiting
VEGF and PDGF receptors, which play key roles in me-
sangial expansion, when administered to subgroup IIb.
However, when administered as monotherapy without
correcting hyperglycaemia, it did not produce a statis-
tically significant improvement in morphometric pa-
rameters compared with a placebo. This may indicate
that the metabolic stress in the present model was so
intense that inhibiting individual kinases without con-
trolling the metabolism was ineffective.

The most pronounced protective effect was
demonstrated by the combined treatment of subgroup
IId. This may be due to synergism: insulin reduced
the direct metabolic impact of hyperglycaemia, while
sorafenib blocked residual pathological activation of
protein kinases and growth factors. This enabled glo-
merular morphometric parameters to be maintained
at physiological levels. These results are consistent
with current strategies for modulating protein kinase
signalling pathways. D. Dorotea et al. [19] demonstrat-
ed that inhibiting pan-Src kinases, particularly Fyn,
reduces endoplasmic reticulum stress, inflammation,
and fibrosis in models of diabetic kidney injury. In
their review of Rho/ROCK signalling in renal diseas-
es, W. Xiong et al. [20] demonstrated that inhibiting
this pathway reduces proteinuria, mesangial expan-
sion, and fibrosis in models of diabetic nephropathy.
S. Al-Masri et al. [21] emphasised the potential value
of targeting PKC and other kinase pathways in combi-
nation with standard treatment. Furthermore, S. Sinha
& S. Nicholas [22] confirmed the role of PKC in the de-
velopment of diabetic microvascular complications, in-
cluding mesangial expansion.

The scientific novelty of the findings lies in demon-
strating for the first time in an experimental mod-
el of diabetes mellitus that the multikinase inhibitor



sorafenib may protect the renal glomeruli when admin-
istered alongside insulin therapy. These results suggest
that developing adjunctive therapeutic regimens for
patients with diabetic nephropathy, based on the tar-
geted modulation of molecular mechanisms alongside
standard glucose-lowering therapy, could be valuable.
They also demonstrate the need for further experimen-
tal and clinical studies.

CONCLUSIONS
1.Inanexperimental model of type 2 diabetes mellitusin
rats, statistically significant increases in renal corpuscle
and glomerular areas were observed in subgroups Ila
(placebo), IIb (sorafenib) and Ilc (insulin), compared
with intact group I animals (p <0.05). The median re-
nal corpuscle area ranged from 9,487 to 9,741 pum?
while the median glomerular area ranged from 7,724
to 8,011 pum?. This is in contrast to the control group,
where the respective median values were 7,856 pm?
and 6,636 pum? Morphological examination of sub-
groups lla, IIb and Ilc revealed changes characteristic of
the early stages of diabetic nephropathy. These changes
included glomerular hypertrophy and irregularity of
the capillary loop lumina, with both obliterated and di-
lated capillaries present, as well as moderate expansion
of the mesangial matrix. These changes indicate the
presence of hyperfiltration and mesangial expansion.

2. Administering sorafenib alone in subgroup IIb or
insulin alone in subgroup Ilc did not prevent glomeru-
lar hypertrophy and only produced minor correction of
the structural remodelling of the glomeruli.

3. The most pronounced morphoprotective effect
was demonstrated by the combined administration
of insulin and sorafenib in subgroup Ild. The renal
corpuscle area was 7,235 um? with a 25%-75% per-
centile range of 6,604-8,123 pm?, while the glomer-
ular area was 6,137 pm? with a 25%-75% percentile
range of 5,571-7,062 pm? These values did not differ
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statistically from those of intact Group I animals
(p > 0.05). The histological structure of the glomeruli
approached normality, with a clearly defined urinary
space, even cell distribution within the mesangium, and
normal capillary loop architecture.

4. There was no significant difference in glomeru-
lar cell density among the groups (p >0.05), which may
indicate that accumulation of the extracellular matrix
predominates in the mechanism of mesangial expan-
sion during the early stages of diabetic nephropathy.

5. It is important to note that this study has certain
methodological limitations. In particular, the findings
were based solely on light microscopic morphometric
data. A comprehensive understanding of sorafenib’s
mechanisms of action requires further histochemical,
electron microscopic, and immunohistochemical inves-
tigations. Future studies should evaluate the effect of
cellular protein kinase inhibition on the proportional
areas occupied by the mesangial matrix and collagen
within the glomeruli, as well as on the expression of
inflammatory and angiogenic markers in rat kidneys,
employing immunohistochemical methods.
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Mopdosoriuni 0co6/1MBOCTI yparkeHHsI K/Ty00UKiB HUPOK
MPH eKCIIePUMEeHTa/IbHOMY LYKPOBOMY Jia0eTi Ta iX KopeKIlis muisxoM
rajibMyBaHHsl K/JIITHHHMX NPOTeiHKiHa3

AHoTanis

AxTyanbHicTb. /liabeTnuHa HedpomnaTis HaleKUTh [0 KPUTHYHUX YCKJIaJHEHD, 1110 CYTTEBO MOTipILIYE SKICTh
JKUTTA NaLi€HTIB, IPU3BOAUTD [0 BTPATH Npane3faTHOCTI Ta BUCOKOI JieTalbHOCTI. CydacHi HayKoBi TpeHAU
JeMOHCTPYIOTh IepexiJ, Bijj KJIaCUYHOTO MiZX0Ay, 30CepeP)KeHOTr0 BUKJIIOYHO Ha HOpMaJlizallil piBHSA IVIIOKO3Y,
10 pO3pOOKM KOMIIEKCHUX CTpaTeriii npo¢isakTuky, ski 6a3yoTbcsd Ha G6GJIOKYyBaHHI NMaTOTeHETUYHUX
MexaHi3MiB 6e3nocepeHbO Ha MOJIEKYJIIPHOMY PiBHI.

MeTta. BusHayuTu BI/IMB iHribiTopa mporeiHkiHa3 (copadeHiby) Ha TicTONOriIYHY CTPYKTYpPy HHUPKH NPHU
eKCliepUMeHTaJbHOMY MO/Ie/IF0BaHHI IIyKPOBOTO JliabeTy Apyroro TUMy Ta HOro JiKyBaHHI.

Marepiaim Ta MeTogM. [IpoBe/ieHO eKcliepUMeHTaJIbHE JJOCIiPKEHHS Ha JIabopaTOPHUX TBapHHax (Liypax)
i3 Mojle/fOBaHHAIM [iabeTy LLISXOM BUKOPUCTAHHSA TrinepkasopiiHOi, BHCOKOXHUPOBOI Ji€TM HPOTArOM
150 #i6 Ta mogasbiioi iHAYKLIl IyKpoBOTo AiaGeTy CTpenTo30TONUHOM. TBapHHU Oy/iu po3jiieHi Ha Taki
Jocaipni rpynu Ta nigrpynu: [ rpyna - HopMokaJsiopiiiHa fieta; Il rpymna - MozesntoBaHHA JiabeTy, nigrpyna
[la (nikyBanH# nmuane6o); lIb (1ikyBanHs copadeni6om), llc (1ikyBaHHs iHcyiHoM), [1d (sikyBaHHSA iHCyniHOM
i copadenibom). TpuBasicTp niKyBaHHSA micas iHAYKLil AiabeTy cTraHoBuIa 30 fi6. HUpku TBapuH 3abupanu
IJIs  3arajJibHOTicToJIOTiYHOro 1 MopdomeTpuyHOro pocjimkeHHs. [lapadinoBi 3pi3u 3abapBiroBaIU
reMaTOKCU/JIiIHOM-e03WHOM, MiZpaX0BYBaJM IJIOLLY HHUPKOBUX Tijelb, IJIOIY K/IyO6O4YKiB, MUTOMY KiTbKiCTb
KJIITHH Y CKJIa/li KIyOo4Ka.

Pe3ysibraTh. Y TBapuH ekcrnepuMeHTa bHUX niarpyn lla, Ilb, llc BiazHayanucs nomipHi 3MiHU mepeBaxHO y
KJIy6OouKax y BUIVIAAI 36ibLIeHHS iX o, y mopiBHSHHI i3 iHTakTHUMHU TBapuHaMmHu. [lyia TBapuH lla rpynu
6isblie OysiaXapaKTepHa HasiBHICTb SIK 06J1iTEPOBAHHUX, TaK | pO3LIMPEHUX Ka/IsAPiB y CKJIa/li TeTeJb KJAyOO0UKiB.
Jia tBapuH nigrpyn IIb Ta llc mopyd i3 36inb1eHHsAM y po3MipaX, BiizHauasocsl po3MHUPEHUX KaNJIApPHUX
neteJsb. [icTosoriyHa cTpykTypa Ta MopdoMETPUYHI MapaMeTpu K/IyO604YKiB HUPOK y TBapuH miarpynu IId
HabJIMKaJancs 10 TakuX y TBapuH | rpynu. Busisneni y TBapun nigrpyn Ila, I1b, llc MmopdoJtoriuni 3minu 6ynu
XapaKTePHUMHU [iJIsl TOYaTKOBUX CTaAil Aia6eTnyHoi HedponaTii i cBiAYMIM SIK PO 37@aBJIeHHs KanisapiB 3a
paxyHOK pO3LIMPEHHs Me3aHTiyMy, Tak i mepepo3MNpeHHs iHIIUX KaniaspiB BHACAIAOK rinepdinprpanii.
BucHoBKM. 3acTtocyBaHHs iHri6iTopa mnporeiHkiHa3 copadeHiOy fK JONOBHEHHS [0 CTaHAAPTHOI CXeMHU
iHcysliHOTepanii nonepe/Kaio NOSABY XapaKTepHUX [Jid AiabeTU4HOi HedponaTii 03HAK yparKeHHS] HUPKOBUX
KJIyDOYKiB.

KmouoBi caoBa: giabetuuna HedpomnaTis; iHribiTopu mnpoteiHkiHasz; copadeHi6; MesaHriym Kiy6odKa;
CUTHAJIBHI LJIAXU.
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Expression of PMS2 and p53 proteins in retinal tissues
in experimental diabetic retinopathy and the effects
of insulin and cellular protein kinase inhibition

Abstract

Relevance. The relevance of the study lies in the need to clarify the role of DNA repair mechanisms and genomic
stress in the pathogenesis of diabetic retinopathy for the search for new therapeutic targets.

Aim. To determine the expression of PMS2 and p53 proteins in the retinal tissues of rats with experimental diabetic
retinopathy (DR) and to assess the effects of insulin and the cellular protein kinase blocker sorafenib.

Materials and methods. The study was performed on 50 male Wistar rats. Diabetes mellitus was modelled by a
single intraperitoneal injection of streptozotocin (50 mg/kg). After 7 days, animals with persistent hyperglycaemia
were randomised into groups: no treatment, insulin treatment, and combined treatment with insulin and sorafenib.
Animals were withdrawn from the experiment after 7 days, 28 days, and 3 months. Immunohistochemical
examination was performed using antibodies against PMS2 and p53. The proportion of immunopositive cells was
determined per 100 cells in 5 fields of view.

Results. In intact animals, PMS2 and p53 immunoreactivity was minimal. During the development of experimental
DR, the number of positively stained cells progressively increased. PMS2-positive cells were localised mainly in the
ganglion cell layer and plexiform layers of the retina, whereas p53-positive cells were more strongly associated
with the vascular bed. Treatment with insulin and sorafenib was accompanied by increased expression of both
markers, with the most pronounced effect after combined administration of the drugs. After 3 months, combined
therapy increased the proportion of PMS2-positive cells 2.5-fold and p53-positive cells 3.5-fold compared with the
control group (p <0.05).

Conclusions. The development of experimental DR is accompanied by activation of the PMS2- and p53-associated
cellular response to DNA damage in retinal tissues. Increased PMS2 expression during treatment with insulin and
sorafenib may reflect activation of MMR-associated reparative and adaptive mechanisms. The results support
considering PMS2 as a promising marker of genomic stress in diabetic retinopathy.
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INTRODUCTION

Since the early 2000s, the attention of researchers in
biology and medicine has focused on DNA repair mech-
anisms. J.A. Awosika et al. [1] demonstrated that mis-
match repair (MMR) improves the accuracy of DNA rep-
lication by several orders of magnitude, whereas loss
of MMR leads to a mutator phenotype that predisposes
to cancer. M.G. Marinus [2] noted that mismatch repair
is a highly conserved mechanism found in all king-
doms of life. Overall, the role of mismatch repair is to
preserve the DNA sequence by removing mismatched
base pairs created during replication or homologous
recombination. In higher organisms, it is also necessary
for successful meiosis, mitosis, and immunoglobulin
diversity. In humans, defective mismatch repair is as-
sociated with sporadic and hereditary cancers, espe-
cially non-polyposis colorectal cancer. U. Chakraborty
& E. Alani [3] presented the role of key repair proteins.
One of the key components of MMR is the PMS2 protein,
encoded by the gene of the same name. As Y. He et al. [4]
indicated, PMS2 is part of the MutLalpha heterodimeric
complex (MLH1/PMS2), which ensures recognition and
correction of DNA replication errors, including nucle-
otide mismatches and insertions/deletions that arise
during cell division. The PMS2 protein is characterised
by endonuclease activity and participates in the initi-
ation of repair by cleaving the damaged DNA region.
Disruption of its expression leads to defects in the MMR
system, accumulation of mutations, and development
of microsatellite instability, which is associated with an
increased risk of neoplastic processes [3-4]. According
to Y. He et al. [4] and V. Lee et al. [5], PMS2 expression
is assessed immunohistochemically in clinical practice:
the absence of nuclear staining in tumour cells in the
presence of internal control staining (stroma) is con-
sidered a sign of MMR deficiency. Thus, PMS2 is regard-
ed as a marker of impaired genomic stability.

However, data on PMS2 expression in retinal tis-
sues, particularly in diabetic retinopathy (DR), are
practically absent. Current understanding of DR patho-
genesis, presented by A.K. Morya et al. [6], Y. Yudisti-
ra et al. [7], and A. Callan et al. [8], focuses mainly on
the roles of oxidative stress, chronic inflammation,
neurodegeneration, reactive gliosis, angiogenesis, in-
cluding the involvement of vascular endothelial growth
factor (VEGF), and endothelial dysfunction. According
to M. Zhang et al. [9] and Y. Long et al. [10], excessive
generation of reactive oxygen species during hyper-
glycaemia can directly damage DNA by inducing dou-
ble-strand breaks and replication errors. Under these
conditions, activation of the cellular DNA damage re-
sponse system can be expected, including p53 protein,
poly(ADP-ribose) polymerase (PARP), and components
of the MMR system (MLH1, PMS2, MSH2, and MSH6) [5,
11]. In this context, PMS2 and p53 may potentially
serve as markers of genomic stress and activation of
reparative processes in retinal cells during DR. The aim

K. Usenko, S. Ziablitsev & 0. Diadyk I

of the present study was to determine the expression
of PMS2 and p53 proteins in the retinal tissues of rats
with experimental diabetic retinopathy and to assess
the effects of treatment with insulin and the cellular
protein kinase blocker sorafenib.

MATERIALS AND METHODS

An experimental study was conducted in a rat model
of streptozotocin-induced diabetes mellitus, with ran-
domised allocation of animals to treatment groups. The
study included 50 three-month-old male Wistar rats
weighing 140-160 g. Type 1 diabetes mellitus was mod-
elled by a single intraperitoneal injection of streptozo-
tocin (50 mg/kg; Sigma-Aldrich, Co, China) dissolved in
cold 0.1 M citrate buffer (pH 4.5). Glycaemia was mon-
itored every three days using a glucometer and dispos-
able test strips (ACCU-Chek Instant, Roche, Mannheim,
Germany) in fasting blood collected from the tail vein.
Three days after injection, blood glucose in the animals
was no less than 15 mmol/L. During the experiment,
marked polydipsia, polyuria, ketonuria, and glucosu-
ria were observed; the animals lost substantial weight,
which provided grounds for considering the used
model of insulin-dependent diabetes mellitus with ke-
tosis in rats adequate. In this study, the animals were
observed for 3 months. Five intact animals were used
to determine baseline data. After 7 days, animals with
persistent hyperglycaemia were divided by blind ran-
domisation into 3 groups of 15 animals each. In group 1
(control), hyperglycaemia was not treated. In group 2,
short-acting insulin (Actrapid HM Penfill, Novo Nordisk
A/S, Bagsvaerd, Denmark) was administered intraperi-
toneally every other day at a dose of 30 units. Animals
in group 3 received insulin according to the group 2
regimen and were also given an aqueous solution of
sorafenib (Sorafenib 200 mg; Cipla, India) orally every
day at a dose of 50 mg/kg.

Animals were withdrawn from the experiment after
7 days, 28 days, and 3 months, 5 animals at each time
point, by lethal thiopental injection (75 mg/kg). For
morphological studies, the eyes were immersed in 10%
neutral formalin solution and embedded in paraffin.
Serial histological sections 2-3 micrometres thick were
prepared from paraffin blocks on an HM 325 rotary
microtome (Thermo Shandon, England). Immunohisto-
chemical examination was performed using monoclo-
nal antibodies against PMS2 protein (mouse monoclo-
nal anti-PMS2 antibodies; clone A16-4; dilution 1:100;
Biocare Medical, USA) and p53 protein (mouse mono-
clonal anti-p53 antibodies; clone DO-7; dilution 1:100;
Abcam, Great Britain). The Master Polymer Plus De-
tection system (Master Diagnostica, Spain) was used.
Antigen retrieval was performed by heat treatment of
sections in citrate buffer (pH 6.0) at 95-98°C for 20 min.
The sections were counterstained with haematoxylin.
Microscopic examination and photographic archiving
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were performed using ZEISS light-optical microscopes
with the Axio Imager. A2 result-processing system (Ger-
many). For each animal, 5 independent fields of view
were analysed, after which the mean proportion of im-
munopositive cells was calculated. Group results were
expressed as percentages and, after normality testing
(Shapiro-Wilk test), calculated as medians and inter-
quartile ranges (Me; QI-QIII). Statistical analysis was
performed using Statistica 10 software (StatSoft, Inc.,
USA). Values were compared using the Kruskal-Wallis
test, and intergroup comparisons were performed us-
ing the Dunn test; differences were considered signifi-
cant at p<0.05. The study was conducted in accordance
with the standards and principles of Directive 2010/63/
EU [12], the requirements of Law of Ukraine No. 3447-
IV [13], and the expert conclusion of the Commission on
Bioethical Expertise and Ethics of Scientific Research
at Bogomolets National Medical University (approval
of the research implementation plan on 21 November
2022, Minutes No. 164). Animals were kept in vivarium
conditions on a standard diet. The opinions expressed
in the submitted article represent the views of the re-
searchers and not the official positions of the institution.

RESULTS AND DISCUSSION
The pathological process was accompanied by de-
creased cell density in the nuclear layers of the retina,
the development of diffuse tissue oedema, which was
most pronounced in the inner plexiform layer, and the
formation of ischaemic areas combined with vacuolisa-
tion of neuronal cytoplasm. The vessels of the choroid
and inner vascular plexus were dilated, with signs of
microthrombus formation in some areas. Numerous
vascular abnormalities in the form of microaneurysms
were observed along the inner surface of the retina. The
number of ganglion cells decreased, and they showed
signs of degenerative changes, including cellular oede-

ma and nuclear pyknosis. These morphological changes
were progressive over time, from day 7 to 3 months of
observation. At the later stages of the experiment, cellu-
lar proliferates were detected in the outer nuclear layer
as dense clusters of basophilic cells with a tendency to-
wards radial spread beyond the layer. Thickening and
compaction of the inner limiting membrane were also
noted, accompanied by accumulation of coarse-fibred
basophilic structures. Dilation of microvessels along
the inner surface of the retina was also observed in
intact animals; however, these vessels were character-
ised by a small diameter, thin wall, and single lumen.
By contrast, microaneurysms that formed during the
prolonged course of DR had a more complex structure,
with several lumens surrounded by a dense membrane.
Marked oedema and widespread ischaemic zones were
also identified. The number of ganglion cells decreased,
and they acquired marked degenerative features. The
number and size of Muller cells increased, which corre-
sponded to reactive gliosis.

The use of insulin or sorafenib was accompanied
by less pronounced morphological changes. In these
groups, no decrease in nuclear-layer cell density was ob-
served, and retinal oedema and ischaemic lesions were
minimal or absent. However, individual signs of damage
persisted, including a decrease in the number of gangli-
on cells and the formation of cellular proliferates. The
most pronounced protective effect was observed with
combined use of insulin and sorafenib. Under these
conditions, the retinal structure remained close to nor-
mal, and the morphological signs of DR characteristic of
the control group were practically absent. In particular,
typical manifestations of pathological angiogenesis and
cellular proliferative changes were not detected. Specif-
ic PMS2-immunopositive staining in the retina of intact
rats was practically absent; isolated positive cells were
detected mainly in the ganglion cell layer (Fig. 1a).

Figure 1. Retinal micropreparations of rats on day 7 and 3 months after modelling diabetic retinopathy:
immunohistochemical expression of PMS2 with haematoxylin counterstaining, x200
Note: a — before streptozotocin administration (intact rat); b — control group (7 days); ¢ — control group (after 3 months); d — insulin
administration; e — sorafenib administration; f — insulin and sorafenib administration

Source: developed by the authors
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In the control group of animals with experimen-
tal DR, PMS2-positive cells were localised mainly
along the inner surface of the retina, in the ganglion
cell layer and the outer plexiform layer (Fig. 1b, 1c).
Immunoreactivity had both nuclear and cytoplasmic
localisation, with the intensity of nuclear staining
consistently predominating over cytoplasmic stain-
ing. Insulin administration was accompanied by an
increase in the number of PMS2-positive cells without
a change in their predominant localisation (Fig. 1d).
A similar effect was observed after sorafenib admin-
istration (Fig. 1e). The maximum intensity of PMS2
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immunoreactivity was determined after combined ad-
ministration of insulin and sorafenib (Fig. 1f). A simi-
lar pattern was observed for p53 expression (Fig. 2a).
p53-positive cells were detected in the ganglion cell
layer and the outer plexiform layer. Administration of
insulin and sorafenib was accompanied by an increase
in the number of positively stained cells (Fig. 2b-2d).
However, p53 immunoreactivity was mainly associat-
ed with the vascular bed: positive cells were localised
along the inner surface of the retina around microan-
eurysms and in the outer plexiform layer along vessels
of the inner plexus.

o

Figure 2. Retinal micropreparations of rats 3 months after modelling diabetic retinopathy:
representative results of immunohistochemical staining for p53 with haematoxylin counterstaining, x400
Note: a — control group; b — insulin administration; c — sorafenib administration; d — insulin and sorafenib administration

Source: developed by the authors

The quantitative characteristics of the proportion
of immunopositive cells are presented in Figure 3. In
the control group, the proportion of PMS2-positive
cells gradually increased during the experiment (1.3-
1.8-fold; p <0.05). After 3 months, separate adminis-
tration of insulin and sorafenib was accompanied by

%
10,0

an approximately equal increase in this parameter
compared with the control (1.7-fold; p <0.05). The
most pronounced changes were observed with com-
bined administration of the drugs, when the propor-
tion of PMS2-positive cells exceeded the control val-
ues by 2.5-fold (p<0.05).
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Figure 3. Proportion of PMS2- and p53-positive cells in the retina (% of the total number of cells)
Note: intact - mean data for intact animals; control, 7 and 28 days and 3 months - control-group data; insulin - insulin adminis-
tration; sorafenib - sorafenib administration; ins+sor - combined administration of insulin and sorafenib; # - p<0.05 compared
with the control at day 7; * - p<0.05 compared with the control after 3 months; ** - p<0.05 compared with insulin administra-

tion; *** - p<0.05 compared with sorafenib administration
Source: developed by the authors

Similar dynamics were also characteristic of p53,
but the changes were less pronounced (Fig. 3). In the
control group, a tendency towards an increase in the
number of p53-positive cells was observed, but it did
not reach statistical significance (p > 0.05). Separate
use of insulin and sorafenib increased the proportion of
positive cells 2.3-2.9-fold (p <0.05), whereas combined
administration of the drugs was accompanied by the

maximum increase in the indicator, 3.5-fold compared
with the control (p < 0.05). Thus, the development of
experimental DR was accompanied by increased PMS2
and p53 expression in retinal tissues. Treatment with
insulin and sorafenib enhanced the immunohistochem-
ical expression of both markers, with more pronounced
changes characteristic of PMS2. The highest values were
recorded with combined administration of the drugs.
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The results reflect increased expression of proteins as-
sociated with the cellular response to DNA damage, but
they did not allow direct assessment of the functional
state of the DNA repair system. This study established
increased PMS2 expression in retinal tissues during
the development of experimental DR. The results are
consistent with data reported by J. Sohn et al. [16] and
S. Roy et al. [15] on the important role of DNA damage
and activation of cellular response systems to genotoxic
stress in the pathogenesis of diabetic complications. Ac-
cording to M. Zhang et al. [9], metabolic stress, hypoxia,
tissue acidosis, and excessive formation of reactive ox-
ygen species during hyperglycaemia can directly dam-
age DNA by inducing double-strand breaks and repli-
cation errors. Under these conditions, PMS2 activation
may reflect involvement of the MMR-associated DNA
repair system. The predominance of nuclear localisa-
tion of PMS2 immunoreactivity additionally confirmed
activation of the cellular response to genetic material
damage. PMS2-positive cells were localised mainly in
the ganglion cell layer and the plexiform layers of the
retina. K.O. Usenko [16] demonstrated that ganglion
neurons and Muller cells undergo the earliest and most
pronounced changes in experimental DR: degenerative
processes progress in neurons, whereas Muller cells
enter a state of reactive gliosis. This indicates that DNA
damage and activation of repair systems occur most
actively in these cell populations. Data reported by
J. Ren et al. [17] also suggest a possible abortive return
of retinal neurons to the cell cycle during neurodegen-
erative processes, which may be accompanied by acti-
vation of MMR-dependent mechanisms.

In parallel with increased PMS2 expression in reti-
nal tissues, p53 expression also increased. W.P. Roos et
al. [11] noted that activation of p53 is one of the key el-
ements of the cellular response to severe DNA damage
and oxidative stress. p53-positive cells were mainly
localised along the vascular bed and around microan-
eurysms, which permits the involvement of endothelial
stress and microvascular damage in the formation of
this immunoreactivity. However, p53 expression was
much less pronounced than PMS2 expression. This dis-
sociation between high PMS2 immunoreactivity and
weak focal p53 positivity may suggest predominance
of the MMR-associated reparative and adaptive re-
sponse over the p53-mediated proapoptotic scenario.
At first glance, the increase in the number of PMS2-
and p53-positive cells under the influence of insulin
appears paradoxical. However, reduction of hypergly-
caemia and attenuation of metabolic stress under the
action of insulin probably create conditions for activa-
tion of reparative processes. According to D.D. Liu et
al. [18], the phenomenon of metabolic memory may
be important, since epigenetic changes and DNA dam-
age persist even after normalisation of blood glucose.
In this context, increased PMS2 immunopositivity can
be regarded as a compensatory mechanism aimed at
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overcoming accumulated genetic damage in retinal
tissues. The substantial increase in the proportion
of PMS2-positive cells with combined use of insulin
and sorafenib was of particular interest. The results
obtained are consistent with the study of A. Callan et
al. [8] on the role of kinase signalling pathways in the
development of DR, including mechanisms of intracel-
lular signalling, neuroinflammation, reactive gliosis,
and angiogenic remodelling.

K.O. Usenko et al. [19] established that blockade of
cellular protein kinases by sorafenib was accompanied
by decreased VEGF expression in the retina in experi-
mental DR and suppression of reactive gliosis. The re-
sults obtained in the present study supplement these
data and suggest the involvement of MMR-associated
mechanisms in the protective effect of cellular protein
kinase blockade. K.O. Usenko et al. also demonstrated
that, in experimental DR, caspase-3 expression and Bax
protein content in retinal tissues increased sharply,
whereas insulin administration, both separately and in
combination with sorafenib, reduced the levels of these
proapoptotic proteins and inhibited the morphological
manifestations of DR. In this regard, increased PMS2
during treatment should not be considered a direct
sign of enhanced apoptosis. On the contrary, the data
obtained emphasises that treatment with insulin, es-
pecially in combination with sorafenib, may shift the
cellular response to diabetes-induced damage from a
p53-dependent apoptotic scenario towards a repara-
tive and adaptive response associated with activation
of the MMR system. According to ].A. Awosika et al. [1],
PMS?2 participates not only in DNA repair processes but
also in regulation of p53-dependent apoptosis and the
cellular response to severe genetic material damage.
This is consistent with data reported by A.]. Barber et
al. [20] on pericyte apoptosis, neurodegeneration, and
ganglion cell death in DR. Thus, increased PMS2 expres-
sion may reflect a complex adaptive response of retinal
cells aimed at maintaining genomic stability and con-
trolling damaged cells. Notably, PMS2 remains poorly
studied in modern ophthalmology. This is because this
protein is traditionally considered mainly an onco-
pathological marker, whereas DR is classically studied
in the context of microangiopathy, neuroinflammation,
and neurodegeneration [21-22]. However, the current
understanding of DR pathogenesis, including studies
by J. Sohn et al. [14] and S. Roy et al. [15], increasing-
ly emphasises the role of DNA damage, cellular ageing,
epigenetic alterations, and mitochondrial dysfunction.
In this context, assessment of PMS2 immunoreactivity
may represent a promising area for studying disorders
of DNA repair systems in DR.

CONCLUSIONS
1. During the development of experimental diabet-
ic retinopathy in the retina of rats, a progressive in-
crease in PMS2 expression and, to a lesser extent, p53



expression was observed, which indicated activation of
the cellular response to DNA damage.

2. PMS2-positive cells were localised mainly in the
ganglion cell layer and plexiform layers of the retina,
whereas p53 immunoreactivity was more strongly as-
sociated with the vascular bed, which may suggest in-
volvement of both neuronal and microvascular retinal
components in genomic stress processes during diabet-
ic retinopathy.

3. The use of insulin and sorafenib was accompa-
nied by increased PMS2 and p53 expression, most pro-
nounced with their combined administration, which
may reflect activation of the MMR-associated repara-
tive and adaptive response in retinal cells.

4. Theresults support considering PMS2 as a promis-
ing marker of the cellular response to DNA damage in di-
abetic retinopathy and justify further study of DNA repair
systems in the pathogenesis of diabetic retinal damage.

The limitation of the study is that the assessment
of PMS2 and p53 was based exclusively on immuno-
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histochemical analysis without determining the func-
tional activity of DNA repair systems and MMR-associ-
ated signalling pathways.

A promising area for further investigation is a
comprehensive assessment of the expression and func-
tional activity of PMS2, MLH1, and other components
of the DNA repair system in retinal tissues during DR.
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Excnpecis nporeiniB PMS2 i p53 y TKaHMHax ciTKiBLi
MPH eKCIIePUMEeHTa/IbHIM Jlia0eTHUHiN peTHHONATIi
Ta BIUIMB Ha Hei iHCY/TiHY i iHri0yBaHHs KJIITHHHMX NPOTeiHKiHA3

AHoTanis

AKTyanbHICTb. AKTYaJIbHICTb A0CIi)KEHHS MOJIATa€E Y HeoOXiAHOCT] 3'cyBaHHA poJii MexaHi3MiB penapauii
JHK TareHoMHOro cTpecy BrnaToreHesi 1iabeTHYHOI peTUHONATI /151 MOIIYKY HOBUX TepaNeBTUYHUX MillleHe .
Meta. BusHauuTu ekcnpecito npoteiniB PMS2 Ta p53 y TKaHMHax CITKiBKHU I1ypiB IpU eKcliepUMeHTaTbHIN
JAiabetuyHii petunonarii ([P) Ta oniHuTH BI/IUB iHCY/MiHY i 6/10KaTOpa KJAITHHHUX IPOoTeiHKiHa3 copadeHity.
Marepiaim Ta Mertoau. [locnijkeHHs BHKOHaHO Ha 50 mypax-camugax Jjinii Wistar. LykpoBuil giaber
MO/1e/II0BaBCs OZJHOPA30BUM BHYTPilIHbOOYEPEBUHHUM BBe/IeHHSM cTpenTo3oTonuHy (50 mr/kr). Yepes 7 ai6
TBapHUH 3i cTiliKolo rinepryiikeMiero 6y/s0 paHZ0Mi30BaHO Ha Ipynu: 6e3 JIiKyBaHHs, JiKyBaHHSA iHCYJiHOM Ta
KoMGiHOBaHe JIiKyBaHH# iHcys1iHOM i copadeHi6oM. TBapuH 6yJi0 BUBe/IEHO 3 eKCIIEPUMEHTY yepes 7, 28 1i6 Ta
3 micaui. IMyHoricToxiMiuHe fOC/Ti/PKeHHSI BUKOHYBaJIOCs i3 BUKOPUCTAHHAM aHTHUTIN o PMS2 Ta p53. YacTky
iMyHONO3WTHUBHUX KJITHH BU3Hadaiu Ha 100 ki1iTUH y 5 nossix 30py.

Pe3sysnbraTh. Y iHTakTHUX TBapuH PMS2- Ta p53-iMyHOpeakTHBHicTb Oysia MiHiManbHOMO. [Ipy pO3BUTKY
ekcriepuMeHTaJbHOI /I[P KiJbKiCTh MO3UTUBHO 3ab6apB/eHUX KJIITHH IporpecMBHO 36isibiuyBasacs. PMS2-
MO3UTHBHI KJIITHHU JIOKaJIi3yBaJMCs MepeBakHO Y LIapi raHmioHapHUX KJITHH Ta IJeKCiGOpMHUX LIapax
CiTKIBKH, TOAI IK p53-103UTHBHI KJIITUHHU 6ysiM 6i/1b1I00 Mipoto acolifioBaHi i3 cyuHHUM pycioM. JIiKyBaHHSA
iHcys1iHOM Ta copadeHi60M CynpoBO/KYBaIOCs MiABUIEHHAM eKcIpecii 060X MapKepiB, Hal61/1bII BUPAXKEHUM
npu KOM6GiHOBaHOMY BBe/leHH] npenapaTiB. Yepes 3 micswi koM6iHOBaHa Tepamnis 36inbinyBana yactky PMS2-
MO3UTHUBHUX KJITHUH y 2,5 pa3a, a p53-no3uTUBHUX - ¥ 3,5 pasa nopiBHSIHO 3 KOHTPOJIbHOMK rpymnot (p<0,05).

BucHoBKM. Po3BUTOK ekcriepuMeHTasbHOI /[P cynmpoBomkyeTbcst akTuBaniero PMS2- ta p53-acorniiioBaHoi
KJIITUHHOI BignoBizi Ha nomkoaxeHHs JHK y TkanuHax ciTkiBku. [ligBuienHsa ekcnpecii PMS2 npu sikyBaHHI
iHcysliHOM Ta copadeHi6boM Moxke Bifjo6pakaTu akTuBalilo MMR-aconifioBaHuX penapaTHBHO-aJalTUBHUX
MexaHi3MiB. OTpuMaHi pe3ysbTaTH A03BOJAKTbL po3miagatd PMS2 gk nmepcneKTUBHUNM MapKep FeHOMHOTO
CTpecy NpH 1iabeTUIHi peTHHONATII.

KimouoBi cioBa: penaparnis /IHK; reHomMmHu# crpec; imyHoricToximist; copadeHi6; pernikanis.
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Clinical features and diagnostic errors
in the manifestations of pemphigus vulgaris in the oral cavity

Abstract

Relevance. Pemphigus vulgaris is a rare autoimmune bullous disease characterised by the formation of
intraepithelial blisters and erosions. Often, the oral mucous membrane is the first and, for quite some time,
the only area affected by this disease. The oral manifestation of the disease is often misdiagnosed as erythema
multiforme, candidiasis, recurrent herpes simplex infection or common diseases, which results in errors in
diagnosis, late referral to a dermatologist, and inappropriate treatment. Timely recognition of the lesion will
affect the prognosis and quality of life of the patient.

Aim. To generalise clinical manifestations of the oral cavity affected by pemphigus vulgaris, to analyse errors
made when diagnosing at the stage of primary diagnosis, and to develop practical recommendations on the order
of actions for physicians when suspected of pemphigus vulgaris.

Materials and methods. A prospective clinical, descriptive analysis of 42 patients diagnosed with pemphigus
vulgaris, who were treated at the dental medical centre, 0.0. Bogomolets National Medical University, was
conducted. The observation period covered 2018-2025. Clinical, cytological (Tzanck smear), and serological
methods (ELISA for anti-Dsg1 and anti-Dsg3 antibodies) were used. The quality of life in patients was measured
using of the SF-36v2 and DLQI questionnaires. Statistical analysis was performed using of the t-test, the Mann-
Whitney test, and Spearman’s correlation analysis (p < 0.05).
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Results. Primary symptoms manifested as lesions of the oral mucous membrane in 83.3% of patients. In these
cases, the differential diagnosis was difficult. The duration of the period between the first symptom and the
diagnosis was 3.5 + 0.6 months on average and was shorter in women than in men. At the time of referral, all
patients had received incorrect diagnoses (candidiasis, erythema multiforme, recurrent herpes simplex infection)
and inappropriate treatment. During the primary examination, acantholytic cells were detected by cytological
examination in 47.6% of smears. When examining repeat cytological smear, it was found that acantholytic cells
were present in 100% of cases. Serological testing confirmed the presence of anti-Dsg3 antibodies in all patients
and anti-Dsg1 antibodies in 41.7%, which is consistent with the phenotype of the isolated and generalised forms.
It was found that there was a direct correlation between the time of diagnostic uncertainty and the decline in
quality of life (p = 0.62, p < 0.01).

Practical significance. Promptidentification of solitarylesions on the oral mucosa together with the simultaneous
use of cytological and serological techniques minimises the time for establishing the correct diagnosis, helps
differentiate between the various types of pemphigus vulgaris and prevents further evolution of the disease.
The suggested pattern of clinical actions can serve as a working guideline to dentists and otolaryngologists to
facilitate the timely and accurate detection of disease and the timely referral of patients to the corresponding
specialists.

Conclusions. Oral manifestations of pemphigus vulgaris can manifest clinically as other pathologies and often
lead to misdiagnosis and delayed diagnosis. Tzanck smear test is a very simple diagnostic tool and does not
require special equipment, but this method should be performed together with serological research for a more
accurate diagnosis of the disease, and as a result, better prognosis and higher quality of life of patients.
Keywords: pemphigus vulgaris, differential diagnosis; cytological examination; serological investigation; quality

of life.

INTRODUCTION
Pemphigus vulgaris (PV) (pemphigus; International
Classification of Diseases, 10" Revision: L10.0) repre-
sents a rare yet potentially fatal autoimmune disease
with formation of intraepithelial blisters and ero-
sions [1-2]. Oral mucosal lesions constitute the first
symptoms in most cases of PV and can be the only
manifestation of the disease at early stages, and they
can remain the main complaints of the patient for a
long time. These symptoms are often covered up by
other, more common pathologies such as candidiasis,
recurrent herpes simplex infection, erythema multi-
forme, and other diseases, which may complicate the
diagnostic process. Such a picture of overlapping clin-
ical manifestations can be quite a dilemma for doctors,
especially at the time of the primary appointment and
t he initial stage of the disease, when the possibility of
establishing a wrong diagnosis and starting incorrect
therapy is quite high. Therefore, these factors should
be carefully considered during the diagnostic process
in order to ensure timely recognition of the disease and
the initiation of appropriate therapy [3-4]. Depending
on the region, the incidence of PV ranges from 0.5 to
3 cases per 100,000 population, while more than 70%
of patients initially seek medical attention because of
oral erosions or ulcers accompanied by mild pain or
discomfort in the oral cavity [5]. Clinical manifestations
of PV, including fragile blistering of thin wall with rapid
rupture, superficial erosion (“clean” erosions), no reac-
tion of the oral mucosa, and variable signs of the Nikol-
sky sign, often lead to misdiagnosis. In these instances,
erosive lesions are erroneously attributed to erythema
multiforme, candidiasis, recurrent herpes simplex in-
fection, oral lichen planus, and other conditions, and

cytological confirmation of the presence of acantholysis
by the Tzanck smear method is often delayed or may be
false-negative [6]. Due to insufficient expertise regard-
ing PV at the time of the first patient appointment and
a lack of timely cytological and serological tests needed
to establish the correct diagnosis, the patient is often
prescribed inadequate medical treatment. The medical
professional is likely to prescribe antifungals, antimi-
crobials, or topical antiseptics instead of referring the
patient to a dermatologist for specific drug therapy,
which may not be effective, and can even further harm
the health of the patient as they are treated for another
disease [7]. Considering the multidisciplinary character
of the problem, it is extremely important to carry out
timely cytological and serological verification of the di-
agnosis of PV [8]. Early detection of the isolated form
of oral mucosal lesions of PV allows for decreasing the
time of diagnostic search and preventing further de-
velopment of the disease and deterioration of quality
of life in patients [9]. Thus, systematisation of clinical
data in PV and analysis of possible diagnostic errors are
very important tasks of modern medicine, which will
contribute to more efficient diagnosis of disease at the
early stage, as well as will reduce the probability of er-
rors at the first examination of patients. Early diagno-
sis, especially at the initial stage, as well as minimising
mistakes at the stage of a primary examination, are im-
portant in improving the overall efficiency of treatment
and, consequently, improving the quality of care of pa-
tients. Therefore, it is necessary to implement such a
complex in determining diagnosis that helps not only to
detect the disease at an early stage, to avoid delays, but
also to ensure a differential diagnosis in PV and avoid
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the appointment of incorrect therapy. This study aimed
to systematise the oral features of PV, identify prevalent
diagnostic mistakes at the initial visit, and formulate
practical guidelines for clinicians to follow when PV is
suspected.

MATERIALS AND METHODS

This study was conducted as a prospective clinical de-
scriptive analysis (case series) based on data from 42
patients who, between 2018 and 2025, presented with
pathological manifestations of the oral mucosa to the
Dental Medical Centre of the 0.0. Bogomolets National
Medical University, which serves as the clinical base of
the Department of Therapeutic Dentistry. A clinical di-
agnosis of PV was established. Patients were enrolled
consecutively at the time of their initial presentation,
thereby ensuring the prospective design of the study.
Patients ranged in age from 44 to 65 years (56.0 6.1
years), with 28 women (66.7%) and 14 men (33.3%)
(female-tomale ratio 2:1). The patients were resi-
dents of Kyiv and the northern, central, and southern
regions of Ukraine. The inclusion criteria comprised
erosive and ulcerative lesions of the oral mucosa, a
positive Nikolsky sign, and cytological confirmation of
acantholysis. The only exclusion criteria were a lack of
informed consent. Other diseases were not an exclu-
sion criterion because the purpose of the study was to
diagnose PV. The patient’s comorbid condition had no
bearing on enrolment, but it was discussed in the clin-
ical description of each case. Assessment of the anam-
nestic data involved identification of the frequency of
errors during the previous diagnosis, the time period
during which the patients visited the medical institu-
tions and also the frequency of empirical therapy. The
diagnosis and treatment protocol utilised a sequen-
tial approach including clinical examination, Tzanck
smear cytology [10], and serological detection of des-
mogleins 1 and 3 by enzyme-linked immunosorbent
assay (ELISA) [11]. The latter was not performed be-
fore two negative cytological results were obtained.
This was done to adhere to rational diagnostic prin-
ciples. According to these guidelines, the sequence
of diagnostic methods must progress from relatively
simple and easy-to-use methods to more difficult and
expensive ones, and each step must be justified by
clinical necessity.

Primary diagnosis was based on clinical examina-
tion of patients with assessment of characteristic le-
sions of the mucous membranes and skin. Rubbing the
normal oral mucosa near a lesion or skin was used to
determine if the Nikolsky sign was positive. A positive
sign was identified by epithelial or epidermal detach-
ment and further blister and erosion formation. Cyto-
logical examination of the contents of the surface of the
bottom of the ulcers and the blisters was carried out
by the Tzanck method. When there were no acantho-
lytic cells found in the original smears, smears were
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re-examined, when necessary, from scrapings of fresh
blister bottoms. The re-examination is performed every
week (every 7-10 days) in accordance with modern
recommendations, since fresh blisters can be collected
at the specified interval. Serological testing was subse-
quently done in 12 patients in whom false-negative re-
sults from two cytological examinations were obtained.
The presence of autoantibodies against desmogleins 1
and 3 was also investigated in them by ELISA. Serum
from venous blood was tested in the private certified
laboratory Synevo (Ukraine), which has a license to
handle biological samples.

Patients’ quality of life was assessed using the
standardised Short Form (SF)-36v2 and Dermatology
Life Quality Index (DLQI) questionnaires. The surveys
were conducted after diagnostic verification and be-
fore referral of patients for specialised dermatological
treatment. Patients completed the questionnaires inde-
pendently in accordance with the official instructions
translated into and adapted for the Ukrainian language.
Data processing was performed in accordance with
the standard recommendations for these instruments.
For the SF-36v2 questionnaire, the physical and men-
tal health component scales were calculated using the
developers’ algorithm. For the DLQI questionnaire,
the total score (0-30) was calculated and interpreted
according to generally accepted categories reflecting
the impact of dermatological diseases on quality of life.
The results were entered into an electronic database
and analysed statistically using descriptive indicators
(mean value and standard deviation) together with
comparative tests selected according to the structure
of the sample. Age, time from diagnosis delay, number
of consultations before receiving a diagnosis, number
of oral mucosa affected areas, and quality-of-life indica-
tors (SF-36v2 and DLQI) were characterised as descrip-
tive statistics (M £ SD). The t-test was used to compare
the mean time of diagnostic delay for men and women.
Since the data had a non-parametric distribution, the
number of consultations before receiving the diagnosis
in groups was compared using the Mann-Whitney test.
To determine the connection between the duration of
diagnostic delay and quality-of-life indicators (SF-36v2,
DLQI), as well as the relationship between the dura-
tion of diagnostic delay and the gender of the patients,
Spearman correlation analysis was conducted. Statisti-
cal analysis was performed in IBM SPSS Statistics (v.26)
and Excel (2019). p <0.05 was considered the level of
statistical significance.

The study was conducted in accordance with the
principles of the Declaration of Helsinki [12] within the
framework of the investigator-initiated research pro-
ject of the P.L. Shupyk National Healthcare University
of Ukraine entitled “Improving Methods of Diagnosis
and Treatment of Patients with Certain Inflammatory
and Oncological Diseases of the Ear, Nose and Throat”,
(state registration No. 01170006094, 2017-2021),
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as well as the research project of the Department of
Therapeutic Dentistry of the 0.0. Bogomolets Na-
tional Medical University entitled “Development and
Implementation of S cientifically Based Algorithms
for Early Diagnosis and Differentiated Treatment of
Diseases of Dental Hard Tissues and Periodontal Tis-
sues” (No. 01190104010, 2018-2022), and its contin-
uation, “A Multidisciplinary Approach to the Preven-
tion and Treatment of Diseases of Hard Tooth Tissues
and Periodontal Diseases in Persons of Working Age”
(No. 0119U104010, 2023-2025). The study received
no external funding. All patients provided written in-
formed consent for participation in the study.

RESULTS AND DISCUSSION
Discomfort or mild pain in the oral cavity was report-
ed by 95.2% of patients (n =40), aggravated by an in-
crease in the size of the erosive area. In 83.3% of cas-
es (n=35), the first blisters and erosions were in the
oral cavity and not involving the skin. In 92.9% of pa-
tients (n=39), the process was found to be localised in

several areas of the oral cavity, with an average of
3.7+ 1.5 areas. Most often, erosions are detected on the
buccal mucosa (81.0%, n=34), the soft palate (76.2%,
n=32), and the tongue (57.1%, n=24). Hoarseness in
73.8% of patients (n=31) also indicated involvement of
the organs located outside the mouth. Nikolsky’s symp-
tom was observed in 52.4% (n=22) of the patients at
the primary visit; in 47.6% (n = 20), it appeared only
after provocative action performed by the doctor on
the oral mucosa. The average period from the onset of
symptoms of the disease until the diagnosis was made
was 3.5 # 0.6 months. This period is smaller in women
(2.79 £ 0.5 months), while for men, it was longer and
amounted to 4.23 £ 0.55 months, which confirms the
difference between the groups and a positive correla-
tion (p=0.62; p<0.01). Before applying for a referral,
the patients received numerous consultations, a pre-
liminary diagnosis, and a prescribed (non-therapeutic)
treatment in all (100%) cases. The distribution of pa-
tients according to the type of clinical manifestations
and laboratory findings is presented in Table 1.

Table 1. Distribution of clinical manifestations

Type of manifestation Numbel(‘i(i):gplf(:is(is;lt;vzv:lzl)verified Percentage (%)
Lesions confined to the oral mucosa 35 83.3
Oral mucosal and skin lesions 7 16.7
Positive Nikolsky sign at presentation 22 52.4
cells wereéicc;cztc};:(liyflilcthe smear 20 47.6
Anti-Dsg3 antibodies detected 12 100
Anti-Dsg1 antibodies detected 5 41.7

Source: developed by the authors

All patients before applying for a referral to the
dental medical centre had visited several doctors:
33.3% (14 patients) were examined by four doctors,
19.0% (8) by five, 14.3% (6) by six, and 33.3% (14) by
seven or more, and on average, the patient was visit-
ed by 6.2 + 1.8 doctors. Initially, family physicians or
general practitioners (n =19; 45.2%) were the first
ones to see patients diagnosed with PV, followed by
otorhinolaryngologists (n=13; 31.0%), dentists (n=7;
16.7%) and other specialists (n = 3; 7.1%). Patients
had erythema multiforme (n=13; 31.0%), candidia-
sis (n=10; 23.8%), recurrent herpes simplex infection
(n=7; 16.7%), recurrent aphthous stomatitis (n=>5;
11.9%), oral lichen planus (n=4; 9.5%) and leukoplakia
(n=2; 4.8%) at first diagnosis, and bullous pemphigoid
(n=1; 2.4%). Acantholytic cells were found in 47.6%
of smears (n=20) in primary cytological examination.

After repeated research, the number of patients with
a positive result increased, so that all patients (100%)
were able to verify their diagnosis. Serology (autoanti-
bodies detection for desmogleins 1 and 3) was carried
outin 12 (28.6%) patients. Anti-Dsg3 antibodies were
detected in 100% of cases, while anti-Dsg1 antibodies
were identified in 42%, which was consistent with the
clinical manifestations observed, namely isolated oral
mucosal involvement or the generalised form of the
disease. In 31.0% of patients (n=13), the final diagno-
sis of PV was established with a delay of more than 2
weeks, whereas in 16.7% (n=7), the delay exceeded 3
weeks after the initial presentation. The distribution of
patients according to the time required for confirma-
tion of the final diagnosis at the Dental Medical Centre
of the Bogomolets National Medical University is pre-
sented in Figure 1.
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Figure 1. Dynamics of PV diagnostic verification

Source: developed by the authors

The graph demonstrates a progressive increase
in the number of patients with a confirmed diagnosis,
from 47.6% during the first week to complete diagnos-
tic verification (100%) by the sixth week. Thus, within
the first two weeks, the diagnosis of PV was verified
in 69% of patients. Patients diagnosed with PV were
examined with DLQI and SF-36v2 questionnaires for
quality-of-life assessment to assess the effect of the dis-
ease. After diagnostic verification, the results showed a
decrease in patients’ scores in the “emotional function-
ing”, “social functioning” and “pain” domains. The mean
score was 13.4 + 3.2 points for DLQI, which confirms the
significantinfluence of the disease on daily life activities.
When comparing different clinical forms of PV, it was
found that the average DLQI score for patients with iso-
lated oral mucosal lesions was 12.1 + 2.8, but with com-
bined oral and skin lesions reached 16.8+3.1 (p<0.05).

Figure 2. Acantholytic epithelial cells
of the oral mucosa (Tzanck cells)
Source: authors’ photo

Figure 3. Nikolsky sign
on the oral mucosa
Source: authors’ photo

Thus, generalised PV has a much greater impact on
daily life. A positive correlation between the time until
the diagnosis was confirmed and patients’ DLQI scores
(p=0.62, p<0.01) was found: the higher the number of
days until a confirmed diagnosis, the lower the quality
of life for these patients. In SF-36v2 questionnaire data,
a reduction in the domains of “emotional functioning”,
“social functioning” and “pain” was the most noticea-
ble. Patients had reduced physical functions, decreased
working capacity and impaired social interaction. The
combined analysis of the SF-36v2 summary indices re-
vealed a significant decrease in both Physical Compo-
nent Summary and the Mental Component Summary,
showing a decline in physical and psycho-emotional do-
mains in patients with PV. To illustrate the clinical man-
ifestations of PV, Figures 2-13 are presented, demon-
strating the characteristic features of the disease.

r*

Figure 4. Tongue — macerated
epithelium on the dorsal, lateral,
and ventral surfaces
Source: authors’ photo

Figure 5. Buccal mucosa — erosions
covered with detached macerated
epithelial flaps

Source: authors’ photo
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Figure 6. Lower lip — sheets
of detached epithelium
and fragments of blister roofs
Source: authors’ photo

Figure 7. Retromolar area — red
superficial erosions without bleeding
or surrounding inflammatory reaction
Source: authors’ photo
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Figure 8. Soft palate and palatal
arches — erythematous erosions
surrounded by non-reactive mucosa
Source: authors’ photo

Figure 11. Maxillary alveolar ridge
and buccal mucosa — erythematous
erosions partially covered by

changes in surrounding tissues
Source: authors’ photo

The cytological hallmark - acantholytic Tzanck cells
(Fig. 2) - and the Nikolsky sign (Fig. 3) are presented.
Typical erosive-bullous lesions of the oral mucosa are
demonstrated across different anatomical sites: the
tongue (Fig. 4), buccal mucosa (Fig. 5), lip (Fig. 6), ret-
romolar region (Fig. 7), soft palate and palatal arches
(Fig. 8), gingiva (Figs. 10, 12), and alveolar process
(Fig. 11). The maceration of the epithelium on the sur-
face of erosions is represented by Figures 4-6, 10-12.
Figure 13 shows an example of the generalised form of
PV involving the oral mucosa, vermilion border of the
lips, nasal mucosa, and nasal skin. The illustrative part
shows the characteristic manifestations and the clinical
heterogeneity of PV manifestations in the oral mucosa.

The initial clinical manifestations of the PV disease
are difficult to diagnose, especially if it is manifested
solely by lesions of the oral mucosa. In this case, they
are disguised by other more common diseases, which
leads to mistakes in diagnosing the disease and delays
in the visit to a dermatologist. The results obtained co-
incide with literature data on the low clinical suspicion
of the general practitioners and the insufficient use of
special diagnostic methods [13]. The occurrence of iso-
lated lesions in the oral mucosa in most cases (83.3%)
is the main clue to the diagnosis. The average diag-
nostic delay of 3.5 + 0.6 months indicates an error in

Figure 9. Macerated epithelium
covering an erosive lesion surface
Source: authors’ photo

Figure 12. Mandibular gingiva —
erosions of the papillary and marginal
macerated epithelium, without reactive areas without inflammatory changes in

adjacent tissues
Source: authors’ photo

Figure 10. Gingiva of the mandible —
detached (macerated) epithelium
in the anterior region without
inflammatory response

Source: authors’ photo

Figure 13. Generalised form of PV —
involvement of the oral mucosa,
vermilion border of the lips, nasal
mucosa, and skin of the nose

Source: authors’ photo

differential diagnosis, as in most patients, the initial
diagnosis is often incorrect. According to V.A. Litvi-
nov [14], in the case of oral manifestations, the PV is
often confused with erythema multiforme, candidiasis,
recurrent aphthous stomatitis and recurrent herpes
simplex infection. This highlights the need to increase
clinical awareness among primary care physicians,
otorhinolaryngologists, and dentists. The delay in di-
agnosis causes clinical, psycho-emotional and organ-
isational problems. The delay causes the progression
of the lesion of the mucous membrane of the oral mu-
cosa and its generalisation. From a psycho-emotional
perspective, it is associated with increased discomfort,
social maladjustment, and emotional exhaustion, as
reflected in high DLQI scores reported by O. Segal et
al. [15]. From an organisational standpoint, the de-
lay causes an increase in the workload of the medical
personnel of specialised outpatient care and increas-
es the cost of medical assistance, as noted by D. Dido-
na et al. [16]. The method of Tzanck was also shown to
be effective. Acantholytic cells were revealed in 47.9%
of cases in the initial period of observation and in
100% in the second study. The advantage of the meth-
od is its speed, accessibility, and minimal invasiveness.
However, this approach has its limitations: it requires
expertise, it does not exclude false negative results in
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cases of minimal lesions, and it is not useful in deter-
mining subtype. A significant practical significance and
high specificity were observed when determining the
antibodies to Dsgl and Dsg3 by the ELISA technique.
Antibodies to Dsg3 were recorded with lesions local-
ised on the oral mucosa, and the presence of antibod-
ies to Dsgl was associated with generalised forms; this
matches the international data. It was also determined
that it was a serological investigation that had the de-
cisive impact on establishing the diagnosis in cases
of false-negative results in cytological examination,
in confirming the correctness of the initial diagno-
sis [17]. This confirms the hypothesis of the “molecu-
lar profile” in PV proposed by J. Wang et al. [18], which
is important to predict generalisation and to monitor
treatment. Thus, the combination of cytological and
serological methods is the most acceptable option for

in the manifestations of pemphigus vulgaris in the oral cavity

diagnostics. This technique shortens diagnostic delay,
allows for timely distinction between forms of PV and
improves the prognosis. These data coincide with the
results of previous studies by R. Czerninski et al. [19]
regarding the significant negative effect of PV on phys-
ical and psychoemotional spheres of life. Patients with
concomitant lesions of the oral mucosa and the skin
showed high DLQI scores, which is likely due to the
severity of the generalised form of the disease. The re-
lationship between diagnostic delay and quality of life
deterioration confirms the necessity of early diagnos-
tic verification, as suggested by the results of ].Y. Sun et
al. [20]. The diagnostic algorithm developed in this
study for use in cases of suspected PV may serve as a
practical guide in patients presenting with erosive and
ulcerative oral mucosal lesions that are unresponsive
to standard therapy (Table 2).

Table 2. Clinical decision-making algorithm in suspected PV

Stage

Actions

Aim

1. Initial examination

Identification of non-healing erosions; assessment of
medical history

Increase clinical suspicion

2. Exclusion of common
conditions

Candidiasis, erythema multiforme, recurrent aphthous
stomatitis, oral lichen planus, bullous pemphigoid,
recurrent herpes simplex infection, leukoplakia

Reduce risk of misdiagnosis

3. Detection of Tzanck cells

Smears taken from the base of a “fresh” erosion

Identification of acantholytic cells

4. Referral for serological
testing

Determination of anti-Dsg3 and anti-Dsg1 antibodies

Diagnostic confirmation and
prognosis assessment

5. Quality of life assessment

Use of DLQI or SF-36v2

Evaluation of patients’ psycho-
emotional and physical status

6. Dermatology consultation

Referral of the patient to a dermatologist

Timely and appropriate treatment
and follow-up

Source: developed by the authors

The use of the proposed sequence of tests for sus-
pected PV allows reduction of the time until diagnosis
and timely referral to an expert. Early diagnosis of PV is
very important as it is a precondition for effective treat-
ment that today involves modern immunosuppressive
or targeted therapeutic options.

CONCLUSIONS
1. PV more often involves the oral mucosa than skin, but
the isolated oral form of the disease is the most com-
mon reason for incorrect and delayed diagnosis.

2. The clinical presentation in 83.3% of the PV cas-
es was limited to oral mucosal lesions. This fact compli-
cated differential diagnostics, resulting in misdiagno-
ses such as oral candidiasis, oral erythema multiforme,
herpes simplex recurrent infection and others. The
time between the onset of symptoms and the correct
diagnosis of the disease in the current observation was
3.5 months; this period was longer in males than in fe-
males. These data confirm the significance of the time
factor on prognosis and quality of life.

3. At first, when the disease begins, the pain for pa-
tients with PV is not pronounced; only mild pain or a
feeling of soreness is observed. In the future, the larger

62 Medical Science of Ukraine 22(2), 2026

the size of erosions, the stronger the pain that arises,
interfering with chewing, talking, and affecting the gen-
eral condition of patients.

4. At the very first examination, acantholytic cells
were identified in 47.6% cases by cytological testing
with the Tzanck method; repeat cytology showed a
100% confirmation of the diagnosis. Serological test-
ing for antibodies against desmoglein 1 and 3 demon-
strated a relatively high sensitivity: anti-Dsg3 anti-
bodies were detected in all patients, and anti-Dsgl
antibodies in 41.7%, which correlates with the phe-
notypes of isolated and generalised forms of PV. This
again proves that the combined use of cytology and
serology will significantly improve the rate of diagnos-
ing disease and shorten its delay.

5. There is a positive correlation between the length
of delay in diagnosis and the deterioration of the pa-
tients’ quality of life (p=0.62; p<0.01). Patients report-
ed a gradual decline in emotional and social functioning
as well as an escalating pain syndrome.

6. Early detection of the initial isolated oral mu-
cosal lesions, enhanced clinical alertness among pri-
mary care doctors, and combined diagnostic methods
will help prevent the development of this disease,
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improve its prognosis and allow for the preservation of
patients’ quality of life.

7. The importance of the problem’s multidiscipli-
nary nature should be emphasised: dentists, otolar-
yngologists and family physicians should be well ac-
quainted with the typical clinical symptoms of PV to
ensure early referral of these patients to a dermatolo-
gist. Such an approach will make it possible to shorten
the period of diagnosis, avoid inappropriate treatment
and enable more accurate therapy.

Study limitations. The relatively small sample

in a large-scale multicentre prospective study involv-
ing more patients and a wider range of diagnostic
methodologies.

Further research directions. Multicentre pro-
spective studies with larger patient cohorts, stand-
ardised diagnostic protocols, and expanded laborato-
ry methods (ELISA, immunoblotting) are required for
a more precise assessment of the antibody profile.

Disclaimer. The authors declare that the views ex-
pressed in this article are their own and do not repre-
sent the official positions of their affiliated institutions.

size (42 patients) and the descriptive prospective

design do not exclude systematic bias and data in- ACKNOWLEDGEMENTS
completeness. Serological testing (anti-Dsgl and None.
anti-Dsg3 antibodies) is only available for a selected FUNDING
few patients. Socio-psychological factors were only  None.
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KniniuHi 0c00/1MBOCTI Ta AiarHOCTHYHI IOMH/IKH
npu nposisax pemphiqus vulgaris y nopoxHuHi pota

AHoTargist

AxTtyanbHicTb. Pemphigus vulgaris — opdaHHe aBTOIMyHHE Oy/IbO3HE 3aXBOPIOBAHHS, 1[0 XapaKTePU3YEThCS
YTBOPEHHSIM BHYTpIilIHbOEMNiTe /iaIbHUX MyXUPiB Ta epo3iil. ¥ GinbuiocTi BUNnaKiB nepuiuMu # TpuBaIui
yac €MHMMHU NPOSIBAMH € YPAXKEHHS CIM30BOI 0G0JIOHKH MMOPOXKHUHHU POTA, AKI HEPiZIKO MaCKyTbCsS MHif
nosiiMopdHY eKCyIaTUBHY epUTEMY, KAHZU103, XPOHIYHUH peliUJUBHUHN repIec Y iHII MoIMKUpPeHi maToJIorii.
[le 3yMOBJIIO€ jlarHOCTUYHI TIOMUJIKY, 3aTPUMKY HallpaBJIeHHs NALi€HTIB 10 lepMaToJiora Ta NIpU3HaYeHHA
HeaslekBaTHoOI Teparii. BuacHe po3mnizHaBaHHSA i30/IbOBAaHUX ypaXKeHb CJIM30BOI 060JI0HKU TIOPOKHUHU POTa
Ma€ BUpilla/JibHe 3HaUYeHHS JJis IPOTHO3Y Ta AKOCTI »KUTTH IaLliEHTIB.

Meta. CucTeMaTU3yBaTH KJiHIYHI IposBU pemphigus vulgaris y MOpoXXHUHI poTa, NpoaHali3yBaTH TUIOBI
JliarHOCTUYHI TOMUJIKY Ha eTalli IePBUHHOI'0 3BEPHEHHS Ta pO3p06UTH PAKTUYHI peKoMeHAanii 15 aikapiB
110710 IOCJiJOBHOCTI AiM npu mifo3pi Ha pemphigus vulgaris.

Marepiamu Ta mertoau. [IpoBeZieHO MPOCNEKTUBHUN KJIiHIKO-OMUCOBUM aHasi3 42 malieHTiB i3 giarHo3oM
pemphigus vulgaris, siki 3BepHYJIUCSA 10 CTOMATOJIOTIYHOTO MeJAUYHOTO LeHTpy HamioHaibHOTO MegUYHOrO
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yHiBepcuTety iMeni O. O. Boromosbus 3 2018 no 2025 p. BukopucraHo kiiHiuHi, yuTosioriuni (MeTof
Tuanka) Ta ceposoriuni (ELISA Ha anTuDsgl Ta antuDsg3) MmeTou. AKiCTb XXKUTTA NalieHTIB OLiHIOBAIM 32
JornoMoror onuTyBanbHUKIB SF36v2 Ta DLQI. CTaTuCTUYHUN aHai3 NPOBOAU/IM 3 BUKOPUCTAaHHAM t-TecTy,
TecTy MaHHaYiTHI Ta KopeJsliHoro aHanisy 3a Cnipmenom (p<0,05).

Pe3ynbraru. Y 83,3 % nauieHTiB nepBUHHI NposiBU 6yJIH i30/1bOBAaHUMHU YPAKEHHSIMHU CJIM30BOi 060JIOHKH
MOPOXKHMHMU POTAa, 110 3HAYHO YCKJIaJHIOBaIO0 AudepeHiiHy AiarHocTuky. CepeiHil iHTepBa/ MiX MOSIBOIO
CUMIITOMIB | BCTAHOBJIEHHSIM [jiarH03y CTaHOBUB 3,5+ 0,6 Micsi1is, y )KiHOK BiH 6YB KOPOTIIHUM, HiXK y YOJIOBIKiB.
Ha MoMeHT HampaBJ/ieHHSI BCi NALiEHTH OTPUMaJIM XUOHI AiarHo3u (KaHAWZ03, moJiiMopdHA eKcyAaTUBHA
epuTeMa, XPOHIYHMN peLUJUBHUN Teplec TOL[O) Ta HeaJleKBaTHe JKYBaHHA. AKAHTOJITHUYHI KJITUHU
BUABJEHOY 47,6 % MasKiB IpyU epLIoMy [UTOJI0TIYHOMY focaifxeHHi Tay 100 % npunoBTopHux. CepoJsioriune
TeCTyBaHHA NiATBepHU/I0 HasgBHICTb aHTUDSE3 y Bcix nanieHTiB Ta aHTUDsgl y 41,7 %, 110 y3rofKyeThce 3
dbeHOTUIIOM i30/1bOBAHUX i reHepasizoBaHUX $opM. BcTaHOBIEHO MO3UTUBHUM KOpPesALiMHUN 3B'I30K MiX
TPUBAJICTIO jiarHOCTUYHOI 3aTPUMKHM Ta NoTripieHHAM AKocTi )KuTTA (p=0,62; p<0,01).

IIpakTHuHe 3HaueHHs. PaHHE po3ni3HaBaHHSA i30/1bOBAaHUX YpaXkeHb CIM30BOI 060JIOHKH MOPOKHUHU POTa
Ta KOMOIHOBaHEe 3aCTOCYBaHHS LMUTOJIOTIYHOTO K CEPOJIOTIYHOTO JMAOCJiPKEHb A03BOJISIOTH CKOPOTUTHU
JiarHOCTUYHY 3aTpUMKy, AudepeHuioBaTh GopMu pemphigus vulgaris Ta 3amnobirTd MporpecyBaHHIO
3aXBOPIOBAHHA. 3alpolNOHOBaHA MOCJIJOBHICTb [Jil JiKaps MoOXe CAyryBaTH NPaKTUYHHUM OPIEHTHUPOM
JIJIST CTOMAaTOJIOTiB Ta OTOPHHOJIAPUHTOJIOTIB, MiJBUILYIOYH HACTOPOXKEHICTb 1 3ab6e3medyouu CBOE€YACHE
HallpaBJIeHHS NaLi€HTIB AJI4 Cleliali30BaHol JOIIOMOTIH.

BucHoBku. Pemphigus vulgaris y TOpOXXHHUHI poTa 4acTO MACKYEThCs MiJ iHIII maToJsiorii, 1o mpu3BOJUTh
J0 AiarHOCTUYHUX MOMUJIOK 1 3aTPUMKH BCTAHOBJIEHHS JiarHo3y. LluTosioriyHe JoC/Ii>KeHHSI 32 METOL0M
TuaHka 3a/UIIAETHCA MPOCTUM 1 JJOCTYNHUM iHCTPYMEHTOM, ajie NMOoTpebye [ONOBHEHHS CEpPOJIOTIYHUMHU
MeToZaMH. [loefHaHHA 1UX HiAXo/AiB 3a6e3mneyye 6i/bIl TOYHY [J[iarHOCTUKY, MOKpAILy€E NMPOrHO3 Ta SIKiCThb
JKUTTS NMali€EHTIB.

KmouoBi cioBa: pemphigus vulgaris, nudepeHiiiiHa JjiarHOCTHKA; UTOJIOTIYHE 06CTEXEHHS; CepoJIoTiuHe
JOCJIPKEHHS; AIKICTb XKUTTS.
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Determination of predictors of non-carious cervical lesions
of teeth using logistic regression analysis

Abstract

Relevance. Non-carious cervical lesions of teeth remain the second reason for contacting the dentist after tooth
decay and its complications.

Aim. To determine predictors of the occurrence and progression of wedge-shaped defect (WSD) and erosion (E)
of tooth enamel in young patients.

Materials and methods. 272 patients (mean age 24.3 + 6.9 years) were examined, in which potential predictors
were collected during the examination and questionnaire method. To analyse the strength of the association
between the factors and the outcome, the odds ratio (OR) was used within a 95% confidence interval (CI).
Univariate and multivariate logistic regression analysis was used to determine the predictors.

Results. Independent predictors of WSD were salivation rate less than 0.5 mL/min, hygiene habit of applying
pressure to the toothbrush, age of 25 and older,; the presence of gingival recession and tooth extraction. Latent
predictors of WSD development were oral fluid pH (OF) values less than 6.9 C.U., behavioural factors, clinical
markers. Potentially protective variables were variables with OR < 1: duration of brushing teeth for three
minutes or more, consumption of yoghurt and bananas. Confounding was identified for the “fruit consumption”
predictor. Independent predictors of the occurrence of enamel E were the presence of occlusal tooth wear
and enamel cracks; modifier factors — OF pH values less than 6.9 C.U,, and the habit of brushing teeth before
breakfast. However, the broad CI determined for all predictors of the appearance of enamel E in univariate
logistic regression analysis, and a small number of observations, indicate the prematurity of the results and the
need for their confirmation. Most predictors of the progression of non-carious cervical lesions of teeth were
latent and had broad CI in univariate logistic regression analysis, indicating evaluation instability and requiring
further studies in larger samples.

Conclusions. The use of the logistic regression analysis method determined statistically independent and hidden
predictors that are recommended to be considered in the diagnosis and preparation of a treatment plan for non-
carious cervical lesions lesions of teeth in young patients.

Keywords: erosion; wedge-shaped defect; dietary and hygiene habits; oral fluid, cracks.

INTRODUCTION
Non-carious dental pathology in 55% of cases is di- wedge-shaped defects (WSD) and enamel erosion
agnosed in the cervical region (CR). These are lesions  (E) [1]. Their aetiology is multifactorial, and preven-
that form in the area of the enamel-cement junction: tion is difficult in the absence of a clear understanding
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of predictors [2]. Detailed review of aetiopathogenetic
factors of non-carious cervical dental pathology, con-
ducted by M. Dioguardi et al. [3], showed that they have
differences from tooth decay. The occurrence of WSD
and E is increasingly associated with the demineralis-
ing effect of acids that dissolve enamel minerals. Acids
can have different similarities. This refers both to die-
tary acids found in food and drinks and to acids pro-
duced by bacteria. Together, additional conditions are
created in the oral cavity (OC) to lower the OF pH. How-
ever, according to C.J. Goodacre et al. [4], regardless of
the mechanism of development of non-carious cervi-
cal dental pathology, demineralisation represents the
opposite process. Enamel is capable of reversible iso-
morphic replacement of its ions with saliva ions with-
out destroying the crystal structure and dramatically
changing its properties. This minimises its demineral-
isation and enhances remineralisation, which is carried
out by OF, which is oversaturated with ions in relation
to tooth enamel [5]. Therefore, saliva is considered as
one of the important biological factors that has an in-
traoral neutralising effect on the action of acid. But this
requires favourable conditions in the OC. First of all, the
norm should be biophysical indicators of OF: salivation
rate (SR), pH, and buffer capacity [6]. The role of other
local aetiological factors is actively discussed in con-
temporary discourse. Increasing attention is being paid
to the link between dental occlusion, temporomandib-
ular disorders, parafunctional habits, and non-carious
cervical lesions of the teeth. But research findings are
sometimes contradictory. Thus, G.A. Fontelle et al. [7]
did not determine the existence of a significant asso-
ciation between the presence of parafunctional habits
(bruxism), stress, and the occurrence of dental pathol-
ogy in young patients.

The influence of common factors on the appear-
ance of cervical lesions of the teeth has also been
proven. Special attention should be paid to the so-
cio-economic and behavioural characteristics of the
patient [8-9]. Other variables, such as the region of
residence, are likely to influence the occurrence of
WSD and E of tooth enamel [10]. Therefore, only a
combination of various local and general factors can
be crucial in the aetiopathogenesis of non-carious
cervical dental pathology. Therefore, timely identi-
fication of individual predictors that have a signifi-
cant impact on the occurrence of dental lesions will
minimise their negative impact and include specific
measures in a personalised prevention plan. Howev-
er, this requires a detailed analysis of potential pre-
dictors. Most of them have specific consequences in
different age groups. The most vulnerable, according
to G.A. Fontelle et al. [7], are patients over the age of
30. This makes it relevant to determine predictors in
young patients and separately consider the factors of
their occurrence and progression for WSD and E of
tooth enamel. The purpose of the study was to identify
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predictors of the occurrence and progression of WSD
and E of tooth enamel in young patients, their detail-
ing, and further analysis.

MATERIALS AND METHODS

Prim.ary data on potential predictors were collected
during a survey of 272 patients (174 women and 98
men) with an average age of 24.3 + 6.9 years, which in-
cluded: review of the OC, assessment of the state of hard
tissues of teeth, periodontal and hygiene levels, diagno-
sis of clinical symptoms of musculoskeletal dysfunc-
tion of the temporomandibular joint (TM]) according
to the Helkimo Clinical Dysfunction Index (HCDI) [11];
determination of biophysical indicators unstimulated
OF (pH and buffer capacity using pH meter AZ-8689 in
C.U, SR in mL/min) [12]. The psychoemotional state of
the subjects was determined by the level of personal
anxiety according to questionnaire by C.D. Spielberg-
er et al. in the adaptation of Yu.L. Khanin [13]. A ques-
tionnaire was also conducted on the developed “Patient
questionnaire/survey”, which contained information
on self-assessment of parafunctional, dietary, and hy-
gienic habits; the most common complaints about sys-
temic health and the list of diseases according to the
International Classification of Diseases, 10™ Revision.
The criteria for inclusion in the study were young age
according to the WHO classification (2016), absence of
alcohol and drug addiction, neoplasms, tuberculosis,
HIV/AIDS, hepatitis C, mental disorders, pregnancy and
lactation, occupational hazards, and written informed
consent to participate.

Statistical processing of the source data was per-
formed using Microsoft Excel 2016 spreadsheets (Mi-
crosoft Corp., USA) and the Python 3.12 programming
language. Univariate analysis (2x2 conjugacy tables)
and logistic regression with L1 regularisation (LASSO)
were used to determine predictors as the main method
of multivariate analysis and the most effective machine
learning model according to contemporary research-
ers [14-15]. LASSO regression models included all
variables that had clinical substantiation for inclusion
(n =84). Calculations in Python 3.12 were performed
using the pandas libraries for data processing, numpy
for numerical calculations, statsmodels for evaluating
univariate associations, and scikit-learn for building a
LASSO logistic regression model. For each factor, two
methods were used to calculate the odds ratio (OR)
with the determination of 95% confidence intervals
(95% CI) based on the standard error. A factor was
considered significant if the CI did not include 1. Mul-
ticollinearity control between selected predictors was
performed using variance inflation factor (VIF). Values
VIF <5 were considered acceptable. CI for OR in LAS-
SO models was determined by bootstrap resampling
(1,000 iterations, percentile method). The stability of
variable selection was estimated as the proportion of
bootstrap iterations in which the predictor received a

Medical Science of Ukraine 22(2), 2026 67



| stomatoLoey

non-zero coefficient and was considered stable under
the condition 280%.

When analysing the primary data, the presence
or absence of a variable and its individual character-
istics were taken into consideration. For quantitative
indicators, the average values among all respondents
were taken as the limit values (n=272). No addition-
al threshold setting was performed for binary varia-
bles (0/1). Analysis of potential predictors of dental
pathology progression was performed separately on
a subset of patients with WSD (n=60) and E of tooth
enamel (n=15). Signs that characterise the progression
of non-carious cervical lesions of the teeth included an
increase in their number and depth in one patient, the
appearance of symptoms of dentin hypersensitivity,
which indirectly suggests the presence of a pathologi-
cal process. Interpretation of the results obtained was
carried out by the size of the OR, the width of the CI, and
the direction of their change during the introduction of
the control. The identified predictors were divided into
independent (primary aetiological, which is significant
in both logistic regression analyses with a change in OR
of less than 20%) and latent (modifier factors, which
are significant only in LASSO, their effect is manifested
after confounder control) [16]. Change in OR of more
than 20% was the threshold for establishing confound-
ing [17]. The use of univariate and multi-factor regres-
sion analysis helped to simultaneously select the most
informative predictors, reducing the coefficients of
insignificant variables in the optimisation process to
zero. Factors with fewer than 10 observations were ex-
cluded from the analysis. The quality of the models was
determined by the area under the Receiver Operating
Characteristic (ROC)-curve and sensitivity (recall) cal-
culated by stratified cross-validation (CV). It was this

I Determination of predictors of non-carious cervical lesions of teeth using logistic regression analysis

approach that provided an unbiased assessment of data
that was not used in training the model. For compari-
son, the Area under the curve (AUC)-ROC values in the
training sample were additionally provided. The study
was conducted in accordance with the ethical require-
ments, principles of the Declaration of Helsinki [18],
and completely ruled out any compromise of the pa-
tient’s interests or harm to their health (conclusion of
the Bioethics Committee of Donetsk National Medical
University No. 43 of 21.01.2021).

RESULTS AND DISCUSSION

The prevalence of cervical dental pathology was
43.3%. 22.1% of those examined (60 people) were
diagnosed with WSD, and 5.5% (15 people) - tooth
enamel erosion [19]. The restored teeth were not
taken into consideration in the CR. Predictors of the
occurrence of dental WSD determined by univariate
and multivariate analyses are shown in Tables 1 and 2.
Independent variables were SR less than 0.5 mL/min,
hygienic habit of applying pressure to the toothbrush,
and clinical markers: patient age of 25 and older, gin-
gival recession, and impaired dentition integrity due
to tooth extraction (Table 1).

The applying of pressure on a toothbrush was
determined by the patient’s self-assessment and con-
firmed by the history of its premature renewal due
to changes in the appearance of the work surface:
less than 30 days for medium bristle roughness and
45 days for stiff bristles [20]. Modifier factors were
OF pH values less than 6.9 C.U,, the hygienic habit of
brushing teeth for three minutes or more, diet fea-
tures, parafunctional habits (clenching teeth against
the background of emotional stress and biting and/or
licking the lip mucosa) and clinical markers (Table 2).

Table 1. Independent factors of dental WSD occurrence

Variables . OR | (950@ ) OR | (95%.c1)
univariate analysis multivariate analysis
OF indicators
SR | 30/50.0 | 212 | 118379 | 1.23 | 1.09-1.38
Hygiene habits
Applying pressure on the toothbrush | 19/31.7 | 2.34 | 1.22-451 | 131 | 1.16-147
Clinical markers
Age 27/45.0 4.0 2.15-7.45 2.95 2.62-3.32
Gingival recession 20/33.3 5.74 2.76-11.91 6.51 5.78-7.33
Extracted teeth 32/53.3 2.22 1.24-3.97 1.31 1.16-1.48

Note: n/% — number of patients with the corresponding variable and their percentage of the total number of patients with dental WSD

Source: compiled by the authors

Table 2. Hidden factors of dental WSD occurrence

Variables n/% OR. - ‘ (950/.0 cn OR FE— ‘ (95%.0)
univariate analysis multivariate analysis
OF indicators
pH | 40/667 | 1.50 | 082-275 | 1.48 | 131-1.67
Hygiene habits
Duration of brushing teeth | 25/417 | 0.90 | 050-1.60 | 0.86 | 0.77-0.97
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Table 2. Continued

Variables " OR. . | (950/.0 cI) OR - | (95%.c1)
univariate analysis multivariate analysis
Dietary habits
Consumption of yoghurt 10/16.7 0.76 0.36-1.63 0.89 0.79-1.00
Consumption of bananas 19/31.7 0.65 0.36-1.20 0.56 0.49-0.63
Consumption of tangerines 10/16.7 2.29 0.99-5.32 2.45 2.17-2.76
Fruit consumption 24/40.0 0.92 0.51-1.65 1.43 2.89-3.67
Parafunctional habits
Habit of clenching teeth tightly 12/20.0 2.05 0.95-4.42 3.26 1.27-1.61
Biting and/or licking lips 11/18.3 1.18 0.56-2.49 1.65 1.46-1.85
Clinical markers
TM] musculoskeletal dysfunction 19/31.7 1.54 0.82-2.90 1.43 1.27-1.61
Occlusal tooth wear 39/65.0 1.75 0.97-3.18 1.41 1.25-1.58
History of teeth whitening 12/20.0 1.52 0.72-3.18 1.50 1.34-1.69

Source: ompiled by the authors

Among dietary preferences, the predictors were
determined by the consumption of yoghurt, bananas,
tangerines, fruits (citrus fruits, apples, kiwis in a total
of 2.5 units or more). Clinical markers of the occurrence
of dental WSD were musculo-articular dysfunction of
the temporomandibular joint lasting more than a year,
the presence of occlusal wear facets on the teeth, and
a history of teeth whitening. The hygiene habit of “du-
ration of brushing”, and dietary features such as con-
sumption of yoghurt and bananas, had OR <1, indicat-
ing their potential protective role in the development
of dental WSD. When all fruits were combined in the
variable “fruit consumption”, the univariate analysis
determined OR =0.92, which corresponds to a nega-
tive association with the study result. But in multivar-
iate analysis, OR =1.43, which indicates a predictor of
the occurrence of dental WSD. A change in the direc-
tion of association after correction for other variables

indicates the existence of confounding. Assessment
of the quality of the LASSO model of the occurrence
of WSD showed signs of overfitting: AUC-ROC in the
training sample was 0.882, while in CV - 0.594 (95%
CI (0.506-0.674)), indicating moderate discriminative
ability (Table 3). Analysis of the stability of predictor
selection by bootstrap resampling (1,000 iterations)
confirmed the reliability of key factors: gingival reces-
sion was selected in 100% of iterations, patient age
225 years - in 97.4%, violation of the dentition integ-
rity - in 79.8%. The hygienic habit of applying exces-
sive pressure to the toothbrush had moderate stability
(62.7%), and the OF values (pH - 75.0%, SR - 71.7%)
corresponded to a moderate level of reproducibility of
selection. Thus, independent predictors of dental WSD
occurrence (Table 1) were confirmed as stable associ-
ations, while some modifier factors (Table 2) required
verification in a larger sample.

Table 3. Quality indicators of LASSO models

Model n AUC-ROC training AUC-ROC cross-validation (95% CI) Recall

Occurrence of WSD 272 0.882 0.594 (0.506-0.674) 0.183
Increase in the number of WSD 60 0.977 0.662 (0.526-0.805) 0.600
Increase in the depth of WSD 60 0.947 0.404 (0.198-0.642) 0.959
Active WSD progression 60 0.935 0.317 (0.177-0.465) 0.419

Source: compiled by the authors

Factors of tooth enamel erosion were also identi-
fied. Independent variables were clinical markers: the
presence of occlusal tooth wear and enamel cracks,
which are diagnosed during visual examination of the
vestibular surface of the teeth under natural and/or
artificial lighting and drying. It was found that occlusal
tooth wear in univariate analysis increased lice by 5.87
times (95% CI (1.30-26.56)), in multivariate analysis -
by 1.24 times (95% CI (1.10-1.39)); enamel cracks on
the vestibular surface of teeth increased OR by 5.87
(95% CI (1.30-26.56)) and 1.69 times (95% CI (1.50-
1.90)), respectively. Modifier factors were OF pH val-
ues and the patient’s medical history of brushing teeth
before breakfast. Saliva pH values are less than 6.9 C.U.

in the univariate analysis increased OR by 2.90 times
(95% CI (0.80-10.52)), in the multivariate analysis -
by 1.22 times (95% CI (1.08-1.37)); brushing teeth in
the morning before meals increased OR by 2.05 (95%
CI (0.68-6.16)) and 1.23 times (95% CI (1.09-1.38)),
respectively. However, the broad CI determined for all
predictors of enamel E occurrence in univariate logistic
regression analysis, and the small number of examined
teeth with this pathology (n=15), are direct evidence
of instability in the assessment. At the next stage of
the study, predictors of dental WSD progression were
considered. Only the factors of increasing the number
of lesions were independent: age of 25 and older, male
gender, and the presence of gum recession (Table 4).
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Table 4. Predictors of an increase in the number of WSD

I Determination of predictors of non-carious cervical lesions of teeth using logistic regression analysis

Variables - OR | (95% Cl) OR | (95% C)
univariate analysis multivariate analysis
Independent
Clinical markers
Age 19/31.7 4.53 1.51-13.65 5.44 4.22-7.02
Gender 15/25.0 3.14 1.03-9.56 1.57 1.22-2.03
Gingival recession 16/26.7 7.14 1.99-25.59 4.25 3.29-5.49
Hidden

Dietary habits
Drinking green tea 11/18.3 1.29 0.44-3.80 1.58 1.23-2.04
Drinking black tea 10/16.7 0.54 0.19-1.53 0.51 0.40-0.66

Anatomical features

Crowding of teeth | 17/283 \ 0.80 | 028226 | 0.66 | 0.51-0.85

Source: compiled by the authors

Hidden factors for increasing the number, depth,
and active progression of WSD were diet characteris-
tics, the presence of crowding teeth, the hygienic habit
of applying pressure to the toothbrush, and clinical
markers. Some of them corresponded to predictors of
the occurrence of WSD (the patient’s age was 25 years
and older, the presence of gingival recession and ex-
tracted teeth, applying of pressure on the toothbrush).
Age and male gender were factors that simultaneously
significantly affected both the increase in the number
and depth of lesions in CR. The average daily con-
sumption of green tea more than one cup was variable,
which simultaneously increased the number of teeth
with WSD and contributed to the active progression
of pathology. Both hidden factors of increasing depth
of WSD in teeth (Table 5), in univariate analysis, had

wide confidence intervals crossing unity, and were not
statistically significant. This is a consequence of limit-
ed statistical power.

A sub-sample of patients with WSD (n=60), among
whom only a fraction had a progression of lesion depth,
was insufficient to identify predictors with moderate
effect (OR ~ 1.5-3.0) in a univariate analysis. The mul-
ti-factor LASSO model, which simultaneously considers
all variables, has a higher sensitivity to such effects,
which helped to identify an independent contribution
of age and gender. This is why these predictors were
classified as hidden rather than independent. Among
the hidden factors of the active WSD progression, such
a dietary habit as “consuming sour foods” in a daily
amount of more than 0.25 of the average serving size
was identified (Table 6).

Table 5. Hidden factors of increasing the depth of dental WSD

Variables - OR (95% cn R | (95(_% cn
univariate analysis multivariate analysis
Clinical markers
Age 25/41.7 4.17 0.80-21.64 2.74 2.12-3.54
Gender 20/33.3 2.76 0.53-14.38 1.51 1.17-1.95
Source: compiled by the authors
Table 6. Hidden factors of the active WSD progression
Variables . OR. . | (950./0 ) OR - | (95%_ )
univariate analysis multivariate analysis
Hygiene habits
Applying pressure on the toothbrush|  12/20.0 | 1.89 | 062581 | 1.68 | 1.30-2.17
Dietary habits
Drinking green tea 14/23.3 3.02 0.96-9.51 2.13 1.65-2.76
Drinking tea with lemon 10/16.7 3.97 0.96-16.33 1.64 1.27-2.12
Consumption of sour foods 15/16.7 2.34 0.80-6.91 1.67 1.29-2.16

Note: foods containing vinegar were considered “sour”
Source: compiled by the authors

Variables such as black tea consumption of more
than one cup per day and the presence of crowding
teeth had OR < 1, indicating their potential protec-
tive role in the progression of dental WSD. Among the
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identified hidden predictors of the active WSD progres-
sion, the greatest effect was demonstrated by the con-
sumption of green tea (OR =2.13). Applying pressure
to the toothbrush (OR =1.68), drinking lemon tea, and



sour foods (OR=1.64 and OR =1.67, respectively) had
approximately the same OR values. The difference be-
tween the hidden factors of the active WSD progres-
sion (Table 6) was that they contained one within the
CI interval in univariate analysis, while they did not
include one in multivariate CI. This is conditioned by
the fact that in a subset of patients with dental WSD,
the influence of dietary preferences and the hygiene
habit of applying pressure to the toothbrush is masked
by stronger predictors and only becomes statistically
significant after including a control variable in the LAS-
SO model. The small absolute size of the variables in
the sub-sample (patients who consumed green tea had
n =14, lemon tea - n=10) limited the statistical sig-
nificance of the univariate analysis. That is why these
factors were classified as hidden. The conducted study
determined that saliva pH values less than 6.9 C.U. as
an independent predictor of the active course of tooth
enamel E: in univariate analysis, they increase OR by
29.4 times (95% CI (1.12-772.42)), in multivariate
analysis - by 2.47 times (95% CI (1.49-4.10)). Broad
CI in univariate analysis indicates instability of the es-
timate. Other variables that were determined by pre-
dictors of the progression of tooth enamel erosion in
the subjects were excluded from the analysis, since the
number of observations was less than 10. The analysis
of factors of occurrence and active course of e enamel
due to the small size of the sub-sample (n=15) is pilot
in nature; the corresponding models showed signs of
retraining (AUC-ROC training 0.961 and 1.000, respec-
tively) at zero sensitivity and CV, which makes it im-
possible to interpret them meaningfully. Therefore, the
resulting OR and Cl reflect associations in the sub-sam-
ple under study and can be considered as research hy-
potheses rather than final prognostic estimates. The
results of the study complement the information on
the multifactorial aetiopathogenesis of non-carious
cervical lesions of teeth [21-22].

The patient’s age determined as an independent
factor in the occurrence of dental WSD corresponds to
the observations of G.A. Fontelle et al. [7], L. Sakhabut-
dinova et al. [10] and V. Kolak et al. [23]. The results
also highlight the significant role of the biophysical
properties of OF in the development and progression
of non-carious cervical dental pathology. According to
V. Kolak et al. [23], lower saliva pH values are observed
in patients with multiple (=23) non-carious cervical le-
sions of teeth. It is known that individual OF charac-
teristics can change the relationship between dietary
characteristics and wear of hard tooth tissues [24].
D.W. Bartlett et al. [21] and M. Nascimento et al. [25]
proved the effect of fresh fruit on the appearance of
non-carious cervical dental pathology in young pa-
tients. According to V. Kolak et al. [23], special at-
tention should be paid to the excessive consumption
of citrus fruits. The study found that the addition of
tangerines to the diet is a hidden predictor of the
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occurrence of WSD. It is impossible to confirm or re-
fute the potential protective role of banana consump-
tion, as the authors were unable to find any studies in
the available literature that examined the effect of this
dietary habit on the development of non-carious cer-
vical lesions of the teeth. Therefore, direct comparison
of the results obtained is limited. When citrus fruits,
apples, and kiwis were combined into the “fruit con-
sumption” variable, it ceased to be a significant factor
in the occurrence of WSD in the univariate analysis.
However, after recording other variables with higher
OR scores in the multivariate logistic model (patient
age, presence of gingival recession), a significant as-
sociation with increased risk was determined. There-
fore, these confounders simultaneously affect both the
frequency of fruit consumption and the risk of dental
WSD. This is probably conditioned by the fact that the
relationship between dietary characteristics and the
severity of tooth wear is not direct and is influenced
by many other variables [24]. The use of yoghurt con-
taining probiotics helps to reduce the number of path-
ogens in OC, and thus its addition to the diet prevents
enamel demineralisation [26]. Research conducted by
H. Aidi et al. [27] showed that yoghurt consumption
was negatively associated with the frequency of ero-
sive tooth wear. This may well explain the protective
effect that this dietary factor has on the development
of dental WSD. In addition to food preferences, the
habit of brushing teeth plays an important role in the
appearance, distribution, and structure of cervical
dental pathology. Simultaneously, the technique of
brushing teeth has a greater impact [22]. B. Hamza et
al. [28] also drew attention to the application of pres-
sure on the toothbrush as a potential predictor of
non-carious cervical lesions of the teeth, which was
confirmed by the conducted study. Mechanical inju-
ry to the hard tissues of the teeth during brushing,
according to M. Dioguardi et al. [3], determines the
pathological picture of non-carious lesions, which is
clinically manifested by wear. According to V. Grover et
al. [29], manual brushes have a greater negative effect
on teeth compared to electric brushes. In addition, the
traumatic technique of brushing teeth can become one
of the reasons for a certain other independent factor
in the occurrence of dental WSD - gingival recession,
which was confirmed in the paper by M.A. Cassini et
al. [30]. According to F.F. Demarco et al. [31], gingival
recession is a significant clinical indicator of the pres-
ence of non-carious cervical lesions of the teeth, as
shown by the conducted study.

One of the hidden predictors of the development
of tooth enamel erosion was the patient’s history of
brushing teeth before breakfast. The authors are
only aware of one study by D.W. Bartlett et al. [21], in
which waiting after breakfast before brushing did not
significantly affect the degree of tooth wear. But the
specifics of dietary and hygienic habits can explain
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only a part of cases of non-carious cervical lesions of
the teeth [24]. The significant role of parafunctions
(clenching teeth tightly and biting nails) and TM]
musculoskeletal dysfunction in their aetiopathogene-
sis has been proven [32]. The researchers also identi-
fied the habit of clenching teeth strongly against the
background of emotional stress as hidden predictors
of the occurrence of WSD, in addition - biting and/
or licking the lip mucosa. But there are also studies
that have not revealed the existence of such a relation-
ship [25]. Non-carious cervical pathology of teeth is
clinically manifested by facets of occlusal wear, which
are significantly more often detected in patients with
hyperfunction of the masticatory muscles. This was
confirmed in the study by T.S. Carvalho et al [33],
which showed that tooth wear and gingival recession
are the result of the combined action of many differ-
ent factors on hard tissues. Enamel cracks are also
considered precursors of non-carious pathology [20,
34]. Occlusal wear and cracks are clinical markers of
occlusal stress for both WSD and E of tooth enam-
el [2]. In the case when all occlusal factors were com-
bined, their presence increased the OR of the occur-
rence of non-carious cervical dental pathology by 4.38
times [35]. M. Giller et al. [36] confirmed the exist-
ence of a link between occlusal wear and the size of
non-carious cervical lesions of the teeth. But clinical
practice shows that not all patients with non-cari-
ous cervical dental pathology are diagnosed with oc-
clusal wear and vice versa [7, 25]. Using the logistic
regression method, R.D. Werneck et al. [37] found no
correlation between the appearance of WSD and E of
tooth enamel and occlusal strength, and with aspects
related to brushing and bad habits. But it is important
to distinguish physiological changes in the hard tis-
sues of teeth from pathological processes [33]. This
distinction should be the basis for making a decision
on dynamic monitoring of a patient with non-carious
dental lesions. The study found that the presence of
extracted teeth is an independent predictor of the oc-
currence of dental WSD. This was confirmed in the
study by D.S. Ramsay et al. [24], in which subjects with
fewer teeth had a higher chance of hard tissue wear
in CR. According to D.C. Penoni et al. [38], the aver-
age number of non-carious cervical lesions was higher
in those individuals with fewer teeth in the OC. As a
therapeutic and preventive measure, it was proposed
to monitor the condition of CR teeth for at least six
months before planning invasive procedures [25]. It is
during this period that the OC health of young patients
and their quality of life in general can be improved by
making significant changes in behavioural habits and
treating gingival recession [39]. Restoration of teeth
with non-carious pathology should not be considered
as a preventive measure to stop the progression of the
lesion. Thus, the development of non-carious cervical
lesions of the teeth is a multifactorial process due to the
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interaction of occlusal, behavioural, and hygienic fac-
tors, parafunctions and the number of teeth in the oral
cavity. Preventing their progression requires a com-
prehensive risk assessment and dynamic monitoring,.

CONCLUSIONS
1. Combination of methods of single- and multivariate
logistic regression analysis determined statistically in-
dependent and hidden predictors of the occurrence and
progression of WSD and E of tooth enamel, and poten-
tially protective factors and a factor with confounding.

2. Independent predictors of WSD occurrence were
SR less than 0.5 mL/min, hygienic habit of applying
pressure to the toothbrush, age of 25 and older, the
presence of gingival recession and extracted teeth. Hid-
den predictors of WSD development were OF pH values
less than 6.9 C.U,, dietary, hygienic, and parafunctional
habits, clinical markers (duration of temporomandib-
ular joint musculoskeletal dysfunction exceeding one
year, presence of occlusal tooth wear, and a history of
tooth whitening). Potentially protective variables were
variables with OR < 1: brushing teeth for three minutes
or more, consumption of yoghurt and bananas. Con-
founding was identified for the “fruit consumption”
predictor. A larger number of dental WSD progression
factors were hidden and had broad CI in univariate
logistic regression analysis.

3. Pilot analysis of predictors of the occurrence of
enamel E identified as independent factors the presence
of occlusal tooth wear and enamel cracks, which are
diagnosed during visual examination of the vestibular
surface under natural and/or artificial lighting and dry-
ing; modifier factors - OF pH values of less than 6.9 C.U.
and the habit of brushing teeth before breakfast. Saliva
pH values are less than 6.9 C.U. were the only detectable
predictor of enamel erosion progression that was inde-
pendent in the number of observations greater than 10.
However, broad CI in univariate regression analysis in-
dicates instability in the assessment and prematurity of
the results for E of tooth enamel and the need for their
confirmation in studies on larger samples.

Limitations of the study. A methodological limi-
tation was the insufficient number of cases of enamel
E (n=15) for multivariate analysis. The inclusion of a
significant number of variables (n = 84) in relative-
ly small sub-samples (60 cases of WSD and 15 cases
of enamel E) created conditions for retraining LASSO
models, which was confirmed by comparing AUC-ROC
in the training sample and in CV. There were also limi-
tations in the accuracy of information collected by the
questionnaire method. Some differences between the
results obtained and the well-known ones were related
to the age of the subjects, their socio-economic charac-
teristics, region of residence, etc.

Prospects for further research. In order to pro-
vide personalised dental care to patients with non-car-
ious cervical lesions of teeth and a more complete
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AHoTanis

AxTyanbHicTb. Hekapio3Hi nmpuiiniikoBi ypakeHHs1 3y6iB 3a/MILAIOThCSA JIPYrolo Mmicjs Kapiecy Ta Horo
YCKJIaZHeHb IPUYUHOI0 3BePHEHHS 10 CTOMATOJIoTa.

MeTa. BusHaueHHs1 NpeUKTOPiB BUHUKHEHHS | mporpecyBaHHs KiauHoBUAHOTO fedekty (K/) Ta eposii (E)
eMaJ1i 3y06iB y maljieHTiB MOJIOZ[OTO BiKY.

Marepiaim Ta Metoau. by o6ctexeni 272 nauienTa (cepefHiit Bik 24,3 £ 6,9 poku), B AKUX NOTEHLiNH]
npeAuKTOpu Oynu 3i6paHi mig yac orisAy Ta METOAOM aHKeTyBaHHA. [y aHasisy cuid acomjiamil Mix
YUHHUKaMU Ta HAC/liiIKOM 6yB BUKOPHUCTAaHUN NMOKa3HUK BifHoeHHd mwaHciB (BII) y mexax 95 % goBipdoro
intepBany (/II). [ln1s BcTaHOBJIEHHS NpPeAUKTOPIiB 6YB 3acTOCOBAaHUM OfHOMAKTOPHUH i 6araTopakTOpHUU
JIOTICTUYHUM perpeciiHui aHasli3.

Pe3sysibraTh. He3sanexxHUMHU npejuKTOpaMy BUHUMKHeHHS K/l Oy/iM MIBUAKICTH CAMHOBU/IIJIEHHSI MEHIIA 3a
0,5 mJ1/xB, ririeHiyHa 3BUYKa NPUKJIaJaTH TUCK HA 3yOHY LIITKY, Bik 25 pokKiB i cTapiue, HassBHICTb perecii siceH
i BuZaseHux 3y6iB. [IpuxoBaHUMU npeguKTOpaMu po3BUTKY K/l 6ynu nokasHuku pH portoBoi pigunu (PP)
MeH1i 3a 6,9 yM. of., moBe/[iHKOBI ¢pakTopH, Ki1iHiYHI Mapkepu. [loTeH1iliHO 3axucHUMHU Oy 3MiHHI 3 Bl < 1:
TPUBAJIiCTh YUILEHHS 3y6iB IPOTATOM TPbOX XBUJIMH i 6iJ/bllle, BXKUBaHHS HOrypTy Ta 6aHaHiB. [y npeAUKTOPY
«BYKMBaHHS PPYKTiB» OYy/I0 BUBHAYEHO iCHYBaHHsS KOHGAYHAMHTY. He3aseXXHUMU peJUKTOPpaMU BUHUKHEHHS
E emasi OGysnu HasBHICTHb OKJ/I03iHHOI cTepTocTi 3y6iB i TpiuuH emani; pakropamu-moaudikaTopamu -
nokasHuku pH PP meHwii 3a 6,9 yM. o1, i 3BUUKa YMCTUTH 3yOU 10 CHilaHKY. AJte minpoki /I, BU3HavyeHi 15 ycix
npeukTopiB nossu E eMasni npu ofHOoPaKTOPHOMY JIOTICTUYHOMY perpeciiHoMy aHaJi3i, a Takok He3Ha4yHa
KIJIBKICTh cIOCTepe)keHb BKa3ylThb Ha IONEPEeJHICTb pe3ysbTaTiB Ta HeoOXiJHICTh iX MHifTBEpAKeHHS.
BisbIicTh MpeJUKTOPIB MporpecyBaHHs HeKapio3HUX MPUUIMUKOBUX YpaXkeHb 3y6iB 6y MPUXOBAaHUMU Ta
MaJiy mupoki [l npu ofHopaKkTOPHOMY JIOTiICTUYHOMY perpeciiHoMy aHasisi, 1o cBiAYUTh PO HecTabiJbHICTh
OILIIHKH Ta MOTpe6ye NoJa blINX AOCIi/PKeHb Ha GiIbIINX BUGIpKaX.

BHCHOBKM. BUKOpHCTaHHA MeTOAY JIOTICTUYHOTIO perpeciiHoro aHaslisy J03BOJIMJIO BUSHAYUTH CTATUCTUYHO
He3aJIeXHi Ta IpUXO0BaHi NpeUKTOPH, AKI peKOMEH/J0BaHO BPaxOBYBAaTH IIPU AlarHOCTHUL Ta CKJIQJaHHI IJIaHy
JIIKyBaHHS HEKapio3HUX NPUILUHKOBUX ypakeHb 3y06iB y MalieHTiB MOJI0J0TO0 BiKY.

Ki040Bi c/10Ba: epo3isi; KIMHOBUHUH AeeKT; AiETUYHI Ta ririeHiYHi 3BUYKY; pOTOBA PiIMHA; TPIL[UHU.
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Features of physical therapy for lumbar hernias
in military personnel during the late stage of rehabilitation

Abstract

Relevance. This study addresses the issue of rehabilitation for military personnel with lumbar disc herniation,
which poses a critical challenge due to high levels of physical exertion and combat stress.

Aim. To investigate the effectiveness of manual therapy as a means of correcting the psychoemotional state and
improving the quality of life of such patients within a long rehabilitation cycle.

Materials and methods. The study involved 30 military personnel (23 men and 7 women), randomised into
two groups: basic (manual therapy + exercise (MT)) and control (exercise only + sham mobilisation (EX)). The
assessment was performed using a number of tools: the McGill-Melzack Pain Questionnaire (pain), the HADS
(anxiety/depression), the Tampa Scale of Kinesiophobia (kinesiophobia), the PCS (pain catastrophisation), and
the Nottingham Health Profile (quality of life). Patients’ condition was assessed in three stages: before treatment
(T1), after a 5-week course (T2), and after three months of follow-up (T3).

Results. At baseline, the groups were homogeneous, although the MT group had higher levels of pain and
catastrophisation. After the course (T2), both cohorts showed significant progress: in the MT group, pain
intensity halved and quality of life improved by 64.1% (compared to 36.8% in EX). Only the MT group had a
statistically significant reduction in anxiety and depression (49.2%) with a high effect size (0.432). Furthermore,
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kinesiophobia; psychoemotional state.

INTRODUCTION

In the context of a full-scale war in Ukraine, the reha-
bilitation of military personnel with lumbar hernias is
a strategic challenge for the healthcare system. Com-
bat-related factors - carrying heavy equipment, vibra-
tions in armoured vehicles, and blast waves - contrib-
ute to the development of complex spinal pathologies,
where intense pain is combined with profound psy-
cho-emotional exhaustion, thereby threatening the
combat readiness of personnel. Limited access to long-
term inpatient treatment and the need for rapid recov-
ery of personnel require the introduction of effective,
mobile, and evidence-based physical therapy protocols.
Of particular importance are integrated methods that
allow simultaneously restoring the biomechanical in-
tegrity of the spine and levelling cognitive barriers to
rehabilitation (kinesiophobia, post-traumatic stress),
which is critical for preserving the human potential of
the Defence Forces of Ukraine.

Contemporary scientific periodicals define lumbar
hernias as a critical medical and social challenge that
causes somatic deficits and a decrease in the quality of
life of patients. J. Xu et al. [1] proved that the combi-
nation of manual manipulation with musculoskeletal
modelling effectively restores the biomechanics of the
spine. T. Ranger et al. [2] emphasised the inextricable
link between chronic pain and psychological comor-
bidity, noting that ignoring mental disorders negates
the results of physical therapy. Confirming this, D. Yi et
al. [3] indicated that anxiety and depressive symptoms
are a direct consequence of chronic pain syndrome.
Such psychoemotional deviations create a pathologi-
cal circle that significantly slows down the process of
functional recovery. In the context of ongoing military
operations, this issue is becoming an extremely press-
ing one for Ukraine’s Defence Forces. Constant exces-
sive axial loading, prolonged maintenance of antalgic
or non-physiological postures, and mine-blast injuries
and concussions, significantly contribute to the devel-
opment of intervertebral disc herniation. For a ser-
viceman, this pathology is transformed into a complex
destructive factor: it not only limits combat capability,
but also synergistically interacts with combat stress
and post-traumatic stress disorder (PTSD). This leads
to a high risk of chronic pain and depressive states,

in this group, the effect size for reducing pain catastrophisation (0.571) was twice that of the EX group (0.256).
However, at the T3 stage, different trajectories were found: in the MT group, partial regression of results
occurred, while the EX group showed a prolongation of the effect with a stable improvement in quality of life by
54.8%. Therefore, manual therapy is effective for rapid psychoemotional stabilisation, and physical exercises are
effective for maintaining a long-lasting analgesic result.

Conclusions. Manual therapy is an effective tool in the comprehensive rehabilitation of service personnel, as it
not only helps to reduce the intensity of pain but also successfully overcomes psychological barriers, such as fear
of movement and depressive states. To achieve the most sustainable functional well-being, it is recommended to
integrate manual techniques into long-term physical training programmes.

Keywords: kinesiotherapy; functional recovery; combatants; herniated disc; manual therapy; quality of life;

which dictates the need to implement integrated reha-
bilitation strategies aimed at simultaneously correcting
physical and psychoemotional status.

The phenomenon of kinesiophobia, manifested as
an irrational fear of physical activity, is a common co-
morbid condition in chronic low back pain, which in
clinical practice is regarded as an unfavourable predic-
tor that impedes the trajectory of recovery. C. de Freit-
as et al. [4] in their study proved that targeted physical
therapy has a significant effect on the reduction of ki-
nesiophobia; they concluded that overcoming this psy-
chological barrier is a key condition for restoring motor
functions. For military personnel, this task is strategi-
cally important, since their professional fitness directly
correlates with successful integration into physical ac-
tivity. According to the principles of the biopsychoso-
cial model, pain intensity and the degree of disability
are viewed as the outcome of a non-linear interaction
between somatic and mental factors. In particular
W. Lu et al. [5], analysing risk factors in lumbar patholo-
gies, showed that psychosocial determinants and struc-
tural features of spinal lesions have a dominant effect
on the transformation of acute pain into chronic pain.
Their data confirmed that a high level of psychological
distress acts as a barrier that significantly limits the
therapeutic potential of any analgesic measures.

The contemporary therapeutic strategy for lumbar
hernias is differentiated into surgical intervention and
conservative correction, which aims to restrain degen-
erative processes and improve the patient’s quality
of life. Analysing the structure and demand for such
non-surgical measures, W.-]. Lee et al. [6] in their pa-
per, based on large-scale surveys, demonstrated that
the multimodal approach (which includes physical
therapy, counselling, pharmacotherapy, and hardware
treatment) is an economically and clinically justified
basis for recovery, allowing most patients to avoid in-
vasive surgery. Manual therapy occupies a special place
amongst these treatments, as it is aimed at relieving
pain, optimising myofascial tone and restoring joint
mobility. Specifically, in their randomised clinical tri-
al, B. Taskaya et al. [7] concluded that the use of tar-
geted manual techniques (such as high-speed impulse
manipulation and soft rhythmic mobilisation) has a
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powerful positive effect not only on somatic indicators,
butalso on psychological factors and the quality of life of
patients with herniated discs, providing rapid improve-
ment in joint play and reducing the level of distress.

Current scientific data show a clear correlation
between the presence of hernias in the lumbar spine,
the intensity of pain, and the development of anxiety
and depressive states. In particular, Y.-C. Kao et al. [8] in
their study confirmed a direct link between depressive
disorders and chronic lower back pain resulting from
disc degeneration, and pointed out that this pathology
acts as a powerful destructive factor. In turn, M. Roiha et
al. [9] concluded that the development of a hernia sig-
nificantly limits the quality of life of patients, but timely
elimination of the compression factor allows achieving
favourable long-term results in restoring their overall
well-being. In addition to the proven effect on pain in-
tensity and functional state, manual therapy is highly
effective in stabilising the psychological status of pa-
tients. Thus, in a randomised clinical trial, M. Dana-
zumi et al. [10] proved that the use of spinal manip-
ulation and mobilisation as an adjunctive treatment
significantly accelerates the relief of radicular pain and
improves the psychological and emotional well-being
of patients with lumbar hernias. This opinion is shared
by B. Cao et al. [11], who in their study indicated that
the integration of conventional manual techniques
has a pronounced therapeutic effect on alleviating the
symptoms of depression and optimising the subjective
assessment of quality of life due to the effective elim-
ination of spinal dysfunctions. Additionally, C. Gong et
al. [12], comparing different concepts of spinal mobili-
sation, concluded that targeted manual treatment pro-
vides a stable analgesic effect and improves the psycho-
somatic status of patients with chronic lumbalgia.

In the contemporary scientific literature, there is
a certain shortage of comprehensive studies analysing
the effectiveness of manual techniques in the context of
psychological rehabilitation and improving the quality
of life in spinal pathologies. Since the consequences of
a herniated disc in the lumbar spine go beyond purely
physical discomfort, affecting the emotional and social
spheres, recovery strategies should be multi-modal
in nature. Effective rehabilitation of patients with low
back pain should focus on systemic correction of the
state of health according to the biopsychosocial mod-
el, ensuring comprehensive functional restoration. The
purpose of the study was to investigate the effective-
ness of manual therapy as a means of improving the
psychological and emotional well-being and quality of
life of military personnel with lumbar disc herniation
as part of a prolonged rehabilitation programme.

MATERIALS AND METHODS
To achieve this goal, a comprehensive methodological
approach was applied, including theoretical analysis
of professional literature and systematic collection of
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anamnestic data. The functional status was assessed in
accordance with the principles of the International Clas-
sification of Functioning, Disability, and Health (ICF).
The sensory-discriminatory and emotional-affective
characteristics of the pain syndrome were assessed us-
ing the McGill Pain Questionnaire (SF-MPQ-2) [13]. The
respondents’ psychoemotional state was analysed on
the Hospital Anxiety and Depression Scale (HADS) [14].
The degree of motor limitations and cognitive distor-
tions was assessed using the Tampa Kinesiophobia
Scale (TKS) and the Pain Catastrophisation Scale (PCS),
respectively [15, 16]. The level of subjective well-being
and integral quality of life indicators were determined
using the Nottingham Health Profile (NHP) [17].

The study design involved the collection of demo-
graphic data and a multi-faceted assessment of the
respondents’ pain status, psycho-emotional profile,
and overall quality of life. Dynamic monitoring of pa-
rameters was carried out at three time points: pre-test
before the start of the intervention (T1), post-test im-
mediately after completion of the therapeutic course
(T2), and follow-up assessment after a three-month
interval (T3). The initial phase included verification
of clinical diagnoses and recording of anthropometric
characteristics (gender, age, height, weight), followed
by calculation of body mass index (BMI). Randomi-
sation of the sample into two equivalent groups was
performed on a 1:1 basis using the closed opaque en-
velope method. In order to minimise the subjective
impact on the results, a “blind” distribution method
was used, in which participants were not informed
about belonging to a specific group.

The study sample was differentiated into the main
group where manual therapy (MT) was used, and the
control group with exercise (EX). Participants in the
EX group performed a programme of stabilising gym-
nastics in combination with sham (placebo) mobili-
sation, while in the MT group, an identical set of ex-
ercises was supplemented with authentic techniques
of manual spinal correction. The physical therapy
programme applied for both groups lasted 5 weeks,
included 10 practical sessions conducted under the
direct supervision of a specialist with a frequency
of twice per week (each session lasting 45-60 min-
utes). After completing the active phase (point T2),
participants in both cohorts switched to the mode of
self-performing regulated complexes at home (last-
ing 30 minutes daily) until the final cut (point T3).
Continuous monitoring of patients’ adherence to the
therapeutic programme and correction of motor mode
were provided by weekly remote telephone assistance
and self-monitoring diaries. The total number of re-
spondents who completed the full cycle according to
the inclusion criteria was 30 (23 men and 7 women).
The strict study protocol provided for the complete re-
fusal of participants to use analgesic drugs during the
entire period of therapeutic exposure.
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The study was conducted at the rehabilitation
units in Kharkiv in 2025. The study group was formed
according to the following inclusion criteria: MRI-con-
firmed diagnosis of hernias established by a specialist;
chronic lumbalgia (lasting >8 weeks) with an intensi-
ty of 3 points for VAS; lack of physical therapy courses
during the last 6 months; age range 18-65 years. The
exclusion criteria were: a history of spinal surgery; sys-
temic autoimmune, oncological, or inflammatory dis-
eases; structural deformities (spondylolisthesis, frac-
tures); severe concomitant pathologies (cardiovascular
disorders, stroke); specific neurological complications
(ponytail syndrome), and pregnancy status.

The study protocol, experimental design, partici-
pant selection criteria, and patient information sheets
and written informed consent forms, were reviewed in
advance, expert evaluated, and officially approved by
the Bioethics Commission of the National University
of Pharmacy (Protocol No. 4, dated 15 October 2025).
The study was conducted in accordance with the eth-
ical principles of the WMA Declaration of Helsinki and
Law of Ukraine No. 2801-XII [18, 19]. All participants
were thoroughly acquainted with the terms of the pro-
gramme in written and oral forms, after which they
confirmed their participation by signing an informed
consent. The questionnaire was completed by the pa-
tients themselves, in accordance with confidentiality
guidelines. The study was conducted in accordance
with the ethical standards of the American Sociological
Association’s Code of Ethics [20]. Mathematical and sta-
tistical processing of the obtained results was carried
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out using the SPSS v. 25 software suite. In the previous
stage, the data distribution was tested for compliance
with the normal distribution by calculating the skew-
ness and kurtosis coefficients (considering a reference
interval of £1.5). Intergroup comparison of nominal
(demographic) indicators was performed using Pear-
son’s x? criterion, while Student’s t-test for independent
samples was used to analyse quantitative values on the
MMPQ, HADS, TKS, PCS, and NHP scales. Estimation of
the time transformation of parameters at three obser-
vation stages (T1, T2, T3) was performed by the method
of variance analysis (ANOVA) with repeated measure-
ments. To clarify the nature of the changes observed,
a post-hoc comparison procedure was applied using
the least significant difference (LSD) criterion. Results
were considered statistically significant at a signifi-
cance level of p<0.05 and a 95% confidence interval.

The authors state that the opinions expressed in
the submitted paper are their own, and do not repre-
sent the official positions of their institution.

RESULTS

The basis for developing a personalised physical ther-
apy strategy was the development of a categorical pro-
file of each participant. The latter was structured in
accordance with the ICF methodology using a unified
basic set of domains (Fig. 1). The model used not only
identified the existing physical deficit, but also ensured
a comprehensive approach to all components of the pa-
tient’s biopsychosocial status throughout the long-term
rehabilitation period.

e1101 Medicines

e1201 Assistive devices and
technologies for personal mobility

€310 Immediate family
€355 Healthcare professionals

Environmental factors ‘

Figure 1. Categorical profile of ICF patients

Source: compiled by the authors

The use of the ICF categorical profile helped to im-
plement the SMART goal strategy through a multimodal
programme that combined manual spinal mobilisation
and progressive strength training. In the short-term
stage (1-2 weeks), efforts focused on pain relief, elim-
inating protective muscle spasms, and overcoming ki-
nesiophobia through training in safe biomechanics of
movement. Long-term goals (4-8 weeks) included re-
storing walking tolerance, forming a stable muscular

corset to stabilise the spine, and gradually returning to
military professional duties in compliance with ergo-
nomic standards to compensate for structural changes.

The rehabilitation protocol for the EX group in-
cluded a combination of stabilisation gymnastics with
sham mobilisation, while in the MT group, a similar set
of exercises was supplemented with authentic manual
techniques. The course lasted five weeks and consist-
ed of 10 sessions (twice a week), after which patients
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switched to independent home exercises until a three-
month catamnestic examination. To ensure adherence
to therapy and monitor exercise performance, the re-
searchers conducted weekly remote monitoring by
telephone assistance.

The stabilisation training system was aimed at re-
storing the muscular corset and ensuring long-term
stabilisation of the spine by maintaining the functional
capacity of the “neutral zone”. The main focus shifted

I Features of physical therapy for lumbar hernias in military personnel during the late stage of rehabilitation

to isolated and synergistic activation of the deep core
muscles - the transverse abdominis muscle (m. trans-
versus abdominis) and multi-split muscles (mm. multi-
fidi). The programme was implemented in three stages
with a progressive level of difficulty (Table 1), where
the transition to the next phase took place only under
the condition of full technical control over the move-
ments of the previous level, the absence of pain, and
maintaining a neutral position of the spine.

Table 1. Stabilisation training exercises

Phase Purpose and functional tasks

Composition of exercises

Activation of deep stabilisers in a
neutral position, differentiation of local
and global muscles

Phase 1 Cognitive
(local)

© Local muscle activation
o Stretching of the piriformis muscle
o Torso rotation left/right
o Correction of the neutral position of the lower back

Strengthening stabilisers during limb
movements, developing coordination
between local and global muscle groups

Phase 2 Dynamic
stabilisation

o Hip and knee flexion while lying down
o One-legged bridge
© Diagonal lifts of the limbs lying on the stomach
o “Bird-Dog” exercise (diagonal limb lifts in quadruped
position)

Improving balance, stability, and
proprioception when integrated into
complex functional movements on
unstable supports

Phase 3 Functional
(progressive)

© Mini squats in a vertical stance
o Fitball leg extension
o Side bridge using a ball
© Knee extension with resistance (expander) in a
quadropedal position

Source: compiled by the authors

Within the manual therapy block, techniques of grade
4 passive mobilisation according to the Maitland concept
were applied. Manipulations were performed with a

series of low-amplitude rhythmic movements at the lim-
it of the available activity range, observing the individu-
al threshold of pain sensitivity of the patient (Table 2).

Table 2. Manual therapy practices

Mobilisation techniques | Patient’s position

Dosage

Execution technique and manual contact

1 2 4

3

Anterior-posterior Lying on the stomach

Each lumbar
vertebra: 20

The ulnar border of the hand is placed over the spinous
process of the vertebra, while the other hand reinforces

Mobilisation in the flexion in the lower back

mobilisation (prone) renetitions the grip. Pressure is applied vertically downwards with
p straight elbows (low-speed rhythmic presses)
Hip and knee are bent at 90°, the lower leg is
Rotary mobilisation Lying on the side 20 repetitions | straightened. One arm stabilises the shoulder, the other
(painful side up) for each side on the wing of the ilium. Rotational force is created by
pressure on the pelvis in the direction of the therapist
Lying on the side Each lumbar One hand on the sacrum, the other on the lower thoracic

vertebra: 20

region. Caudal arm shifts the lower vertebra in the

mobilisation techniques

position flexion position repetitions transverse plane, and the cranial arm pushes the upper
p p vertebra up (distraction effect)
Sham (placebo) Similar to the above Similar to Physiotherapist performs manual contact in the

active groups

appropriate areas, but does not apply any mechanical
force or pressure

Source: compiled by the authors

To implement sham (placebo) mobilisation, the
specialist was limited exclusively to passive tactile con-
tact of the hands with the patient’s body. The procedure
simulated a therapeutic position, but any active manip-
ulations aimed at dislocating the vertebrae, mobilising
joints, or overcoming tissue resistance were completely
excluded. At the initial stage, a comparative analysis of
the anthropometric and demographic characteristics of
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respondents was carried out. The results of statistical
processing confirmed that there were no significant
differences between the groups by age, body weight,
height, and BMI (p>0.05). The uniformity of the sample
ensured high internal validity of the experiment, mini-
mising the influence of interventional factors on reha-
bilitation results. The initial data of patients in the MT
and EX groups are systematised in Table 3.
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Table 3. Distribution of demographic information by group

Continuous variables MT (n=15) EX (n=15) t p*
Age (years) 38.80+9.44 37.30+9.11 0.454 0.653
Weight (kg) 88.61+12.95 81.74+11.54 2.043 0.050
Height (cm) 174.93+9.43 171.50+7.01 1.848 0.074
BMI (kg/m?) 29.06+4.22 26.69+2.81 0.988 0.330

Note: * — independent selective t-test; MT — manual therapy group; EX — exercise group

Source: compiled by the authors

The gender distribution of the sample was 76.6%
male and 23.3% female. Statistical analysis confirmed
the equivalence of MT and EX groups by demographic
characteristics (p > 0.05), which indicates their com-
parability at the initial stage. Below are the results of
a comparative analysis of the health indicators of mil-
itary personnel with lumbar herniated discs, in par-
ticular, according to the McGill-Melzack Pain Ques-
tionnaire (MMPQ) (Table 4). The results obtained
indicate a pronounced positive dynamics of pain in-
tensity reduction in both groups, but with a different
trajectory of changes. At baseline (T1), the MT group

had significantly higher levels of pain compared to
the EX group (p = 0.000). After the end of therapy
(T2), both methods showed high effectiveness: the
MT group scores decreased by more than half, and the
EX group - up to 22.43 points, which levelled the sta-
tistical difference between them (p=0.196) and con-
firmed a similar short-term effect of interventions.
However, during the follow-up assessment (T3), the
EX group showed greater stability in their results
compared with the MT group, which again resulted in
a statistically significant difference in favour of exer-
cise (p=0.036).

Table 4. Intra-group and inter-group comparisons of the McGill-Melzack Pain Questionnaire

Variables MT (n=15) EX (n=15) p*
T1 57.56+11.18 41.62+9.85 t: 4.814 p: 0.000
T2 27.62+10.73 22.43+12.51 t: 1.317 p: 0.196
T3 32.02+14.68 20.31+£11.70 t: 2.182 p: 0.036
Effect size 0.754 0.588

Note: * — independent selective t-test; MT — manual therapy group; EX — exercise group; T1 — before treatment; T2 — after treatment;

T3 — 3-month follow-u
Source: compiled by the authors

Analysis of the results using the McGill-Melzack
questionnaire confirmed the high effectiveness of
both rehabilitation approaches. It was found that both
methods have a significant effect size, while in the MT
group this indicator was slightly higher - 0.754 against
0.588 in the EX group. This discrepancy is probably
conditioned by a more pronounced primary dynamics
of pain reduction in the MT group, whose participants
had significantly higher baseline pain levels at T1 point.
Analysis of long-term results indicates a higher effec-
tiveness of physical exercises to stabilise the achieved
effect. Whilst the MT group showed regression after

three months (T3), with a slight increase in pain in-
tensity - from 27.62 to 32.02 points - the EX group re-
corded a continued positive trend, with the score falling
from 22.43 to 20.31. This confirms that the stabilisation
exercise programme provides a longer and more stable
analgesic effect in military personnel with lumbar spine
hernias compared to manual exposure. The results of
assessing the psychoemotional status of military per-
sonnel on the HADS scale confirm the positive impact
of both rehabilitation strategies, although the intensity
of dynamics of indicators in the groups had certain dis-
crepancies (Table 5).

Table 5. Hospital Anxiety and Depression Scale

Variables MT (n=15) EX (n=15) p*
T1 12.83+6.12 10.58+6.64 t:0.991 p: 0.333
T2 6.52+5 9.33+5.66 t: -1.474 p: 0.151
T3 9.16+5.25 9.28+6.13 t: -0.062 p: 0.951
Effect size 0.432 0.127

Note: * — independent selective t-test; MT — manual therapy group; EX — exercise group; T1 — before treatment; T2 — after treatment;

T3 — 3-month follow-up
Source: compiled by the authors

Immediately after the end of the intervention (T2),
the MT group showed the most pronounced positive

dynamics: the average score on the HADS Scale de-
creased by 49.2% from the initial level, while in the EX
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group the improvement was moderate - 11.8%. During
the catamnestic examination (T3), partial regression
of symptoms was observed in the MT group, but the
final indicator remained 28.6% lower than the initial
one. The EX group at the T3 stage showed high stability,
maintaining an improvement of 12.3%. Despite the ab-
sence of a statistically significant difference between the
groups at all stages of monitoring (p > 0.05), the effect
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size in the MT group (0.432) significantly exceeded the
same indicator in the EX group (0.127), which indicates
a stronger short-term clinical effect of manual therapy
on the psychoemotional state of patients. The results of
assessing the level of Kinesiophobia on the Tampa Scale
(TSK) confirm that both rehabilitation approaches con-
tributed to the reduction of fear of movement in mili-
tary personnel with lumbar herniated discs (Table 6).

Table 6. Tampa Scale of Kinesiophobia

Variables MT (n=15) EX (n=15) p*
T1 40.52+7.57 37.58+7.11 t: 1.114 p: 0.264
T2 34.43+6.31 31.71+£9.66 t: 1.268 p: 0.201
T3 35.83+7.01 34.66+6.12 t: 0.580 p: 0.550
Effect size 0.238 0.133

Note: * — independent selective t-test; MT — manual therapy group; EX — exercise group; T1 — before treatment; T2 — after treatment;

T3 — 3-month follow-up
Source: compiled by the authors

At the T2 stage, the MT group showed a decrease in
thelevel ofkinesiophobia by 15.0%, and in the EX group -
by 15.6%. During the follow-up assessment (T3), both
groups maintained the stability of the result, despite
a slight regression: the indicator remained lower than
the initial one by 11.6% in the MT group and by 7.8%
in the EX group. There was no statistically significant

difference between the groups at all stages (p > 0.05),
but a higher effect size in the MT group (0.238 vs. 0.133)
indicates a more significant clinical effect of manual
techniques on reducing fear of movement. Results on
the Pain Catastrophisation Scale (PCS) confirm a signifi-
cant reduction in cognitive-emotional stress in pain per-
ception in both groups of military personnel (Table 7).

Table 7. Pain Catastrophisation Scale

Variables MT (n=15) EX (n=15) p*
T1 26.22+10.74 14.33+12.52 t: 2.709 p: 0.009
T2 12.83+11.06 8.20+9.98 t: 1.350 p: 0.183
T3 10.33+8.35 8.28+12.00 t: 0.623 p: 0.544
Effect size 0.571 0.256

Note: * — independent selective t-test; MT — manual therapy group; EX — exercise group; T1 — before treatment; T2 — after treatment;

T3 — 3-month follow-up
Source: compiled by the authors

In the MT group, which had a higher initial level of
catastrophisation (p=0.009), after treatment (T2), a de-
crease of 51.1% was recorded, and after three months
(T3) - by 60.6%. In the EX group, the improvement
was 42.8% at T2 stage and stabilised at 42.2% at T3
stage. Despite the absence of a statistically significant
difference between the groups in the long-term period

(p > 0.05), a significantly higher effect size in the MT
group (0.571vs. 0.256) indicates a more intense effect of
manual techniques on reducing patients’ negative psy-
chological attitudes towards pain. Analysis of the results
for the Nottingham Health Profile (NHP) confirms the
pronounced positive dynamics of indicators of the qual-
ity of life of military personnel in both groups (Table 8).

Table 8. Nottingham Health Profile

Variables MT (n=15) EX (n=15) p*
T1 186.13+116.55 144.27+£107.71 t: 1.100 p: 0.270
T2 66.79 +£63.65 91.22+82.66 t: -0.914 p: 0.362
T3 82.44+89.40 65.23+76.28 t: 0.622 p: 0.532
Effect size 0.403 0.413

Note: * — independent selective t-test; MT — manual therapy group; EX — exercise group; T1 — before treatment; T2 — after treatment;

T3 — 3-month follow-up
Source: compiled by the authors

At the initial stage (T1), the groups were statisti-
cally homogeneous (p = 0.270). After completing the
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course (T2), the MT group showed an improvement of
64.1%, while the EX group showed an improvement of
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36.8%. During the follow-up assessment (T3), the EX
group showed a prolongation of the effect (an addition-
al decrease in indicators by 28.5% relative to T2, a total
0f 54.8%), while in the MT group there was a regression
with an increase in the score by 23.4% relative to the T2
result. Despite the absence of a statistically significant
difference between the groups (p > 0.05), the slightly
higher effect size in the EX group (0.413 vs. 0.403) con-
firmed the high therapeutic value of both methods with
a long-term benefit from exercise.

Thus, at the initial stage, the MT and EX groups
were identical in terms of kinesiophobia and indicators
of the hospital anxiety and depression scale (p>0.05),
which confirms the uniformity of the sample. However,
after completing the therapeutic course, statistically
significant positive dynamics in these parameters was
observed mainly in the MT group, which led to the ap-
pearance of a likely intergroup difference (p<0.05). As
for the pain catastrophisation scale, the initial values
of the MT group significantly exceeded similar data
of the exercise group (p < 0.05). Although after treat-
ment, the intensity of catastrophisation significantly
decreased in both cohorts (p <0.05), the effect size in
patients in the MT group was more than double that
observed in the EX group. Simultaneously, analysis of
the McGill-Melzack questionnaire and the Nottingham
Health Profile showed pronounced positive changes
in both groups (p < 0.05). A post hoc analysis showed
that overall statistical differences in pain intensity and
quality of life parameters were determined by the re-
spondents’ significant progress relative to their prima-
ry condition (T1).

This study was devoted to the clinical analysis of
the impact of manual techniques on the psychoemo-
tional status and quality of life of patients with lum-
bar herniated discs. It was found that the integration
of manual therapy into the rehabilitation process pro-
vides a pronounced positive trend in overcoming kine-
siophobia, and symptoms of anxiety and depression.
Both follow-up groups showed a significant reduction
in pain syndrome, a decrease in the level of pain cata-
strophisation, and an overall improvement in quality of
life indicators. The obtained results confirm that man-
ual intervention is an effective tool for the correction of
pain manifestations, stabilisation of the psychological
state, and restoration of patients’ functional well-being.

DISCUSSION
Recent evidence-based studies confirm the high clin-
ical significance of conservative treatment for lumbar
hernias. In particular, a large-scale systematic review
and meta-analysis published by S. Thavarajasingam et
al. [21] has shown that the differentiated use of manual
manipulation, traction therapy, and targeted physical
exercises provides statistically and clinically signifi-
cant reduction of pain syndrome and is a financially
justified basis for first-line therapy, which allows most

patients to avoid invasive surgical intervention. The
importance of combining manual techniques with ad-
vanced hardware techniques for rapid relief of neuro-
logical deficits was investigated by D. Lytras et al. [22]
in their randomised clinical trial. The researchers con-
cluded that the integration of manual therapy enables a
rapid short-term analgesic effect, significantly reduces
radicular pain intensity, and effectively alleviates func-
tional limitations in chronic conditions. Active kinesi-
otherapy remains critical for maintaining a long-term
result and regenerating the spinal muscular corset. As
demonstrated in the meta-analysis by S. Du et al. [23],
regular exercise programmes targeting deep stabilising
muscles (in particular the transversus abdominis and
multifidus muscles) not only restore spinal stability
and locomotor biomechanics, but also exert a strong
positive effect on patients’ mental health, significantly
improving overall quality of life indicators.

The results obtained in the course of the clinical
study confirm the complex, multi-vector and non-linear
biopsychosocial nature of the course of lumbar spine
pathology in military personnel of the Defence Forces
of Ukraine. It was established that in the context of com-
bat operations, the development of intervertebral disc
herniations is determined by the aggressive synergy of
somatic and extreme environmental factors (carrying
heavy personal equipment, prolonged exposure to vi-
brations in armoured vehicles, the effects of mine and
explosive shock waves, and prolonged periods spent in
forced, non-physiological postures). As noted by J. Xu et
al. [1], degenerative and dystrophic lesions of the spine
and directly herniated discs are a critical medical and
social problem, accompanied by somatic deficits and
a sharp decrease in the quality of life of patients. Ac-
cording to W. Lu et al. [5], psychosocial determinants
combined with structural features of tissue destruction
have a dominant effect on the transformation of acute
pain syndrome into chronic, creating a stable barrier to
successful rehabilitation.

The analysis of the initial data (point T1) is fully
consistent with the current literature on the presence
of deep comorbidity between chronic vertebrogenic
pain and psychoemotional disorders of patients. Mil-
itary personnel in both groups showed marked levels
of distress, anxiety, depressive states, kinesiophobia,
and pain catastrophisation at the time of inclusion in
the programme. This is confirmed by the conclusions
of B. Tagkaya et al. [7] on the indissoluble connection
of chronic pain with mental pathology. This problem
is particularly acute for combatants, whose intense
pain interacts synergistically with combat stress and
post-traumatic stress disorder.

The key theoretical and practical conclusion of
the conducted study is the demonstration that man-
ual therapy according to the Maitland concept (grade
4 passive mobilisation) acts as a powerful and rapid
catalyst for the reduction of cognitive and emotional
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distortions and the stabilisation of psycho-emotional
state in patients in the short-term perspective (T2).
Immediately after completing the 5-week course, the
MT group showed a 49.2% reduction in anxiety and de-
pression on the HADS Scale, while the isolated exercise
(EX) group showed only 11.8% improvement. A signifi-
cant advantage in effect size in the MT group (0.432 vs.
0.127 in EX) demonstrates a pronounced clinical effect
of targeted manual techniques. This effect correlates
with conclusions of B. Tagkaya et al. [7] that high-speed
and soft rhythmic manual manipulations optimise myo-
fascial tone, provide rapid improvement in the articular
play of the spine, and have a powerful regulatory effect
on the psychological factors of patients. Similar data
was provided by M. Danazumi et al. [10], emphasising
that spinal mobilisation as an adjunctive method can
significantly improve the psychoemotional background
and stop radicular pain.

Special attention was paid to the dynamics of over-
coming mental barriers to rehabilitation, in particular
kinesiophobia and pain catastrophisation. The phe-
nomenon of irrational fear of movement is considered
an unfavourable predictor of recovery. C. de Freitas et
al. [4] emphasised that the reduction of kinesiophobia
is a basic condition for the restoration of motor func-
tions. According to the data, although both approach-
es reduced the level of fear of activity, the effect size
in the MT group was twice as high (0.238 vs. 0.133
in EX). A similar pattern was found on the Pain Cata-
strophisation Scale (PCS), where the effect size in the
MT group reached 0.571 compared to 0.256 in the EX
group. This indicates that manual exposure by immedi-
ately eliminating mechanical irritation and decompres-
sion creates a positive sensory experience, destroying
negative cognitive attitudes about own motor ability,
which is fully consistent with the provisions of papers
by B. Cao etal. [11] and C. Gong et al. [12].

Analysis of long-term results (catamnestic point
T3 after three months of follow-up) revealed funda-
mentally different trajectories of long-term adaptation
in the groups. In patients of the MT group, after discon-
tinuation of direct supervision by a specialist, a partial
regression of results occurred: the intensity of pain in
MMPQ slightly increased (from 27.62 to 32.02 points),
and the quality of life in NHP worsened by 23.4% com-
pared to the T2 stage. In contrast, the EX group (which
performed progressive stabilisation exercises target-
ing the deep core muscles, namely the transversus ab-
dominis and multifidus muscles) demonstrated a more
pronounced persistence of the treatment effect. In the
control group at the T3 stage, a stable improvement
in quality of life was recorded by 54.8% with a sub-
sequent reduction in pain, which led to a statistically
significant intergroup difference in favour of active ex-
ercise (p=0.036).

This phenomenon of long-term stabilisation due
to the active kinesiotherapy component confirmed the

84 Medical Science of Ukraine 22(2), 2026

I Features of physical therapy for lumbar hernias in military personnel during the late stage of rehabilitation

principles of the multimodal approach described by
W.-]. Lee et al. [6], as the most clinically and econom-
ically justified basis for recovery. The observed long-
term trajectories are also consistent with the findings
of M. Roiha et al. [9], who noted that sustained main-
tenance of high quality of life and complete elimina-
tion of somatic deficits are only possible under the
condition of forming long-term adaptive mechanisms
of the musculoskeletal system. Manual techniques are
indispensable for the initial “breakthrough” through
acute pain syndrome and psychological distress, but
stable long-term remission and restoration of profes-
sional combat capability of military personnel depend
entirely on the development of a muscular corset dur-
ing regular training. Thus, in the controversial field of
physical rehabilitation of combatants with herniated
discs, the study substantiated the feasibility of intro-
ducing an integrated rehabilitation model. It should
combine passive manual manipulations in the initial
stages (for elimination of protective muscle spasm,
rapid psycho-emotional stabilisation, and reduction
of kinesiophobia) with a mandatory subsequent tran-
sition to long-term individualised programmes of sta-
bilisation and strength exercises to ensure sustained
functional well-being.

CONCLUSIONS
1. Patients in both groups had high levels of anxiety,
depression, kinesiophobia, and pain catastrophisation
at the start (especially in the MT group, p < 0.05). This
confirms the need for a comprehensive impact on both
somatic and psychoemotional factors.

2. Developed protocol combined physical exercises
with manual therapy techniques. The programme was
aimed at biomechanical correction, decompression of
nerve structures, and reduction of sensory perception
of pain, which created conditions for effective function-
al recovery.

3. Both approaches showed positive dynamics of
pain intensity and quality of life (p < 0.05). However,
only the MT group achieved statistically significant cor-
rection for anxiety, depression, and kinesiophobia. The
effect on pain reduction in the MT group was more than
twice that of the control group.

4. Manual therapy was highly effective in the long-
term rehabilitation of military personnel. It provided
not only physical recovery, but also acts as a powerful
factor in correcting the psychoemotional state, help-
ing to overcome the fear of movement (d = 0.238 vs.
d=0.133 in the control group).

The main limiting factors of this study were the
relatively small sample size (30 people), pronounced
gender asymmetry with a predominance of men
(76.6%), and a short three-month period of catamnes-
tic follow-up. In addition, the effectiveness assessment
was based mainly on subjective scales and question-
naires of patients without the use of instrumental



control methods (repeated MRI, electromyography or
goniometry), and rehabilitation in a full-scale war im-
posed additional uncontrolled psychoemotional stress
on the participants.

Prospects for further research include scaling up
the experiment to involve a larger number of combat-
ants (in particular, women) and extending the monitor-
ing period to 6-12 months to assess the recurrence rate.
Given the identified different temporal dynamics of ef-
fects, it is critically important to create and investigate
a consistently integrated rehabilitation model, where
manual therapy will serve as a quick tool for relieving
distress and pain at the initial stage, with the obliga-
tory subsequent transition to long-term stabilisation
training for long-term retention of the result in under
combat conditions. It is also advisable to supplement
the methodology with objective biomechanical metrics
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of the spine and an assessment of the impact of physical
therapy on patients with concomitant PTSD.
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OcobuBocTi ¢iznuHoi Tepamii Npyu NonepeKoBUX rpuwxax
y BiliCbKOBOC/TY)KOOBIJiB Ha Biijja/IeHOMY eTarti peabimiTargii

AHoTanis

AxTyanbHicTb. Po60Ta npucBsueHa npobJsemi peabiniTanii BiicbKOBOCIYKO0BIiB i3 rpuKaMy MiXKXpeOIieBUX
JUCKiB ONIepeKOBOTO BiAiy, [0 € KPUTUYHUM BHKJIUKOM Yepe3 BUCOKI GpisWyHiI HaBaHTaKeHHS Ta 60HOBUI
cTpec.

Meta. BuBueHHs1 edeKTHUBHOCTI MaHyasbHOI Tepamii sK 3aco0y Kopekuii NCHXOeMOIL[iHHOro CTaHy Ta
Mi/IBULIIEHHS IKOCTI )KUTTS TAKUX MAI[i€EHTIB y MeXaX TPHUBAJIOr0 peabiTiTal[iiHOTO ITUKJTY.

Marepianmmu ta mertopu. Y aociipkeHHi B3sau ydyacTb 30 BilicbKoBOCTY:x60BLiB (23 4oJs0BiKM Ta 7 KiHOK),
paHAoMi30BaHUX Ha JIBi TPyNH: OCHOBHY (MaHyaJibHa Tepallis + BnpaBu (MT)) Ta KOHTpoJIbHY (TiJIbKU BIIpaBU
+ maage6o-mob6inizanis (PB)). Ouinka npoBoAuacs 3a JONOMOr0O HU3KU iHCTPYMEHTIB: OMUTyBaJbHUKA
Makrinna-Menzaka (6inb), mkanu HADS (tpuBora/genpecis), wkaau Tamnu (kiHesiodo6is), mkanu PCS
(kaTacTpodizarnisa 6os10) Ta HoTTiHremcbkoro npodinto 370poB’s (akicTb xUTTA). OLiHKa cTaHy Nali€eHTIB
MPOBOJIMJIACS Y TPU €Talu: /10 MovaTKy JikyBaHHs (T1), micis 5-TmwxHeBoro Kypcy (T2) Ta yepe3 Tpu Micsni
cnoctepexxenHs (T3).

Pe3ynbrarn. Ha BuxizHoMy eramni rpynu 6ysnu ofHOpigHUMH, Xo4a B rpyni MT crocrepiraBcs BUIIMK piBeHb
6outro Ta Katactpododisarii. [licaa kypcy (T2) o6uaBi KOTOPTH MPOJIEMOHCTPYBaIU 3HAYHUHN IPOTPEC: ¥ TPYIIi
MT iHTeHCHUBHICTb 60JII0 3HU3UJIACA BJBiUi, a AKICTb KUTTH MoKpamuaacsa Ha 64,1 % (npotu 36,8 % y PB).
Tinbku B rpyni MT 3adikcoBaHO CTaTUCTUYHO 3HAYYILY peAyKIi0 TpUBOTH Ta Aemnpecii (49,2 %) 3 BUCOKUM
po3mipoMm edekty (0,432). Takox y 1i#i rpymi po3mip edpekTy 1mo/0 3HMKeHHs KaTacTpodizariii 6osto (0,571)
yABiui nepeBuIIMB noka3Huku rpynu @B (0,256). Oxnak Ha etani T3 6ys10 BUsABJIEHO pi3Hi TpaekTopii: y rpymi
MT Bimbynacsi yacTkoBa perpecis pe3yabTaTiB, ToAi sk rpyna @B npoaeMoHcTpyBaJsia nmpoJioHranito edpekTy 3i
CTabi/IbHUM MOKpalleHHAM sIKOCTi )XUTTA Ha 54,8 %. OTKe, MaHya/IbHa Tepallis € epeKTUBHOIO JJIS MIBUJKOL
ncuxoeMolifiHoi cTabinizanii, a ¢isuyHi BipaBu - [Jis1 yTpUMaHHS TPUBAJIOT0 aHAJIbIeTUYHOTO pe3y/bTaTy.
BucHoBku. MaHyanbHa Tepanisi € epeKTUBHUM iHCTPyMeHTOM KOMIIJIEKCHOI peabisiTanii BiicbkoBOCIyK00BILiB,
OCKIJIbKM BOHA [I03BOJISIE He JIMIlle 3HU3UTU IHTEHCUBHICTb 60JI10, @ 1 yCIILIHO JJ0JIaTH NICUXOJIOTiYHI 6ap’epy,
TaKi IK CTpax nepeJ pyxoM Ta JielIpecuBHi cTaHU. [I/1s JOCATHEHHS MaKCUMaJ/IbHO CTiKOro pyHKI[ioHaJIbHOI0
6J1aromnoJiyqysi peKoMeH/0BaHO IHTerpyBaTHM MaHya/bHi TeXHIKM B JOBroTpuBaji nporpamMu ¢isnuyHuX
TpeHyBaHb.

KiouoBi c/ioBa: KiHesioTepamisi; yHKI[iOHa/IbHE BiJHOBJIEHHS; KOMOATAHTH; IPHXKA MiXKXPeOIeBOro JAUCKa;
MaHyaJ/IbHa Teparis; AKiCTb XXUTTS; KiHe310do6isi; mcuxoeMOoI[iHHUM CTaH.
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Home-based cardiac rehabilitation after myocardial infarction in the
long-term rehabilitation period: Evidence base and prospects for development

Abstract

Relevance. Myocardial infarction is accompanied by long-term functional, clinical, and psycho-emotional
consequences, whereas insufficient accessibility of traditional centre-based cardiac rehabilitation programmes
determines the need for evidence-based home-based, hybrid, and telerehabilitation models capable of supporting
safe physical activity, self-management, and secondary prevention in the long-term rehabilitation period.

Aim. To summarise the current evidence base on home-based cardiac rehabilitation after myocardial infarction
and determine its effectiveness, safety, and prospects for use in the long-term rehabilitation period.

Materials and methods. The study was prepared as an analytical narrative review with elements of a
systematised search. Systematic reviews, meta-analyses, randomised controlled trials, cohort studies, scientific
statements of professional societies, and clinical guidelines on exercise-based cardiac rehabilitation, home-
based cardiac rehabilitation, cardiac telerehabilitation, mobile health technologies (mHealth), the maintenance
phase, adherence to home-based physical exercises, kinesiophobia, psychological distress, and long-term self-
management in patients after myocardial infarction were analysed.

Results. Current evidences indicate that home-based cardiac rehabilitation can achieve outcomes comparable
to those of centre-based cardiac rehabilitation programmes in clinically stable patients at low or moderate
risk following myocardial infarction. The safety of the home-based model depends on appropriate patient
selection, risk stratification, individualised exercise prescription, self-management training, regular professional
feedback, and symptom-response algorithms - that is, structured rules for stopping or modifying physical
exercise, contacting a specialist, or seeking emergency care when clinical signs of exercise intolerance appear.
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INTRODUCTION

Myocardial infarction remains one of the key clinical
forms of ischaemic heart disease, causing a consid-
erable burden of mortality, recurrent cardiovascular
events, hospitalisations, disability, and long-term de-
cline in functioning. Current global epidemiological
data indicate that cardiovascular diseases continue to
occupy a leading place among the causes of years of
life lost, and ischaemic heart disease remains one of
the most important components of this burden. As G.A.
Roth et al. [1] noted, after completion of acute treat-
ment, a patient after myocardial infarction does not au-
tomatically return to the previous level of functioning,
since detraining, restrictions in everyday activity, fear
of physical exertion, the need to control risk factors,
and the necessity of long-term adherence to secondary
prevention persist. Exercise-based cardiac rehabilita-
tion is one of the most substantiated components of
post-infarction recovery, as it combines physical train-
ing, risk-factor control, patient education, psychosocial
support, and the formation of self-management skills.

In the contemporary understanding, cardiac re-
habilitation is not an isolated set of exercises but, as
M. Ambrosetti et al. [2] and R.S. Taylor et al. [3] em-
phasised, a multicomponent model of secondary pre-
vention directed towards reducing residual cardiovas-
cular risk, improving functional capacity, increasing
quality of life, and returning the patient to active par-
ticipation in everyday life. Accordingly, the availability
of a rehabilitation programme alone is insufficient. Its
accessibility, continuity, personalisation, and capaci-
ty to support behavioural change after completion of
the early stage of recovery also become relevant. De-
spite the proven clinical importance of cardiac reha-
bilitation, its actual use remains insufficient in many
countries. Low coverage of patients by cardiac rehabil-
itation programmes is connected not only with an in-
sufficient number of centres but also with low referral
rates, geographical distance, transport barriers, cost,
employment, family responsibilities, comorbidities,
and insufficient patient awareness. For this reason, in-
ternational initiatives of the last decade have focused
not only on the evidence base of cardiac rehabilitation
but also on strategies for increasing its accessibility
and patient participation, specifically through automat-
ed referral, flexible formats, home-based models, and
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Telerehabilitation and mobile digital health technologies can improve accessibility, support self-management,
and facilitate the monitoring of symptoms and physical activity. However, they should complement rather
than replace a clinically structured cardiac rehabilitation programme. The greatest gap remains the long-term
rehabilitation period, in which the maintenance of movement behaviour, adherence, psychological adaptation,
overcoming kinesiophobia, self-efficacy, and social support become decisive.

Conclusions. Home-based cardiac rehabilitation after myocardial infarction is a promising secondary
prevention model for selected clinically stable patients, but its long-term effectiveness requires structured
professional supervision, risk stratification, psychological-behavioural support, telerehabilitation or analogue
self-management tools, and standardised assessment of functional, clinical, and behavioural outcomes.
Keywords: physical therapy; secondary prevention; adherence; risk factors; cardiovascular diseases.

self-management [4-5]. Research on the structure and
accessibility of cardiac rehabilitation by M. Supervia et
al. [6] and K. Turk-Adawi et al. [7] showed that pro-
gramme provision differs considerably between coun-
tries and regions, while access to rehabilitation care is
especially limited in healthcare systems with an insuffi-
cient number of specialised centres or uneven territorial
distribution of services. These data are directly relevant
to post-myocardial infarction rehabilitation, as patients
requiring long-term professional support often face the
greatest barriers to participation in centre-based cardiac
rehabilitation programmes. These barriers include older
age, multimorbidity, reduced mobility, residence in re-
mote areas, and limited social support.

In response to these limitations, home-based, hy-
brid, and telerehabilitation models of cardiac reha-
bilitation are actively being developed. Home-based
cardiac rehabilitation should be considered not as
unsupervised independent exercise, but rather as a
structured programme that includes preliminary clin-
ical and functional assessment, individualised physical
exercise, self-management training, symptom control,
professional feedback, and periodic reassessment of
outcomes. As S.T. McDonagh et al. [8] stated, telereha-
bilitation and digital technologies acquire particular
importance, as they partly compensate for the lack of
face-to-face contact and support the monitoring of
physical activity, symptoms, heart rate, blood pressure,
and adherence to the programme. However, the digital-
isation of cardiac rehabilitation should not be equated
with an automatic increase in its effectiveness. Mobile
applications, wearable devices, video consultations,
and electronic diaries are only support tools, the effec-
tiveness of which depends on integration into a clini-
cally structured programme, availability of professional
feedback, the patient’s digital literacy, and the presence
of symptom-response algorithms. A systematic review
of digital interventions in cardiac rehabilitation by
S. Wongvibulsin et al. [9] stressed the potential of such
solutions to improve accessibility and maintain phys-
ical activity, while indicating the need for standardi-
sation, assessment of acceptability, and consideration
of the digital divide. The long-term rehabilitation pe-
riod remains the most problematic, because the main
task is not only recovery after the acute event but also

Medical Science of Ukraine 22(2), 2026 89



THERAPY AND
REHABILITATION

maintenance of the achieved level of functional capac-
ity, physical activity, self-management, and secondary
prevention. After completion of centre-based cardiac
rehabilitation, the patient often loses regular contact
with specialists, which increases the risk of returning
to sedentary behaviour, reduced adherence, and loss
of the results achieved. In this context, not only the pa-
rameters of physical exercise become important, but
also the patient’s ability for self-management, symptom
recognition, maintenance of motivation, and adaptation
of physical activity to the real-life environment [3, 10].

Thus, the relevance of the study is determined by
the combination of three interrelated problems: the
high burden of the consequences of myocardial infarc-
tion, insufficient coverage of patients by traditional
centre-based cardiac rehabilitation programmes, and
the need for long-term supervision models capable of
maintaining physical activity, adherence, and self-man-
agement Thus, the relevance of the study is determined
by the combination of three interrelated problems: the
high burden of the consequences of myocardial infarc-
tion, insufficient coverage of patients by traditional
centre-based cardiac rehabilitation programmes, and
the need for long-term supervision models capable of
maintaining physical activity, adherence, and self-man-
agement after completion of the early stage of recov-
ery. The unresolved issue is the determination of the
conditions under which home-based cardiac rehabil-
itation after myocardial infarction can be not only an
accessible alternative to a centre-based programme but
also a safe, structured, and long-term effective physical
therapy model integrated with telerehabilitation, dig-
ital or analogue self-management tools, and periodic
professional reassessment. The study aimed to evalu-
ate current scientific data on home-based cardiac re-
habilitation after myocardial infarction, determine its
impact on patient recovery and safety, and assess the
possibilities for its integration into a long-term reha-
bilitation programme. This goal required the following
analytical tasks: to characterise exercise-based cardiac
rehabilitation as an evidence-based standard of sec-
ondary prevention after myocardial infarction (MI); to
determine the content, key components, and limits of
use of home-based cardiac rehabilitation; to compare
different cardiac rehabilitation models and identify the
main gaps in the evidence base concerning the long-
term rehabilitation period after MI.

MATERIALS AND METHODS
The object of the study was home-based cardiac re-
habilitation of patients after myocardial infarction in
the long-term rehabilitation period. The subject was
the evidence base on the effectiveness, safety, organ-
isational conditions, telerehabilitation support, and
psychological-behavioural factors of home-based car-
diac rehabilitation after myocardial infarction. The
theoretical basis of the study consisted of the works
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by G.O. Dibben et al. [11] and T.M. Brown et al. [12] on
the multicomponent structure of contemporary cardi-
ac rehabilitation, and by R.J. Thomas et al. [13] on the
definition and principles of home-based cardiac reha-
bilitation. These publications formed the conceptual
framework of the analysis: evidence-based cardiac
rehabilitation - home-based cardiac rehabilitation -
long-term maintenance of activity - psychological-be-
havioural barriers - digital or analogue support. The
selected format of an analytical narrative review with
elements of a systematised search corresponds to the
purpose of the study. It provides a conceptual synthe-
sis of the current evidence base and identifies key di-
rections for the development of home-based cardiac
rehabilitation after myocardial infarction, rather than
quantitatively summarising all available studies. The
search for sources was performed in the electronic da-
tabases PubMed, Cochrane Library, Scopus, Web of Sci-
ence, PEDro, and Google Scholar. The review focused
mainly on publications from 2019 to 2025, as they re-
flect the current state of the evidence base on home-
based cardiac rehabilitation, telerehabilitation, mobile
digital health technologies (mHealth), and long-term
supervision models. Earlier sources could be consid-
ered only if they had conceptual importance for defin-
ing basic approaches to cardiac rehabilitation or the
methodology for its assessment.

The following keywords and their combinations
were used during the search: “home-based cardiac
rehabilitation”, “centre-based cardiac rehabilitation”,
“centre-based cardiac rehabilitation”, “hybrid cardiac
rehabilitation”, “myocardial infarction”, “exercise-based
cardiac rehabilitation”, “cardiac telerehabilitation”,
“mHealth cardiac rehabilitation”, “maintenance phase”,
“long-term rehabilitation”, “long-term adherence”, “ex-
ercise adherence”, “kinesiophobia”, “psychological dis-
tress”, “post-myocardial infarction psychological dis-
tress”, “exercise self-efficacy”, and “cost-effectiveness”.
The Boolean operators AND and OR were used to refine
the results, along with manual screening of reference
lists in key systematic reviews, meta-analyses, and sci-
entific statements. Source selection was performed us-
ing the PRISMA approach. At the identification stage,
330 records were selected, including 312 through the
electronic databases PubMed, Cochrane Library, Scop-
us, Web of Science, PEDro, and Google Scholar, and 18
through manual screening of reference lists of relevant
systematic reviews, meta-analyses, and scientific state-
ments After the removal of 96 duplicates, 234 records
remained for title and abstract screening. Of these, 176
were excluded because they did not meet the eligibili-
ty criteria with respect to the study topic, target pop-
ulation, or intervention. Full-text assessment was per-
formed for 58 sources; after excluding publications due
to non-compliance with the inclusion criteria, absence
of a home-based or remote component, insufficient
coverage of the long-term period, absence of physical



therapy, or duplication of content, 25 sources were in-
cluded in the final analytical synthesis.

RESULTS AND DISCUSSION
Exercise-based cardiac rehabilitation is one of the key
components of contemporary management of patients
after myocardial infarction. Its importance extends be-
yond restoring exercise capacity, as it is considered a
component of comprehensive secondary prevention
aimed at minimising the risk of recurrent cardiovascu-
lar events, reducing hospitalisations, improving func-
tional status and quality of life, and supporting a safe
return to everyday activities. For this reason, cardiac
rehabilitation after MI should be interpreted as an ev-
idence-based standard of long-term patient manage-
ment, instead of an additional stage of post-hospital
recovery [11]. Participation of patients with ischaemic
heart disease in exercise-based cardiac rehabilitation
programmes is associated with reduced cardiovascu-
lar mortality, recurrent cardiac events, and hospitali-
sations, and improved quality of life. These data have
fundamental importance for post-infarction rehabil-
itation because they prove that structured physical
training is not only a means of functional recovery but
also an instrument for influencing clinically meaningful
consequences of the disease. Accordingly, the contem-
porary scientific discussion shifts from the question
“is cardiac rehabilitation effective?” to the question
“how can its accessibility, safety, personalisation, and
long-term implementation be ensured?” [11]. After MI,
the patient often faces detraining, reduced aerobic ca-
pacity, limitations in everyday physical activity, fear of
exertion, psycho-emotional instability, and difficulties
returning to usual social and professional functioning.
Exercise-based cardiac rehabilitation is directed to-
wards overcoming these consequences through gradu-
al, controlled, and individualised increases in physical
exercise. The clinical value of such a programme lies
not only in improving functional capacity, as reflected
by measures such as peak oxygen uptake (VO,peak)
and Six-Minute Walk Test (6MWT) distance, but also in
promoting safe exercise behaviours that patients can
maintain after completing the early structured phase
of rehabilitation. Cardiac rehabilitation should not be
considered as an isolated block of physical training.
The guidelines of the American Heart Association and
the American Association of Cardiovascular and Pul-
monary Rehabilitation define cardiac rehabilitation as
a multicomponent programme that includes patient
assessment, individual exercise prescription, physi-
cal-activity counselling, control of blood pressure, li-
pid profile, glycaemia, and body weight, correction of
behavioural risk factors, psychosocial support, patient
education, and evaluation of programme quality [12].
Physical training within the structure of exercise-based
cardiac rehabilitation should be dosed, progressive,
and adapted to the patient’s clinical condition, level of
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functional capacity, concomitant pathology, medication
therapy, and individual risk of complications. A typical
programme includes a combination of aerobic exercise,
strength exercises, flexibility training, and a gradual in-
crease in everyday movement activity. However, the ef-
fectiveness of such a programme is determined not only
by the parameters of intensity, frequency, and duration
of sessions but also by regular performance, quality of
self-management, timely adjustment of exercise load,
and the patient’s ability to integrate physical activity
into everyday life [12].

Its multidisciplinary character is one of its key fea-
tures. The rehabilitation process should involve a physi-
cian, physical therapist, nurse, psychologist, and, when
necessary - a dietitian and other specialists. Such a
team model provides not only for exercise prescription
but also assessment of barriers to performance, setting
realistic goals, symptom control, teaching the patient
the principles of self-observation, and support for ad-
herence to secondary prevention. For patients after M,
this has particular importance, as the risk of recurrent
events is closely connected with behavioural factors,
insufficient physical activity, low adherence to treat-
ment, and psychosocial difficulties [12]. Exercise-based
cardiac rehabilitation affects several levels of recovery
simultaneously. At the physiological level, it improves
cardiorespiratory endurance, muscle function, control
of metabolic risk factors, and general exercise tolerance.
At the functional level, it helps the patient increase the
amount of everyday activity, improve tolerance to daily
loads, and reduce dependence on external assistance.
At the behavioural level], it forms skills of self-manage-
ment, prevention, safe dosing of exercise, symptom
recognition, and maintenance of physical activity as a
stable component of lifestyle [11-12]. Nevertheless,
recognition of exercise-based cardiac rehabilitation as
the standard after MI does not eliminate the problem
of its practical implementation. Even with a convincing
evidence base, some patients do not participate in car-
diac rehabilitation programmes or discontinue partic-
ipation before a stable effect is achieved. The reasons
may include logistical difficulties, remoteness of reha-
bilitation centres, employment, financial and transport
barriers, insufficient motivation, fear of physical exer-
tion, comorbidity, and a low level of understanding of
the importance of rehabilitation [12]. Thus, the further
development of post-infarction cardiac rehabilitation
should be connected not only with confirmation of the
effectiveness of exercise-based cardiac rehabilitation
but also with the development of models that ensure
its actual accessibility for different groups of patients.
In this context, exercise-based cardiac rehabilitation
is the evidence-based foundation for the development
of home-based, hybrid, and telerehabilitation models.
Home-based cardiac rehabilitation does not deny the
importance of physical exercises as the central com-
ponent of the programme but transfers them into the
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patient’s living environment, provided that preliminary
assessment, risk stratification, individual exercise pre-
scription, self-management training, and professional
feedback are ensured. Therefore, further analysis of
home-based cardiac rehabilitation after MI should be
based on an understanding of exercise-based cardiac
rehabilitation as the basic standard that requires ad-
aptation to the long-term rehabilitation period, the pa-
tient’s real living conditions, and the possibilities of the
healthcare system [11-12].

Home-based cardiac rehabilitation was developed
as a response to the limited coverage of patients by
traditional centre-based cardiac rehabilitation pro-
grammes. Its development does not mean abandon-
ment of the principles of exercise-based cardiac reha-
bilitation but involves another way of organising the
rehabilitation process - mainly outside a specialised
centre, in the patient’'s home or usual living environ-
ment. In scientific statements of the American Associ-
ation of Cardiovascular and Pulmonary Rehabilitation,
the American Heart Association, and the American Col-
lege of Cardiology, home-based cardiac rehabilitation
is defined as a structured programme implemented
fully or mainly outside a centre, but involving profes-
sional assessment, individual exercise prescription,
education, monitoring, risk-factor management, and
regular feedback from a specialist [13]. It is fundamen-
tally important to distinguish between home-based
cardiac rehabilitation and uncontrolled independent
physical exercise. Home-based cardiac rehabilitation
is not simply a recommendation to “move more” or a
set of general advice after inpatient rehabilitation. It is
an organised model of rehabilitation care that should
include clinical risk stratification, assessment of func-
tional capacity, determination of a safe level of physical
exercise, patient training in self-management, periodic
contact with a physical therapist or another specialist
of the multidisciplinary team, and, when necessary,
psychosocial support. The presence of these compo-
nents distinguishes evidence-based home-based cardi-
ac rehabilitation from everyday physical activity with-
out clinical supervision [12-13]. The main advantage
of home-based cardiac rehabilitation is its capacity to
overcome barriers that restrict patient participation in
centre-based cardiac rehabilitation programmes. Such
barriers include distance to the rehabilitation centre,
transport difficulties, employment, the need to provide
family care, financial costs, limited mobility, comorbid-
ity, residence in a rural or remote area, and psycholog-
ical factors, specifically anxiety, fear of physical exer-
tion, and low motivation. The home-based format can
increase the accessibility of rehabilitation, provide a
more flexible schedule of sessions, involve the family,
and transfer acquired skills directly into the patient’s
everyday life [13].

The evidence base on the effectiveness of home-
based cardiac rehabilitation has been considerably
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strengthened by systematic reviews and meta-anal-
yses comparing home-based and centre-based pro-
grammes. The updated Cochrane review devoted to
comparison of home-based and centre-based cardiac
rehabilitation provided no convincing evidence of a
substantial difference between these models for a
number of key outcomes, including mortality, car-
diovascular events, functional capacity, quality of
life, risk factors, and costs during follow-up of up to
12 months. This enables home-based cardiac rehabil-
itation to be considered an evidence-supported alter-
native to centre-based cardiac rehabilitation for clini-
cally stable patients atlow or moderate risk [14]. More
recent comparative reviews confirm this position and
indicate that home-based cardiac rehabilitation can
achieve results comparable to centre-based cardiac
rehabilitation in terms of functional capacity, adher-
ence to the programme, quality of life, and control of
individual cardiovascular risk factors. Specifically, the
recent comparative systematic review by P. Karisa et
al. [15] demonstrated that home-based models may
have small advantages for certain indicators of func-
tional capacity and adherence, although the clinical
meaning of these differences depends on programme
structure, method of monitoring, duration of supervi-
sion, and patient characteristics [15]. Thus, contem-
porary literature is gradually moving from evaluat-
ing home-based cardiac rehabilitation as a “reserve”
model to considering it as an independent format of
cardiac rehabilitation capable of scaling rehabilita-
tion care without loss of the main clinical outcomes.
Digital technologies acquire particular importance
in contemporary home-based programmes. Mobile
applications, wearable devices, telemonitoring, elec-
tronic diaries, video consultations, and remote feed-
back systems can partly compensate for the absence
of constant face-to-face control. The meta-analysis by
L. Li et al. [16] presented that such interventions can
improve functional capacity and support the patient’s
participation in the rehabilitation process, especial-
ly when digital tools are combined with professional
supervision, individualised exercise prescription, and
regular symptom monitoring. Nonetheless, digital
support should be considered not as a replacement
for clinical reasoning but as an instrument for imple-
menting a structured programme.

The safety of home-based cardiac rehabilitation is
a key issue, especially after myocardial infarction. The
systematic review by M. Stefanakis et al. [17] showed
that the risk of adverse events during home-based car-
diac rehabilitation is low if appropriate patient selec-
tion, risk stratification, preliminary training, symptom
control, and clear criteria for stopping or modifying
exercise are provided. This means that the safety of
the home-based model is determined not by the place
where exercises are performed, but by the quality of
the clinical protocol, initial assessment, instruction,



monitoring, and availability of professional feedback.
Cohort studies also support the possibility of wid-
er use of home-based cardiac rehabilitation in real
clinical practice. In the study by C. Nkonde-Price et
al. [18], patients who participated in home-based and
centre-based cardiac rehabilitation were compared
in terms of hospitalisations, adherence to medica-
tion therapy, and control of risk factors. In this de-
mographically diverse cohort, participation in home-
based cardiac rehabilitation was associated with
fewer hospitalisations over 12 months compared to
centre-based cardiac rehabilitation, which highlights
the potential of the home-based model not only to
increase accessibility but also to support clinically
meaningful outcomes in real practice. However, the
cohort design of the study requires cautious inter-
pretation of causal inferences. Despite its consider-
able advantages, home-based cardiac rehabilitation
also has important limitations. It is most suitable for
clinically stable patients after MI at low or moderate
risk who have undergone initial clinical assessment,
have a clear individual physical therapy plan, are ca-
pable of self-management, and can maintain contact
with a specialist. By contrast, patients with unstable
angina, decompensated heart failure, uncontrolled
arrhythmias, pronounced symptoms during minimal
exertion, severe comorbid conditions, or high risk of
complications require more intensive face-to-face su-
pervision, at least at the initial stage. For such groups,
centre-based cardiac rehabilitation or a hybrid model
with a gradual transition to a home-based format after
stabilisation may be more appropriate [13, 17].

A separate limitation of home-based cardiac reha-
bilitation is the dependence of its effectiveness on be-
havioural and social factors. In home conditions, the pa-
tient has more freedom but less external control. This
may reduce adherence to the programme, especially
in the presence of kinesiophobia, anxiety, depressive
symptoms, low self-efficacy, weak family support, or in-
sufficient understanding of rehabilitation goals. There-
fore, a home-based programme should not be limited
to the transfer of a set of exercises; it should contain
elements of motivational counselling, education, grad-
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ual formation of confidence in the safety of movement,
family involvement, and regular feedback [12-13].
Another important limitation is the digital divide.
Although mobile digital health technologies and tel-
erehabilitation substantially expand the possibilities
of home-based cardiac rehabilitation, not all patients
have sufficient access to technical devices, stable in-
ternet, or skills in using digital platforms. This is es-
pecially relevant for older patients, persons with a
lower level of education, residents of remote areas,
and patients with cognitive or sensory limitations. In
such cases, digital tools should be supplemented with
analogue means: printed instructions, self-manage-
ment diaries, telephone consultations, family involve-
ment, and periodic face-to-face visits [13, 16]. Thus,
home-based cardiac rehabilitation after MI is an ev-
idence-based model that can provide results at the
same level a as centre-based cardiac rehabilitation in
stable patients at low or moderate risk. Its strengths
are accessibility, flexibility, integration into everyday
life, the possibility of family involvement, and the
use of digital technologies. However, its effectiveness
and safety depend on correct patient selection, risk
stratification, individualisation of physical exercise,
quality of self-management, psychological support, a
digital or analogue feedback system, and professional
supervision. Therefore, within long-term post-infarc-
tion management, home-based cardiac rehabilitation
should be considered not as a universal model for all
patients but as a structured format of rehabilitation
that requires adaptation to clinical risk, functional
capacity, psychological profile, and the patient’s real
living environment [13, 18]. A synthesis of the current
evidence indicates that cardiac rehabilitation follow-
ing myocardial infarction should not be viewed simply
as a choice between centre-based rehabilitation and
home-based exercise. Rather, these approaches repre-
sent a continuum of care models that differ in the level
of professional supervision, accessibility, support for
self-management, and suitability for different patient
groups. A comparative characteristic of the main mod-
els of cardiac rehabilitation after myocardial infarc-
tion is presented in Table 1.

Table 1. Comparative characteristics of cardiac rehabilitation models
after myocardial infarction

Organisational

characteristic TR eV

Main limitations Most appropriate use

Centre-based cardiac

rehabilitation model

Face-to-face monitoring
of the patient’s condition,
possibility of functional
testing, rapid adjustment
of exercise load, control
of exercise technique, and
higher safety for patients at
increased risk.

The programme is performed
in a specialised institution
under direct supervision
of specialists from a
multidisciplinary team.

Patients after myocardial
infarction with high or
uncertain clinical risk,

complex comorbidity, low

ability for self-management,
or need for initial face-to-face
supervision.

Lower accessibility due to
transport, geographical, time,
financial, and organisational
barriers; need for regular
visits to the centre; limited
patient coverage.
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Table 1. Continued

Organisational

characteristic W eV

Main limitations Most appropriate use

Home-based cardiac

rehabilitation model

A structured programme
is performed mainly in the
home environment after
initial assessment, risk
stratification, individualised
exercise prescription, and
self-management training.

Higher accessibility, flexible
schedule of sessions,
integration of physical
activity into everyday
life, possibility of family
involvement, and reduction of
logistical barriers.

Requires sufficient clinical
stability, ability for self-
management, skills in
responding to symptoms,
and regular professional
feedback.

Clinically stable patients at
low or moderate risk who are
able to follow instructions,
keep self-management
records, and maintain contact
with a specialist.

Hybrid cardiac rehabilitation model

Combines face-to-face
visits, initial assessment,
or control consultations
with subsequent home-

based performance of the
programme and remote
supervision.

Balance between the safety
of face-to-face control and
the accessibility of the home-
based format; possibility
of gradual transition from
intensive supervision to self-
management.

Patients at moderate risk,
persons with unstable
adherence, partial digital
readiness, moderate
kinesiophobia, or need for
periodic face-to-face control.

Requires coordination
between face-to-face and
remote stages, a clear patient
pathway, definition of contact
frequency, and criteria for
transition between formats.

Home-based cardiac rehabilitation model with telerehabilitation support

The home-based programme
is supplemented by video
consultations, telephone
support, electronic or
paper diaries, mobile
digital health technologies,
wearable devices, or remote
monitoring,.

Supports self-management,
regular feedback, monitoring
of physical activity and
symptoms; may increase
adherence and accessibility in
the long-term period.

Patients who need long-
term supervision after
the inpatient stage of

rehabilitation, especially

when territorial or transport
barriers are present,
provided that professional

control is maintained.

Depends on digital literacy,
technical accessibility, data
confidentiality, quality of
professional response, and
availability of alternatives for
patients without digital skills.

Source: compiled by the authors

The data in Table 1 indicate that comparison of
different models of cardiac rehabilitation after myo-
cardial infarction has fundamental importance for de-
termining the optimal format of care in the long-term
rehabilitation period. Contemporary literature most
often considers three organisational models: cen-
tre-based cardiac rehabilitation, home-based cardiac
rehabilitation, and hybrid cardiac rehabilitation. They
should not be contrasted as mutually exclusive options
since each model has its own clinical indications, ad-
vantages, limitations, and requirements for profession-
al supervision. Telerehabilitation and mobile digital
health technologies can supplement the home-based
cardiac rehabilitation model with structure, control,
and clinical manageability [12-13]. Centre-based car-
diac rehabilitation has historically remained the basic
model for organising cardiac rehabilitation. Its main
advantage is direct face-to-face control by specialists,
the possibility of functional testing, rapid adjustment
of exercise load, observation of exercise technique, and
involvement of a multidisciplinary team. This format
is especially important for patients with higher clinical
risk, comorbidity, low ability for self-management, or a
need for more intensive observation. However, the cen-
tre-based rehabilitation model is the one most often
limited by transport, time, geographical, financial, and
organisational barriers, which reduces actual patient
participation in cardiac rehabilitation programmes
[11, 13]. Home-based cardiac rehabilitation emerged
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as a response to the limitations of the centre-based
cardiac rehabilitation model. Its advantage lies in
transferring the rehabilitation process to the patient’s
home or usual living environment, which increases ac-
cessibility, schedule flexibility, the possibility of family
involvement, and integration of physical activity into
everyday life. For stable patients at low or moderate
risk, home-based cardiac rehabilitation is not inferior
to centre-based cardiac rehabilitation in key outcomes,
including functional capacity, quality of life, risk fac-
tors, and costs during follow-up of up to 12 months
[14]. Nevertheless, home-based cardiac rehabilitation
is not simple independent performance of exercises
at home. Its evidence-based effectiveness presuppos-
es a structured programme: preliminary assessment,
risk stratification, individualised exercise prescription,
self-management training, symptom monitoring, pro-
fessional feedback, and clear safety criteria. Without
these components, the home-based model loses clini-
cal manageability and may turn into non-specific rec-
ommendations on physical activity [13, 17].

Hybrid cardiac rehabilitation combines the advan-
tages of both approaches: initial face-to-face assess-
ment, education, and primary adjustment of exercise
load with subsequent home-based performance of the
programme and remote or periodic face-to-face super-
vision. This format is particularly promising for patients
atmoderate risk, persons with a partial need for face-to-
face control, patients with unstable adherence, moderate



kinesiophobia, or different levels of digital literacy. The
hybrid model also has advantages for the long-term pe-
riod, as it enables the intensity of professional control
to be gradually reduced without complete termination
of feedback [12]. Telerehabilitation and mobile digital
health technologies have a separate role in the compar-
ison of models. In home-based and hybrid models, they
can provide monitoring of symptoms, heart rate, phys-
ical activity, adherence to the programme, and regular
professional feedback. However, digital tools do not
eliminate the need for a clinical protocol, risk stratifi-
cation, and specialist participation. Their effectiveness
depends on the patient’s digital literacy, the quality of
professional supervision, and the presence of symp-
tom-response algorithms [16, 19, 20]. Comparison of
the three models indicates that centre-based cardiac
rehabilitation retains leading importance for patients
who need intensive face-to-face control and multidisci-
plinary supervision. Home-based cardiac rehabilitation
is an evidence-supported alternative for clinically sta-
ble patients at low or moderate risk, especially when
logistical, geographical, or time barriers are present.
Hybrid cardiac rehabilitation occupies an intermediate
position and is promising for patients who need initial
face-to-face assessment but can subsequently perform
the programme at home with remote or periodic face-
to-face supervision [14, 16, 20]. Thus, the choice of a
cardiac rehabilitation model after MI should be deter-
mined not only by the accessibility of a centre or the
availability of digital technologies, but primarily by
clinical risk, functional capacity, psychological profile,
ability for self-management, and the need for profes-
sional feedback. In the long-term rehabilitation period,
the most promising approach is not the opposition of
centre-based, home-based, and hybrid cardiac rehabili-
tation models, but their rational combination according
to the patient’s condition, rehabilitation goals, and the
intensity of supervision required.

Telerehabilitation and mobile digital health tech-
nologies are key instruments that enable home-based
cardiac rehabilitation to be transformed from a format
of independent implementation of recommendations
into a structured, controlled, and clinically managed
model of care. In patients after myocardial infarction,
these technologies have particular importance, as long-
term recovery requires not only exercise prescription
but also regular monitoring of symptoms, maintenance
of adherence, adjustment of exercise load, self-man-
agement training, and timely contact with a specialist.
Thus, digital support in home-based cardiac rehabil-
itation should be considered not as a technical addi-
tion but as an organisational mechanism for ensuring
continuity of the rehabilitation process [12-13]. In the
cardiological context, telerehabilitation should be un-
derstood as remote provision or support of rehabilita-
tion care using telecommunication technologies. Such
a format may include video consultations, telephone
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contact, transmission of self-management data, remote
education, electronic diaries, reminders, profession-
al feedback, and, where possible, monitoring of phys-
iological indicators. Unlike a standard home-based
programme, in which the patient mainly performs
prescribed exercises independently, telerehabilitation
preserves professional control and brings the home-
based model closer to centre-based cardiac rehabilita-
tion in terms of the supervision level, but without the
need for regular physical attendance at a rehabilitation
centre [13, 19]. The systematic review and meta-anal-
ysis by W. Zhong et al. [19], devoted to the long-term
effects of cardiac telerehabilitation in patients with is-
chaemic heart disease, showed that telerehabilitation
programmes can be effective for improving cardiores-
piratory fitness and quality of life during long-term fol-
low-up. The authors reported a positive effect of telere-
habilitation on peak oxygen consumption and quality
of life, while the completion rate of telerehabilitation
interventions remained high. However, a stable long-
term effect on control of cardiovascular risk factors,
anxiety, or depressive symptoms was not convincingly
demonstrated, which indicates the need to strengthen
behavioural and psychosocial components in digitally
supported programmes [19]. The practical importance
of these data lies in the fact that telerehabilitation can
partly compensate for one of the main weaknesses of
home-based cardiac rehabilitation - the limitation of
direct face-to-face professional control. Remote contact
with a specialist allows for the assessment of exercise
tolerance, detection of overload symptoms, correction
of exercise intensity, maintenance of motivation, and
gradual formation of safe independent training skills in
the patient. It is especially important that the telereha-
bilitation format can be used in the long-term rehabil-
itation period, when the frequency of face-to-face con-
tacts with the medical system decreases and the risk of
losing achieved functional results increases [19-20].

A separate direction is represented by electronic
health technologies and mobile digital health tech-
nologies oriented towards the maintenance phase of
cardiac rehabilitation. The systematic review and me-
ta-analysis by M. Heimer et al. [20] was specifically
directed towards assessing electronic health technol-
ogies in the maintenance phase, where the main task
is not functional recovery to the initial level but main-
tenance of physical activity, exercise tolerance, quality
of life, self-management, and behavioural changes. The
authors underlined that electronic health technologies
can contribute to increased physical activity, improved
exercise tolerance and quality of life, and improvement
in individual indicators of cardiovascular risk com-
pared with usual care. However, data on the impact
on morbidity, mortality, and hard clinical endpoints
remain limited [20]. For home-based cardiac rehabili-
tation after myocardial infarction, this has fundamen-
tal importance because it shifts the emphasis from
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short-term performance of exercises to maintenance
of behavioural changes in the long-term period. The
most clinically meaningful components of electronic
health technologies are behavioural self-management,
goal setting, regular feedback, reminders, visualisation
of progress, and professional reinforcement of activ-
ity. These components can prevent a gradual decline
in physical activity after completion of the intensive
phase of rehabilitation, when the patient is no longer
under constant supervision [20]. Mobile digital health
technologies are the most flexible and potentially scala-
ble segment of digitally supported home-based cardiac
rehabilitation. They include smartphone applications,
wearable devices, heart-rate monitors, fitness trackers,
electronic diaries, SMS reminders, chat communication
with a specialist, and remote transmission of indicators
of physical activity, heart rate, blood pressure, symp-
toms, and subjective exercise tolerance. The meta-anal-
ysis by L. Li et al. [16] was concentrated specifically on
the effectiveness of home-based cardiac rehabilitation
interventions delivered through mobile digital health
technologies. Such interventions can increase reha-
bilitation accessibility, improve the regularity of the
patient’s contact with the programme, and create con-
ditions for more objective self-management compared
with traditional paper diaries. The clinical value of mo-
bile digital health technologies lies not in the mere fact
of using an application or wearable device, but in the
feedback these instruments create between the patient
and the specialist. The patient receives an opportuni-
ty to see personal progress, record symptoms, moni-
tor heart rate, mark completed exercises, and receive
reminders. The physical therapist or another member
of the multidisciplinary team, in turn, can assess adher-
ence, exercise tolerance, the need to adjust intensity,
and detect signs of deterioration in a timely manner.
Thus, mobile digital health technologies transfer the
home-based programme from the passive format of
“the patient has received recommendations” to the dy-
namic format of “the patient performs the programme
under remote supervision” [12, 16].

In the long-term rehabilitation period, digital com-
ponents that support behavioural stability are especial-
ly important. Such components include personalised
physical-activity goals, regular feedback, automated
reminders, visualisation of progress, brief educational
modules, remote consultations, messages on achieve-
ment of intermediate goals, and the possibility of quick
contact with a specialist when symptoms appear. These
elements should be combined with the clinical logic
of exercise dosing and should not function as isolat-
ed technological services. Without a clearly defined
rehabilitation protocol, digital tools may increase the
volume of data but do not guarantee improved clinical
outcomes [16, 20]. Remote cardiac rehabilitation after
myocardial infarction may also include an educational
component implemented through e-learning platforms.
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The review by D. Trache et al. [21] emphasised the im-
portance of combining remote learning, monitoring of
cardiovascular risk factors, control of physical activi-
ty, and maintenance of adherence after a heart attack.
Such an approach allows both monitoring of exercise
performance and support for the broader process of
secondary prevention, which includes lifestyle modifi-
cation, blood pressure control, nutritional correction,
smoking cessation, medication adherence, and patient
self-management. Firstly, digital models depend on ac-
cess to a smartphone, stable internet, wearable devices,
or other technical means. Secondly, older patients and
persons with a lower level of education or cognitive or
sensory limitations may have difficulties using applica-
tions and platforms. Thirdly, some patients do not trust
digital tools or are not ready to interpret indicators
independently. Fourthly, issues arise concerning confi-
dentiality of medical data, responsibility for responding
to warning signals, and standardisation of remote mon-
itoring algorithms [12, 20].

For this reason, digital support for home-based car-
diac rehabilitation should not have a universal charac-
ter. For patients with sufficient digital literacy, the use
of smartphone applications, wearable devices, elec-
tronic diaries, and video consultations may be appro-
priate. For patients with a lower level of digital literacy,
analogue instruments should be provided: telephone
support, printed instructions, paper self-management
diaries, periodic face-to-face contacts, and family as-
sistance. This approach prevents a situation in which
digitalisation increases rehabilitation accessibility for
some patients but creates additional barriers for oth-
ers [13, 16]. The optimal structure of digitally support-
ed home-based cardiac rehabilitation after myocardial
infarction should include several mandatory elements.
The firstis initial clinical and functional assessment and
risk stratification, without which a remote format may
be unsafe. The second is individual exercise prescrip-
tion with clear parameters of frequency, intensity, du-
ration, and type of exercise. The third is patient training
in self-management: assessment of symptoms, heart
rate, level of dyspnoea, fatigue, and signs requiring ex-
ercise to be stopped. The fourth is regular remote feed-
back. The fifth is psychological-behavioural support
directed towards overcoming fear of movement, main-
taining motivation, and forming self-efficacy [12, 16,
20]. Thus, telerehabilitation and mobile digital health
technologies in home-based cardiac rehabilitation after
myocardial infarction perform three interrelated func-
tions: they increase accessibility of rehabilitation care,
provide remote professional supervision, and support
long-term adherence to physical activity. Available sys-
tematic reviews indicate a positive effect of telerehabil-
itation, electronic health technologies, and mobile dig-
ital health technologies on functional capacity, physical
activity, and quality of life. However, they also empha-
sise the limited data on long-term clinical endpoints,



psychological outcomes, protocol standardisation, and
the effectiveness of digital models in different patient
groups. Therefore, the most substantiated approach is
not isolated digitalisation of home-based cardiac reha-
bilitation but the integration of telerehabilitation and
mobile digital technologies into a structured clinical
programme with risk assessment, professional super-
vision, psychological support, and adaptation to the pa-
tient’s capabilities.

The long-term rehabilitation period after myocar-
dial infarction remains one of the least developed areas
of the evidence base on home-based cardiac rehabili-
tation. Available systematic reviews and meta-anal-
yses quite convincingly confirm the effectiveness of
home-based programmes in the short and medium
term, but the vast majority of studies assess outcomes
within several weeks, 3-6 months, or up to 12 months
after the start of the intervention. Over this follow-up
period, home-based cardiac rehabilitation provides
outcomes comparable to those of centre-based cardiac
rehabilitation with respect to functional capacity, qual-
ity of life, programme adherence, and control of select-
ed cardiovascular risk factors. However, preservation
of these outcomes after completion of the structured
programme, especially beyond 12 months, remains
less extensively evaluated and methodologically het-
erogeneous [14-15]. The long-term rehabilitation pe-
riod cannot be considered as a simple continuation of
the acute or post-acute phase of cardiac rehabilitation.
While the main tasks at the initial stages are safe mobi-
lisation, restoration of basic exercise tolerance, symp-
tom control, and patient education, in the maintenance
phase, the main task becomes preservation of the al-
ready achieved functional level, prevention of return
to sedentary behaviour, maintenance of adherence to
physical activity, and integration of secondary preven-
tion recommendations into everyday life. Thus, long-
term cardiac rehabilitation requires not only repetition
of the training protocol but also a separate behavioural,
educational, and organisational strategy [12, 20].

A critical moment in post-infarction recovery is the
transition from a controlled rehabilitation environment
to independent implementation of recommendations.
During a structured programme, the patient has ex-
ternal control, regular contact with a specialist, a clear
schedule of sessions, control of exercise tolerance, and
constant motivational reinforcement. After completion
of the programme, the frequency of professional con-
tact decreases, and responsibility for maintaining ac-
tivity is transferred to the patient. In home conditions,
this creates a risk of gradual reduction in physical ac-
tivity, irregular performance of exercises, avoidance of
exertion because of fear of symptoms, loss of self-man-
agement, and return to the previous sedentary lifestyle
[13, 22]. The systematic review by H. Graham et al. [21],
devoted to interventions for maintaining or increasing
physical activity after completion of phase Il cardiac
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rehabilitation, showed that the maintenance phase re-
mains one of the most difficult stages of the rehabili-
tation process. The authors emphasised that existing
programmes differ considerably in duration, intensity
of contact with a specialist, behavioural components,
forms of self-management, and criteria for outcome
assessment. Such heterogeneity complicates compari-
son of studies and does not allow a single standardised
protocol for long-term maintenance of physical activity
after cardiac rehabilitation to be formed.

A separate problem is the limited data on hard clin-
ical endpoints in the long-term period. Short- and medi-
um-term outcomes are most commonly assessed using
peak oxygen uptake (VO,peak), Six-Minute Walk Test
(6MWT) distance, quality of life, physical activity levels,
and programme adherence. By contrast, the long-term
effect of home-based cardiac rehabilitation on recur-
rent myocardial infarction, cardiovascular mortality, re-
peated hospitalisations, stability of risk-factor control,
and healthcare system costs requires further evalua-
tion. This does not deny the effectiveness of the home-
based model, but it indicates the need for longer, better
standardised, and methodologically stronger studies
[14, 20]. The problem of adherence to the programme
has particular importance in the long-term period. For
patients following myocardial infarction, performing
exercise at home requires not only an understanding
of the benefits of physical activity but also established
exercise habits, confidence in exercising safely, the abil-
ity to regulate exercise intensity independently, and
readiness to continue the programme with reduced
professional supervision. For this reason, short-term
improvement in functional indicators does not always
mean long-term change in movement behaviour. If the
programme does not contain mechanisms for main-
taining motivation, self-management, feedback, and
social support, the achieved effect may gradually be
lost [20, 22]. In this aspect, electronic health technol-
ogies and mobile digital health technologies have clear
potential, but they do not eliminate the problem auto-
matically. The systematic review and meta-analysis by
M. Heimer et al. [20], devoted to electronic health tech-
nologies for cardiac rehabilitation in the maintenance
phase, showed that digital interventions can contribute
to increased physical activity, improved exercise capac-
ity, quality of life, and individual indicators of cardio-
vascular risk compared with usual care. However, the
authors indicate that available studies remain hetero-
geneous in design, technological platforms, duration
of follow-up, intensity of professional feedback, and
method of assessing behavioural outcomes [20]. Thus,
digital technologies in the maintenance phase should
be considered not as an independent replacement for
a rehabilitation programme but as an instrument for
maintaining long-term behavioural change. The most
clinically meaningful elements are not applications,
wearable devices, or electronic diaries themselves, but
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the functions they provide: self-management, setting
individual goals, regular feedback, reminders, visualis-
ation of progress, remote adjustment of exercise load,
and rapid contact with a specialist if symptoms appear.
Without professional supervision, digital tools can re-
cord activity but cannot always support stable adher-
ence and correct interpretation by the patient of their
own condition [16, 20].

Data on cardiac telerehabilitation also confirm the
prospects of remote supervision in the long-term peri-
od but also demonstrate the incompleteness of the ev-
idence base. The systematic review and meta-analysis
by W. Zhong et al. [19] demonstrated a positive effect
of cardiac telerehabilitation on long-term functional in-
dicators and quality of life in patients with ischaemic
heart disease. However, the effect on control of risk
factors, psychological outcomes, and hard clinical end-
points remains less clear. This means that telerehabili-
tation has high potential as a mechanism for supporting
home-based cardiac rehabilitation but requires inte-
gration with the behavioural, psychological, and clinical
components of the programme [19]. For home-based
cardiac rehabilitation after myocardial infarction, the
long-term period is especially vulnerable due to the
combination of several factors: reduced frequency of
contact with the medical system, the patient’s return to
usual everyday and professional loads, fluctuations in
motivation, fear of a recurrent cardiac event, comorbid-
ity, uneven family support, and different levels of digital
literacy. In patients with low self-efficacy or kinesio-
phobia, the home environment may fail to support ac-
tivity and, conversely, may increase avoidance of physi-
cal exercise. Therefore, the maintenance phase requires
no less, and in some cases greater, individualisation
than the early period of cardiac rehabilitation [12-13,
22]. From a methodological position, the main prob-
lem of contemporary studies is the heterogeneity of
definitions of the long-term period. In different works,
the maintenance phase may be interpreted as the peri-
od after completion of phase Il cardiac rehabilitation,
as follow-up beyond 6 months, beyond 12 months, or
as an undefined stage of independent activity mainte-
nance. Differences in definitions mean that results are
difficult to compare with each other, while conclusions
about the effectiveness of long-term interventions re-
main less certain. For future research, it is advisable to
distinguish clearly between the early, post-acute, and
long-term stages, and to indicate the duration of active
intervention, duration of follow-up, and intensity of
professional supervision [20-21].

Another gap is insufficient standardisation of out-
comes assessed in long-term programmes. In addition
to traditional functional indicators, it is advisable to
measure systematically the level of everyday physical
activity, sedentary behaviour, adherence to independent
exercises, self-efficacy, kinesiophobia, anxiety, depres-
sive symptoms, health-related quality of life, repeated
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hospitalisations, and use of medical resources. With-
out such a multidimensional approach, the long-term
effectiveness of home-based cardiac rehabilitation may
be assessed incompletely: a programme may improve
peak oxygen consumption in the short term but fail to
ensure sustained behavioural change or reduced risk of
recurrent events [12, 20]. In practical terms, this means
that home-based cardiac rehabilitation after myocar-
dial infarction should be designed from the outset as
a long-term model rather than a brief instruction after
discharge. Its structure should provide for initial clinical
and functional assessment, individual exercise prescrip-
tion, periodic reassessment of goals, self-management
training, symptom-response algorithms, psychological
screening, gradual reduction in the intensity of profes-
sional supervision without complete cessation of con-
tact, and instruments for maintaining motivation after
completion of the active phase. This approach shifts the
focus from short-term performance of a set of exercises
to the formation of stable movement behaviour [13, 22].
Long-term care following myocardial infarction
should also be considered within the broader frame-
work of secondary prevention and the long-term man-
agement of chronic coronary syndromes. Long-term
management of the patient after myocardial infarc-
tion should also be considered in the broader context
of secondary prevention and management of chronic
coronary syndromes. After the acute event, the patient
moves to long-term control of residual cardiovascular
risk, including lifestyle modification, physical activi-
ty, control of blood pressure, lipids, glycaemia, body
weight, medication adherence, and structured rules
for stopping or modifying physical exercise, contacting
a specialist, or seeking emergency care when clinical
signs of exercise intolerance appear. Therefore, home-
based cardiac rehabilitation in the long-term period
should be integrated not only into an exercise pro-
gramme but also into the general strategy of secondary
prevention after myocardial infarction [23-24]. Thus,
the long-term rehabilitation period is the main gap in
the current evidence base on home-based cardiac re-
habilitation after myocardial infarction. Available data
confirm the effectiveness of home-based programmes
in the short and medium term, but leave open the is-
sues of sustained maintenance of physical activity,
long-term adherence, impact on recurrent events, op-
timal duration of supervision, the role of psychological
components, and standardisation of digital support.
Accordingly, the further development of home-based
cardiac rehabilitation should be directed towards the
creation of long-term, personalised, and structured
programmes that combine clinical and functional strat-
ification, behavioural support, telerehabilitation, mo-
bile digital health technologies, family involvement, and
periodic professional control [16, 19-21].
Psychological and behavioural barriers are anoth-
er reason why home-based cardiac rehabilitation that



is effective in content may fail to ensure a stable result
in the long-term period. Psychological distress, kinesi-
ophobia, low self-efficacy, weak social support, insuffi-
cient digital literacy, and unstable motivation directly
affect the start of the programme, regularity of exercise
performance, self-management, and maintenance of
movement behaviour. Therefore, home-based cardiac
rehabilitation after myocardial infarction should be
not only clinically and functionally individualised but
also psychologically and behaviourally supported. The
integration of psychological screening, behavioural
support, family involvement, mobile digital health tech-
nologies, and professional feedback creates the prereq-
uisites for effective long-term supervision of the patient
after myocardial infarction [22, 25]. Thus, home-based
cardiac rehabilitation after myocardial infarction is a
promising, evidence-supported, and potentially scala-
ble model of secondary prevention. However, its long-
term effectiveness depends not only on prescribing
physical exercises at home, but on the comprehensive
organisation of the programme: risk stratification, pro-
fessional supervision, psychological-behavioural sup-
port, telerehabilitation, adapted digital or analogue in-
struments, and standardised assessment of outcomes.
Therefore, the optimal development of cardiac rehabil-
itation after MI lies not in replacing the centre-based
cardiac rehabilitation model with a home-based one,
but in the rational combination of centre-based, home-
based, and hybrid formats according to clinical risk,
functional status, psychological profile, and the needs
of long-term patient management [23-24].

The results obtained are consistent with the data
of the randomised study by R. Bravo-Escobar et al. [26],
in which home-based cardiac rehabilitation with mixed
supervision in patients with ischaemic heart disease at
moderate risk showed effectiveness and safety when
preliminary selection and controlled supervision were
provided. A common conclusion is that the home-based
format cannot be considered as uncontrolled independ-
ent exercise, it should include initial assessment, indi-
vidualisation of exercise load, self-management, and
professional contact. The difference of the present study
lies in its focus specifically on the long-term period after
myocardial infarction, where maintenance of adherence,
long-term behavioural change, and prevention of loss of
achieved functional outcomes become key. The conclu-
sion on the appropriateness of telerehabilitation super-
vision partly coincides with the findings of R. Hwang et
al. [27], who indicated that home-based telerehabilita-
tion for patients with chronic heart failure may produce
functional outcomes similar to those of a centre-based
programme. Although the population of that study dif-
fers from post-infarction patients, its results support
the general idea that a remote format can be clinical-
ly acceptable when proper monitoring is provided.
The present study complements these data by stress-
ing the need for symptom-response algorithms, risk
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stratification, and a combination of digital and analogue
tools for patients with different levels of digital literacy.
The data of E. Piotrowicz et al. [28] on hybrid telere-
habilitation in patients with heart failure demonstrate
that remotely supported programmes can improve
functional indicators but do not always convincing-
ly affect hard clinical endpoints. This corresponds to
the conclusion obtained that telerehabilitation is not
a self-sufficient substitute for a clinically structured
programme. It should be considered as an instrument
for supporting physical activity, self-management, and
feedback, rather than as a separate technological inter-
vention. The results of the international INTERASPIRE
survey presented by K. Kotseva et al. [29] confirm that,
even in the presence of an evidence base, cardiac reha-
bilitation remains underused in different healthcare
systems. This coincides with the above-described em-
phasis on accessibility as one of the main reasons for
the development of home-based and hybrid models.
However, this paper specifies that increasing accessi-
bility should be accompanied not by simplification of
the programme but by preservation of clinical manage-
ability. The analysis by B. Jug et al [30] of outpatient
and residential cardiac rehabilitation after myocardial
infarction in Slovenia indicates the importance of the
organisational model, routing, and regional accessi-
bility for patient participation and clinical outcomes.
Unlike that publication, the present study does not
analyse a national registry, but complements available
data with a conceptual justification of the home-based
format for the long-term period. Its contribution lies
in the integration of three components that are often
considered separately: evidence-based effectiveness of
home-based cardiac rehabilitation, telerehabilitation
support, and psychological-behavioural conditions for
long-term adherence after myocardial infarction.

CONCLUSIONS

1. Exercise-based cardiac rehabilitation is an evi-
dence-based component of secondary prevention fol-
lowing myocardial infarction. Its clinical value extends
beyond improving exercise capacity to reducing cardi-
ovascular mortality, recurrent cardiovascular events,
and hospitalisations, while also improving health-re-
lated quality of life. Accordingly, post-myocardial in-
farction cardiac rehabilitation should be regarded as a
standard component of long-term patient care rather
than as an optional post-discharge intervention.

2.Home-based cardiac rehabilitation is an evi-
dence-supported alternative to centre-based cardiac
rehabilitation for clinically stable patients at low or
moderate risk after myocardial infarction. Current sys-
tematic reviews and comparative studies indicate that
home-based programmes can provide results not in-
ferior in effectiveness to centre-based programmes in
terms of functional capacity, quality of life, adherence to
the programme, and control of individual cardiovascular
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risk factors. However, these conclusions should not be
automatically applied to all patients after MI without
prior risk stratification.

3. The safety and effectiveness of home-based car-
diacrehabilitation depend not on the place where exer-
cises are performed itself, but on the quality of clinical
organisation of the programme. Mandatory conditions
are initial clinical and functional assessment, risk
stratification, individualised exercise prescription,
self-management training, symptom monitoring, clear
criteria for stopping or modifying exercises, and regu-
lar professional feedback. For patients at high risk or
with an unstable clinical condition, centre-based cardi-
ac rehabilitation or hybrid cardiac rehabilitation may
be more appropriate.

4. The greatest gap in the current evidence base re-
mains the long-term rehabilitation period, specifically
the maintenance phase. Most studies assess outcomes
over 3-12 months, whereas questions of sustained
maintenance of physical activity, long-term adherence,
preservation of functional outcomes, impact on repeat-
ed hospitalisations, recurrent myocardial infarction,
and cardiovascular mortality beyond 12-24 months
remain insufficiently evaluated. In this period, not only
the parameters of physical exercise but also self-man-
agement, behavioural support, periodic reassessment
of goals, and long-term professional supervision be-
come decisive.

5. Telerehabilitation, electronic technologies, and
mobile health technologies can improve the accessibil-
ity of home-based cardiac rehabilitation by supporting
self-management, monitoring, and adherence to the
programme. However, their effectiveness depends on
integration into clinically structured rehabilitation,
professional supervision, and adaptation to the pa-
tient’s digital literacy.

6. Psychological and behavioural factors are an in-
tegral component of home-based cardiac rehabilitation

Home-based cardiac rehabilitation after myocardial infarction
in the long-term rehabilitation period: Evidence base and prospects for development

after myocardial infarction. Psychological distress, ki-
nesiophobia, low self-efficacy, and insufficient social
support may reduce adherence to the programme, so
an effective model should include psychological screen-
ing, behavioural support, motivational counselling,
family involvement, and regular professional feedback.

Prospects for further research. Further research
on home-based cardiac rehabilitation after myocar-
dial infarction should be directed towards long-term
randomised studies, standardisation of programmes
and outcome indicators, assessment of safety and
psychological and behavioural consequences, and
comparison of different supervision formats and their
economic feasibility.

Limitations of the study. The study is an analyt-
ical narrative review with elements of a systematised
search and did not involve a formal systematic review
or meta-analysis. The conclusions are based on second-
ary analysis of home-based, hybrid, and telerehabilita-
tion programmes that are heterogeneous in structure,
duration, intensity of supervision, and effectiveness
indicators. In addition, most studies include patients
at low or moderate risk and short- and medium-term
outcomes, whereas long-term effectiveness, safety for
high-risk patients, and economic feasibility remain
insufficiently evaluated. Therefore, the conclusions
presented should be considered as a synthesis of the
current evidence base requiring further verification in
long-term randomised studies.
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ToMarHa KapaiopeadiiTaris micis iHdapkTy Miokapa B I0BrOTPUBA/IOMY
pealiiTaniitHOMy mepiofi: /joka3oBa 06a3a Ta NePCIeKTHBH PO3BUTKY

AHoTanis

AxkTyanbHicTb. IHapKT MioKapja CyNnpoBOKYETbCS TPUBAJMMHU QYHKIIOHAJIBHUMH, KJIIHIYHUMHU Ta
MCUX0eMOIiIHHUMU HACJIiIKaMH, TOAI K HeIOCTaTHSA AOCTYIHICTh TPAAULIHHUX NporpaM KapziopeabimiTarii
y IeHTpi 3yMOBJIIOE MOTpeby B J0KAa30BO OOIPYHTOBAHUX AOMAIIHIX, TiOpUAHUX 1 TesepeabismiTamiiHux
MO/leJIsIX, 3JaTHUX MiATPUMYyBaTH 6e3nedHy GpisuuHy aKTUBHICTb, CAMOKOHTPOJIb i BTOPUHHY NPOQiIaKTHUKY B
JIOBrOTPUBAJIOMY peabisiTaniitHoMy nepiofi.

MeTa. Y3arajbHUTH Cy4acHY /I0Ka30BY 6a3y 10710 JoMallHboI Kapaiopeabinitanii nicas iHdapkTy Miokap/a,
BU3HAYUTH ii eQeKTUBHICTD, 6€3MeYHICTh Ta MePCIeKTUBYU 3aCTOCYBAHHS B IOBrOTPUBAJIIOMY peabimiTamiiHoMy
nepiofi.

Marepiasm Ta MeTtoAau. CTaTTsd BHMKOHaHA y ¢opMaTi aHAJIITUYHOrO HApaTHBHOIO OMVIAJY 3 eJeMeHTaMHU
cMcTeMaTH30BaHOro mnouyky. [IpoaHasizoBaHO cHCTeMaTH4yHI OIJISAHM, MeTaaHasi3u, paHAOMi30BaHIi
KOHTPOJIbOBAHI JOC/i/P>KeHHs], KOTOPTHI J0C/Ii/PKeHHs, HayKOBi 3asiBU mnpodeciiHUX TOBApUCTB i KiiHIYHI
HacTaHOBH, NpUCBSIYEH] KapjiopeabiniTanii Ha ocHoBi ¢isMuHMX BmpaB, JoMallHil KapziopeabingiTanii,
KappioTesepeabiniTanii, Mo6iIbHUM TexHOIOTiSAM 0X0poHU 3710poB's (mHealth), dasi miaTpuMKH, npuxuIbHOCTI
Jlo foMalIHix ¢i3MYHUX BNpaB, KiHe3i0¢o6ii, mcuxo10riyHOMY JUCTPECY Ta J0BTOTPUBAJIOMY CaMOKepPyBaHHIO
nauieHTiB nicsis iHdapKTy Miokap/a.
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PesynbraTH. Cy4yacHi faHi cBiguaTh, 0 AOMAIIHSA KapZiopeabisiTalis Moxe 3a6e3Me4yBaTH pe3ysbTaTH, 110
He [T0CTYMaTbCsS IporpaMam, sIKi IpoBOAATHCS B JJIKyBaIbHO-NPOQIIaKTUYHUX Ta peabiniTaliiHUX 3aK/1a/[ax,
y KJIiHIYHO cTabi/ibHUX MalieHTiB HU3bKOro abo MoMipHOro pu3suky mnicas iHdapkTy miokapga. besneunicTb
JlOMalllHbOI MoJeJii 3aJIeXXUTh BiJj HAJIEXKHOT0 Bii60py nawLieHTiB, cTpaTudikalii pusuKy, iHANBI/[ya1i30BaHOTO
npu3HayeHHs Gi3UYHOro HaBaHTAXXKeHHs, HABYaHHsI CAMOKOHTPOJIIO, PETy/IsipHOro npodeciiHoro 3BOpoOTHHOr0
3B’SI3KY, IFOPUTMIB pearyBaHHs Ha CHMITOMH — TOOTO CTPYKTYPOBaHUX IPaBUJI IPUNIMHEHHS a60 MoAudikaril
¢$isnyHOro HaBaHTAXKEHHS, KOHTAKTY 3 paxiBLieM UM 3BepPHEHHS 10 HEBiIKJIa{HY IONIOMOTY IPU MOABI KJIIHIYHHUX
O3HAK HeNepeHOCHUMOCTI HaBaHTaxkeHHf. TesepeabiniTauis Ta Mo6inbHI nUbpoBi TexHOJIOTII OXOPOHU
3/I0POB’sl MOXYTb HiZIBUIYBAaTH JOCTYIHICTb, MiATPUMYBaTH CAMOKOHTpOJIb, IMOJIETMIyBaTH MOHITOPUHT
CUMITOMIB i $pi3UUHOT aKTHBHOCTI, O/{HAK He € CAMO0CTAaTHHOIO 3aMiHO0 KJIIHIYHO CTPYKTYpOBaHOI MporpaMu.
Haii6isib110r0 MporajJrvHO0 3aUIIAETHCS JOBTOTPUBAJNN peabiniTaniiHuil nepios, y AKOMy BUpilIaJbHUMU
CTaIOTh MiITPUMaHHS PyXOBOi MOBE/iHKH, IPUXUJIbHICTD, ICUXOJIOTIYHA ajanTallis, MoAoaHHA KiHe3iodoo6ii,
caMmoedeKTHUBHICTH i collia/ibHA MiATPUMKA.

BucHoBKM. /loManiHa kapaiopea6initanis nicas iHapKkTy Miokap/a € mepcrneKTHBHOI MO/Ie/IJII0 BTOPUHHOL
npodinakTUku A BifjibpaHUx KJ/iHIYHO cTabinpHUX mManieHTiB, mpoTe ii AoBroTpuBasa edeKTHUBHICTH
NOTpPebye CTPYKTypoBaHOro npodeciiHoro cynpoBojy, crpaTudikalii pu3uKy, ICUXOJOTIYHO-TOBEiHKOBOL
HiTPUMKHY, TesepeabisiTanii abo aHa/J0roBUX iHCTPYMEHTIB CAMOKOHTPOJIIO Ta CTAaH/AApPTH30BaHOI OLHKU
bYHKIIOHAIBHUX, KJIIHIYHUX | TOBeZIiIHKOBUX pPe3y/bTaTiB.

KiiouoBi ciioBa: ¢isuyHa Teparisi; BTOpMHHA NMPodiTaKTHKa; MPUXUIBHICTh; GaKTOPH PUBHKY; CepLIeBO-CYAUHHI
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Medical Science of Ukraine 22(2), 2026 103



PUBLIC HEALTH

Medical Science of Ukraine e A

MeaguuHa HayKa YKpaiHu Vol. 22, No. 2, 2026

UDC 614.2:[061.2:614.8] Journal homepage: https://nmuofficial.com/zhurnal-medychna-nauka-ukrayiny/
DO https://doi.org/10.32345/2664-4738.2.2026.11 Received: 24.12.2025 Revised: 24.04.2026 Accepted: 28.05.2026 Published: 30.06.2026

Anatoliy Hrynzovskyi"

Doctor of Medical Sciences, Professor, Honoured Worker of Science and Technology of Ukraine
Bogomolets National Medical University

01601, 13 Taras Shevchenko Blvd., Kyiv, Ukraine

https://orcid.org/0000-0002-8391-5294

Svitlana Kalashchenko

PhD, Associate Professor

Bogomolets National Medical University

01601, 13 Taras Shevchenko Blvd., Kyiv, Ukraine
https://orcid.org/0000-0002-9942-7607

Thor Kuzin

Postgraduate Student

Bogomolets National Medical University

01601, 13 Taras Shevchenko Blvd., Kyiv, Ukraine
Ministry of Health of Ukraine

01601, 7 Mykhailo Hrushevskyi Str., Kyiv, Ukraine
https://orcid.org/0000-0002-6418-6567

Dmytro Bondarenko

Postgraduate Student, General Director

Bogomolets National Medical University

01601, 13 Taras Shevchenko Blvd., Kyiv, Ukraine

Odesa Regional Centre for Disease Control and Prevention of the Ministry of Health of Ukraine
65074, 5-A Ivan and Yurii Lypa Str., Odesa, Ukraine

https://orcid.org/0009-0009-9087-4281

Taras Ostapchuk

Postgraduate Student

Bogomolets National Medical University

01601, 13 Taras Shevchenko Blvd., Kyiv, Ukraine
https://orcid.org/0009-0005-1563-6217

System for forming and maintaining the competence
of rapid response teams of the Centres for Disease Control
and Prevention of the Ministry of Health of Ukraine

Abstract

Relevance. Under modern biological, chemical, radiological, and other threats to public health, improvement of
the system for developing and maintaining the competence of rapid response teams of the Centres for Disease
Control and Prevention becomes particularly important.

Aim. To identify the main problems in developing and maintaining professional competence and to substantiate
directions for its improvement based on an analysis of regulatory support and the results of a survey of specialists
from rapid response teams of the Centres for Disease Control and Prevention.

Materials and methods. Bibliosemantic, information-analytical, and sociological methods, together with
descriptive statistics, were used in the work. The sociological stage of the study involved an anonymous
questionnaire survey of specialists from rapid response teams (RRTs) of the Centres for Disease Control and
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Prevention (CDCPs) to assess the current training system, experience of participation in emergency response,
and directions for its improvement. Regulatory documents, educational and certificate programmes, electronic
resources, and the results of sociological studies on the training and activity of RRTs of CDCPs were analysed.
Results. It was established that the competence system of RRTs of CDCPs should include cognitive, operational-
technological, communicative, digital, and personal-motivational components. The key competences include
emergency response, epidemiological investigation, risk assessment, laboratory diagnostics, interagency
interaction, and public information. Competence is maintained through continuous learning, training, updating
of the regulatory framework, resource provision, readiness monitoring, and international cooperation.
According to the results of the questionnaire survey, 47.0% of respondents indicated the need to strengthen
practical training, and 48.5% had experience of responding to public health emergencies. The need to develop
psychological training, improve the integrated competence-based approach, and train personnel to work with
modern material and technical support was also determined.

Conclusions. The results obtained indicate the need to strengthen the practical and psychological components
of training for RRT personnel of CDCPs, develop practice-oriented forms of learning, and regularly practise
emergency response algorithms. Professional competence should be maintained by combining continuous
professional development, readiness monitoring, interagency drills, and international cooperation. The certificate
programme “Emergency Preparedness, Response and Management” can be considered an effective instrument of
professional development, as it combines a competence-based approach, practical training, training in response
to chemical, biological, radiological, and nuclear threats, and the development of interagency interaction skills.
Keywords: emergencies; professional standards; conditions of uncertainty; epidemiological surveillance;

martial law.

INTRODUCTION
Current threats to public health, including epidemics
of infectious diseases, the consequences of military ac-
tions, technogenic accidents, and chemical, biological,
and radiological risks, require the creation of effective
response mechanisms at both national and regional
levels. The COVID-19 pandemic, the full-scale war in
Ukraine, and the growing number of emergencies have
demonstrated the importance of trained specialists
who can rapidly assess risks, conduct epidemiological
investigations, and coordinate response measures [1].
One of the key elements in ensuring the preparedness
of public health systems for emergencies is the func-
tioning of specialised rapid response teams. Data from
the World Health Organization [2] and N.R. Gillon et
al. [3] indicated that the effectiveness of such teams de-
pends not only on the professional knowledge of their
members but also on the level of development of prac-
tical skills, interagency interaction, crisis communica-
tion, and readiness to work under conditions of uncer-
tainty. Y. Khan et al. [4] focused on the development of
a competence-based approach, which involves the inte-
gration of theoretical training, practical exercises, and
continuous professional development. An important
direction of current research concerns mechanisms for
maintaining the professional competence of personnel
involved in emergency response. H. Utunen et al. [5]
noted that even a high level of basic training requires
regular updating of knowledge and skills due to chang-
es in the nature of threats, the introduction of new mon-
itoring and diagnostic technologies, and the develop-
ment of digital tools in public health. Simulation-based
learning, scenario-based training, and intersectoral ed-
ucational programmes acquire particular importance,
as they allow action algorithms to be practised under

conditions close to real crisis situations. The work by
M.M. Koziar [6] focused attention on the psychological
readiness of personnel, as work in emergency sites is
accompanied by considerable psycho-emotional strain,
the need for rapid decision-making, and a high level of
responsibility. In this regard, stress resistance, self-reg-
ulation skills, and the ability to work effectively in a
team are increasingly included in the structure of pro-
fessional competence.

In Ukraine, the issue of developing and maintain-
ing the competence of rapid response teams became
especially relevant after the adoption of Law of Ukraine
No. 2573-IX [7], according to which rapid response
teams and operational-dispatch units must function
within the structure of the Centres for Disease Control
and Prevention. Under martial law, they are assigned
tasks related to epidemiological surveillance, risk as-
sessment, response to outbreaks of infectious diseas-
es, participation in eliminating the consequences of
emergencies, laboratory monitoring, and interaction
with other actors in the civil protection system. The
system for developing the competence of rapid re-
sponse teams (RRTs) of the Centres for Disease Con-
trol and Prevention (CDCPs) is based on the principles
of continuous professional development and includes
training in epidemiological surveillance, sample col-
lection and transportation, risk assessment, biosafe-
ty, crisis communication, and response to chemical,
biological, radiological, and nuclear threats. However,
the practice of RRT functioning indicates the need for
further improvement of existing approaches to per-
sonnel training, strengthening of the practical compo-
nent of learning, development of psychological readi-
ness, and improvement of mechanisms for maintaining
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professional competence. Educational and certificate
programmes aimed at forming modern professional
competencies play an important role in this process.
The World Health Organization [1] considered com-
petence-oriented education as one of the key mech-
anisms for strengthening the workforce capacity of
healthcare systems. Among the instruments of contin-
uous professional development, specialised certificate
programmes occupy an important place, as they com-
bine theoretical learning with practical training and
practising emergency response algorithms. One such
instrument is the certificate programme “Emergency
Preparedness, Response and Management”. Despite
the presence of regulatory support and individual pub-
lications in the field of professional training for public
health specialists, the issue of a comprehensive assess-
ment of the system for developing and maintaining the
competence of RRTs of CDCPs, together with identifica-
tion of ways to improve it in view of specialists’ practi-
cal experience, remains insufficiently examined, which
determined the relevance of the present study. The
study aimed to assess the features of developing and
maintaining the professional competence of specialists
from rapid response teams of the Centres for Disease
Control and Prevention and to substantiate directions
for its improvement based on an analysis of regulatory
support and survey results.

MATERIALS AND METHODS
The study was designed as a cross-sectional medi-
cal-sociological study aimed at assessing the features
of developing and maintaining the professional compe-
tence of specialists from RRTs of CDCPs. The object of
the study was the system of training and maintenance
of professional competence of RRT personnel, and the
subject was the professional, organisational, and edu-
cational factors that influence specialists’ readiness to
respond to public health emergencies. Bibliosemantic
and information-analytical methods were used to an-
alyse regulatory documents, scientific publications,
methodological materials, and electronic resources
that regulate RRT activity and the training of special-
ists for emergency response, including Resolution of
the Cabinet of Ministers of Ukraine No. 321/25 [8] and
Order of the Ministry of Health of Ukraine No. 2213 [9].
The source base was selected according to the crite-
ria of relevance, correspondence to the subject of the
study, and practical importance for the public health
system. The sociological stage of the study was con-
ducted during 2023-2024 through an anonymous ques-
tionnaire survey of specialists from the Public Health
Centre of the Ministry of Health of Ukraine and regional
Centres for Disease Control and Prevention. The survey
involved 381 respondents who were members of the
main or reserve composition of RRTs. Among them, 195
(51.2%) worked in the biological field, 129 (33.9%) - in
the chemical field, and 57 (14.9%) -in the radiological/
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nuclear field of activity. Employees of the Public Health
Centre of the Ministry of Health of Ukraine and region-
al Centres for Disease Control and Prevention who be-
longed to the main or reserve composition of RRTs and
provided written informed consent to participate in the
study were included. The exclusion criteria were refus-
al to participate in the study or incomplete completion
of the questionnaire.

The questionnaire included 40 questions grouped
into thematic blocks devoted to assessing the condi-
tions of professional activity, health status, readiness
to respond to emergencies, psychophysiological char-
acteristics, and needs in professional development.
Open, closed, and multiple-choice questions were used
to collect information. Closed questions enabled stand-
ardised quantitative indicators to be obtained, multi-
ple-choice questions -the range of possible character-
istics and influencing factors to be assessed, and open
questions -respondents to express their own proposals
for improving the system of training and maintaining
the competence of RRT personnel. This structure of the
questionnaire allowed both quantitative and qualita-
tive data to be obtained for a comprehensive analysis of
the problem under study. The questionnaire survey was
performed individually using an electronic survey form.
The average time for completing the questionnaire was
about 15-20 minutes, which supported the collection
of complete information without excessive burden on
respondents. The questionnaire was developed by the
authors of the study in accordance with the purpose
and objectives of the work, based on an analysis of reg-
ulatory documents, scientific publications, and practi-
cal experience of rapid response teams in public health.
The content of the questions covered the main compo-
nents of professional activity, readiness to respond to
emergencies, psychophysiological characteristics, and
needs in professional development, which ensured the
content validity of the instrument.

Nominal and ordinal scales, together with point-
based self-assessment scales for individual characteris-
tics, were used to assess most indicators. Closed ques-
tions were analysed by calculating absolute and relative
indicators. Responses to open questions were subject-
ed to content analysis, followed by grouping into con-
tent categories and determining the frequency of men-
tion of individual proposals and problematic aspects.
Statistical processing of the results was performed us-
ing descriptive statistics. Data analysis used calculation
of absolute values, relative indicators (%), synthesis,
and comparison of the results obtained between sep-
arate groups of respondents. Data processing was per-
formed using Microsoft Excel and IBM SPSS Statistics.
The study was conducted in accordance with the ethical
principles of the Declaration of Helsinki of the World
Medical Association [10]. All respondents participated
in the study voluntarily and provided written informed
consent. Confidentiality of personal data was ensured
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at all stages of the study. The work was approved by the
Ethics Committee of the State Institution “Public Health
Centre of the Ministry of Health of Ukraine” (IRB2022-
80; protocol dated 17.11.2022 No. 241). The opinions
expressed in this paper are those of the authors and not
the official positions of the institution.

RESULTS AND DISCUSSION
According to the results of the conducted study, regu-
latory documents, methodological materials, and ed-
ucational and certificate programmes regulating the
activity of RRTs of CDCPs and the formation of their

professional competences were analysed. It was es-
tablished that RRTs are specialised mobile units of the
public health system that provide rapid response to bi-
ological, chemical, radiological, and other emergencies.
Their activity is directed towards performing tasks of
epidemiological surveillance, risk assessment, labora-
tory monitoring, investigation of infectious disease out-
breaks, and implementation of anti-epidemic measures
directly in the sites where threats arise. Analysis of cur-
rent regulatory documents allowed the key competenc-
es required for effective RRT activity to be identified
(Table 1) [11].

Table 1. Key competences of RRTs of CDCPs

Competence

Main content

Rapid response to threats

Immediate response to emergencies related to infectious diseases,
mass poisonings, and exposure to hazardous environmental factors

Epidemiological investigation

Identification of sources and routes of transmission of infectious diseases

and determination of risk factors

Specialised monitoring

Biological, chemical, and radiological control and localisation of hazard sites

Laboratory diagnostics

Collection, transportation, and testing of samples

Implementation of anti-epidemic measures

Localisation and elimination of infectious disease sites

Interagency interaction

Coordination of activity with the State Emergency Service of Ukraine,

healthcare facilities, and authorities

Risk communication and public information

Provision of reliable information and communication during crisis situations

Source: compiled by the authors

The analysis performed indicated that the regula-
tory framework sufficiently regulates the functions and
tasks of RRTs, but gives much less attention to mecha-
nisms for maintaining the competences already formed.
Specifically, regulatory documents describe in detail
the issues of epidemiological surveillance, laboratory
diagnostics, and anti-epidemic measures, whereas reg-
ular practising of practical skills, psychological training
of personnel, interagency interaction, and assessment
of readiness level are covered less systematically. [t was
established that the modern RRT competence model
should include not only professional knowledge but
also practical skills required for work directly in emer-
gency sites. Based on the analysis of educational pro-
grammes and international approaches, five main com-
ponents of competence were determined: cognitive,
operational-technological, communicative, digital, and
personal-motivational. The operational-technological
component requires particular attention, as it includes
practical practising of response algorithms, use of per-
sonal protective equipment, field sample collection, and
work under increased risk. This component is the most
difficult to maintain through theoretical learning alone
and requires regular training and simulation exercises.
Thus, the results of the analysis point to a certain gap be-
tween the regulatory requirements for RRT activity and
the practical mechanisms for maintaining their readi-
ness. This determines the need for further develop-
ment of the system of continuous professional training,
expansion of practice-oriented forms of preparation,

and introduction of mechanisms for regular monitor-
ing of the level of formed professional competences.

An anonymous questionnaire survey of employees
of the Public Health Centre of the Ministry of Health of
Ukraine and regional CDCPs who were members of the
main or reserve composition of RRTs was conducted to
clarify current problems in developing and maintaining
professional competence. The survey results provided
for the strengths of the existing training system to be
assessed and directions for its further improvement to
be determined. One of the most notable results was that
47.0% of respondents indicated the need to strengthen
the practical component of learning. Moreover, 48.5%
of the respondents reported having personal experi-
ence of participating in response to public health emer-
gencies. This highlights that practical training is rele-
vant both for employees without response experience
and for those who have already participated in elimi-
nating the consequences of emergencies. Analysis of
respondents’ open answers showed that most respond-
ents understood “strengthening practical training” not
as an increase in the amount of theoretical knowledge
but as expansion of the number of practical exercises,
simulation-based learning sessions, and interagency
drills. The need to practise algorithms for response to
biological, chemical, and radiological threats, use of
personal protective equipment, organisation of mobile
team work, and interaction with other services dur-
ing emergencies was mentioned most often [12-13].
This tendency is also confirmed by the results of the
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analysis of readiness to work in field conditions. Al-
though more than 80% of respondents assessed their
general readiness to respond to emergencies as suffi-
cient, the share of those who were fully ready to work
directly in field conditions was substantially lower.
This suggests that practical readiness for work under
real emergency conditions is the most vulnerable com-
ponent of professional training. Since the study was
descriptive, the results identify the main tendencies
and needs of RRT personnel, but further confirmation
is needed in studies using comparative statistical anal-
ysis. Comparison of indicators of general readiness to
respond to emergencies and readiness to work direct-
ly in field conditions showed certain differences. While
the level of general readiness in most groups exceeded
80%, readiness to work in field conditions was lower
and was accompanied by an increase in the proportion
of respondents who assessed their training as insuf-
ficient. The obtained results indicate the presence of
a gap between theoretical training and confidence in
performing practical tasks under real emergency con-
ditions, which additionally substantiates the need to
expand practice-oriented forms of learning. Analysis
of respondents’ answers showed that the greatest in-
terest was caused by practical classes aimed at prac-
tising algorithms for response to biological, chemical,
and radiological threats, use of personal protective
equipment, organisation of mobile team work, sample
collection and transportation, and interagency inter-
action during emergencies. Respondents paid sepa-
rate attention to psychological training. The answers
obtained indicate awareness of the importance of
skills for working under conditions of increased psy-
cho-emotional strain, time pressure, and the need to
make decisions under uncertainty. This confirms the
appropriateness of including elements of psychological

System for forming and maintaining the competence of rapid response teams
of the Centres for Disease Control and Prevention of the Ministry of Health of Ukraine

resilience, crisis communication, and team interaction
in training programmes.

Alongside practical training, respondents noted
the need for regular familiarisation with updated reg-
ulatory documents, modern epidemiological surveil-
lance technologies, digital monitoring tools, and new
approaches to emergency response. The obtained re-
sults stress the need for continuous professional de-
velopment as an integral component of maintaining
the competence of RRT personnel. Given the survey re-
sults, the introduction of a system of regular practical
training for RRT personnel is appropriate. The optimal
approach may be functional exercises at least once per
quarter and comprehensive interagency drills at least
once a year. Priority scenarios for practising should
include outbreaks of particularly dangerous infectious
diseases, mass food poisoning, accidents involving the
release of hazardous chemical substances, radiological
incidents, and response to emergencies under martial
law. Thus, the questionnaire results indicated that fur-
ther improvement of the RRT training system should
be directed primarily towards strengthening prac-
tice-oriented learning, developing psychological read-
iness, improving interagency interaction, and ensuring
continuous professional development of personnel.
Maintenance of the professional competence of RRT
personnel is not limited to initial training and requires
the functioning of a system of continuous professional
development. The results of the analysis of regulatory
documents, international recommendations, and the
practice of RRT functioning indicate that the effective-
ness of emergency response largely depends on regu-
lar readiness monitoring, algorithmisation of actions,
resource provision, and international cooperation. The
main mechanisms for maintaining RRT competence are
presented in Table 2.

Table 2. Main mechanisms for maintaining the competence of RRTs of CDCPs

Direction

Practical significance

Regular readiness monitoring

Assessment of the staffing, technical, and organisational capacity of RRTs

Algorithmisation of actions in response to CBRN
threats

Standardisation of response and minimisation of the risk of errors

Educational and certificate programmes

Maintenance of continuous professional development of personnel

International cooperation

Access to modern technologies, educational resources, and best practices

External quality assessment of laboratories

Control of correspondence to international standards

Material and technical support

Maintenance of practical readiness for response

Note: CBRN - chemical, biological, radiological, and nuclear threatss

Source: compiled by the authors

One of the main instruments for ensuring readi-
ness is regular monitoring of RRT activity. Analysis of
national reports indicated that the overall assessment
of the quality of work of units receiving state support
(subvention) averaged 4.3 points, compared with 4.0
points in units without such funding. A similar tendency
was observed for technical capacity: the corresponding
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indicators were 6.8 and 5.2 points, respectively. The ob-
tained results present a positive effect of state support
on the level of technical equipment and organisational
readiness of RRTs and confirm the importance of stable
resource provision for maintaining an appropriate level
of readiness to respond to emergencies. The differences
indicate that the level of readiness of units depends not
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only on the professional training of personnel but also
on resource provision. Higher indicators of technical
capacity in units receiving state support may contrib-
ute to more regular practical training, keeping equip-
ment in proper condition, and increasing the overall
effectiveness of response. Algorithmisation of actions
in the event of biological, chemical, radiological, and
nuclear threats is an important component of compe-
tence maintenance. The use of standardised algorithms
minimises the risk of errors and ensures consistency
of personnel actions regardless of the type of emer-
gency [14]. This acquires particular importance under
martial law, when decisions have to be made under
time pressure and incomplete information.

The most effective training systems are those based
on a competence-based approach and continuous pro-
fessional development. In the USA, RRT training is pro-
vided through programmes of the Centres for Disease
Control and Prevention (CDC), which combine distance
learning, field training, and simulation exercises. In Eu-
ropean Union countries, programmes of the Europe-
an Centre for Disease Prevention and Control (ECDC),
directed towards developing competences in epide-
miological surveillance and response to cross-border
threats, play an important role [15-16]. The OpenWHO
educational platform is an additional instrument of
professional development, as it provides open access
to training courses on emergency preparedness and
response, biosafety, risk communication, and manage-
ment of infectious disease outbreaks. A common fea-
ture of most international programmes is the priority
of practice-oriented learning over exclusively theoreti-
cal training. Specifically, CDC programmes provide reg-
ular field training and participation in investigations
of real events, while ECDC training modules widely
use case methods, simulation exercises, and scenario
modelling. This confirms the relevance of strengthen-
ing the practical component of training Ukrainian RRTs
in accordance with international approaches. Interna-
tional cooperation makes a substantial contribution
to maintaining the professional competence of RRT
personnel. It provides access to modern education-
al resources, external laboratory quality assessment
programmes, international training, and professional
development programmes. Specifically, participation of
CDCP laboratories in international external quality as-
sessment (EQA) programmes, including Quality Control
for Molecular Diagnostics programmes [17], supports
maintenance of the appropriate level of professional
competence among laboratory personnel and ensures
that testing corresponds to international standards.
Participation in international support and modernisa-
tion programmes, including EU4Health and other in-
itiatives of the European Union and the World Health
Organization, is also an important direction in the de-
velopment of the public health system of Ukraine [18].
Such programmes support workforce development,

improvement of epidemiological surveillance systems,
greater readiness for crisis situations, and harmonisa-
tion of national approaches with international stand-
ards. Thus, maintenance of RRT competence should
be viewed as a continuous process combining regular
readiness monitoring, practical training, algorithmisa-
tion of actions, resource provision, and active involve-
ment in international professional development pro-
grammes. Implementation of these approaches will
help improve the readiness of the public health system
of Ukraine to respond to current emergencies and chal-
lenges to population safety.

The results confirm that developing and maintain-
ing the competence of RRTs of CDCPs should be consid-
ered as a continuous process that combines regulatory
requirements, practical training, psychological readi-
ness, resource provision, and regular updating of pro-
fessional skills. The analysis performed indicated that
the current regulatory framework sufficiently outlines
the functions of RRTs, but the mechanisms for main-
taining practical readiness, assessing the formation of
competences, and providing psychological support for
personnel remain less detailed. The obtained data are
consistent with modern international approaches to
RRT training. M.A. Stoto et al. [19] and S. Elnosserry et
al. [20] emphasised the need for comprehensive train-
ing of rapid response team specialists. It should include
not only competencies in epidemiological surveillance
and laboratory diagnostics but also skills in risk commu-
nication, logistical support, team interaction, psychoso-
cial support, and work under conditions of uncertainty.
This corresponds to the results of the present study,
in which the importance of operational-technologi-
cal, communicative, digital, and personal-motivational
components of competence was determined alongside
professional knowledge. Materials of the World Health
Organization [21], regarding workforce development
for response to public health emergencies, emphasise
that traditional theoretical training is insufficient for
ensuring personnel readiness for real crisis events. A
similar conclusion was reached in the present study:
47.0% of respondents indicated the need to strengthen
the practical component of learning, while comparison
of general readiness to respond with readiness to work
in field conditions showed a gap between declared
readiness and confidence in performing practical tasks
directly in emergency sites.

The results of the study are also consistent with
ECDC approaches, according to which the training of
public health specialists for emergencies should be
based on clearly defined competences, scenario-based
learning, intersectoral interaction, and practising ac-
tions in the event of cross-border threats [22]. In this
context, the respondents’ identified need to practise
algorithms for response to biological, chemical, and
radiological threats, use of PPE, organisation of mo-
bile team work, and interaction with other services is
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entirely logical. The psychological component of train-
ing deserves separate attention. M. Puticiu et al. [23]
and A. Ben Hamida et al. [24] noted that personnel
involved in emergency response work under condi-
tions of high responsibility, time pressure, informa-
tion uncertainty, and psycho-emotional strain. This
is consistent with the results of this study, in which
respondents indicated the importance of psychologi-
cal readiness, crisis communication, team interaction,
and the ability to make decisions under conditions of
uncertainty. Thus, psychological training should not
be an additional but a mandatory component of pro-
fessional development programmes for RRTs. Interna-
tional experience also confirms the appropriateness of
using blended learning formats. The OpenWHO plat-
form is considered an instrument for rapid dissemi-
nation of knowledge among healthcare workers and
public health specialists during crisis situations [19].
However, experience of its use demonstrates that on-
line courses are effective for updating knowledge, but
they cannot fully replace practical training, field ex-
ercises, and simulation exercises. This is in line with
the results of the present study, where the key need
identified by respondents was precisely the strength-
ening of the practice-oriented component of train-
ing. Resource provision is also important. The study
is also consistent with current approaches to public
health system preparedness, where logistics, equip-
ment availability, laboratory capacity, and availabil-
ity of personal protective equipment are considered
integral components of effective response [18]. The
obtained data on higher assessment of work quality
and technical capacity of units receiving state support
indicate that RRT readiness depends both on the level
of professional training of personnel and stable mate-
rial-technical support.

CONCLUSIONS
The following is necessary for developing and main-
taining the competencies of specialists from RRTs of
CDCPs in public health emergencies:

1. The analysis of regulatory support, education-
al programmes, and organisational approaches to the
activity of rapid response teams of CDCPs allowed the
key components of personnel professional competence
to be determined. These include cognitive, operation-
al-technological, communicative, digital, and person-
al-motivational components. It was determined that
the current training system sufficiently regulates the
professional functions of RRTs, but requires further
development of mechanisms for maintaining practical
readiness, psychological training, and regular monitor-
ing of the formation of competences.

2. According to the results of the questionnaire sur-
vey of 381 specialists from the Public Health Centre of
the Ministry of Health of Ukraine and regional CDCPs, it
was established that 47.0% of respondents considered
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it necessary to strengthen the practical component of
learning, while 48.5% already had experience of re-
sponding to public health emergencies. The results
obtained highlight the relevance of developing prac-
tice-oriented forms of training regardless of the previ-
ous professional experience of personnel.

3. It was determined that the most promising direc-
tions for improving RRT training are regular functional
exercises, interagency drills, practising algorithms for
response to biological, chemical, radiological, and nu-
clear threats, development of crisis communication,
psychological resilience, and skills for working in field
conditions.

4. Competence of RRT personnel should be main-
tained by combining continuous professional develop-
ment, regular readiness monitoring, algorithmisation
of actions in response to CBRN threats, appropriate
resource provision, and active involvement in interna-
tional educational and professional programmes. The
appropriateness of using certificate programmes, in-
cluding the programme “Emergency Preparedness, Re-
sponse and Management”, as an instrument for devel-
oping and maintaining the professional competences of
public health specialists was established.

The limitation of the study is its descriptive na-
ture, which does not allow statistical links between
individual indicators to be fully assessed, particularly
between the presence of response experience and the
assessment of the need for practical training. This de-
termines the perspective of further research, which
should include comparative and correlation analysis,
together with an assessment of the effectiveness of dif-
ferent training formats for RRT personnel.

The prospects for further research include the
development and validation of a system for evaluating
the level of formed professional competences among
personnel of rapid response teams of CDCPs, in addi-
tion to the examination of the relationship between
professional experience, level of training, and effec-
tiveness of emergency response. Comparative studies
between different categories of RRT specialists, anal-
ysis of the influence of practical training and simula-
tion-based learning on the level of personnel readiness,
and assessment of the effectiveness of modern digital
educational technologies and international profession-
al development programmes are appropriate. Separate
attention should be paid to psychophysiological and
psychological factors of professional reliability of RRT
personnel under prolonged exposure to stress factors
and martial law.
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Cucrema ¢opmyBaHHsA Ta NiITPUMKHA KOMIIETeHTHOCTI Irpyn
ONepaTHBHOI0 PearyBaHHA LEHTPIiB KOHTPOJ/IIO Ta MPO(i/IaKTHKH XBOPO0
MiHicTepcTBa 0XOpPOHH 3/10POB’s1 YKpaiHU

AHoTanis

AKTyanbHicTb. B yMoBax cyyacHUX 6i0J10TYHUX, XIMIYHUX, paZiallifHUX Ta iHIIKNX 3arP03 rPOMa/ICbKOMY 3/10pPOB’I0
0COGJIMBOTO 3HA4eHHs HabyBa€ Y/IOCKOHA/JIEHHsI CUCTeMHU (GOpMyBaHHS Ta MiATPUMKH KOMIIETEHTHOCTI Tpym
OIlepaTHUBHOrO pearyBaHH: LleHTpiB KOHTPOJIIO Ta NPOodiIaKTUKH XBOPOO.

MeTa. BusHauuTH 0cHOBHI Tpo6JsieMu GOopMyBaHHSA i MiATPUMKH MTpodeciiHOl KOMIETEHTHOCTI Ta 06IPyHTYBATH
HaNpsMH 11 yI0CKOHa/IEHHsI Ha OCHOBI aHasli3y HOPMaTUBHO-ITPABOBOI'0 3a6e3NeUeHHs Ta pe3yJIbTaTiB ONMUTYBAHHS
¢daxiBIiB rpyn onepaTUBHOrO pearyBaHHs LleHTpiB KOHTPOJIO Ta MPodiaKTHKU XBOPOO.

MaTepiasiu Ta MeToAHU. Y po6GOTi 3aCTOCOBAHO 6iGioceMaHTHYHUH, iHPOpMaIiiHO-aHATITUYHUH, COLiOIOTTYHUN
METOJU Ta METOJU OMUCOBOI CTAaTUCTHUKU. COIi0/IOriYHMM eTan AOCTiPKeHHS nepei6ayaB aHOHIMHe aHKeTYBaHHSA
¢daxiBuiB rpyn omnepatvBHOro pearyBaHHs (['OP) LleHTpiB KoHTposit0 Ta nmpodinakTUkU 3axBoproBaHb (LIKIIX)
1I0/10 OLIIHKM YMHHOI CUCTEMM HiArOTOBKH, JOCBiJly y4acTi B pearyBaHHI Ha Ha/j3BM4YalHi cUTYyalil Ta HanmpsAMIB iI
B/IOCKOHaJIeHHs1. [IpoBe/ileHO aHasi3 HOPMAaTHUBHO-NPABOBMX JOKYMEHTIB, OCBITHIX i cepTHdiKaTHHUX mporpam,
eJIEKTPOHHUX PECYPCiB Ta pe3yJbTaTiB COLi0JIOTTYHUX JOCIi/PKEHD 010 MiAroTOBKY i AissibHocTi ['OP LKIIX.
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Pe3ysnbraTu. BcraHoBsieHo, mo cucrema kommeTeHTHOCcTi ['OP LKIIX noBuMHHaA BKJIOYATH KOTHITUBHUM,
ornepaniiHO-TeXHOJIOTTYHUH, KOMYHIKaTUBHUH, LMPPOBUH Ta OCOOGUCTICHO-MOTHMBALiHHUN KOMIOHEeHTH. [lo
KJIFOYOBHX KOMIIETEHTHOCTE!N HaJIeXKaTh ONlepaTHBHE pearyBaHHs, eMiJieMioJIoriyHe po3C/IilyBaHHs, OLliHKa PU3HKIB,
JlabopaTopHa JiarHOCTHKa, MDXKBiZoM4Ya B3aeMo/isi Ta iHpopMyBaHHS HacesieHHs. [liATprMKa KOMIIETEHTHOCTI
3a6e3MevyyeThbCs Yepe3 Ge3nepepBHe HaBUYaHHs], TPEHIHTH, OHOBJIEHHSI HOPMAaTHUBHOI 6a3H, pecypcHe 3abe3IedeHHs],
MOHITOPHHI TOTOBHOCTI Ta MKHapOAHY CHiBNpaLo. 3a pe3yJbTaTaMu aHKeTyBaHHA 47 % pecrnoH/eHTIB BKa3alu
Ha HeOOXiZIHICTh MOCUJIEHHS MPaKTUYHOI MiZroTOBKY, a 48,5 % Masu JJoCBij pearyBaHHsI Ha Ha/I3BUYakHi CUTYyaIlii
y cdepi rpoMazicbKoro 3/10poB’sl. Takox BU3HAYEHO NOTPeGY B PO3BUTKY IICUX0JIOTTYHOI MiJITOTOBKHY, Y/I0CKOHA/IEHHI
KOMIIJIEKCHOI'0 KOMITIETEHTHICHOI'0 i IX0/ly Ta HaBYaHHi po60Ti i3 cyuacHUM MaTepia/IbHO-TeXHIYHHUM 3a6e311e4eHHSIM.
BucHoBkM. OTpHMaHi pe3y/IbTaTH CBi[4aTh INPO HEOOXiJHICTb MOCUJIEHHS MPAKTUYHOI Ta MCUXOJIOTiYHOL
CKJIa/IOBUX NiAroToBku nepconasty ['OP LIKIIX, po3BUTKY NpakTHKOOpiEHTOBaHMX GOPM HaBUYaHHS Ta PETY/ISPHOTO
Bi/IIpaIfoBaHHsl aJITOPUTMIB pearyBaHHsl Ha HaA3BWYakHi cutyanii. [lizTpuMka npodeciiiHOi KOMIETeHTHOCTI
Ma€ 3/iMCHIOBATHCSA ILISXOM MOEAHAHHSA 6e3rnepepBHOro MpodeciiHOro Po3BUTKY, MOHITOPHUHIY TOTOBHOCTI,
MDKBiZIOMYMX TPeHyBaHb i MixkHapoHOiI criBipani. CepTrdikaTHa mporpama «[0TOBHICTb, pearyBaHHsI Ta yIIPaBJIiHHS
Ha/I3BUYaHHUMU CUTYAL[isIMU» MOXKe PO3IISAATUCS IK eQeKTUBHUN IHCTpyMeHT podeciiHOro PO3BUTKY 3aB/sAKU
MOE/IHAHHIO KOMIIETEHTHICHOTrO Mi/IX0/y, MPAaKTUYHOI MiAFOTOBKY, HAaBYaHHS pearyBaHHIO Ha XiMiuHi, 6ioJioriyHi,
pafiialiiHi Ta 4epHi 3arpo3y Ta po3BUTKY HaBUYOK MI>KBiZIOMY01 B3aEMO/Il.

Kimio4yoBi csoBa: Hazi3BUYakHI cuTyanii; mpodeciiiHi cTaHZApTH; YMOBH HEBHU3HAYEHOCTI; emijieMiosioriyHui
HaIvIsi; BOEHHUU CTaH.
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Substantiation of medical and sanitary standards for permissible levels
of carcinogenic substances in ambient air in populated areas,
taking into account the experience of EU countries

Abstract

Relevance. Ukraine’s integration into the European Union requires the harmonisation of national legislation
with European standards. One of the priority areas is the improvement of the system of medical and sanitary
standards for hazardous substances in ambient air. Unlike the EU Member States and the United States, where
the regulation of carcinogens is based on a risk-oriented approach that allows for an acceptable level of risk and
the periodic revision of limits, the maximum permissible concentrations (MPCs) of carcinogens in Ukraine have
traditionally been established on the basis of toxicological experiments without mandatory subsequent review.
Aim. To analyse the compliance of the current Ukrainian medical and sanitary (hygienic) standards for
carcinogenic substances in the ambient air of populated areas with international standards.
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Materials and methods. The Ukrainian regulatory framework governing carcinogenic substances in ambient air,
EU legislation and directives, US standards, and the recommendations of the International Agency for Research
on Cancer were examined.

Results. A comparative assessment of the current Ukrainian standards for carcinogenic substances was carried
out to determine their compliance with internationally accepted carcinogenic risk levels (1 x 10*) and reference
concentrations. Hygienic standards for 45 substances with established carcinogenic potential were analysed.
It was found that the current standards for 34 substances do not comply with international requirements. An
improved system of standards is proposed, incorporating annual average concentrations for the assessment of
chronic exposure and daily average concentrations for the assessment of acute exposure.

Conclusions. The need to harmonise the Ukrainian system of medical and sanitary regulation of carcinogens
with international standards has been demonstrated. The introduction of a risk-oriented approach based on an
acceptable risk level (1 x 10), the differentiation of standards according to averaging periods (annual average
and daily average concentrations), and the regular revision of the regulatory framework in accordance with
current toxicological and epidemiological evidence are scientifically substantiated.

Keywords: acceptable risk; system of permissible level indicators; daily average and annual average

INTRODUCTION

As Ukraine continues its process of state-building, it
has chosen the path of European integration and, in
doing so, has undertaken to align its legislation with
the laws, standards, and practices of the European
Union. Despite the considerable resources devoted
to countering Russian aggression, the development
of preventive medicine continues, with one of its key
priorities being the improvement of the Ukrainian sys-
tem of medical and sanitary standards governing per-
missible levels of hazardous substances in ambient air
and their effects on the environment, in accordance
with international best practice [1-3]. An important
contribution to the harmonisation of Ukrainian san-
itary legislation with European legislation was made
by Law of Ukraine No. 2573-IX [4]. Further progress in
this area has been facilitated by the introduction of the
risk-based approach into sanitary and hygienic prac-
tice [5-6]. In particular, 1.O. Chernychenko et al. [7-
8], in previous studies, analysed the compliance of
hygienic standards for carcinogenic substances with
international standards and identified differences in
the criteria and principles underlying hygienic stand-
ard-setting in Ukraine compared with those applied in
the EU and the United States.

In the United States and EU countries, including
France, the United Kingdom, and Germany, the strate-
gy for preventing the adverse effects of carcinogens on
human health and the environment follows a stepwise
approach. When a hazardous substance is detected in
industrial emissions and poses a potential risk of en-
vironmental contamination, the primary objective is to
eliminate the substance from the production process
or replace it with a less hazardous alternative. Only
where such measures are not feasible is the issue of
establishing hygienic standards for the substance con-
sidered, followed by the periodic review and revision
of its maximum permissible concentration (MPC) in the
light of newly available scientific evidence. In Ukraine,
by contrast, once a compound is identified in the air

concentrations; prevention of adverse effects on human health and the environment.

environment, the immediate focus is on establishing a
regulatory standard, without any mandatory require-
ment for the subsequent review of the approved value.
Furthermore, the criteria used to establish maximum
permissible concentrations of chemical substances
differ substantially. In the EU and the United States,
separate exposure limits are established for carcino-
gens and, where appropriate, mutagens [9-11], based
on an acceptable level of risk associated with exposure
to the hazardous substance. These health-based limits
are derived as threshold exposure concentrations. In-
ternationally, the recommended exposure limit for car-
cinogens in the ambient air of populated areas has tra-
ditionally been based on an acceptable lifetime excess
cancer risk of one additional case per 10,000 exposed
individuals (1 x 10*).

In addition to carcinogenic risk assessment, EU
countries also apply the concept of a reference con-
centration (RfC), which is broadly comparable to the
Ukrainian daily average concentration but specifically
addresses adverse non-carcinogenic effects on human
health. In Ukraine, however, the derivation of MPCs for
carcinogenic compounds is based primarily on data
from acute and subacute laboratory toxicological stud-
ies used to establish dose-response relationships for
toxic effects, supplemented, where possible, by pub-
lished evidence concerning other biological effects,
including mutagenicity. It is assumed that lifelong ex-
posure to carcinogens at concentrations equal to the
MPC should not result in any adverse effects on either
human health or the health of future generations. Once
established, these MPC values are, in practice, rarely
subject to revision. Given these methodological differ-
ences in the derivation of permissible concentrations
for carcinogenic substances, the aim of the present
study was to evaluate the extent to which the current
Ukrainian hygienic standards for carcinogenic sub-
stances in ambient air are consistent with their inter-
national counterparts.
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MATERIALS AND METHODS

A systematic analysis was conducted of the regulatory
framework governing carcinogenic substances in the
ambient air of populated areas in Ukraine and its com-
pliance with the requirements adopted in the European
Union and the United States. Analytical and bibliomet-
ric methods were employed to evaluate current meth-
odological approaches to the establishment of hazard
assessment criteria for carcinogenic substances, as well
as published international evidence concerning the av-
eraging periods applied to carcinogen concentrations
for the prevention of both acute and chronic health ef-
fects. To address these issues, the databases of the US
EPA Integrated Risk Information System (IRIS) [12],
the World Health Organization (WHO) [13-14], and the
classification database of the International Agency for
Research on Cancer (IARC) [15] were analysed with
respect to exposure levels and their associated health
hazards. The analysis included chemical substances
classified by IARC as carcinogenic to humans (Group 1),
probably carcinogenic to humans (Group 2A), and pos-
sibly carcinogenic to humans (Group 2B).

Carcinogenic substances included in the analysis
were selected on the basis of the Ukrainian hygienic
regulations [6]. From the complete list, 45 substances
with established carcinogenic properties were iden-
tified for evaluation. The specific carcinogenic hazard
associated with these substances in the ambient air of
populated areas was assessed using the methodologi-
cal recommendations “Assessment of Carcinogenic and
Non-Carcinogenic Health Risks from Chemical Air Pol-
lution”, approved by Order of the Ministry of Health of
Ukraine No. 1811 [5]. Risk estimates were calculated
across the range from 1 x 102 to 1 x 102, The exposure
dose was determined using the following equation:

LADD_, =CxCRxEFxED/BW x AT x365, (1)

where LADD, , - intake (or lifetime average daily dose),
mg/(kgxday); C - concentration of the compound in pol-
luted ambient air, mg/m?; CR- inhalation rate, m®/d (20
m?/d); EF - exposure frequency, days per year; ED - ex-
posure duration, years (70 years for carcinogens); BW -
body weight, kg (70 kg); AT - averaging time, years (70
years for carcinogens); 365 - number of days per year.

After applying the relevant abbreviations, the for-
mula takes the form:

LADD,, =0.286 xC. (2)

The individual carcinogenic risk from exposure to
a compound in ambient air in populated areas (ICR,,)
was calculated on the basis of the lifetime average dai-
ly dose of the carcinogen LADD,, and the carcinogenic
potential factor SF, [10]:

ICR, =LADD,, xSF,=0.286xC xSF.  (3)

The data obtained on the maximum permissible
concentrations of carcinogenic substances for risk con-
ditions ranging from 1x 102 to 1 x 10" were compared
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with similar figures for EU countries and the USA, on
the basis of which an acceptable risk for Ukrainian
conditions for the study period (early 2026) was deter-
mined at a level of 1 x10*, and the maximum permis-
sible concentrations calculated at this level were pro-
posed for approval and subsequent use in Ukraine [12].

RESULTS AND DISCUSSION

The integration of Ukrainian approaches to the regu-
lation of carcinogenic substances in the ambient air of
populated areas with international experience in estab-
lishing environmental quality standards made it possi-
ble to identify the key components of a hygienic stand-
ard-setting system consistent with the fundamental
principles of Law of Ukraine No. 2573-IX [4]. The main
provisions of the Law are aimed at regulating public
health and ensuring the sanitary and epidemiologi-
cal well-being of the population. A cornerstone of this
framework is the establishment of state medical and
sanitary standards, compliance with which should en-
sure the protection of public health through appropri-
ate scientific research and risk assessment in accord-
ance with requirements for the protection of human
life and health. To implement this approach in practice,
the principal elements of the hygienic standard-setting
system were examined, including the acceptable level
of risk, the maximum permissible concentrations cor-
responding to that risk level, and the appropriate aver-
aging periods for pollutant concentrations.

Acceptable risk is defined as the level of risk con-
sidered tolerable in view of the medical, environmen-
tal, social, and economic consequences that society is
prepared to accept in exchange for the benefits derived
from a particular activity. In preventive medicine, the
US Environmental Protection Agency (US EPA) has,
until recently, recommended an acceptable lifetime ex-
cess cancer risk in the range of 1x 10* to 1 x 10 for
the regulation of carcinogenic substances [12-13]. De-
pending on their economic, technological, and social
circumstances, individual countries establish by legis-
lation the level of acceptable risk deemed appropriate
for their populations. In Ukraine, however, no official
acceptable risk level has yet been established within
the field of preventive medicine. Consequently, the au-
thors relied on international practice and adopted the
upper limit of the internationally accepted risk range,
namely 1 x 10, as the benchmark for the present study.
A comparative assessment was therefore undertaken to
evaluate the compliance of the current Ukrainian med-
ical and sanitary (hygienic) standards for carcinogenic
substances with international standards, based on the
acceptable carcinogenic risk level of 1 x 10* and the
reference concentrations (RfCs) applied in the Europe-
an Union and the United States. Medical and sanitary
standards, including MPCs and RfCs, were determined
for 45 carcinogenic substances for which carcinogenic
potency data are available (Table 1).
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Table 1. Hazard assessment of carcinogenic substance concentrations in ambient air in populated areas
at the maximum permissible concentration (MPC) level based on risk criteria and reference concentrations

Substance MPC RIC
mg/m?® Risk mg/m? Risk
1 2 3 4 5
Benzo/a/pyrene 0.000001 1.1x10° 0.000001 1.1x10°
Benzene 0.1 7.7x10* 0.03 2.3x10*
Beryllium - 0.00002 48x10°
1,3-Butadiene 1.0 3.0x10? 0.002 6.0x10°
1,2-Dichloropropane 0.18 1.9%x103 0.004 4.1x10°5
Ethylene oxide 0.03 3.0x103 0.005 5.0x10*
Cadmium 0.0003 5.4x10* 0.00002 3.6x10°
Arsenic 0.003 1.3x102 0.00003 1.3x10*
Nickel 0.001 2.4x10* 0.00005 1.2x10°%
Carbon black 0.05 2.2x10* 0.05 2.2x10*
Trichloroethylene 1.0 1.8x103 0.04 7.2x10°
Formaldehyde 0.003 3.9x10° 0.003 39x10°
Hexavalent chromium (Chromium VI) 0.0015 1.8x1072 0.0001 1.2x10°%
Aniline 0.03 49x10° 0.001 1.6x10°¢
Dibenz/a,h/anthracene 5.0x10° 44x10°
Dichloromethane 8.8 4.0x107 0.4 1.8x10*
Epichlorohydrin 0.2 2.4x10* 0.001 1.2x10°
2-Mercaptobenzothiazole 0.12 9.9x10* 0.35 29x103
N-Nitrosodiethylamine 15x10° 6.4x10*
N-Nitrosodimethylamine 50x10° 7.0x10*
Styrene 0.002 1.1x10° 1.0 5.7x10*
Tetrachloroethylene 0.06 3.4x10° 0.035 2.0x10°
1,2,3-Trichloropropane 0.05 1.1x10* 0.021 4.2 x10?
Aziridine (Ethyleneimine) 0.001 1.9x102 0.006 1.1x101
Acrylonitrile 0.03 2.1x103 0.002 1.4x10*
Acetaldehyde 0.01 2.2x10° 0.009 2.0x10°
Petrol (gasoline) 1.5 1.5x1072 0.071 7.1x10*
Hexachloroethane 0.05 2.0x10* 0.08 3.2x10*
1,2-Dichloroethane 1.0 2.6x10? 0.4 1.0x1072
1,3-Dichloropropene 0.01 1.1x10°% 0.02 2.2x10°
Ethylbenzene 0.02 2.2x10° 1.0 1.1x10°%
Cobalt and its compounds 0.001 2.8x103 0.00002 5.6x10%
Naphthalene 0.003 1.0x10* 0.003 1.0x10*
Nitrobenzene 0.008 3.2x10* 0.03 3.6x10*
2-Chloronitrobenzene (ortho-chloronitrobenzene) 0.004 2.9x10° 0.001 7.2x10°¢
3-Chloronitrobenzene (meta-chloronitrobenzene) 0.004 2.1x10° 0.001 5.1x10°¢
4-Chloronitrobenzene (para-chloronitrobenzene) 0.004 2.1x10° 0.001 51x10°¢
Propylene oxide 0.08 3.0x10* 0.03 1.1x10*
Lead 0.0003 3.6x10° 0.0005 6.0x10°
Antimony trioxide 0.02 2.3x10° 0.0002 2.3x10%
Tetrahydrofuran 0.2 3.9x10* 0.3 5.8x10*
1,1,2,2-Tetrachloroethane 0.06 3.4%x103 0.2 1.1x107
Carbon tetrachloride 0.7 1.1x102 0.04 6.1x10*
p-Chloroaniline 0.01 1.8x10* 0.014 2.6x10*
Chloroprene 0.002 6.3x10* 0.02 6.3x10°

Source: compiled by the authors based on [5-6]

The data presented in Table 1 clearly demonstrate
that the current hygienic standards for 45 carcinogen-
ic substances in the ambient air of populated areas, in
the overwhelming majority of cases, do not provide
an adequate level of public health protection. They
are associated with estimated lifetime cancer risks

ranging from approximately 8 cases per 10,000 people
(7.7 x10*) to 2 cases per 100 people (1.8 x 10%), and
even as high as 1 case per 10 people (1.1 x 101), as
calculated for the MPCs of benzene, hexavalent chro-
mium (chromium VI), and 1,2,3-trichloropropane,
respectively. These findings raise the question of
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establishing permissible concentrations for chemical
carcinogens corresponding to a level of risk consist-
ent with international requirements, namely 1 x 10
To address this issue, the authors developed dose-re-
sponse risk scales covering the range from 1 x 10 to
1 x 10°%. For the derivation of the proposed medical
and sanitary standards, concentrations correspond-
ing to an excess lifetime cancer risk of 1 x 10* were

Substantiation of medical and sanitary standards for permissible levels
of carcinogenic substances in ambient air in populated areas, taking into account the experience of EU countries

selected (Table 2). This risk level has been adopted
and validated in EU countries, although there is cur-
rently ongoing discussion within the EU regarding the
possible adoption of a more stringent acceptable risk
level of 1 x 1075, reflecting the increased effectiveness
of environmental protection measures in recent years
and the resulting reduction in chemical pollution of
ambient air.

Table 2. Recommended annual average MPCs of carcinogenic substances in ambient air in populated areas

Substance
Concentrations Current (daily Recommended (annual Criteria
average), mg/m? average), mg/m?
1 2 3 4
Benzo/a/pyrene 0.000001 0.000001 Carcinogenic risk
Benzene 0.1 0.01 Carcinogenic risk
Beryllium - 0.00002 Reference concentration / Resorptive effects
1,3-Butadiene 1.0 0.002 Reference concentration / Resorptive effects
1,2-Dichloropropane 0.18 0.004 Reference concentration / Resorptive effects
Ethylene oxide 0.03 0.001 Carcinogenic risk
Cadmium 0.0003 0.00002 Reference concentration / Resorptive effects
Arsenic 0.003 0.00002 Carcinogenic risk
Nickel 0.001 0.00005 Reference concentration / Resorptive effects
Carbon black 0.05 0.023 Carcinogenic risk
Trichloroethylene 1.0 0.04 Reference concentration / Resorptive effects
Formaldehyde 0.003 0.003 Reference concentration / Resorptive effects
Hex(z"c";i?l:ifr’ﬁ“l’)‘“m 0.0015 0.00001 Carcinogenic risk
Aniline 0.03 0.001 Reference concentration / Resorptive effects
Dibenz/ah/anthracene 5.0 x 10°° 0.000005 Carcinogenic risk
Dichloromethane 8.8 0.22 Carcinogenic risk
Epichlorohydrin 0.2 0.001 Reference concentration / Resorptive effects
2-Mercaptobenzothiazole 0.12 0.012 Carcinogenic risk
N-Nitrosodiethylamine 15 x10° 0.000015 Carcinogenic risk
N-Nitrosodimethylamine 50 x 10° 0.00005 Carcinogenic risk
Styrene 0.002 0.002 Reference concentration / Resorptive effects
Tetrachloroethylene 0.06 0.035 Reference concentration / Resorptive effects
1,2,3-Trichloropropane 0.05 0.00005 Carcinogenic risk
Aziridine (Ethyleneimine) 0.001 0.000005 Carcinogenic risk
Acrylonitrile 0.03 0.0015 Carcinogenic risk
Acetaldehyde 0.01 0.01 Reference concentration / Resorptive effects
Petrol (gasoline) 1.5 0.01 Carcinogenic risk
Hexachloroethane 0.05 0.025 Carcinogenic risk
1,2-Dichloroethane 1.0 0.004 Carcinogenic risk
1,3-Dichloropropene 0.01 0.01 Reference concentration / Resorptive effects
Ethylbenzene 0.02 0.02 Reference concentration / Resorptive effects
Cobalt and its compounds 0.001 0.00002 Reference concentration / Resorptive effects
Naphthalene 0.003 0.003 Reference concentration / Resorptive effects
Nitrobenzene 0.008 0.002 Carcinogenic risk
2-Chloronitrobenzene 0.004 0.001 Reference concentration / Resorptive effects
3-Chloronitrobenzene 0.004 0.001 Reference concentration / Resorptive effects
4-Chloronitrobenzene 0.004 0.001 Reference concentration / Resorptive effects
Propylene oxide 0.08 0.03 Reference concentration / Resorptive effects
Lead 0.0003 0.0003 Reference concentration / Resorptive effects
Antimony trioxide 0.02 0.0002 Reference concentration / Resorptive effects
Tetrahydrofuran 0.2 0.05 Carcinogenic risk
1,1,2,2-Tetrachloroethane 0.06 0.002 Carcinogenic risk
Carbon tetrachloride 0.7 0.007 Carcinogenic risk
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Table 2. Continued

Substance
Concentrations Current (daily Recommended (annual Criteria
average), mg/m? average), mg/m?
p-Chloroaniline 0.01 0.005 Carcinogenic risk
Chloroprene 0.002 0.0003 Carcinogenic risk

Source: compiled by the authors based on [5]

The data presented in Table 2 indicate that the EU
and the US assume that the effectiveness of environ-
mental protection measures has recently increased in
many countries, leading to a reduction in the level of
chemical pollution in the atmosphere. To summarise
this point, it can be noted that of the 45 chemical car-
cinogens included in the Ukrainian database of medi-
cal and sanitary standards for permissible concentra-
tions in ambient air in populated areas, the MPCs for
11 compounds do not require revision and are at levels
of acceptable risk and reference concentrations. At the
same time, for 34 compounds, there is a question as to
whether permissible concentration limits need to be
reduced, as their current standards do not comply with
international standards.

To address the issue of setting hygiene standards for
carcinogenic substances in line with EU requirements,
as provided for by Regulation (EC) No. 1272/2008 [9],
another question arises concerning the averaging of
MPCs. As of early 2026, Ukraine applies average daily
MPCs, which are used to assess both short-term and
long-term (chronic) periods of exposure to chemical
carcinogens, although MPCs are calculated based on
the lifetime exposure dose. Furthermore, internation-
al practice already employs annual average concentra-
tions to prevent chronic exposure to carcinogens, whilst
daily average levels are recommended to prevent acute
exposure. This circumstance necessitates the establish-
ment of two maximum permissible concentrations for
each carcinogenic substance - an annual average and a
daily average. It is precisely on the basis of these princi-
ples that the authors have proposed an improved, mod-
ern system of standards for carcinogenic substances in
the ambient air of populated areas, taking into account
annual average concentrations for the assessment of
chronic exposure and daily average concentrations
for acute exposure, as set out in Table 2. Thus, the pro-
posed approaches to hygienic standard-setting require
amendments to Ukrainian legislation governing medi-
cal and sanitary regulation.

To summarise the results obtained, it should be em-
phasised that they concerned two aspects of the system
of hygienic standardisation: the determination of safe
concentrations of chemical carcinogens in ambient air
and general characteristic indicators of their applica-
tion in practical activities. This includes, for Ukraine in
2026, the selection of an acceptable level of societal risk
associated with environmental factors, taking into ac-
count the country’s social, economic, technological, and

environmental characteristics, as well as the determi-
nation of appropriate concentration averaging periods
and sampling durations for environmental monitoring.
All of these issues were fundamentally new for Ukrain-
ian specialists in preventive medicine at the begin-
ning of 2026, and the proposed hygienic standards are
specifically intended for the assessment of the health
hazards posed by chemical environmental factors. In
the practice of hygiene science, the methodology for
setting hygiene standards for harmful environmental
factors, which was established in the 1960s, has re-
mained virtually unchanged. Concentrations set at the
level of hygiene standards are ideologically regarded
as non-toxic, that is, safe for people living under the in-
fluence of harmful chemicals at the levels specified by
the approved standards. At the same time, similar ap-
proaches proposed by experts from EU countries and
the USA hold that there are no “non-effect” concentra-
tions of harmful substances; depending on their level,
there is a risk of contributing to the development of dis-
ease, which, for carcinogenic substances, corresponds
to a specific incidence of cancer relative to the size of
the population. In global practice, as of early 2026, ac-
cording to the definition by IARC experts [15] and WHO
specialists [13-14], an acceptable risk for ambient air
in populated areas is considered to be a risk level of
1x10* i.e. where exposure to a specific chemical com-
pound may result in one case of cancer per 10,000 peo-
ple over a lifetime. Thus, whilst the air pollution levels
are assessed and their safety for the population is indi-
rectly assumed on the basis of the chemical substance
standards established by Ukrainian experts as of early
2026, under the risk-based approach, hygiene stand-
ards directly assess the risk to human health.

Thus, the results obtained in this study are con-
sistent with the findings of international organisa-
tions and are in line with current scientific research,
which points to the need to adopt a risk-based ap-
proach when regulating carcinogenic air pollutants.
For instance, the WHO guidelines on air quality state
that, for carcinogens, a safe threshold level of exposure
cannot be scientifically justified and standards must
be determined on the basis of an acceptable level of
risk [13-14, 16]. A similar concept underpins the regu-
latory policy of the US Environmental Protection Agen-
cy, which recommends using individual carcinogenic
risk indicators as the primary criterion for regulatory
decision-making [17]. Based on this, for example, the
MPC of benzene in Ukrainian regulations is 7.7 x 10,
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which is almost eight times higher than the risk level
of 1 x 10 Furthermore, WHO experts [14] emphasise
that any level of benzene exposure is associated with a
certain probability of developing leukaemia; therefore,
regulatory decisions should be based on risk assess-
ment rather than on the concept of a safe threshold
concentration. Similar conclusions are presented in
the work by A. Sekar et al. [18], who, after analysing
air quality standards in various countries, concluded
that a significant proportion of existing standards do
not provide adequate protection for public health and
need to be revised on the basis of current assessments
of carcinogenic risk. The authors of this study reached
a similar conclusion.

A significant exceedance of the acceptable risk was
also identified in this study for chromium (VI), arsenic,
cadmium, cobalt, ethylene oxide and a number of other
substances. Particular attention is drawn to the calcu-
lated risk values for chromium (VI) and 1,2,3-trichlo-
ropropane, which exceeded the level of 10* by several
orders of magnitude. Similar results were obtained by
D.M. Proctor et al. [19], who demonstrated that even
at low concentrations of Cr(VI), risk levels may ex-
ceed those recommended by regulatory authorities.
The authors emphasise the need for periodic review
of regulatory standards, taking into account new data
and approaches to carcinogenic risk assessment. It is
also important to note that the list of substances for
which the authors of this article propose a review of
regulatory limits largely coincides with the list of pri-
ority atmospheric carcinogens identified by the Inter-
national Agency for Research on Cancer [15], including
benzene, benzo(a)pyrene, cadmium, arsenic, nickel,
formaldehyde, and hexavalent chromium compounds,
all of which are classified as carcinogenic to humans
(IARC Group 1).

The second aspect of the study concerns the ad-
visability of revising approaches to the averaging of
concentrations of carcinogenic substances. The results
obtained confirm the need to review approaches to av-
eraging the concentrations of carcinogenic substances.
Unlike the current Ukrainian system, where the daily
average concentration is predominantly used to assess
both acute and chronic effects, international practice
involves the use of annual average concentrations to
assess long-term carcinogenic effects, whilst daily aver-
age concentrations are used to prevent acute toxic reac-
tions [13, 20]. This approach is considered to be more
scientifically sound, as the development of malignant
tumours is primarily associated with prolonged expo-
sure to low concentrations of carcinogenic agents. The
lifetime exposure dose used in risk assessments is also
relevant. Furthermore, the List of Air Quality Standards
for the Protection of Public Health, as recommended in
the EU Directives, clearly stipulates the need to average
concentrations over the course of a year (annual con-
centrations) for substances such as benzo(a)pyrene,
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benzene, lead, arsenic, cadmium, nickel, chromium oth-
er priority pollutants [21].

Finally, in summarising their work, the authors em-
phasise the need to establish, for the social, economic
and technological conditions prevailing in Ukraine in
2026, a level of acceptable risk of 1 x 10, which has
been tested in EU countries and the USA and is recom-
mended by the International Agency for Research on
Cancer [15]. Not only will this serve as a national indi-
cator of the danger posed by existing actual pollution,
but it will also be the single benchmark against which
all chemical compounds will be assessed. It is impor-
tant to note that the results of this study are consistent
with the European Union’s current environmental pol-
icy, according to which the priority approach to pre-
venting carcinogenic effects is not only the establish-
ment of standards but also the maximum reduction
or elimination of sources of carcinogens entering the
environment [9, 22]. It is precisely this approach that
is gradually replacing the traditional concept of hy-
giene standardisation in Ukraine. Thus, the results of
this study confirm the need to harmonise the Ukrain-
ian system of medical and sanitary standardisation of
carcinogenic substances with international standards.
The implementation of a risk-based approach is scien-
tifically sound and, in the long term, should be devel-
oped through legislative measures and the refinement
of Ukrainian principles for establishing permissible
medical and sanitary standards; the application of
these standards will enhance the effectiveness of pre-
venting the adverse effects of environmental factors
on the health the population and the formulation of
practical steps for management decisions aimed at im-
proving the environment and preventing environmen-
tally-induced morbidity among the population.

CONCLUSIONS
1. The studies conducted show that the standards cur-
rently in force in Ukraine for carcinogenic substanc-
es in the ambient air of populated areas, in the vast
majority of cases, exceed the level of permissible or
acceptable risk of probable cancer development in the
population.

2. When comparing these standards with the re-
quirements of the EU and the USA, the question arises
as to the need to revise Ukraine’s regulatory framework
for carcinogenic substances in line with international
legislation, which provides for the determination at na-
tional level of an acceptable risk of exposure to harmful
factors affecting the human body and the development
of medical and sanitary standards for different levels of
concentration: annual averages to prevent chronic ex-
posure and daily averages to prevent acute exposure.
This approach to justifying medical and sanitary stand-
ards focuses them on preventing the harmful effects of
environmental factors on the human body and ensuring
an acceptable state of the environment.
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3. In view of Ukraine’s current economic condi-
tions, the existing technological capabilities of indus-
trial pollution sources, and the social pressures asso-
ciated with ongoing military conflict, an acceptable
lifetime excess cancer risk of 1 x 10* is recommend-
ed as the basis for establishing medical and sanitary
standards. This benchmark has already been formally
recognised in countries with higher levels of human
development, including the EU and the USA.

4. Continuing scientific research on this topic
will enable Ukrainian health legislation to be brought
into line with EU legislation, thereby ensuring that

concentration of carcinogenic substances in the ambi-
ent air of populated areas in Ukraine comply with Eu-
ropean standards.
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KaHLleporeHiB 6a3yeTbCsl HA PU3UK-OPIEHTOBAHOMY MiAXOJi 3 JIOMYIIEHHAM MNPUUHATHOrO pPiBHA PHU3MKY Ta
MOXKJIMBICTIO PETYJISIPHOTO Neperisily JiMiTiB, B YKpaini rpanuyHo jgonyctuMi koHueHTpanii (I/1K) kaHueporeHis
TPaJULIiAHO BCTAHOBJIIOIOTHCS HAa OCHOBI TOKCHKOJIOTIUHHUX €KCIEPUMEHTIB 6e3 06O0B’SI3KOBOTO IOAAJIbIIOTO
neperyisAy BeJIM4uH.

Mera. [IpoBecTu aHasi3 BiAMOBIJHOCTI YMHHUX MEJMKO-CAHITApHUX (Tiri€EHiYHMX) HOPMATHBIB KaHLEPOTeHHHUX
pevoBHUH B aTMochepHOMY MOBITPi Hace/leHUX Micllb YKpaiHU MPXXKHAPOAHUM CTaHAAPTaM.

Marepiami Ta MeToAH. Bys1o 10C/i/KeHO YKpaiHCbKY HOPMaTHBHY 6a3y KaHIlepOreHHUX pe40BUH B aTMOCHepHOMY
NOBITPI, 3aK0HOAABCTBO i AnpekTrBU EC, cranaapty CIIA Ta pexoMenauii MixkHapoZiHOI areH1ii 3 BUBYEHHS PaKy.
PesynasraTi. [lpoBefieHO MNOPIBHAJNBHY OLHKY YMHHHUX YKPAlHCBKMX HOPMATWUBIB KaHIEPOIeHHUX DPEeYOBUH
o0 iX BiAMOBiHOCTI MiXKHAPOAHUM PIBHSM NPUUHATHOrO KaHLeporeHHoro puky (1 x 1074) ta pedepeHTHHUX
KOHIleHTpaLill. [IpoaHasi3oBaHO NOKa3HUKH rrieHiYHUX HOPMATUBIB 1715145 KaHLIepOreHHUX PeYOBHH i3 BUSHAYEHUM
KaHLlepOreHHUM MOTeHja/IOM. YCTaHOBJIEHO, 10 JiF04i HOpMAaTHUBH /1J151 34 pe4OBUH He Bi/I[IOBIZJal0Th MiXKHAPOJHUM
CTaHZapTaM. 3alpolOHOBAaHO V/[OCKOHAJIIEHY CUCTEMY HOPMAaTHBIB 13 BIPOBA/PKEHHAM CepeHbOPIYHUX
KOHI[EHTPALiH JIJIs1 OL[iIHKY XPOHIYHOT'0 BIVIUBY Ta CepeHbOI000BUX — /11 TOCTPOTO.

BucHoBKM. /loBe/leHa HeoOXifHICTb rapMoHisanii ykpaiHCbKOi CHCTEMM MeAHMKO-CaHITapHOTO HOPMYBaHHS
KaHLleporeHiB i3 MiKHapoZHUMM cTaHJapTaMu. HaykoBo OGI'pyHTOBAHO BIPOBa/KEHHS PU3HK-OPIEHTOBAHOTO
Mi/IX0/ly Ha OCHOBI MPUHUHATHOTO piBHA pU3UKY (1 x 10-4), nudepenuiarnii HopMaTHBIB 3a nepiojaMu ocepe/IHEHHS
(cepeaHbopiyHi Ta cepeHBONOO0BI) Ta PEryISIPHOTO MEPeIsAy HOPMATHBHOI 6a3u BiJMOBIAHO [0 Cy4acHUX
TOKCHUKOJIOTIYHUX U eMiIeMio/IoTiYHUX JJaHUX.

Kimio4uoBi cs10Ba: npuiiHATHUM PU3UK; CUCTEMA ITOKa3HUKIB JJOMYCTUMOTO PiBHS; cepeiHb0/[060Bi Ta cepeIHbOPivHI
KOHI[eHTpallil; monepemKeHHs IIKiIJIMBOr0 BIUTUBY Ha 3/10POB’S JIIOAWUHU Ta CTaH JOBKIJJIS.

Medical Science of Ukraine 22(2), 2026 123



PUBLIC HEALTH

Medical Science of Ukraine e A

MeaguuHa HayKa YKpaiHu Vol. 22, No. 2, 2026

UDC 616.345-006.6-085.277.3:614.253.8:330.567:[314+316] Journal homepage: https://nmuofficial.com/zhurnal-medychna-nauka-ukrayiny/
DOTI: https://doi.org/10.32345/2664-4738.2.2026.13 Received: 07.01.2026 Revised: 02.05.2026 Accepted: 28.05.2026 Published: 30.06.2026

Andrii Maranov”

Postgraduate Student

Bogomolets National Medical University
01601, 34 Beresteysky Ave., Kyiv, Ukraine
https://orcid.org/0009-0001-3938-6305

Tetiana Vezhnovets

Doctor of Medical Sciences, Professor
Bogomolets National Medical University
01601, 34 Beresteysky Ave., Kyiv, Ukraine
https://orcid.org/0000-0003-1156-8614

The association between patients’ sociodemographic characteristics
and out-of-pocket payments during chemotherapy for colorectal cancer

Abstract

Relevance. Colorectal cancer (CRC) is one of the three most prevalent malignancies in terms of incidence and
mortality, both in Ukraine and worldwide. Despite Ukraine’s healthcare financing reform, out-of-pocket payments
by patients remain a significant concern.

Aim. To compare the sociodemographic characteristics of patients receiving chemotherapy for CRC. This
comparison was made according to whether they made OOPPs.

Materials and methods. A total of 459 people took part in this cross-sectional study. Their sociodemographic
characteristics, subjective assessments of healthcare accessibility, awareness and satisfaction were analysed.
Respondents who made OOPPs were compared with those who did not using the y? test and the Cochran-
Armitage trend test in R with the EZR graphical user interface.

Results. A statistically significant linear trend towards an increased frequency of OOPPs was observed. This was
with increasing age (p=0.026) and increasing settlement size (p =0.029). However, the groups did not differ
significantly in terms of sex, educational attainment, or income (p > 0.05). The likelihood of family members
acknowledging payments was significantly higher than that of patients themselves (p = 0.001). Patients who
made OOPPs were significantly more likely to postpone diagnosis or treatment than those who did not (21.8%
versus 8.4%, p<0.001). Patients who were better informed about services that were free of charge were less
likely to make payments (p <0.001), as shown by a strong linear trend. Patients who did not make OOPPs also
reported a significantly higher level of satisfaction with the quality of care (p=0.001).

Conclusions. The study identified several factors that could potentially be used to prevent out-of-pocket
payments (OOPPs). Respondents who received chemotherapy and incurred OOPPs were more likely to be aged
60 years or older, retired and living in a regional capital. They were significantly more likely to postpone a cancer
diagnosis or treatment due to anticipated financial costs, which suggests that healthcare services are not easily
accessible. These patients did not know that they could get chemotherapy for free and were less satisfied with its
quality. No differences were identified in relation to sex, educational attainment, or income level.

Keywords: healthcare financing; oncology; colon and rectal cancer; patient awareness; patient satisfaction;
quality of healthcare services; accessibility of healthcare services.
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INTRODUCTION

The third most common cancer worldwide is colorec-
tal cancer (CRC), according to Global Cancer Statistics
2022. It accounts for 9.6% of all cancers, with 1.9 mil-
lion new cases. Furthermore, CRC is the second lead-
ing cause of cancer-related mortality, accounting for
904,000 deaths (9.3% of all cancer deaths) [1-2]. In
Ukraine, CRC is also among the three most prevalent
cancers in terms of both incidence and mortality. In
2023, 12,152 new cases were recorded. This account-
ed for 9.9% of all newly diagnosed cancers. This corre-
sponds to the global proportion. A total of 6,395 deaths
were recorded, accounting for 14.4% of all cancer-re-
lated deaths - a higher proportion than the global fig-
ure. Furthermore, depending on tumour location, the
proportion of newly diagnosed CRC patients who did
not survive the first year after diagnosis ranged from
20.9% to 25.9% [3]. These statistics may be partly due
to patients delaying medical consultations because of
worries about potentially ruinous costs for diagnosis
and treatment. Since 2017, the diagnosis and treatment
of cancer in Ukraine has been covered by the National
Health Service of Ukraine (NHSU) via the Programme
of Medical Guarantees (PMG) [4]. Chemotherapy for
colorectal cancer is funded by the NHSU as part of a
separate package entitled “Chemotherapy Treatment
and Support for Patients with Cancer in Inpatient and
Outpatient Settings”, which is provided to patients free
of charge. According to the World Health Organization
and the World Bank, introducing the healthcare financ-
ing reform in Ukraine has improved access to health-
care services and provided greater protection against
excessive out-of-pocket payments (OOPPs) [5].

It is well known that patients diagnosed with can-
cer often have to rely on informal and out-of-pocket
payments to gain access to treatment. There are also
documented cases of patients declining treatment be-
cause it is unaffordable [6-8]. Furthermore, O. Leven-
ets et al. [9] have found that such practices are not only
widespread in Ukraine, but are also generally charac-
teristic of post-communist countries. More broadly,
the financial toxicity associated with cancer treatment
is a global problem. For instance, R. Lentz et al. [10]
have highlighted the link between financial toxicity
and patients’ demographic and socioeconomic status,
the type of treatment selected, and other factors in
the United States. The authors identified female sex,
younger age, and unemployment as particular con-
tributing factors. L. Doshmangir et al. [11] observed
that out-of-pocket payments (OOPPs) can lead to cat-
astrophic expenditure for households. According to a
systematic review of 19 studies, an average of 43.3%
of cancer patients experienced catastrophic healthcare
expenditure. An inverse relationship with the Human
Development Index was identified, with a prevalence
of 23.4% in countries with higher levels of human
development, compared to 67.9% in countries with
lower levels. The factors associated with financial
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hardship during CRC treatment have been investigated
in retrospective, cross-sectional and prospective stud-
ies. G. Sadigh et al. [12] discovered that, among patients
with early-stage CRC, the severity of financial hardship
was linked to age, sex, educational attainment, employ-
ment status, receipt of chemotherapy, and other factors.
S. Kircher et al. [13] also highlighted the link between
the financial burden of CRC treatment and patients’
household income and the socio-economic status of
their area of residence. A. Rashidi et al. [14] examined
interventions intended to reduce financial hardship
among patients with cancer in a systematic review and
meta-analysis. However, the findings indicated that
these strategies had only a limited effect.

Therefore, it is important to identify the factors
that cause patients to make out-of-pocket payments
(OOPPs) despite the availability of guaranteed NHS
funding. This study aimed to compare the social and
demographic characteristics, as well as the subjective
assessments, of two groups of patients with colorectal
cancer who received chemotherapy. The groups were
distinguished by their out-of-pocket payment habits.

MATERIALS AND METHODS

This study employed a cross-sectional design. A total of
459 patients who had received treatment for colorectal
cancer under the “Chemotherapy Treatment and Sup-
port for Patients with Cancer in Inpatient and Outpa-
tient Settings” medical guarantees package between 1
July 2023 and 30 June 2024 were surveyed. Both pa-
tients and relatives who had been directly involved in
the treatment process were permitted to participate in
the study. The questionnaire consisted of four sections.
The first section was general information. The second
section was about perceptions of informal payments.
The third section was a review of the patient and medi-
cal history relating to colorectal cancer. The fourth sec-
tion was about patient satisfaction. It was designed to
take approximately 45 minutes to complete. The survey
was conducted in person. It was done by independent
interviewers. They did it in a private location. This was
outside the healthcare facility. There were no third par-
ties present. Respondents’ answers were entered into
an online questionnaire on a tablet. The respondents
were told that they could choose whether or not to take
part and that their answers would not be shared pub-
licly and would keep their identity secret. No personal
data were collected. All responses were used for analy-
sis in an aggregated and anonymised form only. Patients
were selected randomly. This was to ensure adequate
regional representation within the sample. Almost all
patients received treatment at 25 municipal healthcare
facilities, 22 of which were oncology centres. These fa-
cilities were located in 21 Ukrainian regions and the
city of Kyiv. Due to the ongoing war, the Donetsk, Lu-
hansk and Kherson regions, as well as the Autonomous
Republic of Crimea, were excluded from the sample.
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The main thing we were comparing was whether
patients had to make any out-of-pocket payments for
their chemotherapy. The following payments were
included: payments for diagnostic procedures; mon-
ey or monetary equivalents given to a doctor or other
healthcare professional; remuneration for a doctor,
compensation for their time, expressions of gratitude,
donations, or charitable contributions; the purchase of
medicines or medical devices from a list provided by
the healthcare facility; gifts in the form of goods, such
as confectionery, alcohol, or coffee, or services, such as
discounts or services provided free of charge; informal
payments; and other similar forms of payment. The
first group of respondents (n=338) reported that they
had not made any out-of-pocket payments (OOPPs),
whereas the second group (n=121) reported that they
had. The groups were compared based on the follow-
ing sociodemographic characteristics: age group, sex,
educational attainment, employment status, average
monthly income per household member, and type of
settlement in which the patient resided. In addition, the
study assessed respondents’ perceptions of the accessi-
bility of cancer care. It also looked at their awareness of
services provided free of charge under the PMG. Finally,
it examined patient satisfaction as an indirect indica-
tor of the quality of healthcare delivery. To account for
regional differences, patients were also classified into
subregions based on the NHSU structure [15].

The association between patients’ sociodemographic characteristics
and out-of-pocket payments during chemotherapy for colorectal cancer

Statistical analysis was performed using the R pro-
gramming language (version 4.3.1) with the EZR graph-
ical user interface (version 1.64). The results are pre-
sented as absolute values (n) and relative frequencies
(%). For certain variables, the number of responses was
lower than the total sample size because some respond-
ents either omitted answers or did not provide the rel-
evant information. In such cases, the analysis for each
variable was based on the available data. No computer
programs were used to replace missing answers. The
chi-squared test was used for comparisons between
groups. Fisher’s exact test was applied when expect-
ed frequencies were low. The Cochran-Armitage trend
test was used to assess the presence of a linear trend.
Statistical significance was set at p <0.05 for all tests.

The study was done following the rules of the Dec-
laration of Helsinki [16]. The study protocol was ap-
proved by the Bioethical Review and Research Ethics
Commission of Bogomolets National Medical Universi-
ty (Protocol No. 206, 2026).

RESULTS AND DISCUSSION
The findings suggest that family members were more
willing than patients to report out-of-pocket payments
(OOPPs). Among those who did not report such pay-
ments, patients predominated, accounting for 190 out
of 338 respondents (56.2%), compared to 148 family
members (43.8%) (p=0.001) (Table 1).

Table 1. Sociodemographic characteristics of respondents receiving chemotherapy
for CRC, categorised by whether they made out-of-pocket payment

OOPPs
Factor Category no yes p-value
n=338 n=121
Questionnaire Patient 190 (56.2%) 46 (38.0%) 0.001
respondent Family member 148 (43.8%) 75 (62.0%) )
under 40 17 (5.0%) 3 (2.5%)
40-49 51 (15.1%) 10 (8.3%)
Age 50-59 83 (24.6%) 26 (21.5%) 0.103
60-69 130 (38.5%) 61 (50.4%)
70+ 57 (16.9%) 21 (17.4%)
Female 103 (30.5%) 41 (33.9%)
Sex Male 235(69.5%) | 80 (66.1%) 0495
Higher 105 (31.1%) | 35 (28.9%)
Education Secondary 51 (15.1%) 18 (14.9%) 0.904
Vocational education 182 (53.8%) 68 (56.2%)
Employed 123 (36.8%) 30 (25.4%)
Employment status Retired 163 (48.8%) 72 (61.0%) 0.055
Unemployed persons of working age 48 (14.4%) 16 (13.6%)
below UAH 4,000 79 (26.1%) 24 (21.6%)
Average monthly UAH 4,001-7,000 83 (27.4%) 36 (32.4%)
income per member of UAH 7,001-10,000 57 (18.8%) 18 (16.2%) 0.480
the patient’s household UAH 10,001-19,000 72 (23.8%) 25 (22.5%)
More than UAH 19,000 12 (4.0%) 8 (7.2%)
Regional capital 148 (46.2%) 62 (54.9%)
Type of settlement of Large city (population over 100,000) 48 (150%) 20 (17.7%) 0.155
residence Town or city with a population of up to 100,000 62 (19.4%) 18 (15.9%) '
Village or urban-type settlement 62 (19.4%) 13 (11.5%)
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Table 1. Continued

OOPPs
Factor Category no yes p-value
n=338 n=121
West 125 (37.0%) 27 (22.3%)
South 17 (5.0%) 0 (0.0%)
Subregion North 27 (8.0%) 39 (32.2%) <0.001
East 57 (16.9%) 12 (9.9%)
Centre 112 (33.1%) 43 (35.5%)

Source: compiled by the authors

No statistically significant difference in age was
found between the groups (p=0.103). As the age groups
were ordered categories, Cochran-Armitage test for lin-
ear trend was performed. This yielded a chi-squared
value of 4.9 and a p-value of 0.026. Therefore, the like-
lihood of patients reporting payments increased with
age. This was particularly apparent in the 40-49 age
group, where 15.1% of those who did not make pay-
ments and 8.3% of those who did were represented. By
contrast, the distribution shifted towards a higher fre-
quency of payments in the 60-69 age group, at 38.5%
and 50.4% respectively.

The groups did not differ significantly in terms of
sex distribution (p = 0.495) or educational attainment
(p=0.904). While the distribution of patients by em-
ployment status did not reach statistical significance
(p=0.055), there was a tendency for retired people to
make payments more frequently (no OOPPs: 48.2%;
OOPPs: 61.0%), whereas employed people were more
likely not to make payments (no OOPPs: 36.6%; OOPPs:
25.4%). At the same time, no significant differences
were found between the groups in terms of average
monthly income per member of the patient’s household
(p=0.48). Additional analysis revealed no linear trend

(x*=0.449, p = 0.5). Therefore, there was no evidence
that the frequency of OOPPs increased with income.

The groups did not differ according to patients’
place of residence (p = 0.155). However, linear trend
analysis indicated a significant difference (x*=4.745,
p=0.029). In other words, the frequency of OOPPs in-
creased with the size of the settlement in which the
patient lived. The most frequent OOPPs were made
by residents of regional capitals, who accounted for
54.9% of all payments made, while the least frequent
were made by residents of villages and urban-type set-
tlements, who accounted for 11.5%. The distribution
of patients by subregion revealed a statistically signifi-
cant difference between the two groups of respondents
(p<0.001). Payments were less common in the West (no
OOPPs: 37.0%; OOPPs: 22.3%) and the East (no OOPPs:
16.9%; OOPPs: 9.9%). Conversely, patients in the North
were more likely to pay out of pocket (no OOPPs: 8.0%;
OOPPs: 32.2%), whereas in the Centre, the propor-
tions were almost identical (no OOPPs: 33.1%; OOPPs:
35.5%). The next section analysed patients’ subjective
assessments of treatment accessibility, awareness and
satisfaction as indirect measures of healthcare service
quality (Table 2).

Table 2. Perceived accessibility, awareness and satisfaction with chemotherapy,
according to whether respondents made OOPPs

OOPPs
Factor/question Category no yes p-value
n=338 n=121
Did you postpone cancer diagnosis or treatment No 304 (91.6%) 93 (78.2%) <0.001
. X Lo .
because you anticipated catastrophic expenditure? Yes 28 (8.4%) 26 (21.8%)
How aware are you of the services provided free Low 91 (27.2%) 56 (46.7%)
of charge and g.uarant.egd by the state for CRC Moderate 87 (26.0%) 36 (30.0%) <0.001
chemotherapy in municipally and state-owned
facilities? High 157 (46.9%) 28 (23.3%)
Satisfied 279 (85.3%) 76 (70.4%)
H tisfied ith th lity of the CRC
ow S(?htlasn:gthirrzg;l;gg/ices ?I(?Llll?elczi?/ed?e Neutral assessment | 41 (12.5%) 25 (23.1%) 0.001
Dissatisfied 7 (2.1%) 7 (6.5%)

Source: compiled by the authors

The study methodology was followed. The actual
number of responses presented in Table 2, as in Table 1,

could be lower than the total number of respondents.
This is because of missing or unspecified responses.
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The analysis was conducted using the available data
for each variable. Patients who denied making out-of-
pocket payments (OOPPs) had a significantly different
assessment of healthcare accessibility to those who re-
ported making them (p <0.001). Patients in the latter
group were more likely to acknowledge that they had
postponed a cancer diagnosis or treatment (21.8% ver-
sus 8.4%). There was also a statistically significant dif-
ference (p<0.001) and a stronglinear trend (x*=22.641,
p <0.001) in patient awareness of chemotherapy ser-
vices provided free of charge. Thus, patients who were
better informed about the PMG were less likely to make
payments. Moreover, respondents who did not make
OOPPs were more likely to be satisfied with the quality
of healthcare than those in the other group (p=0.001).
A linear trend was also present (x?=12.925, p<0.001).

The study findings showed that the group of pa-
tients who made out-of-pocket payments (OOPPs) had
certain differences and characteristics in common with
the group that denied making such payments. Firstly,
family members reported OOPPs more frequently than
patients themselves (p=0.001). This was probably be-
cause patients felt dependent on healthcare profession-
als and were therefore less inclined to report payments,
particularly informal ones. According to K. Kroenke et
al. [17], patients’ assessments often correspond with
family members’ views and can be used to evaluate pa-
tients’ conditions. It is important to note that around
73% of family members are directly involved in deci-
sions concerning inpatient cancer treatment, while
25% report experiencing a financial burden because of
the disease [18].

The work of O. Levenets et al. [6] established that
older patients and women were more likely to make
informal payments to access cancer care. The present
study found no association between OOPPs and sex
(p>0.05). However, the Cochran-Armitage test revealed
a statistically significant trend of increased payment
frequency with age (x*=4.9, p=0.026). Older patients
made payments more frequently than younger pa-
tients. T. Heisser et al. [19] demonstrated that the risk
of colorectal cancer increases with age, with more com-
plex cases requiring more expensive treatment. Never-
theless, the literature also suggests that the impact of
age may have a threshold, with very elderly patients
incurring lower costs due to receiving less aggressive
treatment owing to their clinical condition and general
age-related health deterioration. Nevertheless, the ob-
served association may also be explained by payment
practices inherited from the Soviet healthcare system
that persist among older age groups. Furthermore, old-
er age groups may be less aware that healthcare and
PMG services are provided free of charge. A systematic
review by Y. Zhang et al. [20] highlighted inadequate
e-health literacy among cancer patients and identified
age, sex, education, place of residence and other charac-
teristics as influential factors.
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The study found no statistically significant dif-
ferences between the groups in terms of education-
al attainment (p = 0.904). This may be because pa-
tients tend to make irrational decisions when making
decisions about cancer treatment, which override the
effect of educational attainment. These decisions are
instead based on the experiences of other patients,
prevailing practices within their social environment,
and other factors, as described by S. Whyte et al. [21]
and M.S. Karuturi et al. [22]. However, O. Levenets et
al. [6] found that higher education influenced pa-
tients’ behavioural strategies regarding treatment. In
the present study, the relationship between patients’
employment status and the use of out-of-pocket
payments (OOPPs) did not reach statistical signifi-
cance (p = 0.055). Nevertheless, the findings suggest
a tendency for retired people to be more likely to use
OOPPs than the employed population. The risk of cat-
astrophic treatment expenditure in these groups may
be increased by this [11], as well as the risk of delays,
incomplete receipt of healthcare services, or complete
refusal of such services [22-24]. Consistent with this,
patients who incurred OOPPs were significantly more
likely to delay cancer diagnosis or treatment than those
who did not (p <0.001). The WHO reports that even
before the full-scale invasion in 2022, 17% of Ukrain-
ian households (2.5 million people) experienced cata-
strophic healthcare expenditure. This proportion was
higher than the corresponding European levels, with
the greatest impact on older individuals, retired indi-
viduals, and lower-income households. Overall, OOPPs
were estimated to account for 48% of total healthcare
expenditure [25]. This problem is further highlighted
by the absence of any difference in payment frequen-
cy according to the average monthly income of the
patient’s household members (p = 0.48), and by the
absence of a linear trend (x*=0.449, p=0.5). In other
words, wealthier patients were no more likely to incur
out-of-pocket patient payments (OOPPs). Therefore, it
can be assumed that OOPPs pose a greater risk to the
financial stability of less affluent households. However,
a 2022 US study by G. Sadigh et al. [26] found that old-
er age and higher patient income were associated with
lower levels of financial toxicity.

The final sociodemographic indicators looked at
were the links between OOPPs and the type of settle-
ment and subregion where the patient lived. While no
statistically significant difference was identified be-
tween groups according to settlement type (p=0.155),
a linear trend was observed (p = 0.029): payment fre-
quency increased with settlement size. Residents of
regional capitals made payments most frequently and
this group was also the largest. As stated in the study
methodology, 22 of the 25 healthcare facilities included
in the study were oncology centres, which tend to be lo-
cated in large cities or regional capitals. The issue of ac-
cess to cancer care for residents of smaller settlements



and villages should also be considered. For instance, in
2024, while 80% of electronic prescriptions were issued
in villages, only 22% were dispensed there [5]. A 2025
study also found that urban residence was an important
factor influencing the strategies patients with cancer
used to overcome barriers to accessing healthcare [6].

The distribution by subregion demonstrated a sta-
tistically significant difference (p < 0.001). Payments
were less frequent in the East and West, and more fre-
quent in the North. The eastern regions have been se-
verely affected by the burden of war - this is because
of the full-scale invasion. This may explain why OOPPs
are less common there. Additionally, many internally
displaced persons, including CRC patients, relocated
to western Ukraine, which may have influenced the
statistics in that region. Alternatively, OOPPs may have
been less common in the West prior to the invasion. The
northern subregion was also affected during the initial
phase of the invasion, experiencing partial occupation
before being subsequently liberated. The reasons for
the high levels of OOPPs in this region therefore war-
rant further investigation.

The final section of the report included an analy-
sis of subjective assessments. Patients who rated their
knowledge of the PMG more highly were less likely to
incur out-of-pocket expenses (OOPPs) (p <0.001), and
a strong linear trend was also observed (p<0.001). Itis
also important to note that payments were associated
with lower satisfaction with chemotherapy treatment
(p=0.001), and again, a strong linear trend was present
(p <0.001). Therefore, OOPPs may represent a factor
that places additional psychological pressure on pa-
tients and reduces their satisfaction with the quality of
healthcare services. However, S.Y. Zafar et al’s [27] study
of colorectal and lung cancer, which used data from
2003-2006, found no association between patients’
perceptions of the quality of their treatment and finan-
cial toxicity. However, the current results align with oth-
er studies, which suggest that patients who are dissatis-
fied with the quality of their treatment are more likely
to utilise a variety of strategies, including OOPPs [6].

The study therefore analysed the sociodemograph-
ic characteristics and subjective assessments of pa-
tients with CRC who received chemotherapy according
to whether they made OOPPs. The findings were then
compared with current literature evidence. Overall, in
line with previous studies, the present study demon-
strated the statistical significance of age and settlement
size. At the same time, while sex, educational attain-
ment and income have been identified as significant
factors in some previous studies, they were not statis-
tically significant in this study. It should be emphasised
that respondent identity - whether patient or family
member - was a statistically significant factor. This sug-
gests the need to engage not only with patients them-
selves, but also with members of their immediate social
and family environment.

A. Maranov & T. Vezhnovets I

CONCLUSIONS

1. The study identified several factors that could poten-
tially be used to prevent OOPPs. A statistically signifi-
cant linear trend was observed. This trend was towards
an increased frequency of OOPPs. This increased fre-
quency was with increasing age (p=0.026). It was also
with increasing settlement size (p = 0.029). However,
there were no differences between the groups in terms
of sex, educational attainment or income (p > 0.05).
Family members were more likely than patients them-
selves to acknowledge that payments had been made
(p = 0.001). Patients who made OOPPs were signifi-
cantly more likely to postpone diagnosis or treatment
(21.8% versus 8.4%, p < 0.001). A strong linear trend
was identified: patients who were better informed
about free services were less likely to make payments
(p<0.001). Patients who did not make OOPPs also re-
ported a significantly higher level of satisfaction with
the quality of care (p=0.001).

2. Respondents who received chemotherapy and
incurred out-of-pocket medical expenses (OOPPs)
were more likely to be aged 60 years or older, retired,
and living in a regional capital. Meanwhile, patients
who made OOPPs were significantly more likely to
postpone cancer diagnosis or treatment. This is be-
cause they anticipated substantial financial expendi-
ture. This indicates limited accessibility of healthcare
services for this group. They were also more likely
to be unaware that chemotherapy was provided free
of charge, and consequently were less satisfied with
this service. No differences were identified in terms
of sex, educational attainment or average monthly
household income.

3. One possible approach to preventing OOPPs for
chemotherapy services would be to improve patients’
awareness of their right to free services and establish
an accessible clinical care pathway. Future research
should investigate OOPPs among CRC patients receiv-
ing chemotherapy in relation to the clinical manifesta-
tions of the disease, with the aim of developing a sys-
tem to prevent OOPPs in healthcare facilities.

Study limitations. The statistical methods that
were used in the present study included the x? test,
Fisher’s exact test, and the Cochran-Armitage trend test,
but multivariable analysis was not included. Future re-
search will examine the association between patients’
clinical characteristics during chemotherapy for CRC
and OOPPs. This approach enables sociodemographic
and clinical characteristics to be analysed separately
and in detail without overloading the present paper. At
the next stage, a multivariable analysis of selected so-
ciodemographic and clinical patient characteristics will
be conducted and the results presented in subsequent
publications.

Practical significance. These findings could
be used to raise patients’ awareness of their rights
and entitlements under the Programme of Medical
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Guarantees, increase transparency within the health-
care system and reduce, and ultimately eliminate, out-
of-pocket payments for services that have already been
funded by the healthcare purchaser.
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3B’A30K conjia/IbHO-/leMorpadgiuyHuX XapaKTepuCTHK Nalli€eHTiB
3 IJIaTe)KaMH 3 BJIACHOI KHUIIIeHi Mij yac xiMioTepanmii K0/JI0peKTa/IbHOr0 paKy

AHoTanis

AxTyanbHicTb. KonopekTtanbuuil pak (KPP) BXoauTh 0 Tpifiku HaWMOIKMPEHIINX OHKOJIOT{YHUX [TATOJIOTIiH 3a
3aXBOPIOBAHICTIO Ta CMEPTHICTIO B YKpaiHi Ta cBiTi. [lonpu pedopmy dpiHaHCyBaHHS 0XOPOHU 3/10pOB’sl B YKpaiHi,
npo6JieMa maTexiB 3 BaacHoi kuiieHi ([13BK) narjieHTiB 3anmaeTbest akTyabHOIO.

Merta. IlopiBHATH coujanbHO-feMorpadiyHi XapakTepUCTUKHA Ta cy6eKTUBHI onjiHku mnauieHTiB i3 KPP saki
oTpuMyBasu ximioTepanito KPP, 3anexHo Bif 3aiticHenHs [13BK.

Marepiam Ta MeTOAM. Y IonepeyHoMy JJ0CIi/pKeHHI onuTaHo 459 pecnioH/ieHTiB. [IpoaHaizoBaHo couiaibHO-
JeMorpadiyHi MOKa3HUKH, CYO'EKTUBHY OLIHKY JOCTYIMHOCTI MOCJAYT, MOiHPOPMOBaHICTh Ta 3a/l0BOJIEHICTD.
[opiBHsHHS ABOX rpy (3 [13BK Ta 6e3) npoBeieHo i3 BUKOpUCTaHHSAM KpuTepito x* Ta Tecty KoxpeliHa-ApmiTaxka
y cepefoBuili R 3 rpadiunoro o6os0HK00 EZR.

PesynasraTi. CrnocrepiraBcd CTaTUCTUYHO 3HAYyLIMK JIIHIMHUM TpeHA A0 3poctaHHA d4actotu [I3BK 3i
36inbimeHHsaM Biky (p = 0,026) Ta po3mipy HaceseHoro nmyHKTY (p = 0,029), npoTe rpynu He BiapisHsincA
3a CTaTTIO, OCBiTOW 4u AoxoaoM (p > 0,05). YsneHH poAWHHU yacTille 3a MAIiEHTIB BU3HABaJU PAKTH OIJIATU
(p=0,001). ManienTu 3 [13BK craTrcTUYHO 3HAUMMO YacTillle Bifik/iajaay AiarHOCTUKY 4M JiiKyBaHHA (21,8 %
npotu 8,4 %, p<0,001). BusisieHo cusibHUM JIiHIHHUN TpeHA;: Kpalle noiHpopMoBaHi npo 6e30m1aTHi Nocayru
nauieHTy mwiatuwid pifiie (p <0,001). Takox nanienTu 6e3 [13BK feMoHCTpyBau CTaTUCTUYHO 3HAYMMO BUIITUH
piBeHb 3a/10BoJIeHOCTI siKicTIO flonoMoru (p=0,001).

BucHOBKM. /loc/1i/pKeHHS] BUSIBUJIO HU3KY acollioBaHUX GpaKTOpiB, fAKi NOTEHIIIIHO MOXYThb 6YTH BUKOPHCTaHI
aas nonepemxeHHs [I3BK. PecnonzienTH, siki oTpuMyBasiv XiMioTepaniio Ta 3zidcHioBaiu [I3BK, uacrtime
HaJieXkaiu 7io BikoBol rpynu 60+, 6y/su neHcioHepaMu i mpokuBaJd B 06J1aCHOMY LieHTpi. BoHU focToBipHO
yacTile BifiKJ/aZjaau AiarHoCTUKY abo JIiKkyBaHHS paky yepe3 ouikyBaHi ¢piHaHCOBI BUTpaTH, 1[0 CBIAYUTH NpO
HU3bKY JOCTYIHICTh MeAUYHOI mocayrd. Taki maumieHTH TakoXK 6y/aM MeHLI MoiHpOpMOBaHi NMpo Ge3omsaTHe
XiMioTepaneBTH4YHe JIIKYBaHHA Ta MeHIUI 3aZ,0BOJIEHI MOoro AKicTio. BigMiHHOCTeH 3a cTaTTIO, OCBITOIO | piBHEM
JLOXO/ly He BUABJIEHO.

KimouoBi cioBa: ¢iHaHCyBaHHS OXOpOHM 3/0pOB’S; OHKoOJIOris; pak 06070Bol Ta NPsIMOi KHILUKH;
noiHGOPMOBAHICTh MAIiEHTIB; 3aZ0BOJIEHICTh MALliEHTIB; SKICTh MEAWYHUX IOCJYT; JOCTYNHICTD MEeAUYHUX
HOCJIYT.
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Implementation of assistive technologies for rehabilitation
of children with hearing impairments

Abstract

Relevance. Hearing impairments in children negatively affect speech development, cognitive functions, learning
and social adaptation, whereas the use of assistive technologies helps compensate for sensory deficits, improve
speech perception and promote the child’s more effective integration into educational and social environments.
Aim: To analysed recent scientific publications on assistive technologies for the rehabilitation of children with
hearing impairments, with a focus on the effectiveness of their use in children with cochlear implants.
Materials and methods. A systematic literature review was conducted in accordance with the PRISMA 2020
guidelines, with the research question formulated using the PICO framework. Clearly defined inclusion criteria
and a standardised search strategy were applied across PubMed, Scopus, and Web of Science databases covering
the period from 2010 to 2025.

Results. The analysis of 21 selected studies demonstrated that the use of assistive technologies is associated
with improved speech perception, reduced negative effects of background noise, and increased academic
engagement among children. The most pronounced effect was observed with the combined use of hearing
aids or cochlear implant systems together with signal enhancement technologies (FM systems, induction
loop systems), which improve the signal-to-noise ratio in challenging acoustic environments. The integration
of multiple technological solutions contributes to individualised rehabilitation and enhances its functional
effectiveness.

Conclusions. Technological rehabilitation is a relevant and effective method for supporting patients with
sensorineural hearing loss, ensuring restoration or improvement of sound and speech perception through
hearing aids, cochlear implants, and sound amplification systems. The integration of assistive communication
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technologies enables children with hearing impairments to participate more actively in the educational
process, social interactions, and daily life, thereby improving their quality of life and psychosocial well-being.
The practical significance of the results lies in substantiating the early individualised use of assistive technologies
in the rehabilitation of children with hearing impairments.

Keywords: assistive technologies; FM systems; hearing aids; cochlear implant; hearing impairment; rehabilitation

intervention; paediatric patients; speech recognition.

INTRODUCTION

Hearing impairment in childhood remains a major
medical and social concern, with a substantial impact
on child development, including speech and language
acquisition, cognitive function, communication skills,
and social adaptation. The timely identification of
hearing disorders and the implementation of contem-
porary rehabilitation approaches are essential for en-
suring the optimal development of paediatric patients
and improving their quality of life. Advances in early
diagnostic methods, together with the use of assistive
technologies, hearing aids, cochlear implants, and com-
prehensive rehabilitation interventions, have expanded
the opportunities to support children with hearing im-
pairment. At the same time, these developments high-
light the need for further investigation into the effec-
tiveness of modern rehabilitation strategies.

Between 1990 and 2021, the global prevalence
of hearing impairment among children across differ-
ent age groups increased steadily. According to the
Global Burden of Disease Study 2021, approximately
97.83 million children and adolescents under the age
of 20 were living with hearing impairment of varying
severity in 2021, with significant long-term conse-
quences for their physical, cognitive, and psychosocial
development. Between 1990 and 2021, the number
of children affected by hearing impairment increased
from approximately 79.9 million to 97.8 million, while
the prevalence rate per 100,000 population rose from
3,537 to 3,711. These findings indicate a substantial in-
crease in the scale of the problem and emphasise the
need for greater attention to the prevention, early diag-
nosis, and rehabilitation of hearing impairment among
children and adolescents worldwide [1].

According to estimates by the World Health Or-
ganisation (WHO), more than 1.5 billion people world-
wide experience some degree of hearing impairment.
Approximately 430 million of these individuals have
disabling hearing loss, a condition that significantly
limits everyday communication and requires special-
ised treatment and rehabilitation. This number is ex-
pected to continue increasing by 2050 [2]. According
to the project report of The BEARR Trust, approx-
imately 30,600 people in Ukraine were living with
hearing impairment as of 2025 [3]. The same report
indicates that the global prevalence of clinically signif-
icant hearing impairment among newborns is approx-
imately 1-3 cases per 1,000 live births, making it one
of the most common congenital conditions detected
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through universal newborn hearing screening in the
first days of life. In Ukraine, analyses of regional audi-
ological screening programmes indicate a prevalence
of approximately one case per 2,000 newborns. How-
ever, around 40% of cases remain undiagnosed until
after the child reaches six months of age, substantially
delaying timely intervention and rehabilitation. These
findings were obtained during the 2023 assessment
of newborn hearing screening programmes conduct-
ed across 16 regions of Ukraine [4]. Consequently, in
2025, the Ministry of Health of Ukraine approved a
new regulation, “On Approval of the Procedure for the
Provision of Medical Care for the Organisation of Hear-
ing Screening and Diagnosis of Hearing Impairment
in Children”, which establishes the organisational and
methodological framework for hearing screening, in-
cluding screening stages, risk assessment criteria for
hearing loss, and standards for audiological assess-
ment in children up to six years of age [5].

Furthermore, according to O. Kuzenko et al. [6] and
]J. Wang et al. [7], approximately 15-17% of school-aged
children exhibit some degree of hearing impairment,
ranging from mild to moderate forms that may adverse-
ly affect academic achievement and social adaptation.
Hearing impairment during the school years is often
gradual or subclinical, making timely detection through
routine medical examinations more challenging. At the
same time, this period is critical for the development
of cognitive, linguistic, and socio-communicative skills;
therefore, even mild hearing loss may have cumulative
adverse effects on learning, behaviour, and the child’s
emotional and psychological development. These find-
ings highlight the need for continuous audiological
monitoring not only during the neonatal period but
throughout childhood and adolescence, with particular
attention to school-aged children. In particular, the sys-
tematic review by J. Wang et al. [7] demonstrated the
increasing prevalence of hearing impairment among
children and emphasised the importance of early de-
tection and comprehensive rehabilitation. Similarly, the
systematic review by R.S. Melo et al. [8] reported pos-
itive effects of rehabilitation programmes on balance
and functional performance in children with sensori-
neural hearing loss.

According to the Ministry of Health of Ukraine and
the WHO, approximately 40,000 people in Ukraine live
with a disability related to hearing impairment. Among
pupils attending different types of general secondary



schools, around one-fifth are children with hearing
loss or deafness, highlighting the need to provide spe-
cialised conditions for education, communication, and
rehabilitation [2, 6]. Hearing impairment is one of the
most common developmental disorders identified in
newborns. In approximately 85% of cases, hearing
loss is congenital or develops during the first one to
two years of life, that is, during the pre-linguistic pe-
riod and the earliest stages of speech and language
development, which are critical for subsequent cogni-
tive, linguistic, and social development. According to
published evidence, up to 80% of hearing impairment
cases are sensorineural in origin, for which modern
hearing rehabilitation approaches, including cochlear
implantation systems, may be used [4]. Given the high
prevalence of hearing impairment among children, the
increasing global number of individuals with hearing
loss, and the fundamental importance of hearing for
speech and language acquisition, cognitive develop-
ment, and social integration, cochlear implantation
has become widely established as one of the most ef-
fective interventions for preventing and reducing the
consequences of profound hearing loss. However, the
effectiveness of cochlear implantation is not limited to
the surgical procedure itself; it depends to a large ex-
tent on subsequent rehabilitation incorporating mod-
ern assistive technologies aimed at improving auditory
perception, developing communication skills, increas-
ing the child’s independence, and enabling full partici-
pation in education and social life.

Thus, there remains a need to synthesise current
scientific evidence regarding the role of assistive tech-
nologies in the comprehensive rehabilitation of children
with hearing impairment and to identify promising
directions for their application in improving auditory
perception, communication, and social integration. The
aim of this study was to systematise and analyse cur-
rent scientific evidence concerning the use of assistive
technologies in the rehabilitation of children with hear-
ing impairment, with particular emphasis on children
with cochlear implants.

MATERIALS AND METHODS
A systematic review of contemporary scientific litera-
ture was conducted to evaluate assistive technologies
used in the rehabilitation of children with hearing im-
pairment, including children with cochlear implants.
The literature analysis encompassed studies investi-
gating the effectiveness of vibration and visual alert
systems, FM systems, induction loop systems, as well
as text- and video-based communication devices, with
particular emphasis on their impact on independence,
social integration, and participation in education. The
systematic review was conducted in accordance with
the PRISMA 2020 Statement (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses),
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following the updated recommendations for transpar-
ent and comprehensive reporting [9].

The research question was formulated using the
PICO framework, where Population (P) comprised chil-
dren aged 0-18 years with hearing impairment, includ-
ing those following cochlear implantation; Intervention
() included assistive technologies (hearing aids, coch-
lear implant systems, FM systems, induction loop sys-
tems, vibration and visual alert devices, and text- and
video-based communication technologies); Compari-
son (C) consisted of standard rehabilitation approach-
es or the absence of specialised assistive technologies;
and Outcomes (0) included measures of speech recog-
nition, participation in education, social integration,
and quality of life [9].

The literature search was conducted in the Pu-
bMed, Scopus and Web of Science databases for the
period from 1 January 2010 to 31 December 2025.
Combinations of keywords and MeSH terms were
used: “hearing impairment”, “children”, “assistive tech-
nology”, “cochlear implant”, “FM system”, “assistive lis-
tening devices”, “speech perception”, using the logical
operators AND/OR. In addition, references in relevant
articles were analysed to identify further sources. The
inclusion criteria comprised: (1) studies involving chil-
dren under the age of 18 with various forms of hearing
impairment; (2) a description of the use of at least one
type of assistive technology in the context of rehabilita-
tion; (3) the presentation of quantitative or qualitative
results relating to clinical, functional or psychosocial
outcomes; (4) publication in peer-reviewed journals
in English or Ukrainian. The analysis excluded review
articles without a clear search methodology, expert
opinions, individual case reports without a systematic
assessment of effectiveness, and studies relating exclu-
sively to adult patients.

Results of the systematic search. During the iden-
tification phase, 312 records were identified in the da-
tabases. After removing duplicates (n =44), 268 publi-
cations were retained for further analysis. During the
initial screening of titles and abstracts, 194 studies that
did not meet the predefined inclusion criteria were ex-
cluded. A full-text assessment was carried out for 74 ar-
ticles, of which 21 studies met all selection criteria and
were included in the qualitative synthesis. A schematic
representation of the study selection process in accord-
ance with the PRISMA 2020 guidelines is presented in
Figure 1, which shows the number of records and the
reasons for their exclusion at each stage.

Therisk of bias in the included studies was assessed
using appropriate tools: the Newcastle-Ottawa Scale for
cohort and observational studies, and the AMSTAR-2
tool for published systematic reviews. The analysis was
carried out by two independent researchers; any dis-
crepancies in the assessments were resolved through
discussion until a consensus was reached.
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PRISMA flow diagram of the study selection process in accordance with PRISMA 2020

Duplicate removal

Identificationsa

Records identified through database searching — n = 312
Sources: PubMed, Scopus, Web of Science
Search period: 2010-2025

Duplicate records removed — n = 44
Records remaining for screening — n = 268

Titles and abstracts screened — n = 268
Records excluded after initial screening — n = 194
Main reasons: not relevant to the topic; adult population

Full-text articles assessed for eligibility — n = 74

Full-text assessment

Full-text articles excluded — n = 46

Reasons: absence of clinical outcomes; methodological limitations

“ Studies included in the qualitative synthesis —n =21

Figure 1. PRISMA flow diagram of the study selection process
in accordance with PRISMA 2020
Source: developed by the authors in accordance with the PRISMA 2020 recommendations, based on the results of the systematic search

and study selection

Characteristics of the included studies. The
qualitative synthesis included 21 studies published
between 2010 and 2025. These were predominantly
prospective cohort studies, clinical observations and
comparative studies of the effectiveness of hearing aids
and assistive technologies in children with hearing im-
pairments. In particular, the studies by Z. Guo et al. [1],
J. Wang et al. [7] and R.S. Melo et al. [8] were analysed.
Studies were selected in accordance with the PRISMA
2020 guidelines. The main outcomes assessed were
speech recognition scores, signal-to-noise ratio (SNR),
level of learning engagement, social integration and
quality of life indicators [10].

RESULTS AND DISCUSSION

The analysed studies examined a broad range of as-
sistive technologies used to support children with hear-
ing impairment. These included hearing aids, cochlear
implant systems, FM systems, induction loop systems,
visual and vibration alert devices, and digital commu-
nication technologies, including text- and video-based
communication platforms. Most studies focused on
evaluating the effectiveness of hearing aids, cochlear
implants, and FM systems, whereas visual and vibration
alert devices were generally considered supplementary
tools for supporting daily activities and enhancing the
safety of children with hearing impairment.

A national policy priority is the development and
optimisation of support systems for children with spe-
cial educational needs, including those with hearing
impairment. In Ukraine, international standards of
care for children with hearing impairment are being

136  Medical Science of Ukraine 22(2), 2026

implemented, including universal neonatal hearing
screening, expanded access to advanced hearing re-
habilitation technologies such as cochlear implants,
strengthened early intervention programmes targeting
hearing and speech disorders in newborns and young
children, and the further development of inclusive edu-
cation and social integration initiatives. These develop-
ments highlight the need to improve existing approach-
es to auditory-verbal development in children with
hearing impairment, as well as to modernise the organ-
isational and technological aspects of corrective and
developmental support. According to S.T. Mohamed et
al. [10], the period from 2020 to 2025 witnessed sub-
stantial advances in understanding the special educa-
tional needs of children with hearing impairment, re-
flected in the adoption of more inclusive approaches,
wider implementation of assistive technologies, and
greater emphasis on the individualisation of education-
al and rehabilitation support.

The findings are consistent with contemporary in-
ternational evidence [1-2], confirming the effectiveness
of the comprehensive use of assistive technologies in
children with hearing impairment. The combined use
of hearing rehabilitation devices and signal enhance-
ment systems creates favourable conditions for the
development of auditory-verbal skills, improved aca-
demic achievement, and enhanced social adaptation.
Given the clinical heterogeneity of hearing impairment,
Table 1 presents a classification according to aetiology,
severity (hearing threshold), time of onset, symmetry
of impairment, and audiogram configuration to facili-
tate a systematic approach to assessment.
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Table 1. Classification of hearing impairment according to the main clinical criteria

: By severity : By audiogram
By aetiology (hearing threshold) By time of onset By symmetry configuration
. . Mild: 20-40 dB

Cond;grtllsvc?r?rfjlﬁ‘gig 199% | Moderate: 41-55 dB High-fiLa(;uency

. Moderately severe: Congenital One-way
hearing loss . Low-frequency

. ; 56-70 dB Acquired Two-way
Mixed hearing loss . Dome-shaped /

Central hearing loss Severe: 71-90 dB U-shaped
Profound: over 90 dB

Source: compiled by the authors based on [1-2, 7]

According to Y.C. Hung et al. [11], hearing impair-
ment may be classified into several principal forms ac-
cording to its aetiology, each characterised by distinct
pathogenic mechanisms, clinical manifestations, and
approaches to treatment and rehabilitation. Sensori-
neural hearing loss results from damage to the sensory
structures of the inner ear (the cochlear hair cells), the
auditory nerve, or the central auditory pathways. This
is the most common form of hearing impairment and is
generally permanent or progressive in nature. Its caus-
es include genetic factors, intrauterine infections, peri-
natal injury, ototoxic medications, noise-induced trau-
ma, viral infections, and vascular disorders. A distinct
clinical entity is sudden hearing loss, characterised by
a rapid decline in hearing function occurring within a
period of up to 72 hours. According to O. Kuzenko et
al. [6] and ]. Wang et al. [7], when the pathological pro-
cess involves the inner ear or the auditory nerve, the
condition is referred to as sudden sensorineural hear-
ing loss (SSNHL). When no underlying cause can be
identified despite comprehensive clinical investigation,
the condition is diagnosed as idiopathic sudden senso-
rineural hearing loss, which represents the most com-
mon form of SSNHL encountered in clinical practice.

According to C. Pflug et al. [12] and R.S. Melo et
al. [8], conductive hearing loss is caused by impaired
transmission of sound through the structures of the
outer or middle ear. The most common causes include
inflammatory disorders of the middle ear (acute and
chronic otitis media), otitis media with effusion, tym-
panic membrane perforation, congenital abnormalities
of the auditory ossicles, and other mechanical obstruc-
tions that interfere with sound conduction. In this form
of hearing loss, the inner ear remains functionally in-
tact, and hearing function can often be fully or partially
restored following treatment of the underlying cause.

Mixed hearing loss combines features of both con-
ductive and sensorineural hearing loss, indicating the
simultaneous involvement of the middle and inner ear
structures. According to E. Nightengale et al. [13], cen-
tral hearing loss results from impaired processing of
auditory information within the central nervous sys-
tem, involving the subcortical auditory pathways or the
cerebral cortex. In such cases, the peripheral compo-
nents of the auditory system may remain anatomically
and functionally intact. According to N. Tye-Murray et
al. [14], this type of hearing impairment is frequently

associated with prolonged chronic inflammatory dis-
eases of the middle ear complicated by secondary dam-
age to the sensory apparatus and therefore requires a
comprehensive multidisciplinary approach to treat-
ment and rehabilitation.

A detailed classification of hearing impairment ac-
cording to its type, severity, time of onset, symmetry,
and audiogram configuration not only enables the sys-
tematic organisation of clinical information but also
provides the basis for accurate diagnosis and assess-
ment of a child’s medical and rehabilitation needs. Hear-
ing assessment is critically important throughout all
stages of child development, as the timely identification
of hearing disorders allows appropriate intervention
strategies to be selected and helps prevent secondary
impairments in speech and language, cognitive devel-
opment, and social functioning. However, according to
PravoChuty [4], even after a diagnosis has been estab-
lished, comprehensive rehabilitation remains essential.
This includes the use of modern assistive technologies,
hearing aids or cochlear implantation, auditory-verbal
training, and support for the child’s adaptation to edu-
cational and social environments.

Rehabilitation is essential for patients with incom-
plete recovery of hearing and aims to restore functional
abilities and improve quality of life. Counselling regard-
ing the potential benefits of hearing rehabilitation tech-
nologies and other supportive interventions is recom-
mended, as systematic reviews have demonstrated their
positive effects on functional performance and social
participation. According to E.M. Fitzpatrick et al. [15],
the successful implementation of these technologies re-
quires appropriate counselling and adequate resource
provision. The regular use of hearing devices and com-
plementary rehabilitation measures should therefore be
regarded as an integral component of comprehensive
rehabilitation, promoting optimal functional integration
and social participation for the child.

Rehabilitation of patients with residual sensori-
neural hearing loss following an acute episode is neces-
sary to restore functional abilities and improve quality
of life. According to the Clinical Guideline “Management
of Patients with Sudden and Acute Sensorineural Hear-
ing Loss” [16], approved by the Ministry of Health of
Ukraine in 2022, patients should receive counselling re-
garding the potential benefits of hearing rehabilitation
technologies and other assistive interventions. The use
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of hearing devices contributes to improved auditory
function, enhanced quality of life, and better emotional
well-being, while also increasing opportunities for par-
ticipation in everyday activities.

Device-based rehabilitation for children with hear-
ing impairment is based on the use of technological
solutions designed to compensate for hearing deficits
and improve communication abilities. These include
hearing aids, cochlear implant systems, sound amplifi-
cation devices, and vibration and visual alert systems.
Additional support is provided by modern digital com-
munication technologies, including text-based servic-
es and specialised mobile applications. Hearing aids

I Implementation of assistive technologies for rehabilitation of children with hearing impairments

remain one of the principal interventions for auditory
rehabilitation in children with hearing impairment.
Unlike hearing rehabilitation in adults, paediatric hear-
ing aid fitting is intended not only to compensate for
hearing loss but also to facilitate the development of
auditory perception, speech and language, and com-
munication skills. Consequently, specialised paediatric
hearing aids and age-appropriate fitting algorithms are
used, taking into account the developmental character-
istics of the auditory system, the degree of hearing loss,
and the child’s speech and language needs [17]. Specific
requirements apply to paediatric hearing aids, as sum-
marised in Table 2.

Table 2. Functional and safety criteria for paediatric hearing aids

Criterion

Description of characteristics

Flexibility of features

Configured according to the paediatric DSL fitting algorithm with minimal distortion

Mechanical safety

Use of hypoallergenic materials, robust construction,
and the absence of small detachable parts

Acoustic safety

Control of the maximum output sound pressure level, compression (preferably speech
compression), and the option to disable the volume control

Predictability of use

Availability of visual indicators showing device operation, systems for monitoring
the correct placement of the earmould, and remote control functionality

Operational reliability

Reliable operation under a range of operating conditions

Ability to activate/deactivate
“adult” features

Availability of options to activate or deactivate specific features, including the directional
microphone and programme switching, according to the user’s needs

Note: DSL — desired sensation level
Source: compiled by the authors based on [2, 7, 17]

According to J.N. Li et al. [17], contemporary hear-
ing aids are available in a range of designs, the most
common being behind-the-ear and in-the-ear models.
Behind-the-ear devices are worn behind the pinna and
offer extensive opportunities for individual adjustment
according to the degree of hearing loss. In-the-ear mod-
els are custom manufactured to fit the anatomical char-
acteristics of the user’s external auditory canal and are
positioned directly within the ear.

In paediatric practice, behind-the-ear hearing aids
are generally preferred because the anatomical charac-
teristics of the external auditory canal in young children
limit the suitability of in-the-ear devices. Furthermore,
the child’s continuous growth necessitates the regular
replacement of custom earmoulds and periodic adjust-
ment of hearing aid settings to ensure optimal sound
quality. The effectiveness of hearing rehabilitation
depends not only on the appropriate selection of the
hearing device but also on subsequent auditory reha-
bilitation. Following hearing aid fitting, it is essential to
develop the child’s ability to perceive and interpret au-
ditory information. The rehabilitation process includes
gradual exposure to different acoustic stimuli, training
in sound source localisation, discrimination between
speech and non-speech sounds, and the enhancement
of auditory attention and communication skills. Such
a comprehensive approach facilitates successful adap-
tation to hearing aid use and improves auditory-verbal
outcomes [15, 17].
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Cochlear implantation is a modern, high-technology
method of auditory rehabilitation indicated for patients
with severe or profound sensorineural hearing loss
when conventional hearing aids do not provide suffi-
cient speech perception or auditory development [17].
Unlike hearing aids, which amplify acoustic signals and
rely on the remaining function of the auditory system,
cochlear implant systems provide direct electrical stim-
ulation of the auditory nerve fibres, thereby compen-
sating for the impaired function of damaged sensory
cells within the inner ear [18].

According to F. Nassrallah et al. [18], a cochlear im-
plant system consists of two components: an internal
and an external unit. The internal component com-
prises the receiver-stimulator and an electrode array
implanted into the cochlea. The external component
includes the speech processor, transmitting coil, and
connecting elements responsible for transmitting in-
formation between the external and internal parts of
the system. Signal transmission is achieved through
magnetic coupling between the transmitting coil and
the implanted receiver. Studies by J.N. Li et al. [17]
and F. Nassrallah et al. [18] have shown that cochle-
ar implants improve the perception of environmental
sounds, enhance speech intelligibility, and increase
communication effectiveness across a variety of acous-
tic environments. Cochlear implantation is particularly
important in childhood because it provides the foun-
dation for the development of auditory-verbal skills,



educational attainment, and social adaptation. Howev-
er, the effectiveness of cochlear implantation depends
not only on the surgical procedure but also on compre-
hensive post-implantation rehabilitation. Following
device activation, key components of rehabilitation in-
clude individual programming of the speech processor,
ongoing technical support, auditory training, speech
and language development, and the enhancement of
communication skills. It is this combination of tech-
nological hearing restoration and long-term audito-
ry-verbal rehabilitation that enables the full potential
of cochlear implantation to be realised.

According to ].S. Kim & C.H. Kim [19], Assistive
Listening Systems (ALSs), also referred to as Assistive
Listening Devices (ALDs), comprise a group of technol-
ogies designed to improve speech understanding and
sound quality in challenging acoustic environments,
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particularly in public settings where background noise,
distance from the sound source, or reverberation re-
duce speech intelligibility for individuals with hearing
impairment. ALSs operate by improving the signal-
to-noise ratio, which is essential for effective speech
recognition by people with hearing loss in everyday
listening situations, particularly when conventional
hearing aids or cochlear implants alone do not provide
sufficient benefit. An FM system is a wireless type of
ALS that uses frequency modulation to transmit sound
directly from a source, such as a lecturer’s microphone
or a public address system, to the user’s receiver. The
receiver may either be integrated into the hearing aid
or cochlear implant or provided as a separate device
connected to a hearing aid or headphones. Figure 2 il-
lustrates the principal capabilities of FM systems in im-
proving speech perception.

FM system capabilities

Reduce the effects
of background noise
and reverberation

Enhance
the speech signal

Ensure stable
speech perception

Figure 2. Key capabilities of FM systems

Source: compiled by the authors based on [2, 7, 19]

The system presented in Figure 2 amplifies the
speech signal without being affected by background
noise or the distance between the sound source and the
listener. It reduces the effects of reverberation by trans-
mitting the signal on a dedicated radio frequency inde-
pendent of the room’s overall sound field, thereby ensur-
ing stable speech perception even in large halls or open
spaces. Scientific studies have demonstrated that the use
of FM systems significantly improves speech recognition
in noisy environments, which is particularly important in

educational settings. An induction loop is a type of ALS
that generates an electromagnetic field within a defined
area, which can be received wirelessly by hearing aids
or cochlear implant processors equipped with a telecoil
(T-coil). This technology overcomes problems associated
with background noise and distance by transmitting the
signal directly to the hearing device without intermedi-
ate acoustic transmission [20]. Both FM systems and in-
duction loop systems are widely used; their comparative
characteristics are presented in Table 3.

Table 3. Main characteristics of FM systems and induction loop systems

Characteristic FM systems

Induction loop systems

Principle of transmission

Radio-based signal modulation
(radio frequency) to the receiver

Magnetic field generated within a room
and received by the hearing aid/telecoil

Connection
to the hearing aid

Requires a separate receiver or integration

Directly via the T-coil (telecoil)
in the hearing aid or cochlear implant

Signal transmission

Via a dedicated receiver

Direct transmission

Sound quality / SNR

Excellent SNR over distance

Very high SNR over distance

Power consumption

Receivers may increase the hearing
aid’s battery consumption

No impact on the user’s hearing aid battery;
power is supplied by the loop system

Applications

Open spaces, large halls, and classrooms

Public venues, theatres, conference halls,
cinemas, and lecture theatres

Advantages

Flexible transmission range; supports
a large number of users

Easy to use; no separate receivers required

Note: SNR — signal-to-noise ratio
Source: compiled by the authors based on [2, 20]

The findings reported by A. Flores Ramones &
M.S. Del-Rio-Guerra [21] demonstrate that vibration

and visual alert systems are important components of
assistive technologies, providing alternative notification
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channels for individuals who are deaf or have severe
hearing loss. Conventional auditory alerts are often
inaccessible to people with hearing impairment, creat-
ing safety risks and limiting participation in everyday
activities. By using vibration (tactile) and visual (light-
based) alerts, information about important events can
be conveyed through alternative sensory systems, con-
sistent with the principles of sensory substitution and
multisensory support in assistive technologies.

Vibration alert systems use tactile stimulation to
notify users of important auditory events, such as tele-
phone calls, alarm clocks, or emergency warnings. These
systems may take the form of wearable devices, wrist-
bands, vibrating mats, or bed shakers that activate when
the surrounding system detects a relevant sound event.
Practical studies have shown that wearable vibration
devices can effectively detect important sounds and
communicate them to the user through tactile feedback,
thereby improving awareness of environmental events
and enhancing safety in everyday life [22]. According to
“Healthy Hearing” [23], tactile alerts are particularly ef-
fective when auditory signals are unavailable or insuffi-
cient, such as during sleep or in noisy environments.

Visual alert systems employ flashing strobe lights,
LED indicators, or visual notification devices that flash
or vary their light intensity when an auditory event is de-
tected, for example a doorbell, telephone call, or smoke
alarm. These visual notifications enable users to recog-
nise important events immediately without relying on
auditory cues, which is particularly valuable in domestic
and public environments where conventional sound-
based alerts are inaccessible to individuals with severe
hearing loss. Combining visual and vibration alerts fur-
ther improves the reliability of notification systems and
enhances environmental accessibility by engaging multi-
ple sensory modalities simultaneously [24].

These technologies are increasingly integrated into
modern smart home systems incorporating intelligent
sensors, mobile notifications, IoT devices, and weara-
ble technologies, enabling users to receive real-time
alerts with adjustable vibration intensity and visual
indicators according to individual preferences. The de-
velopment of such solutions reflects the broader trend
towards implementing assistive technologies that en-
hance accessibility, independence, and everyday func-
tioning for people with hearing impairment. According
to E. Bahgekapili1 & A. Ayaz [25], the use of visual and vi-
bration alerts in assistive systems is consistent with the
concept of sensory substitution, whereby information
about auditory events is transmitted through alterna-
tive sensory modalities, such as tactile or visual input,
thereby compensating for the loss of auditory informa-
tion. This approach is based on the principle of neuro-
plasticity, which enables the brain to adapt to signals
received through alternative sensory pathways.

Text telephones and devices supporting text- or vid-
eo-based communication are important components of
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contemporary assistive technologies, providing acces-
sible and barrier-free communication for people with
hearing impairment. These technologies enable users to
exchange information through alternative communica-
tion methods, including text messaging, chat interfaces,
and video calls incorporating sign language or real-time
captions. According to P.A. Rodriguez-Correa et al. [26],
modern smartphones equipped with text-based commu-
nication functions support SMS, instant messaging (IM),
chat applications, and adaptive keyboards, substantially
improving access to telephone communication com-
pared with conventional voice calls. Studies have shown
that text-based communication enhances independence
and social participation among individuals with hearing
loss by eliminating reliance on auditory speech percep-
tion, which may be difficult or impossible for these users.

In addition, contemporary smartphones and com-
puter-based platforms support video communication
using sign language, enabling people who use sign
language to participate in video calls and video confer-
encing in which information is exchanged visually. This
mode of communication is particularly valuable for
users whose primary language is sign language rather
than written text, providing a highly accurate and nat-
ural means of interaction. According to the review by
M. Rivas Velarde et al. [27], video platforms supporting
ASL significantly improve communication accessibility
in professional, educational, and social settings.

The effectiveness of these technologies is supported
by research on digital accessibility and inclusive commu-
nication, demonstrating that the integration of text and
video-based communication tools reduces communica-
tion barriers, improves psychosocial well-being, and en-
hances social participation among individuals with sen-
sory impairments. For example, studies by M.]. Myers et
al. [28] and S. Sabbagh et al. [29] have shown that the
use of video communication incorporating sign language
or automatic captioning in customer service settings im-
proves the quality of interactions across healthcare, edu-
cation, and employment.

Overall, the findings indicate that the integration of
assistive technologies into the rehabilitation of children
with hearing impairment is consistent with contempo-
rary evidence-based practice, as reflected in the clinical
and experimental studies included in this review. These
technologies enhance the effectiveness of auditory-ver-
bal rehabilitation, expand opportunities for children’s
communication development, and support their suc-
cessful adaptation to educational and social environ-
ments. Consequently, assistive technologies should be
regarded as an integral component of comprehensive
auditory-verbal and psychosocial support for children
with hearing impairment.

CONCLUSIONS
1. The results of an analysis of 21 scientific publica-
tions released between 2010 and 2025 highlight the



important role of assistive technologies in the compre-
hensive rehabilitation of children with hearing impair-
ments. The most common forms of assistive technolo-
gy remain hearing aids, cochlear implants and remote
sound transmission systems (FM systems), the effec-
tiveness of which has been confirmed by numerous
clinical and review studies.

2. The analysis of the literature showed that the
use of modern hearing rehabilitation technologies
improves auditory perception, speech intelligibility,
speech perception in the presence of background noise,
and overall communication effectiveness. The integra-
tion of assistive communication technologies enables
children with hearing impairment to participate more
actively in educational activities, social interactions,
and everyday life, thereby improving their quality of life
and psychosocial well-being.

3. It was established that, alongside conventional
hearing aids and cochlear implants, additional assistive
technologies play an important role, including FM sys-
tems, induction loop systems, vibration and visual alert
devices, text communication tools, video communica-
tion platforms, and automatic captioning technologies.
Their use expands access to information, enhances
safety, and promotes greater independence for children
in their daily lives.

4. The findings of the analysed studies indicate that
the integration of assistive technologies into educational
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environments has a positive impact on academic achieve-
ment, social adaptation, and the quality of life of children
with hearing impairment. The use of modern communi-
cation support technologies encourages more active par-
ticipation in the learning process, improves interaction
with peers, and facilitates inclusion in society.

5. The practical significance of these findings lies
in confirming the value of the early implementation of
assistive technologies as an integral component of the
multidisciplinary rehabilitation of children with hear-
ing impairment. The selection of specific technological
solutions should be individualised according to the
child’s age, degree of hearing loss, educational needs,
and everyday functional requirements. Future research
should focus on evaluating the long-term effectiveness
of emerging digital assistive technologies, automatic
speech recognition and captioning systems, and their
impact on educational outcomes, social integration, and
the quality of life of children with cochlear implants.
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BrnpoBafykeHHsI aCHCTUBHUX T€XHOJIOTiH
A peabimiTanii fiTel 3 MOPyIIeHHAM CJIyXy

AHoranist

AxTtyanbHicTb. [lopylieHHs cyxy y JiTell HeraTUBHO BIJIMBAIOTh HAa PO3BUTOK MOBJIEHHS, KOTHITUBHI QYHKIL],
HaBYaHHS Ta COLjia/IbHY aJlalTallilo, TO/i AK BAKOPUCTAHHS aCUCTUBHUX TEXHOJIOTIN ;0IOMarae KOMIeHCyBaTU
CEeHCOpHi AedilyTH, MOKPAIUTH COPUUHATTS MOBJIEHHS U cnpusATH edeKTUBHIWIM iHTerpauii AUTHHU B
OCBITHE Ta coLjiajJIbHE cepe/loBULE.

Merta. AHaJi3 Cy4yacHUX HAyKOBUX NyO6JiKallil, MPUCBAYEHUX aCHCTUBHUM TEXHOJIOTiAM y peabiaitTanil fiTer
i3 MOpYyLIEHHAMH C/yXY, 3 aKL[eHTOM Ha epeKTHUBHICTb IX BUKOPUCTAHHSA Y JliTeH i3 KOX/IeapHUMH iMIJIaHTaMH.
Marepiain Ta Metoau. [IpoBeJleHO CHCTEMaTUYHHUM OTIJIs[ JiTepaTypd BiamoBigHo g0 BuMor PRISMA
2020 i3 BU3HAYEHHSIM [JIOCJAIAHULBKOTO NMUTaHHSA 3a Mozesuito PICO, 4iTKMMU KpUTEPIIMU BKJIOYEHHS Ta
CTaHJAPTHU30BaHOIO CTPaTeTier nomykKy B 6azax PubMed, Scopus Ta Web of Science 3a 2010-2025 poxku.
PesynbraTn. AHasmiz 21 BifjibpaHoro AOC/iIKeHHsS 3aCBi[YMB, 10 3aCTOCYBAaHHS ACUCTUBHHUX TEXHOJIOTiH
aCOI{IOETHCS 3 MOKpALIeHHSM pO3Mi3HAaBaHHsS MOBJIEHHS, 3MeHIIEeHHsSIM HeraTUBHOrO BILJIMBY (OHOBOrO
HMyMy Ta MiJBUIIEHHAM akaZieMidyHol akTUBHOCTI fAiTedl. Halbinbil BupaxkeHUH edeKT crocTepiraBcs mnpu
KOMOiHOBaHOMY BHKOPHCTAaHHI CJAyXOBHX amapaTiB abo cHCTeM KoxJieapHOi iMIaHTalii 3 TeXHOJIOTiAMHU
nifcusnienusa curHany (FM-cucremwu, iHAYKIidHI meTsi), 1m0 3a6e3mMevyy0Th MOKpAIleHHS CHiBBiAHOIIEHHS
CUTHAJ/IIYM y CKJIaJJHUX aKyCTHYHHUX YMOBaX. |HTerpamisi [eKiJIbKOX TeXHOJIOTiYHHX pillleHb CHPHSIE
inauBigyasnizauii pea6iniTauii Ta migBueHHO i pyHKIiOHAIBHOT pE3yIbTaTUBHOCTI.

BucHoBku. AnapaTHa peabigiTanis € akTyaJabHUM i edeKTHBHHUM 3aco00M HiATPUMKU MalieHTIB i3
CEHCOHEBpPAJIbHUMU MNOPYUIEHHSIMU CJyXy, 3abe3nedyloyd BiJiHOBJEeHHs ab0 MOKpallleHHs CIPUHHSATTSA
3BYKIB I MOBJIEHHA 3a J0IIOMOI0I0 CJIYXOBUX allapaTiB, KOXJIeAPHUX IMIIJIAaHTIB Ta CUCTEM IiJACUTIE€HHA 3BYKY.
[HTerpanisa JONOMIXXKHUX TEXHOJIOTIN AJi KOMYHIKalLil J03BOJIFA€ AiTAM i3 NOPYIIEHHAMHU CJIyXy aKTUBHille
O6paTy y4acTh y HaBYaJbHOMY MIpOleci, coliaJIbHUX B3a€EMO/JiIX Ta MOBCIKJEHHOMY KHTTIi, MOKpaL[yIOYH
iXHI0O AKICTb KUTTS Ta ICUXOcCOIjasbHe OGJsiaromoJiydus. [IpakThUuHe 3HAYeHHs pe3yJbTaTiB IOJSrae B
OOI'pyHTYBaHHI paHHBOTO iHAWBiIyasi30BaHOr0 3aCTOCYBaHHSA AOTOMIXXHUX TEXHOJIOTIH y peabiniTanii giTen
i3 IOPYLUEHHAMU CJIYXY.

KnrouoBi croBa: JonoMixkHi TexHosoril; FM-cucrema; ciyxoBi amapaTy; KoxJeapHHUM IMIJIAHT; C/IyXOBi
NopyIleHHs; peabiniTaniiiHe BTpyYaHHs; NALi€EHTH JUTAYOTO BiKy; pO3Mi3HABaHHS MOBJIEHHS.
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Dynamics of antimicrobial consumption in an inpatient surgical department
following the implementation of an antimicrobial stewardship programme

Abstract

Relevance. Antimicrobial stewardship (AMS) programmes have become an important strategy for optimising
antibiotic use and combating antimicrobial resistance in surgical practice.

Aim. To evaluate the impact of implementing an AMS on antibiotic consumption in an inpatient surgical
department.

Materials and methods. A retrospective analysis of antimicrobial consumption was conducted in the surgical
department of a university hospital between 2023 and 2025. Consumption was assessed using the defined daily
dose (DDD) and DDD per 100 bed-days, with analysis of the prescribing structure according to the WHO AWaRe
classification.

Results. Despite an almost fivefold increase in the total volume of antibiotics used, from 558.1 to 2,387.0 DDD, due
to a substantial expansion of surgical services, including the treatment of patients with combat-related injuries,
the intensity of antibiotic consumption decreased from 33.5 to 6.8 DDD per 100 bed-days. The proportion of
Access group antibiotics increased from 5.8% to 57.3%, whereas the proportion of Reserve group antibiotics
declined from 82.6% to 4.7%, indicating a more appropriate pattern of use. A marked reduction was observed
in the prescribing of third-generation cephalosporins (particularly ceftriaxone, which is classified as a Reserve
antibiotic according to the national healthcare standard), as well as other Reserve antibiotics, including colistin
and tigecycline. The use of carbapenems and fluoroquinolones also decreased, while the use of aminoglycosides,
metronidazole, and clindamycin, all of which belong to the Access group, increased.

Practical significance. The implementation of a comprehensive AMS resulted in more rational antibiotic
use, optimisation of prescribing patterns in accordance with the AWaRe classification, and a reduction in the
intensity of antibiotic consumption, confirming the effectiveness of a multidisciplinary approach involving a
clinical pharmacist in the inpatient surgical setting.

Keywords: antimicrobial resistance; clinical pharmacist; antibiotics; surgery; medicine consumption; defined
daily dose; AWaRe classification.

INTRODUCTION
The rational use of antibiotics in surgery is not only a  areas where the consumption of antimicrobial medi-
matter of clinical protocol but also a strategic objective  cines is traditionally high, both for prophylaxis and for
for ensuring global safety. Surgical wards are high-risk  the treatment of complex infections; therefore, for a
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surgeon, an antibiotic is not merely a medicine but a
critical tool for the success of a surgical procedure. This
is primarily because antimicrobial resistance (AMR) is
recognised as one of the most serious threats to global
public health and economic stability.

The principal driver of this problem is the exces-
sive and inappropriate use of antibiotics. According
to Y. Wang et al. [1], between 20% and 50% of antimi-
crobial prescriptions in hospitals are inappropriate or
unnecessary. Thus, taking into account these findings,
as well as those reported by I. Kourbeti et al. [2], the
rational use of antibiotics is recognised as a key strat-
egy for limiting the spread of AMR. M. Bashar et al. [3]
reported that surgical site infections (SSIs) remain a
leading cause of postoperative morbidity and mortal-
ity, prompting surgeons to prescribe broad-spectrum
antibiotics for prolonged periods. However, it has
been demonstrated that extending surgical antibiot-
ic prophylaxis beyond 24 hours does not reduce the
risk of infection but significantly increases the likeli-
hood of adverse events, including acute kidney injury
and Clostridioides difficile infection. A. Marino et al. [4]
demonstrated that surgical antimicrobial prophylaxis
is essential for preventing SSIs, although inappropriate
antibiotic use remains a major challenge. M. Piscaglia et
al. [5] found that patients with SSIs were significantly
more likely to develop additional healthcare-associat-
ed infections. Similarly, H. Habteweld et al. [6] reported
that inappropriate antibiotic selection or unnecessarily
prolonged treatment significantly increases the risk of
adverse surgical outcomes.

To address these challenges, antimicrobial stew-
ardship (AMS) programmes have been implemented
worldwide. The primary objective of these programmes
is to optimise clinical outcomes while minimising the
risks associated with antibiotic use, including tox-
icity and the selection of resistant bacterial strains.
According to Y. Wang et al. [1], in the surgical setting
this involves the adoption of de-escalation strategies,
whereby empirical broad-spectrum antibiotic therapy
is replaced with targeted narrow-spectrum treatment
guided by microbiological findings. The effectiveness
of such programmes largely depends on a multidisci-
plinary approach. Evidence indicates that the involve-
ment of clinical pharmacists in daily ward rounds and
prescription audits significantly reduces antibiotic
consumption and hospitalisation costs in surgical de-
partments [1]. Likewise, the implementation of the
“handshake stewardship” model, based on direct com-
munication between the AMS team and treating physi-
cians, has demonstrated high effectiveness in general
surgical units. As reported by A. Kosharek et al. [7], this
approach not only reduces antibiotic consumption but
also improves prescribing quality.

The assessment of antimicrobial consumption is
generally based on the calculation of defined daily dos-
es (DDD). A study conducted by M. Bashar et al. [3] in
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South Africa demonstrated that the systematic imple-
mentation of AMS in surgical departments resulted in
a sustained reduction in DDD per 1,000 bed-days, ac-
companied by an increased proportion of targeted anti-
microbial therapy. A. Jover-Saenz et al. [8] emphasised
that a considerable proportion of inappropriate antibi-
otic prescribing occurs during the transition from inpa-
tient to outpatient care, and that interventions aimed at
optimising antimicrobial therapy during this stage can
reduce treatment duration by 40% or more.

The implementation of AMS is particularly im-
portant in surgical intensive care units. J. Yu et al. [9]
demonstrated in a neurosurgical intensive care unit
that active intervention by a multidisciplinary steward-
ship team substantially reduced the use of last-resort
antibiotics, including polymyxins and tigecycline, while
improving the susceptibility of Gram-negative bacteria
to antipseudomonal 3-lactam antibiotics. C. Pallares et
al. [10] likewise reported that the implementation of
AMS in tertiary-care hospitals reversed unfavourable
resistance trends in Pseudomonas aeruginosa and Es-
cherichia coli. Despite these successful examples, the
implementation of AMS remains challenging in many
countries because of shortages of trained personnel,
the absence of national guidelines, and cultural barriers
within the medical community.

The aim of this study was to analyse changes in an-
tibiotic consumption following the implementation of
an antimicrobial stewardship programme in the inpa-
tient surgical department of a university hospital.

MATERIALS AND METHODS
A retrospective analysis of antibiotic consumption was
conducted in the inpatient surgical department of the
University Hospital of the 0.0. Bogomolets Nation-
al Medical University between 2023 and 2025. From
2024 onwards, the surgical department experienced
a substantial increase in clinical activity owing to the
provision of surgical care for patients with combat-re-
lated injuries. This was accompanied by an expansion
in the range of surgical procedures performed. In 2025,
the spectrum of surgical interventions continued to ex-
pand, while the number of patients requiring treatment
for severe infections also increased. During the study
period, several AMS interventions were implemented,
including pre-authorisation of Reserve antibiotics, the
introduction of a new local protocol for perioperative
antibiotic prophylaxis, a series of educational work-
shops on the rational use of antimicrobial agents for
perioperative prophylaxis and antibiotic therapy, and
prospective audit with feedback, during which a clin-
ical pharmacist provided consultations aimed at opti-
mising the duration of antimicrobial therapy and peri-
operative antibiotic prophylaxis. The pre-authorisation
process required selected antimicrobial agents (includ-
ing carbapenems, polymyxins, ceftazidime/avibactam,
cefiderocol, linezolid, daptomycin, ceftriaxone, and
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levofloxacin) to be prescribed only after approval by a
clinical pharmacist from the Infection Prevention and
Control Department. Each request was assessed with
regard to the appropriateness of the prescription for
the clinical diagnosis, compliance with current clinical
guidelines, microbiological findings or the presence of
risk factors for infections caused by multidrug-resistant
microorganisms, previous antibacterial therapy, the ap-
propriateness of the prescribed dose, route of adminis-
tration and treatment duration, renal and hepatic func-
tion, and potential drug interactions. Following expert
review, either approval for the requested antimicrobial
agent was granted or an alternative treatment regimen
was recommended.

The overall consumption of antimicrobial agents,
the consumption of individual antimicrobial medicinal
products and specific groups of antibiotics, including
analyses according to the WHO AWaRe classification,
was assessed in DDDs per 100 bed-days. For each antibi-
otic, the total amount of active substance used annually
in 2023, 2024 and 2025 was determined. Current DDD
values were assessed based on the use of the ATC/DDD
index. To determine the number of DDDs, the total quan-
tity of the antimicrobial medicinal product consumed

was divided by its ATC/DDD index value. To determine
the relative consumption of antibiotics, the quantity of
antimicrobial medicine consumed in DDDs was calcu-
lated per 100 bed-days using the formula: DDD/100
bed-days = Total number of DDDs x 100/Number of
bed-days. The study did not require ethical approval.
Artificial intelligence was used exclusively for technical
editing of the manuscript, in particular to standardise
and formatthereferencelistinaccordance with thejour-
nal’s requirements, as well as to make linguistic, stylis-
tic and editorial amendments. The generation, analysis
and interpretation of scientific data, the formulation of
conclusions and the final approval of the manuscript’s
content were carried out by the authors themselves.

RESULTS AND DISCUSSION
According to the data presented in Table 1, total anti-
biotic consumption over the two-year period increased
significantly by almost fivefold (from 558.1 DDD in
2023 to 2,387.0 DDD in 2025), but the total number
of bed-days increased by more than twentyfold (from
1,667 bed-days to 34,916 bed-days); as a result, total
antibiotic consumption per 100 bed-days fell by almost
a factor of 5 (from 33.5 to 6.8 DDD/100 bed-days).

Table 1. Overall consumption of antimicrobial agents at the National Medical University Hospital, 2023-2025

- . . Years
Antimicrobial agent consumption
2023 2024 2025
Total consumption, DDD 558.1 1,387.7 2,387.0
Number of bed-days 1,667 28,169 34,916
Total consumption, DDD/100 bed-days 335 4.9 6.8

Source: data from the clinic’s statistical report

In 2023, Access antibiotics accounted for 5.8%
of total antimicrobial consumption, while Watch and
Reserve antibiotics represented 11.6% and 82.6%, re-
spectively. Following the implementation of the AMS in
2024, the proportion of Access antibiotics increased to
78.0%, whereas the proportions of Watch and Reserve

antibiotics declined to 4.6% and 17.4%, respectively.
In 2025, the predominance of Access antibiotics was
maintained (57.3%), accompanied by an increase in
the proportion of Watch antibiotics to 38.0% and a fur-
ther reduction in the consumption of Reserve antibiot-
ics to 4.7% (Table 2).

Table 2. Structure of antimicrobial consumption at the National Medical University Hospital
according to the WHO AWaRe classification, 2023-2025

e . Years
AWaRe antimicrobial group
2023 2024 2025
Access, % 5.8 78.0 57.3
Watch, % 11.6 4.6 38.0
Reserve, % 82.6 17.4 4.7

Source: data from the clinic’s statistical report

According to the data presented in Table 3, the im-
plementation of the AMS in the surgical department
was associated with a substantial reduction in the con-
sumption of cephalosporins and carbapenems among
B-lactam antibiotics. In contrast, the use of broad-spec-
trum penicillins, including B-lactam/B-lactamase inhib-
itor combinations, was introduced. A marked decrease
was also observed in the use of fluoroquinolones and
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Reserve antibiotics used to treat resistant Gram-neg-
ative infections, particularly tigecycline and colistin.
Conversely, aminoglycosides, which belong to the Ac-
cess group, were introduced into routine practice. In
addition, antibiotics targeting Gram-positive infections,
including the Access antibiotics clindamycin and met-
ronidazole, as well as the Watch antibiotics vancomycin
and lincomycin, began to be prescribed more frequently.
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Table 3. Consumption of individual groups of antimicrobial agents
in the surgical department, expressed as DDD per 100 bed-days, 2023-2025

o e ) T e Antimicrobial consumption, DDD per 100 bed-days
2023 2024 2025
-Lactam antibiotics (with and without f3-lactamase inhibitors)
Amoxicillin 0.027
Piperacillin 0.017
Cefazolin 1.955189 3.757 2.748
Cefuroxime 2.285063 0.000 0.029
Ceftriaxone 12.04799 0.110 0.006
Cefotaxime 0 0.011
Ceftazidime 0 0.004
Meropenem 0.113977 0.146 0.023
Amoxicillin/clavulanic acid 0 0.045
Piperacillin/tazobactam 0 0.012
Ceftazidime/avibactam 0 0.030
Meropenem/vaborbactam 0 0.039
Fluoroquinolones 0
Ciprofloxacin 0.988722 0.029 0.090
Levofloxacin 2.887403 0.454 0.077
Moxifloxacin 0.25189
Macrolides 0
Azithromycin 0 0.029
Clarithromycin 0 0.115
Tetracyclines 0
Doxycycline 0 0.057
Tigecycline 0.233893 0.036 0.189
Aminoglycosides 0
Gentamicin 0 9.547
Tobramycin 0 1.031
Amikacin 0 0.034
Glycopeptides 0
Vancomycin 0 0.013
Lincosamides 0
Clindamycin 0 0.033
Lincomycin 0 0.010
Nitroimidazoles 0
Metronidazole 0 0.254
Polymyxins 0
Colistin 0.19832 0.063

Source: ata from the clinic’s statistical report

the findings of the study, the implementation of the
AMS programme at the clinic was aimed at reducing
and optimising the pattern of antibiotic use, in particu-
lar using the WHO AWaRe classification. In their sys-
tematic reviews, L. Naseralallah et al. [11] and ]. Martin-
ez-Sobalvarro et al. [12] concluded that AMSs improve
antibiotic prescribing practices, reduce the incidence of
surgical infections, and optimise the duration of peri-
operative antibiotic therapy. Similarly, the systematic
review by L. Sefah et al. [13] demonstrated that AMS
interventions improve adherence to clinical guidelines
while reducing expenditure on antibiotics. M. Bashar et
al. [3], A. Kosharek et al. [7], and A. Jover-Saenz et al. [8]
reported reductions in antibiotic consumption of 24-
53% following the implementation of AMSs in surgi-
cal departments. Furthermore, A. Jover-Saenz et al. [8]

demonstrated that pharmaceutical care facilitated a
successful transition from intravenous to oral antibiot-
ic therapy for urological infections, thereby improving
continuity of care between inpatient and outpatient set-
tings. This approach enabled appropriate completion of
treatment at home without unnecessary days of paren-
teral therapy, minimised errors in treatment duration,
and reduced post-discharge antibiotic prescribing in
surgical patients by approximately 60%. M. Batlle et
al. [14] also demonstrated that a surgery-specific AMS
focused on prolonged antimicrobial therapy significant-
ly reduced the number of antibiotic courses lasting sev-
en days or longer in surgical patients with infections.

In the present study, interventions aimed at opti-
mising treatment duration resulted in an almost fivefold
reduction in antibiotic consumption expressed as DDD
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per 100 bed-days. The AMS included the involvement of
aclinical pharmacistinboth the pre-authorisation of Re-
serve and Watch antibiotics (particularly during 2024)
and prospective audit with feedback for prolonged an-
tibiotic therapy and the use of Reserve antibiotics, in-
cluding ceftriaxone. Y. Liu et al. [15] and B. Okposio et
al. [16] highlighted the importance of multidisciplinary
collaboration in improving antimicrobial prescribing
protocols and combating antimicrobial resistance in
surgical practice. Likewise, A. Kosharek et al. [7] em-
phasised the value of collaboration between infectious
diseases specialists and clinical pharmacologists or
clinical pharmacists, who jointly conducted prescribing
audits and discussed recommendations directly with
the surgical team. Such an approach promotes greater
clinician engagement, enhances trust, and facilitates
individualised antimicrobial therapy. Evidence consist-
ently supports the superiority of multidisciplinary, in-
teractive stewardship models over purely restrictive in-
terventions. A. Kosharek et al. [7] further reported that
AMS implementation reduced the Antibiotic Spectrum
Index from 2,839 to 2,519, reflecting successful antimi-
crobial de-escalation and optimisation of therapy. The
effectiveness of prospective audit with feedback in sur-
gical practice is attributable to its ability to tailor gener-
al recommendations to the individual patient’s clinical
condition and the complexity of the surgical procedure.
Moreover, following implementation of the AMS, the in-
cidence of Clostridioides difficile infection declined from
2.1% to 0%, providing further evidence of the safety of
strategies based on treatment shortening and antimi-
crobial de-escalation. In addition, a substantial reduc-
tion in the average cost of treatment was observed.

According to G. Surat et al [17], O. Pechak et
al. [18], and G. Betito et al. [19], inappropriate or un-
necessary postoperative antibiotic prophylaxis can be
substantially reduced or eliminated, primarily through
the revision of institutional protocols and the rein-
forcement of evidence-based recommendations. In the
present study, significant improvements in periopera-
tive antibiotic prescribing were achieved following the
implementation of a new local protocol for periopera-
tive antibiotic prophylaxis. This was accompanied by a
marked reduction in the use of Reserve and Watch anti-
biotics with activity against Gram-negative pathogens,
including colistin, tigecycline, ceftazidime, ceftriaxone,
meropenem, ciprofloxacin, levofloxacin, and moxiflox-
acin. Similar findings have been reported by ]. Diaz-
Madriz et al. [20], G. Wu et al. [21], and O. Pechak et
al. [18], who demonstrated a shift from broad-spec-
trum to narrow-spectrum cephalosporins for both
prophylaxis and treatment, particularly an increased
use of cefazolin accompanied by reduced prescribing of
ceftriaxone and fourth-generation cephalosporins. M.
Bashar et al. [3] further confirmed that AMS implemen-
tation not only reduces overall antibiotic consumption
but also improves the appropriateness of antimicrobial
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therapy through prescribing guided by microbiological
culture results. In their study, increased use of piper-
acillin/tazobactam reflected the rising prevalence of
Pseudomonas aeruginosa infections. In addition, they
reported the discontinuation of unnecessary postop-
erative use of amoxicillin/clavulanic acid, which is fre-
quently continued without indication after surgery, in
favour of cefazolin with prophylaxis limited to a maxi-
mum of 24 hours. They also observed a reduction in the
use of fluoroquinolones and third-generation cephalo-
sporins because of their association with the selection
of resistant Enterobacteriaceae.

The present study also demonstrated an increased
use of aminoglycosides, which are classified as Access
antibiotics according to the WHO AWaRe classifica-
tion, reflecting the preserved susceptibility of multi-
drug-resistant Gram-negative pathogens to this class
of antibiotics. M. Thy et al. [22] likewise emphasised
that aminoglycosides remain important bactericidal
agents against resistant Gram-negative bacteria, in-
cluding multidrug-resistant and carbapenem-resistant
strains. S. Story et al. [23] reported that combination
therapy incorporating aminoglycosides with other an-
tibacterial agents provides synergistic activity that may
help overcome resistance in extensively drug-resistant
Gram-negative organisms. Furthermore, S. Goutelle et
al. [24] proposed optimised aminoglycoside dosing
regimens to improve both efficacy and safety, including
the use of a fixed initial dose of 2,500 mg of amikacin to
simplify dosing in emergency surgical patients.

Nevertheless, several important barriers continue
to hinder the implementation of AMS in surgical prac-
tice. Resource limitations remain a major challenge, as
prospective audit with feedback requires the continu-
ous involvement of infectious diseases specialists and
clinical pharmacists, which may not be feasible in many
non-academic hospitals. Although overall adherence to
stewardship recommendations has been reported to
range between 71% and 72%, successful implementa-
tion is often constrained within surgical teams. Recom-
mendations communicated to junior doctors or nurs-
ing staff may be overridden by senior consultants who
were not directly involved in the AMS. As reported by
S. Cabral et al. [25], adherence to antimicrobial stew-
ardship recommendations remains suboptimal even in
high-income countries.

The authors developed and implemented a series
of training sessions for doctors, particularly junior
doctors, on current issues relating to surgical antibi-
otic prophylaxis and antibiotic therapy. M. Bashar et
al. [3] emphasise the importance of involving surgi-
cal residents in weekly discussions on approaches to
antimicrobial therapy, as this is critical for changing
the culture of prescribing. Training directly at the
patient’s bedside transforms the younger generation
of doctors’ approach to antibiotic therapy. ]. Diaz-
Madriz et al. [20] point out that even in the absence of



strict administrative restrictions, a strategy of training
and feedback can alter patterns of consumption; for
example, by replacing the excessive use of ceftriax-
one with the more rational use of cefazolin in surgical
prophylaxis.

Among the common problems is the inappropriate
use of vancomycin, which can increase the incidence
of adverse effects, such as acute kidney injury. Accord-
ing to the study’s findings, vancomycin consumption
remains negligible (0.013 DDD/100 bed-days), as it is
restricted solely to cases where a patient is at risk of in-
fection caused by methicillin-resistant Staphylococcus
aureus (MRSA). Consequently, a strategic approach to
the use of antimicrobials in surgery must be based on
the principle of reducing the duration of therapy to the
minimum necessary; this is key to the environmental
safety of the hospital and the clinical effectiveness of
treatment. It is important to ensure direct collabora-
tion between the clinical pharmacist and the surgeon
through the use of prospective audits with feedback; to
move away from fixed-dose regimens towards individu-
alised dose calculations, ensuring that patients receive
the exact amount of medication.

CONCLUSIONS
1. The implementation of an AMS in the inpatient sur-
gical department demonstrated high effectiveness in
optimising antibiotic therapy and the pattern of anti-
microbial consumption. Despite a substantial increase
in the number of hospital admissions and bed-days, the
intensity of antibiotic use decreased almost fivefold, in-
dicating a marked improvement in the appropriateness
of antibiotic prescribing. The implementation of a com-
prehensive stewardship strategy, including pre-author-
isation of Reserve antibiotics, the introduction of alocal
protocol for perioperative antibiotic prophylaxis, clini-
cian education, and prospective audit with feedback
involving a clinical pharmacist, contributed to more ap-
propriate use of antibacterial agents.

2. Following the implementation of the AMS, the
proportion of Access antibiotics increased substan-
tially, while the use of Reserve antibiotics declined
markedly, in accordance with current WHO recom-
mendations for combating antimicrobial resistance.
At the same time, the use of broad-spectrum cephalo-
sporins, carbapenems, fluoroquinolones, colistin, and
tigecycline decreased, and antibiotic therapy became
more targeted and individualised. These findings
support the wider implementation of AMS’s in inpa-
tient surgical departments. Key factors contributing
to the programme’s success include multidisciplinary
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collaboration between surgeons, clinical pharmacists,
and infection prevention and control specialists, reg-
ular monitoring of antibiotic consumption using DDD
per 100 bed-days, and continuous education of health-
care professionals. Together, these measures contribute
to improved quality of care and a reduced risk of anti-
microbial resistance.

This study has several limitations. It was conduct-
ed in a single university hospital surgical department,
which may limit the generalisability of the findings to
other healthcare settings, particularly hospitals with
different patient populations, resource availability, and
antimicrobial stewardship models. The retrospective
study design, based on the analysis of antibiotic con-
sumption indicators (DDD and DDD per 100 bed-days),
does not allow causal relationships to be established
between individual AMS interventions and the ob-
served outcomes. Furthermore, the implementation of
the AMS coincided with major changes in the hospital’s
clinical activity, including an increased number of pa-
tients with combat-related injuries, expansion of the
range of surgical procedures performed, and treatment
of more severe infectious complications, all of which
may have influenced antibiotic prescribing patterns. In
addition, the study did not evaluate clinical outcomes,
including the incidence of surgical site infections,
in-hospital mortality, length of hospital stay, hospital
readmissions, the incidence of Clostridioides difficile in-
fection, or changes in antimicrobial resistance patterns
among hospital pathogens.

Future research should evaluate the contribution
of individual AMS components, including antibiotic
pre-authorisation, prospective audit with feedback, lo-
cal perioperative antibiotic prophylaxis protocols, and
educational interventions, to clinical outcomes. Further
studies are also warranted to investigate the relation-
ship between changes in antibiotic consumption ac-
cording to the AWaRe classification and trends in anti-
microbial resistance among hospital pathogens, as well
as the incidence of surgical site infections, Clostridioides
difficile infection, length of hospital stay, in-hospital
mortality, and pharmacoeconomic outcomes.
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JuHaMiKa cio)XuBaHHsI aHTUMIKPOOHHX MpenapariB B CTal[ioHAPHOMY
xipypriuHomy BijJji/ieHHi Ip¥ BIPOBa/>kKeHHi MPOrpaMM agMiHiCTpyBaHHA
AHTUMIKPOOHMX Mpenaparis

AHoTanis

AxTyanbHicTb. [Iporpamu agMiHicTpyBaHHS aHTUMIKpoOGHUX npenapaTiB (AAIl) cTaiu BaKJIMBOIO CTpaTeTi€lo
JiI1g onTUMi3anii BUKOPHMCTAHHS aHTUOIOTHKIB Ta 60pOTHOM 3 PE3UCTEHTHICTIO /10 aHTUMIKPOOHUX JIIKapChKUX
3aco6iB y xipypriunii npakTur.

MeTta. OuiHUTH BIUIMB BNpOBa/pkeHHs nporpamMu AAIl Ha cnokuMBaHHS aHTHUOGIOTHKIB y CcTalioHapHOMY
xipypriyHomMy BijJiJIeHHI.

MeToau aHaui3sy. [IpoBesieHO pPeTpPOCIEKTUBHUN aHasli3 CNOXMBAaHHA aHTUMIKpoOHMX mpenapatiB y 2023-
2025 pp. y xipypriunoMy BifiisieHHi yHiBepcuTeTChKOI KJiHiKY. OLiHKY 3AiMicHIOBaIM 3a MokasHuKaMu DDD Ta
DDD/100 nixko-AHiB i3 aHa1i30M CTPYKTYpH BiAnosigHo o kaacudikanii BOO3 AWaRe.

Pe3ysibraTh. He3Bakarouu Ha MaiKe II'STUKpPATHE 3pOCTaHHS 3araJbHOT0 06CATy BUKOPUCTAaHUX aHTHUGIOTHUKIB
3 558,1 go 2387,0 DDD uepe3 3HayHe 36ijblieHHs1 XipypridyHoi J0MOMOrM 30KpeMa i MOoCTpaKJauM Bif
00MOBHUX OpaHEHb, IHTEHCUBHICTb CIIOXKUBAaHHS aHTU6IOTHKIB 3MeHIuacs 3 33,5 g0 6,8 DDD /100 Jsi>xko-aHiB.
YacTka npenapariB rpynu Aoctyny 36isbmuaack 3 5,8 % 0 57,3 %, ToAi K 4acTKa npenaparTiB rpymnu pe3epBy
3MeHLuUAach 3 82,6 % 10 4,7 %, 110 BKa3ye Ha ONTUMI3allilo iXx BUKOPUCTAaHHA. BijMiyeHO CcyTTEBe 3MeEHILEHHS
npu3HayeHHs IedasocrnoprHiB 3 MOKOJiHHA (30kpeMa LiepTPUAKCOHY, KUK 3TiJJHO rajy3eBOMY CTaHJApTy
MeJIMYHOI JOMOMOTH BiJJHECEHO [0 mpemnapaTiB rpynyd pe3epBy), i iHIIMX mpenapartiB pe3epBy, 30KpeMa -
KOJIICTUHY Ta Taurenuk/iHy. Takok 3MeHIIMJIOCh BUKOPUCTAHHS KapbaneHeMiB i ¢TopxiHOJIOHIB, @ HATOMICTh
3p0CJI0 3aCTOCYBaHHA aMiHOIVIIKO3U/iB, METPOHIZA30J1y Ta KJIIHAAMILMHY, AKI BIIHOCATHCA L0 TPy AOCTYILY.
IIlpakTMyHa WLiHHiICTb. BrnpoBakeHHs koMmmuiekcHoi nporpamu AAIl 3a6esmneuynsio 6isnbll palioHa/bHE
BUKOPUCTAHHS aHTUOGIOTHKIB, onTUMIi3alio iX cTPYKTypH BiAnoBigHo o kiacudikanii AWaRe Ta 3MeHIIeHHS
IHTEHCUBHOCTI iX CIO’KMBAHHS, 1[0 MiATBEPKY€E ePeKTUBHICTb MYJIbTUIUCLUIIIIHAPHOTO MiJIX0/Y i3 3a/1y4eHHAM
KJIiHiYHOTO dpapMaleBTa y XipypriuHoMy cTarioHapi.

Kiio4yoBi cs10Ba: aHTHMIKpOOGHA PE3UCTEHTHICTh; KIIHIYHUM papMalneBT; aHTUOIOTHUKY; Xipyprisi; ClIOXKMBaHHS
JIIKapChKHUX 3aC06iB; BU3HAUYeHa JI000Ba /103a; kaacudikanis AWaRe.
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Adverse course of COVID-19 despite the use of molnupiravir:
A clinical case

Abstract

Relevance. Patients with type 2 diabetes mellitus are at high risk of severe COVID-19, multiple organ failure,
and death. Despite the introduction of direct-acting antiviral agents, including molnupiravir, some patients may
still experience an unfavourable outcome despite early initiation of treatment, highlighting the need for further
investigation.

Aim. To evaluate the course of COVID-19 in a patient with type 2 diabetes mellitus using a clinical case and to
analyse the possible reasons for the unfavourable outcome despite the timely administration of molnupiravir.
Materials and methods. A retrospective descriptive case study was conducted. The course of COVID-19 was
analysed in a 56-year-old woman with type 2 diabetes mellitus who received antiviral therapy with molnupiravir
from the fourth day of illness. Clinical manifestations, laboratory and instrumental findings, treatment
characteristics, and the possible causes of the unfavourable outcome were assessed.

Results. The illness began with moderately severe respiratory symptoms and a low-grade fever. On hospital
admission, signs of decompensated diabetes mellitus were identified, including hyperglycaemia (14.7 mmol/L),
ketonuria (3+). Also elevated C-reactive protein (CRP) level of 91.5 mg/L and lymphopenia were revealed.
Although there were no clinical and radiological signs of pneumonia on admission, the patient’s condition
deteriorated rapidly, with the development of metabolic acidosis, diabetic ketoacidotic coma, bilateral
polysegmental pneumonia, acute respiratory distress syndrome, and multiple organ failure. Early administration
of molnupiravir did not prevent a fatal outcome.

Conclusions. This clinical case demonstrates that, in patients with decompensated diabetes mellitus, COVID-19
may progress rapidly to a critical condition even in the absence of signs of pulmonary involvement at the
early period of the disease. One of the key factors contributing to the poor prognosis was likely metabolic
decompensation associated with ketoacidosis and a systemic inflammatory response. COVID-19 vaccination did
not prevent the fatal outcome in this patient. The effectiveness of antiviral therapy for COVID-19 depends not
only on the timely initiation of treatment but also on the degree of control of underlying comorbidities and the
early correction of metabolic disordes. The clinical effectiveness of molnupiravir may depend on the SARS-CoV-2
variant, the baseline viral load, and individual patient peculiarities. Specialised molecular genetic studies are
required to assess the potential role of antiviral resistance.

Keywords: coronavirus disease; SARS-CoV-2; type 2 diabetes mellitus; diabetic ketoacidosis; antiviral therapy;
multiple organ failure.
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INTRODUCTION

Despite the end of the pandemic phase of COVID-19, the
disease continues to be a significant medical and social
problem due to the risk of severe forms and fatal out-
comes in patients with underlying conditions. Particu-
lar attention is drawn to patients with diabetes melli-
tus, in whom SARS-CoV-2 infection is significantly more
frequently associated with hospitalisation, the devel-
opment of acute respiratory distress syndrome, multi-
ple organ failure and death. In this context, the search
for effective approaches to early antiviral treatment of
COVID-19 in high-risk patients remains one of the pri-
ority areas in modern medicine. Molnupiravir became
the first oral antiviral drug to demonstrate the ability to
reduce the risk of hospitalisation and death in patients
with COVID-19. In the randomised, placebo-controlled
MOVe-OUT trial conducted by A.J. Bernal et al. [1], the
use of molnupiravir within the first five days of symp-
tom onset in unvaccinated high-risk patients was asso-
ciated with a reduction in the rate of hospitalisation or
death compared with placebo. The authors concluded
that early suppression of viral replication may have a
positive effect on the clinical course of the infection. A
separate analysis of the results of the study by A.]. Ber-
nal et al. in patients with immunodeficiency conditions,
carried out by D. Focosi et al. [2], confirmed the drug’s
favourable safety profile and its ability to reduce viral
load. At the same time, the authors noted that even
with timely initiation of antiviral treatment, the risk of
adverse outcomes is largely determined by the sever-
ity of comorbidities and the patient’s baseline condi-
tion. Subsequent studies, conducted whilst Omicron
variants were circulating and population immunity
was high, demonstrated less conclusive results. For in-
stance, in the large-scale randomised PANORAMIC tri-
al by C.C. Butler et al. [3], which involved over 25,000
at-risk patients, the addition of molnupiravir to stand-
ard therapy did not result in a statistically significant
reduction in the rate of hospitalisation or death com-
pared with standard care. However, the authors not-
ed a reduction in the duration of symptoms and rapid
clinical recovery in patients receiving antiviral thera-
py. Commenting on the PANORAMIC results, M.R. Kidd
& PM. Kelly [4] pointed out that the efficacy of mol-
nupiravir may depend on the epidemiological context,
the level of population immunity, vaccination coverage
and the composition of at-risk groups. According to the
authors, the results of early studies cannot always be
extrapolated to current conditions where new variants
of SARS-CoV-2 are circulating.

The results of studies of real-world clinical prac-
tice also remain inconclusive. In a study by R. Flisiak et
al. [5], conducted whilst the Omicron variant was dom-
inant, the use of molnupiravir was associated with a
reduction in mortality among hospitalised patients,
particularly when treatment was initiated within the
first five days of illness. At the same time, the authors
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emphasised that the drug demonstrated the greatest
benefit in patients without decompensated comorbid-
ities. Similar conclusions were reached by W. Abu Ah-
mad et al. [6], who, in a large cohort study, demonstrat-
ed that the efficacy of molnupiravir is most significant
in older patients and those with risk factors for the pro-
gression of COVID-19. However, even in these patient
groups, antiviral therapy does not guarantee complete
protection against the development of severe disease.
Diabetes mellitus plays an important role in determin-
ing an unfavourable prognosis. According to studies by
S. Lim et al. [7], K. Khunti et al. [8] and ].E. Nyland et
al. [9], hyperglycaemia is associated with impaired func-
tion of neutrophils, macrophages and T-lymphocytes,
increased production of pro-inflammatory cytokines,
and the development of endothelial dysfunction and
coagulopathy. This is precisely why people with dia-
betes are considered to be one of the most vulnerable
groups of patients with COVID-19. Furthermore, there
is a growing body of evidence regarding the mutual
exacerbation of COVID-19 and carbohydrate metabo-
lism disorders, whereby the infection may contribute
to diabetic decompensation and the development of
ketoacidosis even in patients whose diabetes was rel-
atively stable prior to infection [10-11]. There are also
reports of a reduction in the clinical efficacy of certain
antiviral drugs as SARS-CoV-2 evolves and accumulates
mutations, including studies by C.K.H. Wong et al. [12],
G.S. Tatz et al. [13] and Y. Xie et al. [14]. Although no
conclusive evidence of clinically significant SARS-CoV-2
resistance to molnupiravir has yet been obtained, a
number of authors point to the possibility of variations
in response to therapy depending on the viral variant,
the initial viral load and the characteristics of the pa-
tient’s immune response [3-4].

Thus, despite the availability of effective antiviral
agents, the challenge of predicting treatment outcomes
for COVID-19 in high-risk patients remains a pressing
issue. Cases of severe or fatal disease progression de-
spite early initiation of etiological therapy are of par-
ticular scientific interest, as their analysis allows for a
better understanding of the role of comorbidities and
other factors that may influence treatment efficacy. It
is for this reason that the clinical case presented here
warrants detailed analysis and discussion. The aim of
this study was to evaluate the course of COVID-19 in a
high-risk patient and to analyse the possible reasons
for the unfavourable disease outcome despite the time-
ly administration of molnupiravir.

MATERIALS AND METHODS
Study type: retrospective descriptive study as a clinical
case. Study design: retrospective analysis of a clinical
case of fatal COVID-19. Object: the course of COVID-19
in high-risk patients receiving early antiviral therapy.
Subject: factors that may have contributed to the un-
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favourable course of the disease despite the early ad-
ministration of molnupiravir. The study was conducted
in accordance with the principles of the World Medi-
cal Association’s Declaration of Helsinki on the ethical
principles of medical research involving human sub-
jects [15] and Order No. 690 of the Ministry of Health
of Ukraine [16]. During the preparation of this clinical
case report, the confidentiality of the patient’s personal
data and her anonymity were ensured. Consent to con-
duct the study and publish its results was obtained from
the patient’s daughter. A clinical case of an unfavoura-
ble course of COVID-19 is presented in a 56-year-old
female patient with concomitant type 2 diabetes mel-
litus who received inpatient treatment at St Michael’s
Clinical Hospital of Kyiv from 11 September 2025 to
17 September 2025 (medical record No. 9101738). Ac-
cording to her medical history, the patient had received
two doses of the COVID-19 vaccine in 2023; no further
information regarding the vaccines is available. She had
previously contracted COVID-19 in 2021. No antiviral
therapy was prescribed before admission. In the hospi-
tal, due to possible renal impairment, associated with
diabetes mellitus, molnupiravir was preferred for anti-
viral therapy (administered from the 4 day of illness at
adose of 800 mg twice daily for 5 days). Supportive care
involved management of the intoxication syndrome,
blood glucose levels and homeostatic parameters. Oxy-
gen support was provided via inhalation of humidified
oxygen through a face mask; the patient was subse-
quently transferred to mechanical ventilation. With the
onset and progression of respiratory failure, dexameth-
asone 8 mg per day intravenously was added to the
treatment. To prevent thromboembolic complications,
flenox was administered subcutaneously at a dose of
0.4 ml once daily. The diagnosis of COVID-19 was con-
firmed by SARS-CoV-2 rapid test during the pre-hospi-
tal stage and polymerase chain reaction (PCR) in the
hospital. Pulmonary ultrasound and chest radiography
were used to confirm the presence of pneumonia. The
severity of the patient’s condition was assessed on the
basis of clinical findings, oxygen saturation, and labo-
ratory markers, including blood glucose levels, urinary
ketones, arterial blood gas analysis, acid-base bal-
ance, C-reactive protein level, and lymphocyte count.

RESULTS AND DISCUSSION
Despite the clinical efficacy of molnupiravir, as demon-
strated in numerous studies at the start of the pan-
demic, even its early administration does not always
prevent severe disease progression in patients with
underlying chronic conditions. The following case is
presented as an example. On day 1 of the illness, the
patient complained of a sore throat, a runny nose and
mild weakness, with no fever. The following day, her
condition worsened: she experienced nausea, repeat-
ed vomiting, a headache, increased weakness and a
low grade temperature. On the third day of the illness,
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the patient complained of significant general weak-
ness, a headache, a dry mouth, nausea and vomiting,
and sought advice from a general practitioner at a
private clinic, who suspected a stroke. This diagnosis
was ruled out by a neurosurgeon on the basis of the
results of a computed tomography (CT) scan of the
brain. The presence of respiratory symptoms and a
raised body temperature, as well as the epidemiolog-
ical situation, formed the basis for conducting a rapid
SARS-CoV-2 antigen test. Following a positive result,
the patient was admitted to the hospital. At the time of
admission (on day 3 of illness) condition of the patient
was moderate severe moderately severe due to sys-
temic toxicity: she was lethargic and adynamic. Body
temperature 36.50°C, pulse 116 beats per minute,
blood pressure 140/90 mm Hg, respiratory rate 22-
24 per minute, oxygen saturation 98% whilst breath-
ing room air. There were no clinical and radiological
signs of pneumonia. Laboratory test results: complete
blood count on 11 September 25 - white blood cells
12.17 x10°/L, metamyelocytes - 1, band cells - 10, seg-
mented neutrophils - 62, eosinophils - 1, monocytes -
11, lymphocytes - 15%, red blood cells - 4.76 x 10'?/L,
haemoglobin - 135 g/L, platelets 268 x 10°/L, erythro-
cyte sedimentation rate 37 mm/h. Biochemical blood
analysis on 11 September 25 - glucose 14.7 mmol/L,
urea - 6.9 mmol/L, creatinine - 97.3 umol/L, to-
tal bilirubin - 3.3 pumol/L, alanine aminotransferase
17.3 U/L, aspartate aminotransferase 15.8 U/L, al-
pha-amylase 47.5 U/L, C-reactive protein 91.5 mg/L,
sodium 141 mmol/L, potassium 5.32 mmol/L, and
chloride 103.0 mmol/L. Coagulation studies showed
fibrin 240 mg, fibrinogen 6.0 g/L, and prothrombin ac-
tivity 88%. Urinalysis revealed ketonuria (3+).
COVID-19 was diagnosed in the patient with decom-
pensated type 2 diabetes mellitus. The diagnosis was
confirmed by PCR. The patient was switched to insulin
therapy; she was also prescribed Flenox 0.4 ml x once
daily subcutaneously, Sterofundin 1,000 ml and sodi-
um bicarbonate solution (Soda-Buffer®) 100 ml intra-
venously. The following day (day 4 of the illness), her
condition deteriorated: weakness increased, dysarthria
and a sense of depersonalisation developed, tachycar-
dia increased to 124 beats per minute, and she expe-
rienced impaired consciousness resembling stupor; as
a result, she was transferred to the infectious diseases
intensive care unit. Examination of acid base balance
revealed acidosis (pH 7.167). Lagevrio (trade name for
molnupiravir) - 800 mg twice daily - was added to her
treatment, whilst detoxification therapy and correction
of metabolic disturbances were continued. However, the
patient’s condition progressively deteriorated. On 13
September 25 (on day 5 of illness), vasopressors were
added to her treatment to correct haemodynamic dis-
orders. From 14 September 25 (on day 6 of illness), the
patient was unconscious; metabolic disturbances (ac-
idosis, acetonuria, hypokalaemia, hypoalbuminaemia)



progressed; blood urea and creatinine levels rose; ra-
diographic signs of bilateral pneumonia appeared, and
respiratory failure progressed rapidly. From 16 Septem-
ber 25 (on day 8 of illness), the patient was transferred
to invasive artificial ventilation. Despite intensive care,
the patient’s condition progressively deteriorated,
and signs of multiple organ failure increased. On 17
September 25 (on day 9 of illness), the patient died.
Post-mortem diagnosis was: COVID-19, bilateral pol-
ysegmental pneumonia, acute respiratory distress syn-
drome. Type 2 diabetes mellitus, diabetic angiopathy,
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nephropathy. Cerebral oedema with dislocation of the
brain. COVID-19 triggered the decompensation of un-
derlying type 2 diabetes mellitus, leading to the devel-
opment of ketoacidotic coma, electrolyte imbalances
and multiple organ failure, which resulted in the rapid
progression of the infectious process with a fatal out-
come. Antiviral therapy with molnupiravir, initiated at
an early stage (on day 4 of illness), failed to prevent an
unfavourable outcome of the disease. A timeline of the
patient’s disease progression and treatment, highlight-
ing key events, is shown in Figure 1.

09.09.2025 11.09.2025 12.09.2025 12.09.2025 16.09.2025 17.09.2025
(Day 1) (Day 3) (Day 4) (Day 4) (Day 8) (Day 9)
i @9
5
Onset of symptoms Hospital admission Development of Initiation of therapy Mechanical ventilation Fatal outcome

Sore throat, runny nose, ketoacidosis

fatigue, and pyrexia

Admitted to hospital

with confirmed Clinical deteroriation

developed. COVID-19 with hyperglycaemia,
(SARS-CoV-2 ketonuria and metabolic
RT-PCR positive). acidosis.
Transferred to the

intensive care unit.

with molnupiravir initiated Death due to
multi-organ failure
in the setting of

severe COVID-19.

Molnupiravir
800 mg
twice daily started.

Worsening respiratory
failure and development
of acute respiratory
distress syndrome (ARDS).
Initiated invasive
mechanical ventilation.

Figure 1. Timeline of clinical course and treatment of a 56-year-old female patient with COVID-19
Note: RT-PCR - reserve transcription polymerase chain reactions; ARDS — acute respiratory distress syndrome

Source: compiled by the authors

This clinical case demonstrates the rapid progres-
sion of COVID-19 in a female patient with decompen-
sated type 2 diabetes mellitus, despite the absence of
signs of pneumonia and respiratory failure at the time
of admission and the early initiation of antiviral ther-
apy with molnupiravir. Most likely, the unfavourable
outcome followed several reasons. First and foremost,
the presence of decompensated diabetes mellitus with
hyperglycaemia and acetonuria at the time of admis-
sion is noteworthy, indicating significant metabol-
ic disorders even before the development of severe
lung involvement. Hyperglycaemia is associated with
impaired innate and adaptive immune responses, in-
creased systemic inflammation and endothelial dys-
function [17-18]. It also increases the risk of throm-
botic complications, which may contribute to the rapid
progression of COVID-19 [19-20]. The patient present-
ed with signs of severe systemic disorders, including
progressive intoxication, impaired consciousness and
metabolic acidosis, despite the early (on day 4 from
the onset of the illness) administration of molnupira-
vir. This suggests that critical pathophysiological pro-
cesses associated with the decompensation of diabetes
mellitus and a systemic inflammatory response had
already been triggered before the start of aetiological

treatment. Under these circumstances, the suppres-
sion of viral replication may have proved insufficient
to prevent the subsequent development of multiple
organ failure.

Other factors capable of influencing the efficacy of
antiviral therapy cannot be ruled out, in particular a
high initial viral load, individual variations in the drug’s
pharmacokinetics against a background of severe met-
abolic disorders, or infection with a SARS-CoV-2 vari-
ant exhibiting reduced sensitivity to the drug due to the
possible development of resistance to molnupiravir. At
the same time, it is not possible to conclude, on the ba-
sis of a single clinical case, that molnupiravir is ineffec-
tive as a drug in general. The choice of antiviral thera-
py for high-risk patients remains an important clinical
issue. Given the high likelihood of diabetes decompen-
sation against the background of an infectious process,
it might be more effective to initiate antiviral therapy
before the development of severe metabolic disordes -
on days 1-2 of COVID-19. The possibility of using alter-
native antiviral drugs or combined approaches in pa-
tients with severe comorbidities also requires further
investigation. The case presented here highlights the
need for particular vigilance regarding patients with
diabetes mellitus, even in the absence of severe lung
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involvement, and the importance of early detection of
metabolic decompensation as one of the key predictors
of an unfavourable course of COVID-19.

Molnupiravir remains one of the recommended
oral antiviral drugs for the treatment of patients with
COVID-19 who are at high risk of disease progression.
The results of early randomised trials have demonstrat-
ed its ability to reduce the risk of hospitalisation and
death when administered within the first five days of
symptom onset. At the same time, data from C.C. But-
leretal. [3] and W. Abu Ahmad et al. [6], collected during
the circulation of later SARS-CoV-2 variants, indicated a
more moderate clinical effect of the drug and a signif-
icant dependence of treatment outcomes on patients’
age, comorbidities, vaccination status and the timing of
treatment initiation. The clinical case presented here
demonstrates an unfavourable course of COVID-19 in a
high-risk patient. Early administration of molnupiravir
was unable to prevent the development of severe meta-
bolic disorders associated with decompensated diabe-
tes mellitus, which may have contributed to subsequent
clinical deterioration and the development of multiple
organ failure. The findings are partly consistent with
current literature data on the efficacy of molnupiravir.
In a study by A.J. Bernal et al. [1], early administration
of the drug to patients with risk factors for COVID-19
progression was associated with a reduced risk of hos-
pitalisation or death compared with placebo. At the
same time, further studies of real-world clinical prac-
tice and the results of the large-scale randomised PAN-
ORAMIC trial have demonstrated that, in the context
of circulating new variants of SARS-CoV-2 and against
a background of prior vaccination of the population,
the effect of molnupiravir on the rate of hospitalisa-
tions and mortality is less pronounced, although the
drug promotes faster clinical recovery and viral clear-
ance [3]. Data from the meta-analyses by Y.M. Mesfin et
al. [21] and S.H. Lin et al. [22] also demonstrated that
the clinical effect of molnupiravir varies depending on
patients’ age, the presence of comorbidities and the
timing of treatment initiation.

Particular attention is drawn to the role of diabe-
tes mellitus as one of the leading predictors of an un-
favourable prognosis in COVID-19. According to cohort
studies, the risk of hospitalisation, the development
of acute respiratory distress syndrome and death in
patients with uncontrolled diabetes mellitus is signif-
icantly higher than the corresponding figures in indi-
viduals without carbohydrate metabolism disorders.
S. Lim et al. [7] and R. Pal et al. [10] have shown that
the presence of diabetic ketoacidosis or severe hy-
perglycaemia at the time of hospitalisation is an inde-
pendent predictor of a poor prognosis, regardless of
the severity of lung involvement. In the present case,
hyperglycaemia, acetonuria and laboratory signs of
systemic inflammation were already present on ad-
mission, supporting the assumption that metabolic
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decompensation may have contributed to the subse-
quent severe course of COVID-19. It is evident that anti-
viral drugs are most effective early in the disease course,
when active viral replication plays a leading role. Once
a systemic inflammatory response, metabolic disorders
and organ dysfunction have developed, the course of
the disease is largely determined by immunopatholog-
ical mechanisms. Thus, the lack of clinical response to
molnupiravir in this patient does not necessarily indi-
cate the drug’s ineffectiveness, but may reflect the se-
verity of the underlying condition and the already es-
tablished cascade of pathophysiological changes at the
time treatment began. A distinctive feature of this case
was the absence of signs of pneumonia and respiratory
failure on admission, despite the concurrent presence
of marked metabolic disturbances. Hyperglycaemia,
acetonuria and elevated C-reactive protein levels were
observed as early as the first few days of the illness,
indicating the development of a systemic inflammato-
ry response and decompensation of diabetes mellitus.
Type 2 diabetes remains one of the most significant risk
factors for severe COVID-19. Hyperglycaemia contrib-
utes to impaired functional activity of neutrophils and
lymphocytes, increased production of pro-inflammato-
ry cytokines, and the development of endothelial dys-
function and coagulopathy. Furthermore, SARS-CoV-2
infection can impair glycaemic control and trigger the
development of diabetic ketoacidosis, even in patients
whose diabetes had previously been relatively stable. In
the present case, it was the decompensation of diabetes
mellitus that likely constituted one of the key mecha-
nisms underlying the progression of the disease and
the development of multiple organ failure.

Despite the initiation of antiviral therapy within
the recommended timeframe (on day 4 of illness), by
the time molnupiravir was prescribed, the patient was
already exhibiting signs of severe systemic complica-
tions, including metabolic acidosis, progressive intoxi-
cation and impaired consciousness. This suggests that
the pathological cascade associated with diabetic de-
compensation and systemic inflammation had already
been triggered before the start of aetiological treat-
ment. Since molnupiravir's mechanism of action in-
volves inhibiting viral replication, its clinical efficacy is
predictably reduced in situations where metabolic and
immuno-inflammatory disorders already play a leading
role in the pathogenesis. It is also worth noting that re-
cent studies demonstrate heterogeneity in the clinical
efficacy of molnupiravir. In some high-risk patients,
particularly those with severe comorbidities, the drug
does not fully prevent hospitalisation, the development
of respiratory failure or fatal outcomes. The influence
of factors such as a high initial viral load, characteristics
of the immune response, the drug’s pharmacokinetics
in the context of severe metabolic disorders, or individ-
ual variability in the virus’s sensitivity to therapy can-
not be ruled out.



From a clinical perspective, this case highlights the
need for the earliest possible identification of patients
with decompensated diabetes mellitus and the timely
initiation of antiviral therapy before the development of
severe metabolic disorders. Equally important are ag-
gressive correction of hyperglycaemia, careful monitor-
ing of acid-base balance, and early diagnosis of diabetic
ketoacidosis. Further research is needed to evaluate the
efficacy of alternative antiviral drugs and personalised
approaches to the treatment of patients with COVID-19
and severe comorbid conditions. Thus, the presented
case demonstrates that even early administration of
molnupiravir does not always prevent an unfavourable
course of COVID-19 in patients with severe metabolic
disorders. It should be noted that vaccination against
COVID-19 did not prevent a fatal outcome. Not only
early antiviral therapy, but also the degree of control of
the underlying condition, the timeliness of correction
of metabolic disorders, and individual characteristics of
the course of the infectious process may be of decisive

I. Shestakova & 0. Gudzenko I

2. Decompensation of diabetes mellitus with the
development of metabolic acidosis may be one of the
key factors contributing to an unfavourable prognosis
of COVID-109.

3. In the presented clinical case, early administra-
tion of molnupiravir (on day 4 of illness) didn’t prevent
disease progression and a fatal outcome. This may have
been associated with severe metabolic disorders in the
context of decompensated diabetes mellitus.

4. The clinical efficacy of molnupiravir may depend
on the SARS-CoV-2 variant, the baseline viral load and
the patient’s individual peculiarities. Specialised mo-
lecular genetic studies are required to assess the role of
possible antiviral resistance.

5. Further studies are warranted to determine
how concomitant metabolic disorders influence the re-
sponse to antiviral therapy and to optimise treatment
strategies for patients with COVID-19 and diabetes
mellitus.
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HecnpustauBuii nepedir COVID-19 i3 3acTocyBaHHAM MOJTHYIipaBipy:
K/IIHIYHHN BUNIA/IOK

AHoTanis

AxTyanbHicTb. [lanieHTH 3 LYKPOBHUM /[iiabeTOM HaseXaTb [0 IPyNH BUCOKOTO PU3HMKY TSKKOTO Iepediry
COVID-19, po3BUTKY MOJIIOpraHHOI HEJJOCTAaTHOCTI Ta JiIeTaJIbHOTO HacaifKy. He3Baxkarouu Ha BIPOBa/PKEHHS
[IPOTUBIPYCHUX IIpenaparTiB NpAMOI Ail, 30KpeMa MoJIHyipaBipy, OKpeMi XBOpi HaBiTb 32 YMOB PaHHBOI'0 [I0YATKY
JIIKYBaHHSI MOXKYTb MaTH HECIPUSATIAMBUM HAC/TIIOK XBOPOOH, 1110 TOTPEGYE MOZATBIION0 BUBYEHHS.

Ilinb. Ha npuksiazi kiainiyHoro Bunagky ouiHuTy nepe6ir COVID-19 y nanjieHTKH 3 iyKpoBuM AiabeToM Il Ty Ta
NpoaHasli3yBaTH MOXJIMBI IPUYMHU HECTIPUATIMBOIO HACJII/IKY 3aXBOPIOBAHHSA NONPH CBOEYACHE NPU3HAYEHHA
MOJIHYIIipaBipy.

Marepiaim Ta MeToAHU. [IpoBesieHO peTPOCEKTHBHE OMUCOBE JOCIi/KeHHS y GopMaTi KJIiHIYHOrO BUMAJKY.
[IpoananizoBaHo nepe6ir COVID-19 y nanieHTKH 56 pokiB i3 nykpoBuM aiabetom Il Tumy, sika oTpuMyBasa
NPOTUBIPYCHY Tepalilo MOJHyNipaBipoM 3 4-ro AHA 3axBoproBaHHA. OLiHIOBaJN KJ/IHIYHI IPOSABH, pe3y/IbTaTH
JIabopaTOPHUX Ta IHCTPyMEHTaJbHUX JOC/i/PKEHb, OCOOJMUBOCTI JIIKYBaHHS Ta NPUYUHU HECTPUSTIUBOTO
HaCIiAKY.

Pe3ysibTaTH. 3aXBOPIOBAaHHS PO3M0YasI0Cs 3 IOMiPHO BUPQXKEHUX PeCHipaTOPHUX CUMIITOMIB Ta cy6de6puibHOI
TeMIlepaTypu Tisia. Ha MoMeHT rocmiTanizanii BUSBJIEHO O3HAKU JeKOMIleHcalil IyKpoBOro niaGeTy:
rinepriikemito (14,7 MmMosib /1), aneToHypito (3+), a TakoX MiiBUILeHHS piBHs C-peakTUBHOTO 6iska 10 91,5 Mr/a
Ta1iMponeHiro. 3a BiZiIcyTHOCTI KJIiHIKO-pEeHTTeHOJIOTiYHUX 03HAaK THEBMOHII IPU NOCTYILJIEHH] Y CTallioHap, CTaH
MaLliEHTKH IIBU/JKO MOTipPIIYBaBCs 3 PO3BUTKOM MeTa0O0JIiYHOTO alu03y, KeTOAl[UIO0TUYHOI KOMH, JBOGIYHOL
[oJlicerMeHTapHOI MHEeBMOHII, TOCTPOro peclipaTOpHOro AUCTPec-CUHAPOMY Ta IOJiOPraHHOI HeLOCTaTHOCTI.
PaHHEe nmpu3HavYeHHs MOJIHYTipaBipy He 3anm06irJI0 JeTaJbHOMY HaCTiJKY.

BucHoBKHM. [IpencTaBiieHUH KJIIHIYHUMNA BUNAJ0K JEMOHCTPYE, 1110 Y NaLi€HTIB i3 JIeKOMIIEHCOBAaHUM L[yKPOBUM
niabetoM COVID-19 Moxe IIBU/KO IPOTPECYBATH 10 KPUTUYHOTO CTAHY HABITh 3a BiZICyTHOCTI 03HAK ypa)KeHHS
JlereHb Ha N04YaTKy 3axBoproBaHHA. OJJHUM i3 KJII0YOBUX YNHHHUKIB HECIIPUATIMBOTO MPOrHO3Y, UMOBipHO, 6yJ1a
MeTaboJliYHA JIeKOMIIEHCAllisl 3 PO3BUTKOM KeTOal[U/l03y Ta CUCTeMHOI 3anasibHOI Bignoigi. lllensieHHs Bix
COVID-19 He nmonepensio JieTaJIbHUI HACTIIOK XBOPOOH y narjieHTKU. EdeKkTUBHICTD MpoTUBipycHOI Teparmil npu
COVID-19 3asexxUTh He JIMIIIE BiJi CBOEYACHOCTI il IpU3HA4YeHHS, a ¥ BiJl CTyNeHs KOHTPOJIIO CYNyTHbOI NaTOJIOTil
Ta paHHbOI KopekIil MeTabosiyHUX MopylieHb. KiiHiyHa edeKTUBHICTb MOJIHyHipaBipy Moxe 3ajexaTd Bif
BapianTa SARS-CoV-2, BHUXiJHOro BipyCHOrO HaBaHTaXXeHHs Ta iHAUBIAyaJbHHUX OCOGJHMBOCTEN Malli€HTA.
Jlist OI[iHKK poJTi MOXJIMBOI MPOTHUBIPYCHOI Pe3UCTEHTHOCTI HEOOXiJ[HI clleliasibHI MOJIEKY/ISIPHO-TeHeTHYHI
JOCHIIPKEHHS.

Kno4oBi cioBa: kopoHaBipycHa xBopo6a; SARS-CoV-2; nykpoBuit aiabet Il Tuny; niabeTHYHUN KeTOaIX/103;
[IPOTUBIPYCHA Tepalid; noJjliopraHHa HeloCTaTHICTh.
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Routine screening for scoliosis in children at primary care level
and its significance in the prevention and timely diagnosis of complications

Abstract

Relevance. Scoliosis in children is a common orthopaedic condition that may be accompanied by progressive
spinal deformity, impaired function of internal organs and a reduced quality of life. Early detection of postural
abnormalities at the primary care level is crucial for timely treatment and the prevention of complications.
Aim. To analyse current approaches to the early detection of scoliosis in children and to assess the importance
of routine screening at the primary care level based on a clinical case.

Materials and methods. An analysis of current scientific literature was conducted, along with a clinical
analysis of a case of idiopathic scoliosis in an adolescent. The following were assessed: medical history, clinical
manifestations, results of laboratory and instrumental diagnostic tests, the progression of the condition, and the
effectiveness of treatment and rehabilitation measures.

Results. The presented clinical case demonstrates the progression of spinal deformity in the child, despite
the systematic implementation of conservative treatment, which necessitated surgical correction. It has been
established that scoliosis in children may be accompanied by multisystem manifestations, which emphasises the
need for a multidisciplinary approach involving a paediatrician, orthopaedic surgeon, neurologist, cardiologist
and other specialists to ensure comprehensive diagnosis, treatment and rehabilitation. The critical importance
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of the timely detection of early clinical signs of scoliosis at the primary care level has been demonstrated, as this
enables the prevention of the progression of the deformity and the development of complications.

Practical significance. It is recommended that the results of this study be applied in the clinical practice of
primary care specialists - paediatricians and general practitioners - for the early detection of scoliosis and the

timely referral of children for specialist assessment.

Keywords: postural abnormalities; spinal deformity; orthopaedic condition; adolescents; rehabilitation;

multidisciplinary approach.

INTRODUCTION
Scoliosis in children is a common orthopaedic condi-
tion that may be accompanied by progressive spinal
deformity, impaired function of internal organs and a
reduced quality of life. Early detection of postural ab-
normalities in children by primary care specialists is
crucial for the timely implementation of treatment and
rehabilitation measures and the prevention of compli-
cations. The authors S.C. Poon et al. [1] noted in their
work that early diagnosis of scoliosis in children helps
to reduce the risk of progressive spinal deformities and
the need for surgical intervention. Researchers J.A. Jan-
icki & B. Alman [2], whilst investigating the problem of
scoliosis in children, found that the majority of cases
encountered by general practitioners are idiopathic.
The severity of the condition depends on the causes
and the child’s age, and determines the treatment strat-
egy, methods for preventing complications, and quality
of life. Therefore, a comprehensive medical history, im-
aging, early screening, and ultrasound and radiograph-
ic examinations are critically important for assessing
the presence of abnormalities. It is very important to
recognise non-idiopathic scoliosis early in order to
identify the cause of the abnormalities and determine
the timing and type of intervention. After all, children
with congenital scoliosis may already have heart and
kidney abnormalities at birth. School-based scoliosis
screening is unsatisfactory and is losing popularity.
The authors emphasise the importance of outpatient
screening programmes, particularly at the primary
care level. P. Trobisch et al. [3] drew attention to par-
ents’ lack of awareness regarding early clinical signs of
postural abnormalities in children and the importance
of early screening in school-age children at the prima-
ry care level. H. Dong et al. [4] noted that current re-
search into scientific approaches to the conservative
treatment of scoliosis offers somewhat varied perspec-
tives, but the most effective approach is a combination
of various evidence-based physiotherapy techniques
and exercises specific to scoliosis. C.C. Rymond et al. [5]
hypothesised that intermittent bracing prevents the
progression of the curvature and often leads to a re-
duction in the degree of curvature in patients, thereby
minimising the need for continuous bracing. Analysis
of the data revealed that the progression of idiopathic
scoliosis in adolescents at the time of peak growth ve-
locity depends on the degree of curvature, the stage of
skeletal maturation, and the rate of the pubertal growth
spurt. Plotting curvature measurements against height

measurements and the stages of ischial tuberosity
maturation provides a reliable prediction of the risk of
curvature progression in idiopathic scoliosis based on
the Risser scale (stages of skeletal maturity based on
pelvic radiographs), which assesses the ossification of
the iliac crest on a scale from 0 to 5. In other words,
if skeletal growth plates are not yet mature and bone
growth is continuing, the risk of scoliosis progression
is high because of residual skeletal growth potential.
Y. Jiang et al. [6] recommend using the Schroth method,
combined with training to stabilise the trunk muscles,
as part of the treatment strategy. The authors consider
the application of this method to be the optimal strat-
egy for addressing the problems of idiopathic scoliosis.
0.A. Bubenchyk & V.I. Boiko [7] analysed in their work
modern innovative approaches to the physiotherapy of
idiopathic scoliosis, which is the most common form
in children. It is emphasised that the main treatment
options are observation, scoliosis-specific physiothera-
py exercises (Schroth Method, SEAS, BSPTS, Dobomed,
FITS, Side Shift), immobilisation and surgical correc-
tion. All other methods are used as supplementary
general strengthening measures, etc. The authors have
proposed a rehabilitation programme that includes
mobilisation of the curved section of the spine, correc-
tion of the deformity, and stabilisation of the spine in
the corrected position. For each child, a rehabilitation
programme is developed based on an individualised
approach, regularity and consistency, the integration of
general and specific exercises, and a gradual increase
in workload, which has a positive effect on preventing
the progression of scoliosis in adolescents. V.I. Bond-
archuk et al. [8] point out that scoliosis is a significant
scientific and practical problem in paediatric trauma-
tology and orthopaedics, whilst postural abnormali-
ties in children constitute a multidisciplinary problem,
particularly in cases where complications arise involv-
ing other organs and systems. Approaches to the early
diagnosis of postural abnormalities in children at the
primary care level play a key role in prevention, appro-
priate treatment and rehabilitation. For mass screening
of postural abnormalities in schoolchildren, physical
examination methods (the Adams forward bend test)
and computer-based technologies (scoliometry, to-
pography) can be used. However, existing methods do
not fully address the challenges of scoliosis diagnosis;
therefore, a thorough search and development of spe-
cialised programmes for mass screening of children to
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detect postural abnormalities continue, which would
meet the requirements of evidence-based medicine:
non-invasiveness; safety; standardisation of approach-
es; ease of implementation; cost-effectiveness; and di-
agnostic efficacy. The aim of this study was, based on
a review of the literature and a clinical case study of a
child, to examine current perspectives on scoliosis and
to determine the clinical significance of its early diag-
nosis in children by primary care specialists.

MATERIALS AND METHODS

The study was conducted as a clinical case report incor-
porating elements of an analytical review of the current
scientific literature on the problem of scoliosis in chil-
dren, its early diagnosis and the importance of routine
screening in primary care. The research methodology
included an analysis of scientific publications, a clini-
cal and medical history-based approach, a physical ex-
amination of the patient, an analysis of the results of
laboratory and instrumental diagnostic tests, and an
assessment of the condition progression. A search and
analysis were conducted of scientific sources indexed
in PubMed and Google Scholar, focusing on the aetiolo-
gy, pathogenesis, clinical manifestations, screening and
treatment of scoliosis in children and adolescents. Pub-
lications primarily from the last 3-5 years were used
for the analysis. The search for sources was carried out
using keywords.

The clinical part of the study was based on a case
analysis of patient D., aged 15, who had been diagnosed
with progressive idiopathic scoliosis. As part of the
study, an assessment was carried out of the patient’s
medical history and personal history, physical exami-
nation findings, laboratory findings, and the results of
electrocardiography, echocardiography, and ultrasound
examinations of the abdominal organs and kidneys, as
well as the consultative opinions of relevant specialists.
During the assessment of the clinical case, general clini-
cal examination methods were applied: taking a history
of complaints and medical history, examination, palpa-
tion, percussion, auscultation, and laboratory and in-
strumental diagnostic tests in accordance with current
clinical approaches to the management of children with
musculoskeletal disorders. The analysis of the clinical
case was conducted taking into account the specific fea-
tures of the clinical course of scoliosis, the presence of
complications, and a multidisciplinary approach to the
patient’s management and treatment.

The study was conducted in accordance with the
principles of bioethics and deontology. Written in-
formed consent was obtained from the patient’s par-
ents and the patient herself for participation in the
study and for the use of clinical data and photographic
material for scientific purposes. During the study, in-
ternational ethical standards for conducting medical
research involving human subjects, as set out in the
World Medical Association’s Declaration of Helsinki [9]
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and Ethics and data protection [10], were adhered to in
order to ensure the confidentiality of personal data and
the ethical conduct of the research.

RESULTS

Understanding of the prevalence and early prognos-
tic factors of scoliosis in children and adolescents is
limited, which poses challenges for the development
of preventive strategies. These are essentially healthy
children who do not complain of any symptoms. The
prevalence of scoliosis among children and adolescents
is high (mostly concentrated in the 10°-19° range), with
an upward trend, and occurs in 2-4% of children, most
commonly between the ages of 10 and 16. The inci-
dence is roughly the same among boys and girls; how-
ever, in girls, scoliosis is significantly more likely to be
progressive and to be accompanied by the development
of complications [11-12].

Scoliosis is a lateral curvature of one or more seg-
ments of the spine combined with rotation of the ver-
tebrae, leading to a deviation of the spine. Severe spi-
nal curvatures lead to alterations in the position of the
organs within the thoracic and abdominal cavities, a
reduction in their functional capacity, chronic pain and
psychological distress [13-14]. The development of sco-
liosis may be associated with various factors, including
genetic and environmental ones; the most common of
these are: hereditary factors, connective tissue dysfunc-
tion, congenital developmental anomalies, trauma, met-
abolic disorders, excess body weight, and so on [15-16].
At the same time, in a significant proportion of patients,
the cause remains unknown, allowing the condition to
be classified as idiopathic scoliosis. Consequently, the
predictors of scoliosis development include: gender,
age, body mass index, ethnicity, environmental factors
and lifestyle [17].

The pathogenesis of scoliosis is characterised by
the development of a three-dimensional deformity of
the spine: a frontal deviation of the spinal axis, which
gave rise to the term “scoliosis”; horizontal rotation of
the vertebrae about the vertical axis, usually towards
the convex side of the curve - a pathological rotation
that is most pronounced at the apex of the spinal de-
formity; in the sagittal plane - flattening of the phys-
iological curves, primarily thoracic kyphosis, leading
to the formation of a so-called “flat back” [18-19]. The
classification of scoliosis is based on a number of cri-
teria: by aetiology: congenital - associated with de-
velopmental abnormalities of the vertebrae, ribs and
connective tissue dysplasia; acquired - resulting from
diseases, injuries and other causes [20-21]. Depending
on the location of the pathological process, the follow-
ing are distinguished: cervical, thoracic, lumbar and
mixed (thoracolumbar, lumbosacral, etc.). Taking into
account static function, a distinction is made between
compensated and uncompensated scoliosis. Based on
the shape of the spinal deformity, the following types



are distinguished: with a single curve (C-shaped); with
two curves - S-shaped; with three curves - Z-shaped.
Radiographic classification is based on the angle of lat-
eral curvature and is expressed in four degrees of se-
verity. Based on the age of onset, the following types are
distinguished: infantile: occurring in children under 3
years of age; juvenile: occurring in children aged 4 to 10
years; adolescent: occurring in children aged 11 to 18
years. Idiopathic scoliosis in adults: diagnosed at any
time after the age of 18, once skeletal growth is complete.

Congenital scoliosis - arises as a result of vertebral
abnormalities present at birth. This is a consequence
of improper vertebral formation during embryonic de-
velopment [22]. Neuromuscular scoliosis - is caused by
specific mechanisms associated with insufficient mus-
cular support and nervous control. It can be caused by
various conditions or diseases affecting the functioning
of the muscles and the nervous system, such as trauma,
cerebral palsy, spina bifida, myodystrophies and other
neuromuscular disorders. Neuromuscular scoliosis of-
ten progresses and causes serious problems, such as
respiratory and cardiac dysfunction, back pain, restrict-
ed movement and physical deformities [23].

Degenerative scoliosis in adults (usually after the
age of 40-60) is also recognised, associated with age-re-
lated changes in the spine. It can often develop as a con-
sequence of mild scoliosis in childhood, but is usually
linked to age-related changes in the spine, such as de-
generative changes in the intervertebral discs (disc de-
generation), osteoporosis, osteoarthritis (arthritis) or
osteochondrosis (degeneration of cartilage and bone).
These changes lead to a deterioration in the structure
of the spine, resulting in the development of scoliosis.
Symptoms and their severity may appear as the body
ages and vary depending on the degree of scoliosis and
the patient’s individual characteristics [24-25].

The most commonly diagnosed form is idiopathic
scoliosis. In most children, it is asymptomatic in the
early stages; however, as the deformity progresses,
symptoms such as back pain, muscle weakness, rapid
fatigue, pain in the limbs or paraesthesia may develop.
Phenotypic features include asymmetry of the shoul-
der girdle and shoulder blades (winged), abnormal po-
sitioning of the head relative to the pelvis, an uneven
waistline, pelvic tilt, limb length discrepancy, a constant
lean to one side, and sometimes skin markers along the
spine, such as dimples, patches of hair, or changes in
skin colour. These changes become more pronounced
as scoliosis progresses [26].

Mild forms of scoliosis often go unnoticed. Initial
symptoms may include mild back pain or stiffness fol-
lowing prolonged sitting or standing. It is therefore
vital that parents and teachers are aware of the early
clinical signs of the condition to ensure timely screen-
ing and referral of the child for specialist assessment.
To determine the subsequent management strategy
for the patient - in particular, to confirm the diagnosis,
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assess the degree of deformity, and select treatment
and rehabilitation measures - a consultation with an
orthopaedic surgeon is essential. This is due to a num-
ber of factors that increase the risk of scoliosis progres-
sion: the greater the angle of curvature, the higher the
likelihood of further deformity, particularly during pe-
riods of rapid growth and puberty [27].

In most children, spinal curvature does not tend to
progress significantly and remains consistently mild;
however, even in such cases, regular monitoring by a
specialistis necessary. Severe forms of scoliosis can lead
to secondary changes in internal organs, in particular
displacement of mediastinal organs, lung deformation,
and impaired heart and kidney function. Consequently,
early treatment significantly increases the chances of
preventing the development of serious complications
and reducing the negative impact of the condition on
the child’s body [28]. Thus, a review of current scien-
tific literature on the problem of scoliosis in children
demonstrates that idiopathic scoliosis does not always
have a clear cause, genetic determinant or triggering
factor. Early detection of scoliosis at the primary care
level helps to reduce the incidence of severe deformi-
ties and the need for surgical treatment.

CLINICAL CASE
A 15-year-old girl, D., was admitted to the paediatric
ward for treatment of obstructive bronchitis against a
background of acute respiratory infection. On admis-
sion, she complained of a headache, a rise in body tem-
perature to 39.7°C, a cough and shortness of breath,
which had developed the night before her admission.
Theillness began one day prior to admission with hyper-
thermia, headache and a cough. The medical history in-
dicates that the child had developed in line with age-ap-
propriate norms, had suffered from upper respiratory
tract infections from time to time and had received out-
patient treatment. She was vaccinated in accordance
with the immunisation schedule and has no history
of allergies. Previous infections include chickenpox
and rubella at the ages of 3.5 and 6 years, respectively.

At the age of 8-9 years, the first signs of scoliosis
appeared: slight asymmetry of the shoulder girdle; the
right shoulder was slightly higher than the left, but this
did not bother the child. Subsequently, the spine be-
gan to curve to the right, and later to the left as well.
During puberty (aged 10-12), progression of the spi-
nal deformity was noted, with a pronounced abnormal
curvature and protrusion of the right shoulder blade.
At the same time, the child began to suffer more fre-
quently from acute respiratory infections and period-
ically complained of headaches and stabbing pains in
the heart region.

The patient was seen several times by an ortho-
paedic surgeon and systematically followed the rec-
ommended treatment measures, including courses
of manual therapy, massage, physiotherapy exercises
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and physiotherapy. Despite a slight positive effect, the
spinal deformity gradually progressed, necessitating
surgical correction, which was carried out in several
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stages from the age of 12. The photographs show the
child’s condition before (Fig. 1) and after (Fig. 2) sur-
gical correction.

Figure 1. The child before surgical correction

Note: a) — photograph of the patient; b) — radiograph
Source: provided by the authors

/
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Figure 2. The child after surgical correctionn

Note: photograph of the patient following surgical treatment
Source: provided by the authors

The child was screened for genetic predisposition,
but the result was negative. The child’s general con-
dition was assessed as moderate. Blood pressure was
105-110/70 mm Hg. The skin was pale, breathing was
laboured, and wheezing was auscultated. On physical
examination of the respiratory system, auscultation re-
vealed weakened, laboured breathing with numerous
dry wheezing sounds. On percussion, the cardiac bor-
ders were unaltered; heart sounds were rhythmic and
resonant; heart rate was 78 beats per minute. The ab-
domen was soft, painless and accessible to palpation;
the liver and spleen did not protrude beyond the costal
margin, and the bowel showed no pathological changes.
Pasternatsky’s sign was negative on both sides. Urina-
tion was unimpeded and painless, with adequate diure-
sis, and bowel movements were regular.

According to the results of laboratory tests, the full
blood count revealed no significant abnormalities: hae-
moglobin level - 125 g/L, red blood cells - 4.8 x 10'2/L,
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white blood cells - 4.5 x 10%/L: e - 2%; p - 4%; s -
63%; 1 - 22%; m - 9%, erythrocyte sedimentation rate
(ESR) - 13 mm/h. Blood biochemical parameters were
within the age-appropriate range: total protein 67 g/L;
albumin 54%; globulins 46% (al - 4%; a2 - 10%;
B - 12%; y - 20%); creatinine - 0.46 mmol/L; urea -
6.7 mmol/L; ALT - 18 mmol/L; AST - 21 mmol/L;
cholesterol - 4.7 mmol/L; glucose - 4.15 mmol/L; po-
tassium - 4.2 mmol/L; sodium - 128 mmol/L; total
bilirubin - 14.7 umol/L; inflammatory markers (CRP,
ASL-0) were negative. Urinalysis showed no abnormal-
ities. The ECG showed sinus arrhythmia with a normal
electrical axis of the heart. Echocardiography: satisfac-
tory myocardial contractility (ejection fraction - 66%),
abnormal chordae in the left ventricle.

Ultrasound of the abdominal organs and kidneys
revealed no abnormalities: the liver was not enlarged,
with a homogeneous structure; the gallbladder showed
an anatomical bend, with a wall thickness of 0.2 cm



and homogeneous contents. The pancreas had clear
contours and a homogeneous structure. The spleen
was unaltered. Right kidney: 11.7 x 6.2 cm; left kidney:
12.4 x 6.4 cm. The renal pelvis is not dilated; echogenic-
ity is unremarkable. Consultations with an otolaryngol-
ogist and an ophthalmologist revealed no abnormali-
ties. Thus, this clinical case demonstrates that, despite
the absence of a genetic determinant, significant caus-
es, constant dynamic monitoring by an orthopaedic
surgeon, and the systematic implementation of recom-
mendations - in particular, manual therapy, massage,
physiotherapy exercises and physiotherapy - the girl’s
spinal deformity gradually progressed, necessitating
surgical correction.

A review of recent scientific literature on the prob-
lem of scoliosis in children and the clinical case of an
adolescent patient with idiopathic scoliosis demon-
strates that early detection of the problem at the pri-
mary care level and timely treatment prevent the pro-
gression of idiopathic scoliosis and the development of
its complications. In particular, J. Li et al. [29] highlight
the increasing prevalence of scoliosis among children
and adolescents today, which necessitates more thor-
ough research into the causes, as well as the develop-
ment and refinement of screening methods for this
condition by primary care specialists. Paediatric and
adolescent idiopathic scoliosis occupies a special place
in research, representing a pressing medical and social
problem due to the rising incidence of cases, the in-
creasing severity of the condition, and the progression
of complications.

The aetiopathogenesis of paediatric scoliosis re-
mains a topical area of research that requires thorough
scientific investigation. The authors T.N. Aulia et al. [30]
regarded scoliosis as a multifactorial condition in which
genetic, hormonal, neuromuscular and biomechanical
factors play an important role. It has been established
that the progression of the deformity depends on the
complex interaction of hereditary and environmental
factors. Particular attention is paid to the early detec-
tion of the condition and the refinement of diagnostic
methods. According to A.H. Jinnah et al. [31], early di-
agnosis allows conservative treatment to be initiated
in a timely manner and prevents the development of
severe forms of the condition. The progression of idi-
opathic scoliosis is most commonly observed during
periods of rapid growth in children, particularly in ado-
lescent girls. The clinical case presented here confirms
that idiopathic scoliosis does not always have a clear
genetic link, a significant cause or trigger. It is evident
from the clinical case presented that the first clinical
signs were detected in the child as early as the age of
8-9 years; however, the gradual progression of the de-
formity persisted even despite conservative treatment,
and the most pronounced progression of the deformity
was observed at the age of 10-12 years. Furthermore,
C. Shere & E.M. Clark [32] found a correlation between
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joint hypermobility and the development of adolescent
idiopathic scoliosis, which implies a higher risk of de-
veloping scoliosis in children with undifferentiated
dysplasia of the body’s connective tissue framework,
i.e. an additional risk factor for the onset of scoliosis.
Y. Fan and Q. Zhan [33], as well as ]J.A. Morcuende et
al. [34], highlight the importance of an individualised
approach to each child and emphasise the importance
of the general practitioner’s involvement in screening
for postural abnormalities in school-age children. The
clinical case presented here also confirms the need for
general practitioners to be more vigilant regarding the
early signs of scoliosis.

Scientific research suggests that the effectiveness
of conservative treatment methods for patients with
adolescent idiopathic scoliosis remains a matter of de-
bate and requires an in-depth study of the interaction
between the factors influencing the course of patho-
logical changes. At the same time, modern technolo-
gies for monitoring spinal deformities are designed
to reduce radiation exposure. A literature review by
T.P.C. Schlosser & R.M. Castelein [35] highlights the po-
tential of using three-dimensional surface topography,
digital photogrammetry and other non-invasive meth-
ods for assessing posture. An important area of current
research is the evaluation of the effectiveness of various
methods of treatment and rehabilitation measures for
children with scoliosis. A meta-analysis by M. Mangone
& M. Vanadia [36] confirms that scoliosis-specific phys-
iotherapy exercises help to reduce the angle of curva-
ture and improve patients’ functional status. Similar
results were obtained by Y. Chen & X. Yuan [37], who
demonstrated the positive impact of individualised,
specialised rehabilitation programmes on the progres-
sion of scoliosis. Of particular interest is the correlation
between the level of physical activity and the risk of de-
veloping scoliosis, as reported by X. Qi et al. [38]. It has
been demonstrated that regular physical activity can
have a positive effect on patients’ functional status and
contribute to an improved quality of life, as shown by
E. Hannink et al. [39]. Further data on the effectiveness
of various types of specialised exercises are presented
in the study by ]. Miao et al. [40], where Schroth exer-
cises and active self-correction techniques demonstrate
the best results in controlling the progression of the de-
formity. Equally important are the consequences of sco-
liosis for the quality of life of children and adolescents.
Patients also frequently complain of pain, restricted
physical activity and psychological distress, which ne-
cessitates a multidisciplinary professional approach to
treating the condition.

Thus, the findings of recent international studies
and the clinical case presented here confirm that scolio-
sis in children is a complex, multifactorial condition that
requires routine screening at the primary care level. It
is the paediatrician or general practitioner (GP) who
may be the first to detect early clinical signs of postural
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abnormalities and refer the child to an orthopaedic sur-
geon in a timely manner. Early detection of the condi-
tion will allow treatment to begin promptly and reduce
the risk of severe deformities and complications. Sco-
liosis is a condition that requires early diagnosis, the
widespread implementation of modern non-invasive
monitoring methods, and the use of evidence-based
physiotherapy and rehabilitation programmes to pre-
vent the progression of spinal deformity and complica-
tions affecting other organs and systems.

CONCLUSIONS

1. A review of the literature has revealed that scoliosis
in children is a complex, multifactorial condition, and
the clinical case presented here demonstrates that even
with regular monitoring and the implementation of
conservative treatment and rehabilitation measures,
spinal deformity may progress and require surgical
correction. Raising awareness of the issue of scoliosis
among primary care specialists — paediatricians and
general practitioners (GPs) - will facilitate the early
detection of signs of scoliosis and the timely referral of
children to specialists such as orthopaedic surgeons,
vertebrologists and others.

2. This clinical case confirms the multidisciplinary
nature of the problem of scoliosis, as the child’s treat-
ment involved a paediatrician, an orthopaedic surgeon,
a neurologist, a cardiologist, a cardiac surgeon and
other specialists. This highlights the need for a com-
prehensive approach to the diagnosis, treatment and
rehabilitation of children with scoliosis. The insidious
nature of scoliosis lies in the fact that even with early
detection, timely rehabilitation measures and appro-
priate conservative treatment, it is not always possible
to fully prevent severe deformities and complications,
as demonstrated by this clinical case.

3. Postural abnormalities primarily result in a
cosmetic defect and non-physiological dysmorphism,
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diagnosed with degenerative-dystrophic changes, os-
teochondrosis and even intervertebral disc hernia-
tion. Furthermore, the progression of scoliosis leads to
changes in the topography and functional capacity of
the internal organs of the thoracic and abdominal cavi-
ties, as well as the central nervous system.

4. The principles of an individualised approach to
a child’s rehabilitation programme are based on reg-
ularity and consistency, a combination of general and
specific exercises, and a gradual increase in physical
activity, which has a positive effect on preventing the
progression of scoliosis and its complications. A lack
of awareness among parents, nursery staff and teach-
ers regarding the early signs of postural abnormalities
can lead to delays in seeking medical help for the child.
The use of simple visual criteria for assessing a child’s
posture allows even a non-specialist to suspect spinal
deformity at an early stage. The high risk of early disa-
bility and impaired quality of life highlights the urgen-
cy of the problem of scoliosis and calls for an intensive
search for new methods of diagnosis, correction and
prevention of complications.

5. Prospects for further research lie in studying the
effectiveness of early screening programmes, person-
alised rehabilitation approaches and multidisciplinary
models for monitoring children with scoliosis, with a
view to preventing the progression of the deformity, the
development of complications and a reduced quality of
life in a timely manner.
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PyTUHHMUA CKPUHIHT CKOJTi0O3y Y AiTell Ha MepBUHHIM JTaHLi
Ta MOro 3HaueHHs B NPO(i/IaKTHLi Ta CBOEYACHIN JiarHOCTHLI YCK/1aJHEeHb

AHoTanis

AkTtyanbHicTb. CkoJi03 y JiTed € MOIIMPEHOK OPTONEJUYHOK INATOJIOTIE, L0 MOXe CYNpOBOKYBATUCA
nporpecyrouoro gepopmariiero xpe6Ta, nopyuieHHsIM GyHKIil BHYTPIlIHIX OpraHiB Ta 3HMKEHHSIM SIKOCTI KUTTSI.
PaHHe BufBJIeHHA MOpyLIeHb NOCTaBM HAa NMEPBHUHHIMN JIaHLI MeJWYHOI JIONIOMOTM Ma€ BaXKJIMBE 3HA4eHHSA [JId
CBOEYACHOTO JIIKyBaHHS Ta NPOQITaKTUKH YCKJIaJHEHD.

Mera. [IpoaHasisyBaTH Cy4acHi iIX01 10 pAHHBOTO BUSIBJIEHHS CKOJ1I03Y y ZliTel Ta OL[iHUTHU 3Ha4eHHS Py TUHHOIO
CKPHHIHTY Ha IEPBHUHHIH JIaHL|i HA OCHOBI KJIIHIYHOT'O BUMA/IKY.

Martepiasin Ta Metoau. [lpoBefieHO aHasli3 CydyacHHMX HAyKOBHX /pKepes Ta KJIHIYHUK aHali3 BUNAAKY
iIioNaTUYHOrO CKOJIIO3y Y AUTHUHHU MiAJiTKOBOro BiKy. OLiHIOBaJMCSI aHAMHECTWYHI [JlaHi, KJ/iHIYHI DposiBH,
pe3y/IbTaTh JJaboPaTOPHUX Ta iHCTPYMEHTAIbHUX JOC/iIKEHb, AUHAMIKa [Tepe6iry 3aXBOprOBaHHSA Ta epeKTHBHICTb
JIiIKyBa/IbHO-peabiliTaliitHUX 3aX0/iB.

Pe3ynbTraTH. Y npe/icTaBJIeHOMY KJIiHIYHOMY BUIIAZKY NMPOJIEMOHCTPOBAHO MporpecyBaHHs fedopmMariil xpe6Ta y
JUTHUHY, [TOTIPY CHUCTEMAaTHYHEe BUKOHAHHS KOHCEPBATUBHOIO JIIKYBaHHS, 1[0 3yMOBMJIO HEOOXiZIHICTb XipypriuyHoi
Kopekil. BcTaHOB/IEHO, 110 CKOJIO3 y AiTed MOXe CYNpOBOKYBaTHUCA MYJBTUCUCTEMHUMH IpOSIBaMH, W10
MiKPeCcTI0E HeOOXiIHICTh MYJIBTUAUCIUMILIIHAPHOTO MiAX0AY i3 3a/My4eHHsM IeJiaTpa, OpToneAa-TPaBMaToJIora,
HEBPOJIOTa, Kap/ioJsiora Ta iHIIMX CHelaticTiB A/ 3a0e3redyeHHs] KOMIIEKCHOI AiarHOCTHKH, JIIKYBaHHS Ta
peabiniTanii. [lokazaHO KPUTHYHY BaXK/IMBICTb CBOEYACHOT'O BUSIBJIEHHS PaHHIX KJIIHIYHMX 03HAK

CKOJIi03y Ha NEPBUHHIMN JIaHIi MeJMYHOI ONOMOTH, 1[0 J03BOJISIE TIONEepe/KaTH NporpecyBaHHs Aedopmaril Ta
PO3BUTKY YCKJIa[iHEHb.

IIpakTUYHe 3HAYeHHA. Pe3ysnbTaTu JOCHI/PKEHHA PEKOMEHAYEThCA 3aCTOCOBYBATH B NMPAKTHUYHIN Jif/IbHOCTI
¢daxiBIiB MepBUHHOI MeIMYHOI IOTIOMOTH — Ie/[iaTpiB Ta CiMeNHUX JIiKapiB A/ paHHBOT'O BUSIBJIEHHS CKOJIIO3Y Ta
CBOEYACHOTO HAIpaBJIeHHS JIiTel Ha creljiali3oBaHe 06CTeXeHHS.

Kio4oBi c/1oBa: nopylieHHs OCTaBY; AedopMallisd xpebTa; OpTONeANYHA MMaTOJIOTs; MiJITKY; peabditiTaiis;
MYJIBTUAYCUUIUIIHAPHUAM iAXiA,
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A review of the therapeutic
and neuroprotective properties of ketamine

Abstract

Relevance. Depression is one of the leading causes of disability worldwide, and a significant proportion of
patients suffer from treatment-resistant forms of the disorder. An innovative approach involves the use of
ketamine and esketamine, which are capable of inducing a “window of neuroplasticity” - a period of enhanced
synaptogenesis and the formation of new neural connections. Theoretically, this increased neuroplasticity may
contribute to the improvement of not only mental but also motor and sensorimotor functions, which is critically
important for neurological rehabilitation following brain injuries, strokes, and other CNS lesions.

Aim. To conducta systematic review of the available scientificliterature on the effects of ketamine and esketamine
on neuroplasticity and neurological functions, with a particular focus on assessing their potential for use in
neurological rehabilitation following various CNS injuries.

Materials and methods. A systematic search of the scientific literature was conducted in leading databases
(PubMed, Cochrane Library, NICE, APA Psycinfo, CANMAT, UpToDate), focusing on studies from the past
20 years. The review included clinical trials, experimental animal studies (modelling acute CNS injuries), as well
as systematic reviews and meta-analyses. The collected data were synthesised using a descriptive method.
Results. The systematic review did not identify any clinical studies that directly evaluated the use of ketamine
or esketamine to enhance the effectiveness of human neurological rehabilitation programmes specifically due
to their neuroplastic effects. On the other hand, preclinical data in animal models (traumatic brain injury and
ischemic stroke) convincingly demonstrate that these drugs reduce neuroinflammation, excitotoxicity, and
oxidative stress. Furthermore, they support structural neuroplasticity and positively correlate with improvements
in sensorimotor and behavioural outcomes.

Conclusions. Ketamine and esketamine are promising candidates for use as adjunctive agents in neurological
rehabilitation programmes. However, there is currently insufficient clinical evidence to formulate official
recommendations. Well-designed randomised controlled trials with long-term follow-up and standardised
assessment of functional outcomes are needed to confirm their efficacy and safety.

Keywords: neurorehabilitation; depression; neuroinflammation; neuroprotection; ketamine-assisted therapy.

INTRODUCTION
According to the most comprehensive study to date, the ~ worldwide in 2021 [1]. Childhood depression is also
Global Burden of Disease (GBD) 2021, there were ap- a problem: between August 2021 and August 2023,
proximately 332 million cases of depressive disorders the prevalence of depression among adolescents and
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adults (aged 12 and older) was 13.1%. A clear correla-
tion has been observed: the prevalence is higher among
adolescents (ages 12-19) and individuals with lower
household incomes [2]. An estimated 4% of the popu-
lation experience depression, including 5.7% of adults
(4.6% among men and 6.9% among women), and 5.9%
of adults aged 70 years and older. Depression is about
1.5 times more common among women than among
men. Worldwide, more than 10% of pregnant women
and women who have just given birth experience de-
pression. In 2021, an estimated 727 000 people lost
their lives to suicide. Suicide is the third leading cause
of death in 15-29-year-olds [3]. Despite the availability
of a wide range of antidepressants, a significant propor-
tion of patients have treatment-resistant depressive dis-
orders, creating a need to search for new, more effective
therapeutic strategies. One such innovative approach
is the use of ketamine. Esketamine (the S-enantiomer
of ketamine), known under the brand name Spravato,
was officially approved by the FDA in March 2019 for
the treatment of treatment-resistant depression as an
adjunct to antidepressants [4], and subsequently as
monotherapy [5]. At the same time, racemic ketamine
is actively used off-label by specialised clinics as part of
ketamine-assisted therapy (KAT) for the treatment of
treatment-resistant depression, post-traumatic stress
disorder (PTSD), anxiety, and other mental disorders.
A number of studies have demonstrated the rapid an-
tidepressant effect of ketamine, particularly in patients
with suicidal thoughts, making it an important tool in
modern psychopharmacotherapy [6-7].

A key neurophysiological effect of ketamine, consid-
ered one of the possible mechanisms of its antidepres-
sant action, is the induction of the so-called “window of
neuroplasticity” - a temporary period following drug
administration, during which there is an enhancement
of gene expression, neurotrophy, synaptogenesis, and
the formation of new neural connections [8-10]. In a psy-
chotherapeutic context, this “window” is viewed as an
opportunity to enhance the effectiveness of psychother-
apeutic treatment and foster deeper and more lasting
changes. At the same time, increased neuroplasticity is
theoretically a prerequisite for improving not only men-
tal but also motor and sensorimotor functions, which
is critically important for neurological rehabilitation
processes following traumatic brain injuries, strokes,
concussions, brain contusions, and other lesions of the
central nervous system (CNS). Theoretically, it can be
assumed that the ketamine-induced “window of neuro-
plasticity” can be used not only to improve the quality
of psychotherapy but also to enhance the effectiveness
of physical and cognitive rehabilitation by intensifying
the neurophysiological component of recovery process-
es. However, the degree of empirical support for this
hypothesis remains unclear. The aim of this study was
to conduct a systematic narrative review of the availa-
ble scientific literature on the effects of ketamine and
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esketamine on neuroplasticity and neurological func-
tions, summarising current preclinical and clinical data
on their neuroprotective and neuroplastic effects.

MATERIALS AND METHODS

To achieve the aim of the study, a systematic narrative re-
view of the scientific literature was conducted to identify
studies evaluating the effects of ketamine and esketa-
mine on neuroplasticity, neuroprotection, and the resto-
ration of neurological functions. The search was conduct-
ed in leading medical and scientific databases: PubMed,
Cochrane Library, NICE, APA Psyclnfo, CANMAT, UpTo-
Date, as well as in open catalogues of clinical guidelines
and clinical trial registries (ClinicalTrials.gov, EU Clinical
Trials Register). There was no time limit, but the focus
was on studies published in the last 20 years, given the
active development of ketamine research in psychiatry
and neurology. The search utilised combinations of the
following keywords and their synonyms in English: “ket-
amine”, “esketamine”, “‘NMDA antagonist”, “neuroplasti-
city”, “synaptogenesis”, “BDNF”, “mTOR”, “AMPAR”, “neu-
roprotection”, “traumatic brain injury”, “TBI”, “stroke”,
“ischemic stroke”, “spinal cord injury”, “neurorehabilita-
tion”, “motor recovery”, “cognitive recovery”.

The review included:

O original clinical studies (randomised controlled
trials, open-label, and pilot studies) that evaluated: the
effect of ketamine/esketamine on neurological func-
tions in humans (motor, cognitive, sensory) or chang-
es in neuroplasticity biomarkers (BDNF, measures of
synaptic function, neuroimaging markers of structural/
functional plasticity);

O experimental studies in animal models (rats,
mice, and others) in which: acute CNS injuries were
modelled (traumatic brain injury, ischemic stroke, etc.);
the effects of ketamine/esketamine on behavioural,
neuro-morphological, and molecular indicators related
to neuroplasticity and neuroprotection were studied;

O systematic reviews and meta-analyses that syn-
thesised data on the neuroplastic and neuroprotective
effects of ketamine.

The following were excluded from the review:

O narrative reviews without a clearly described
methodology;

O case reports and case series without an objective
assessment of neurological or neuroplastic outcomes;

O studies focusing exclusively on psychiatric symp-
toms (depression, anxiety, PTSD) without analysis of
neurological or neuroplastic indicators;

O publications in which ketamine was used exclu-
sively as an anesthetic without assessment of long-term
neurofunctional outcomes.

The data obtained were synthesised descriptive-
ly, with a focus on identifying common trends, mech-
anisms, and gaps in current knowledge. Detailed a
search strategy based on PRISMA 2020 protocol is
shown in Figure 1.
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Figure 1. Detailed search strategy and workflow by PRISMA 2020 protocol

Source: compiled by the authors based on [11]

RESULTS
A systematic review did not identify any clinical stud-
ies whose primary objective was to evaluate the effect
of ketamine on the restoration of human neurological
functions specifically through its neuroplastic effects
in the context of rehabilitation following CNS injuries.
Instead, a large number of studies on depression and
PTSD were found, which describe in detail the effects
of ketamine on neuroplasticity, synaptic function, and
related clinical changes. These studies demonstrate
that ketamine, through activation of the BDNF-mTOR
pathway, enhancement of AMPA receptor transmis-
sion, and stimulation of synaptogenesis, is capable of
remodelling pathological neural networks and improv-
ing patients’ functional status [12-14]. In contrast to
the clinical setting, several experimental studies in an-
imal models have been identified that directly demon-
strate the positive effect of ketamine on neurological
processes associated with functional recovery. In a
mouse model of traumatic brain injury (TBI), repeated
administration of sub-anaesthetic doses of ketamine
(10 mg/kg for 7 days) led to a reduction in neuroin-
flammation, preservation of dendritic branches and
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synaptic spines, as well as improvements in memory
and behavioural performance [15]. This indicates a
neuroprotective effect associated with ketamine-in-
duced neuroplasticity.

For esketamine, in a mouse model of TBI, a reduc-
tion in brain edema, neuronal death, and oxidative
stress was demonstrated via activation of the AMPK/
mTOR-TFEB pathway, accompanied by improve-
ments in neurological parameters [16]. In a model of
mild closed-head TBI in rats, intravenous ketamine
increased synaptic density in the medial prefrontal
cortex, although it did not restore synaptic loss in the
hippocampal CA1; the functional (behavioural) con-
sequences of these changes were not yet analysed in
detail in this study [17]. This example indicates the
regional specificity of ketamine’s neuroplastic effects.
Similarly, in a model of ischemic stroke (middle cere-
bral artery occlusion in rats), ketamine promoted im-
proved sensorimotor function, reduced infarct volume,
and increased BDNF levels and AMPA/GRIA1 expres-
sion, alongside enhanced dendritic branching [18].

Thus, available preclinical data convincingly
demonstrate that ketamine and esketamine:



O reduce neuroinflammation, excitotoxicity, and
oxidative stress;

O support structural neuroplasticity (dendrites,
synaptic spines, synaptic density);

O modulate key molecular pathways (BDNF-mTOR,
AMPAR, AMPK/mTOR-TFEB) associated with the resto-
ration of neural networks (shown schematically in Fig-
ure 2);

O correlate with improvements in behavioural and
sensorimotor parameters in animal models of TBI and
ischemic stroke.
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Ketamine indirectly leads to the activation of AMPA
receptors, which in turn triggers two cascades with
downstream effects: the AMPA-BDNF cascade (left)
and the AMPA-AMPK cascade (right). The AMPAR-BD-
NF cascade (left) ultimately activates the mTORC1
complex, which stimulates protein synthesis, thereby
enhancing synaptogenesis and synaptic plasticity. The
AMPAR-AMPK cascade (right) inhibits the mTORC1
complex, leading to increased autophagy and the degra-
dation of damaged cellular components, which in turn
reduces neuroinflammation and apoptosis.
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Figure 2. The main mechanisms of action of ketamine that underlie its neuroprotective and therapeutic effects

Source: compiled by the authors

The findings from psychiatric models are consist-
ent with the theoretical concept regarding the central
role of BDNF-AMPA-dependent pathways in the forma-
tion of the ketamine-induced “window of neuroplasti-
city”. A number of review articles have also described
the anti-inflammatory and neuroprotective properties
of ketamine: reduction of excitotoxicity, levels of pro-in-
flammatory cytokines, suppression of excessive micro-
glial activation, and reduction of oxidative stress [19].
Theoretically, these mechanisms may contribute to bet-
ter neurological outcomes in acute brain injuries.

Despite strong preclinical evidence, clinical data
on the use of ketamine as a neuroprotective agent in
trauma or stroke, concussion, or contusion-related
brain injury remain limited and insufficient for de-
finitive conclusions. In the clinical setting, there are

currently no well-designed studies that directly eval-
uate the use of ketamine to enhance the effectiveness
of neurological rehabilitation in humans, particularly
through the targeted integration of rehabilitation in-
terventions during the “window of neuroplasticity”.
This creates a significant research gap and highlights
the need for further clinical trials aimed at testing
ketamine’s potential as an adjunctive agent in recov-
ery programmes following CNS injuries. However, it
should be noted that some studies suggest the possi-
bility of transient inhibition of neurogenesis or chang-
es in the glial cell ratio in the hippocampus following
TBI [20-21], which requires further analysis. Table 1
summarises the current state of the literature and out-
lines the discrepancy between preclinical successes
and clinical research gaps.

Table 1. Summary of the literature on ketamine effects on neuroprotection and neurorehabilitation

Research focus Key findings and implications

Mechanisms and characteristics Sources

A systematic review did not identify
any clinical studies that directly
evaluated the use of ketamine/

esketamine to enhance neurological

rehabilitation specifically through
their neuroplastic effects. Clinical
data on the use of ketamine as a
neuroprotective agent in cases
of trauma or stroke remain limited.

Clinical studies
(neurological
rehabilitation)

Currently, there are no well-designed studies

on the targeted integration of rehabilitation

interventions during the “window -

of neuroplasticity”, creating a significant
gap in the research.
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Table 1. Continued

Research focus Key findings and implications Mechanisms and characteristics Sources
Studies on depressmq anq PTSD These effects involve BDNF-mTOR activation,
. . demonstrate that ketamine is capable . . X
Clinical studies . . enhanced AMPA signalling, and synaptogenesis, | [12-14,
. of remodelling pathological neural . . .
(psychiatry) . . . , along with reduced excitotoxicity, 22-23]
networks and improving patients . . o
) pro-inflammatory cytokines, and oxidative stress.
functional status.
Reduced neuroinflammation, The action of esketamine is mediated by
preclinical studies preserved dendrites and synaptic activation of the AMPK/mTOR-TFEB pathway.
. . spines, and improved memory and Regional specificity was observed: in rats, [15-17,
(traumatic brain behaviour in mice. Esketamine also ketamine increased synaptic density in the 19]
injury models) . ) ynap y .
reduced brain edema, neuronal death, | prefrontal cortex but did not restore synaptic
and oxidative stress. loss in the hippocampus.
. . Improvement in sensorimotor These effects correlated with increased BDNF
Preclinical studies . L .
(ischemic stroke) functions and reduction in infarct levels, AMPA/GRIA1 expression, and enhanced [18]
volume in rats. dendritic branching.
Potential risks Some studies suggest the possibility of Possible changes in the glial cell ratio
. transient suppression of neurogenesis in the hippocampus were noted, [20-21]
(preclinical data) . . s - . .
following traumatic brain injury. which requires further analysis.

Source: compiled by the authors

As analysed in Table 1, while studies in psychiatry
and preclinical models of TBI and stroke provide robust
evidence of neuroplastic and neuroprotective mech-
anisms (such as BDNF-mTOR activation and reduced
neuroinflammation), there is a complete absence of
clinical trials evaluating these effects for neurological
rehabilitation. This highlights the most critical promis-
ing direction for future research: bridging the gap be-
tween established preclinical models and human clin-
ical applications.

DISCUSSION

A review of the current scientific literature reveals sig-
nificant interest in the neuroprotective and neuroplas-
tic properties of ketamine. Studies in animal models by
L.R Aleksandrova & A.G. Phillips [22], Y. Gao et al. [24]
and Y. Liu et al. [25], convincingly show that both race-
mic ketamine and its S-enantiomer (esketamine) are
capable of reducing the extent of brain damage, im-
proving sensorimotor functions, reducing inflamma-
tion and oxidative stress, and stimulate synaptogene-
sis and neuronal network remodelling. Furthermore,
Y. Gao et al. [24] and Y. Liu et al. [25] demonstrated that
the mechanisms of action include activation of BDNF/
TrkB-, AMPAR-, mTOR-, and Nrf2-dependent pathways,
as well as modulation of the immune response through
polarisation of microglia into the M2 phenotype.

Clinical studies on the use of ketamine in TBI, is-
chemic stroke, or other acute and chronic neurological
conditions remain extremely limited. Some studies,
such as those by A.P. Carlson et al. [26], M.C.T. Gregers et
al. [27], and M. Sameer & D.A. Abbas [28], demonstrate
a positive effect on reducing the frequency of cortical
depolarisations (SD), stabilising intracranial pressure,
and improving cerebral perfusion. However, system-
atic reviews by M.C.T. Gregers et al. [27], M. Sameer &
D.A. Abbas [28], and T.H. Andreasen et al. [29] highlight
the low level of evidence for clinical effects: results
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regarding functional recovery are inconsistent, and the
risk of bias remains high. At the same time, M.C.T. Gre-
gers et al. [27], S. Himmelseher & M. Durieux [30], and
C. Zanza et al. [31] note that no significant adverse ef-
fects of ketamine on the course of acute TBI or stroke
have been identified under controlled ventilation and
appropriate monitoring.

In experimental animal models of cerebral ischemia
and TBI, ketamine promotes neuronal survival, reduces
apoptosis, and supports plasticity through its effects on
antioxidant systems (Nrf2), autophagy (AMPK/mTOR/
TFEB), and regulation of the cytokine profile, as support-
ed by N.I. Martinez-Torres et al. [18], G.N. Silva et al. [19],
and Y. Liu et al. [25]. Esketamine additionally demon-
strates the ability to modulate glial responses and metab-
olism via STAT3- and AKT-dependent pathways [24-25].
However, it is crucial to consider potential risks. M. Bo-
ese et al. [20], A. Peters et al. [21] and ]. Liang et al. [32]
suggest the possibility of transient inhibition of neurogen-
esis or changes in the glial cell ratio in the hippocampus
following TBI, which requires further analysis. Overall,
preclinical data support ketamine’s potential as an agent
for stimulating neuroplasticity and recovery from neuro-
logical injuries. However, clinical efficacy remains insuffi-
ciently proven due to the limited number of high-quality
randomised trials with long-term follow-up and stand-
ardised endpoints, a limitation repeatedly emphasised
by M.C.T. Gregers et al. [27], M. Sameer & D.A. Abbas [28]
and T.H. Andreasen et al. [29]. It is necessary to consider
the dose-dependence of effects, the difference between
ketamine enantiomers, and the possible influence of con-
comitant therapy.

CONCLUSIONS
1. A systematic review of the existing literature has shown
that, to date, there are no clinical studies that directly
evaluate the use of ketamine or esketamine to enhance
the effectiveness of human neurological rehabilitation



through their neuroplastic effects. Instead, there is a
compelling body of data from psychiatry demonstrat-
ing ketamine’s ability to induce a “window of neuro-
plasticity” through the activation of BDNF-mTOR and
AMPAR-dependent pathways, stimulation of synapto-
genesis, remodelling of neural networks, and anti-in-
flammatory effects.

2. Experimental animal models of traumatic brain
injury and ischemic stroke indicate that ketamine and
esketamine can reduce neuroinflammation, excitotoxic-
ity, and oxidative stress, preserve dendritic architecture
and synaptic density, modulate autophagy and glial re-
sponses, accompanied by improvements in sensorimo-
tor and cognitive parameters. These data are consistent
with the concept of a ketamine-induced “window of
neuroplasticity” and suggest the potential for its use in
supporting recovery processes following CNS injuries.

3. At the same time, existing clinical studies of keta-
mine in acute neurological conditions (traumatic brain
injury, stroke) are largely focused on safety parameters,
control of intracranial pressure, and cortical depolari-
sations, rather than on the targeted integration of reha-
bilitation interventions during the period of heightened
neuroplasticity. The level of evidence for clinical effects
regarding long-term functional recovery remains low, and
the results are heterogeneous. Furthermore, some exper-
imental data point to potential risks associated with dos-
age, administration regimen, and effects on neurogenesis
and glial ratios, which requires cautious interpretation.
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4. Thus, ketamine and esketamine may be consid-
ered promising candidates for use as adjunctive agents
in neurological rehabilitation programmes; however,
the available evidence is insufficient to formulate clini-
cal recommendations.

5. To translate the concept of the ketamine-induced
“window of neuroplasticity” from the theoretical level
and preclinical models into the practical realm of ev-
idence-based neurological rehabilitation, future re-
search must focus on: well-designed randomised con-
trolled trials with long-term follow-up;

standardised assessment of motor, cognitive, and
functional endpoints; investigating optimal doses,
administration regimens, and time windows for com-
bination with physical and cognitive rehabilitation;
analysing differences between racemic ketamine and
esketamine, as well as the impact of concomitant phar-
macological and rehabilitation therapy.
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Orisj TepaneBTUYHUX
Ta HeHPONPOTEeKTUBHUX B/IACTUBOCTEH KeTaMiHy

AHoTanis

AKTyaJIbHiCTb. /lenipecisi € 0iHI€I0 3 FOJIOBHUX NPUYMH IHBAJIJHOCTI y CBITi, i 3Ha4Ha YacTWHA Mali€HTIB
CTpaXJja€ Ha Pe3UCTEHTHI /10 JIiKyBaHHS GOPMHU po3Jiajy. IHHOBaiHHUM MiZIX0/I0M € BUKOPHUCTAHHS KeTaMiHy
Ta eCKeTaMiHy, 3JJaTHUX IHAYKYBaTHU «BIKHO HEHMPOMJIACTUYHOCTI» — NepioJ MOCUIEHOr0 CHHANTOreHe3y Ta
dbopMyBaHHSI HOBUX HeHUPOHHUX 3B's3KiB. TeopeTu4Ho, L miJiBUIleHA HEWPOIJIACTUYHICTD MOXE CIPHUATH
MOKpalLleHHIO He JIUILEe NCUXIYHUX, ajle 1 MOTOPHUX Ta CEHCOMOTOPHUX QYHKIIH, 1110 € KPUTUYHO BaXKJIMBUM
JLJ1s1 HeBpoJIoTivHOI peabisiTanil mic/isl TpaBM roJ0BHOT0 MO3KY, iHCY/IbTIB Ta iHLIMX ypaxeHsb [JHC.
Martepiasmm. IlpoBecTn cUCTeMaTUYHHUU OIVIAZ AOCTYNHOI HAYKOBOI JiTepaTypd LI0J0 BIUVIMBY KeTaMiHy
Ta ecKeTaMiHy Ha HeMpOIJIACTUYHICTB i HeBpoJioriuHi PyHKIil, 30cepeAUBLIN OCOGIUBY yBary Ha OL{HI IX
NOTeHLialy [JiJ1s1 BAKOPUCTAHHS B HEBPOJIOTiIYHIN peabiniTauii micsisa pisHux ypakenn LIHC.

Marepiaim Ta MeTogM. bysio mpoBe/ieHO cUCTEMaTUYHUM MOLIYK HAYKOBOI JliTepaTypu y NpoBifHUX 6azax
naHux (PubMed, Cochrane Library, NICE, APA PsycInfo, CANMAT, UpToDate) 3 doxycoMm Ha AocJiJpKeHHS
3a octaHHi 20 pokiB. [lo orisigy BKJ/OYAIWCA KJIHIYHI JOCTiP)KEHHS], eKCIepUMEeHTa/IbHI JOC/I/P)KEHHSI Ha
TBapHHaX (3 MOJe/IIOBaHHAM roctpux TpaBM LIHC), a Takox cucTeMaTH4Hi OIVIIN Ta MeTa-aHaJi3u. 3ibpaHi
JaHi CMHTe3yBaJIUCA ONMUCOBUM METOLOM.

PesynbraTi. CucTeMaTUYHUH OIJISAA He BUSIBUB KJIHIYHUX JOCHiIKeHb, siki 6 6e3mocepeHbO OI[iHIOBAIU
BUKOPHCTAHHS KeTaMiHy a60 eckeTaMiHy AJis iJiBUILLeHHS eeKTUBHOCTI IporpaM HeBpoJioriyHoi peabisitanii
JIIOJIMHY caMe 3aB/AKHY iX HeHpomacTUYHUM edeKkTaM. 3 iHIIoro 60Ky, JOK/IiHIYHI faHi Ha TBAPUHHUX MOJIeJIAX
(uepenHO-MO3KOBi TpaBMH Ta ilIeMiYHUH iIHCYJIBT) TEPEKOHJIMBO IEMOHCTPYIOTH, 1110 Iii TpernapaTy 3MeHIIYI0Th
Helpo3ala/leHHsl, EKCUTOTOKCUYHICTb Ta OKUC/IOBaJbHUM cTpec. KpiM Toro, BOHU NiATPUMYIOTb CTPYKTYPHY
HeNpOIJIACTUYHICTD Ta IO3UTHUBHO KOPEJIIOIOTh i3 NOKpalleHHSAM CEHCOMOTOPHHUX i TOBeJIHKOBUX IOKa3HHUKIB.
BucHoBkM. KeTaMiH Ta eckeTaMiH € MepCHEKTUBHUMH KaHAWJATaMH Ha POJib JIONOMDKHHUX 3acobiB y
nporpaMax HeBpoJioriuHoi pea6initanii. [Ipote Hapasi k/aiHIYHMX J0Ka3iB HeJOCTAaTHHO A/ GOpMyBaHHSA
odiniiiHux pekoMeHgauiil. [isa miaTBep/KeHHS X ePEKTHUBHOCTI Ta O6e3MeKu HeobXiAHI Jo6pe ClylaHOBaHi
paHA0Mi30BaHl KOHTPOJIbOBAHI JOC/II)KEeHHA 3 TPUBAJIMUM I1€pioJlOM CIIOCTEePEeXEeHHA Ta CTaHAAPTU30BaHOIO
OLliHKO0 QYHKILiOHa/JIbHUX PE3y/IbTaTiB.

Kio4oBi c/1oBa: HelipopeabistiTaliis; Aenpecis; Helpo3anajeHHs; HEHPOMPOTEKIis; KeTaMiH-aCCTOBaHa Teparisi.
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Dynamic renal scintigraphy with 99mTc-DTPA
in the differential diagnosis of acute tubular necrosis
and acute renal allograft rejection in the early post-transplant period

Abstract

Relevance. Worldwide, people recognise kidney transplantation as the standard treatment for end-stage kidney
failure. However, impaired graft function frequently complicates the early postoperative period. The most
common causes of early dysfunction are acute tubular necrosis and acute rejection. These conditions are difficult
to distinguish from one another because they have similar clinical manifestations and routine monitoring
methods are limited.

Aim. To describe the evidence relating to the diagnostic accuracy and capabilities of dynamic renal scintigraphy
with 99mTc-DTPA in distinguishing acute tubular necrosis from renal allograft rejection.

Materials and methods. To identify relevant publications, searches were conducted in the international
databases PubMed, Scopus, Web of Science and Google Scholar, with a focus on the period from January 2020 to
January 2026. The analysis included studies that looked at how 99mTc-DTPA scintigraphy is used in adult kidney
transplant patients. This was confirmed by either a biopsy or by checking the patient’s progress over time. This
review is limited by the fact that no formal risk-of-bias assessment was performed. A total of 22 sources were
included in the final analysis. The comprehensiveness of the global evidence included in this review may have
been affected by the fact that it was limited to English- and Ukrainian-language publications.

Results. Analysis of the literature indicates that the key criterion for scintigraphic differentiation is assessing
the relationship between graft perfusion and function. Acute tubular necrosis is characterised by a dissociation
phenomenon, with preserved perfusion despite reduced excretory function. In contrast, acute rejection is
accompanied by a parallel deterioration in haemodynamics and function caused by increased vascular resistance.
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thanks to its cost-effectiveness.

INTRODUCTION

For patients with end-stage kidney failure, kidney
transplantation is the most effective treatment availa-
ble, offering significant improvements in both quality
of life and life expectancy. However, despite continuous
advances in surgical techniques and immunosuppres-
sive therapy, the early postoperative period is often
characterised by a high risk of graft dysfunction. The
two most common causes of this condition are acute
tubular necrosis and acute rejection. These conditions
have almost identical clinical manifestations, but re-
quire fundamentally different therapeutic approaches.
Therefore, accurately and promptly diagnosing these
complications non-invasively is crucial for preserving
allograft viability and avoiding unnecessary invasive
procedures. This highlights the considerable scientific
and practical importance of researching functional im-
aging techniques.

Leading researchers have actively investigated the
problem of the early diagnosis of post-transplant com-
plications in recent years. In particular, M. Strader &
S. Kant [1] noted in their review that conventional bi-
omarkers have limited sensitivity. Biomarkers such as
serum creatinine represent “late” indicators of rejec-
tion. This creates an urgent need for the introduction
of more sensitive imaging techniques. M. Ostermann et
al. [2] emphasised that acute kidney injury, including
tubular necrosis, is a major cause of early graft dysfunc-
tion, and that this must be immediately differentiated
from immunological crises. The reliability of routine
Doppler ultrasonography in distinguishing acute tu-
bular necrosis from rejection during the early postop-
erative period was called into question by I. Ahmad et
al. [3], who reported that the specificity of ultrasono-
graphic markers is insufficient. In contrast, H. Ale Ali
& P. Scherer [4] concluded that renal scintigraphy is a
reliable tool for differentiating between these condi-
tions, as it enables visualisation of the dissociation phe-
nomenon (preserved perfusion in tubular necrosis),
as opposed to the parallel deterioration in haemody-
namics observed during rejection. Examining the effec-
tiveness of radiopharmaceuticals, D. Theerakulpisut et
al. [5] found that 99mTc-DTPA and 99mTc-MAG3 have
similarly high predictive value. However, DTPA is the
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Using semi-automated quantitative parameters, particularly the Hilson and Kirchner indices, has been shown
to strongly correlate with biopsy findings. According to the available literature, this method has a sensitivity
of 98% for diagnosing acute tubular necrosis and 87% for detecting acute rejection. Even in cases of reduced
graft function, 99mTc-DTPA is the optimal radiopharmaceutical for the routine assessment of perfusion indices

Conclusions. Dynamic renal scintigraphy with 99mTc-DTPA is an effective non-invasive diagnostic method.
It enables haemodynamic abnormalities in the allograft to be detected at the preclinical stage. Quantitative
perfusion indices provide an objective basis for the diagnostic process, allow reliable differentiation between
ischaemic and immunological complications, and minimise the need for invasive procedures. This facilitates the
timely selection of an appropriate treatment strategy.

Keywords: glomerular filtration rate; kidney transplantation; functional imaging; post-transplant complications;
graft dysfunction; graft rejection; scintigraphic monitoring.

optimal agent for accurately assessing glomerular fil-
tration. When evaluating alternative laboratory mark-
ers, M. Oellerich et al. [6] found that, while liquid biopsy
based on the analysis of donor-derived cell-free DNA is
specific for rejection, it is often limited in practice due
to high costs and logistical constraints, making radionu-
clide diagnostics a more accessible option. As Y. Song et
al. [7] showed, new non-invasive methods, including
molecular imaging, are much better than standard
clinical tests at detecting rejection before it becomes a
clinical problem. Finally, Ukrainian researcher M. Ne-
chaiev [8] demonstrated the considerable clinical value
of renal scintigraphy in the timely detection of kidnemy
allograft complications. He emphasised the importance
of incorporating quantitative scintigraphic parameters
into routine clinical practice to minimise the need for
percutaneous biopsy.

This study aimed to summarise and systematise
the current scientific evidence concerning the diag-
nostic capabilities of dynamic renal scintigraphy with
99mTc-DTPA as an effective tool for non-invasively di-
agnosing ischaemic and immunological injury to the
kidney allograft in the early postoperative period.

MATERIALS AND METHODS
The search was conducted in the PubMed, Scopus, Web
of Science and Google Scholar databases using the fol-
lowing keywords: “kidney transplantation”, “radionu-
clide imaging”, “graft rejection” and “kidney tubular
necrosis”. It predominantly covered publications issued
between January 2020 and January 2026. The inclusion
criteria were: adult patients following kidney allotrans-
plantation from deceased or living-related donors; dy-
namic renal scintigraphy with 99mTc-DTPA; analysis of
the resulting data; histological verification by biopsy;
and reported sensitivity, specificity and accuracy in de-
tecting rejection of the transplanted kidney and acute
tubular necrosis. The following were the exclusion
criteria: individual case reports, experimental animal
studies, articles without full-text availability and pub-
lications in languages other than English or Ukrainian.
The study was designed and conducted as a descriptive
narrative literature review. Given its descriptive design,
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no formal assessment of the risk of systematic bias was
performed, for example using AMSTAR tools. This is
a recognised limitation of the present study. The aim
was to provide a conceptual synthesis of the available
approaches to differential diagnosis, not to produce a
statistical synthesis.

An initial search of the PubMed, Scopus, Web
of Science and Google Scholar databases identified
1,452 publications in total. After removing duplicates
(n=385), 1,067 articles remained for screening of titles
and abstracts. At this stage, 982 studies were excluded
because they were not relevant to the research topic,
were concerned with paediatric practice or animal ex-
periments, or did not examine the use of 99mTc-DTPA.
The full texts of 85 publications were assessed in detail
to determine their compliance with the inclusion crite-
ria. However, 54 articles were excluded from the analy-
sis, primarily due to the lack of histological verification
of the findings, the exclusive use of tubule-targeting ra-
diopharmaceuticals, or their format as individual clini-
cal case reports. The final qualitative analysis included
a total of 22 sources containing valid data on the use of
dynamic renal scintigraphy for the differential diagno-
sis of postoperative complications.

RESULTS AND DISCUSSION

For patients with end-stage kidney failure, kidney
transplantation aims to prolong life and improve quali-
ty of life. This is achieved through open or laparoscopic
surgery. The world’s first successful kidney transplant
was performed by Dr Joseph Murray in 1954. Since
then, considerable time has elapsed, and substantial
improvements have been made in the methods used to
select and prepare recipients and donors, perform the
surgical procedure, and manage patients postopera-
tively. Nevertheless, kidney transplantation is still asso-
ciated with a number of complications that occur after
surgery, and these are not always exclusively related to
the surgical technique. The post-transplant period is
conventionally divided into two periods. The first is the
early period. This comprises the first three months. The
second is the late period. The first months after a trans-
plant are a time of particular vigilance, as this is when
the risk of complications is increased. These include
haemorrhage, thrombosis, infection, arterial stenosis,
lymphocele, urinoma, ureteric stenosis, vesicoureteric
reflux, acute or chronic rejection and acute tubular ne-
crosis, among others [10-12].

Acute tubular necrosis is a multifactorial syndrome
most commonly caused by ischaemic or nephrotoxic in-
jury. Itinvolves damage to renal tubular cells despite the
major vessels remaining open, and is characterised by
arapid decline in the glomerular filtration rate. This re-
sults in the build-up of metabolic waste products in the
body. The most common cause of graft failure is acute
tubular necrosis, which occurs in 50% of cases follow-
ing ciclosporin administration, particularly during the
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early post-transplant period [2, 13]. The immunologi-
cal reaction known as acute rejection usually happens
between a few days and a few weeks after a transplant.
The development of circulating donor-specific alloan-
tibodies is a possible complication, and the condition
may also be accompanied by immunological features
of antibody-mediated renal injury, such as glomerulitis
or peritubular capillaritis. Another possible cause is a
T-cell-mediated response, which is marked by the pres-
ence of lymphocytes in the tubules and interstitium. In
rare cases, this response can also lead to inflammation
of the arterial intima. The incidence of acute rejection
during the first year is approximately 7.9%. This com-
plication occurs less frequently following living-donor
transplantation than deceased-donor transplantation,
possibly due to shorter cold ischaemia time and bet-
ter donor-recipient matching [11]. Both complications
may present with non-specific shared symptoms. These
include oliguria or anuria, peripheral oedema, elevated
blood pressure and increased serum creatinine levels.
Acute rejection may occasionally present with a low-
grade fever, pain in the graft area, general weakness
and myalgia, which are not classically observed in acute
tubular necrosis. However, all these symptoms are
non-specific. This means they always require differenti-
ation from other pathological conditions. Some of these
may not be directly related to kidney transplantation.
Dynamic renal scintigraphy is a nuclear medicine
technique which allows renal function to be assessed
quantitatively and qualitatively by administering spe-
cific radiopharmaceuticals. This involves monitoring
their distribution dynamically from the moment of
intravenous administration until scanning is com-
plete (Fig. 1). A wide range of instrumental and labo-
ratory investigations is used in clinical practice. Each
has its own advantages and disadvantages. These are
important in the differential diagnosis of these com-
plications. Measurement of serum creatinine and cal-
culation of the estimated glomerular filtration rate are
standard components of routine monitoring. However,
creatinine is a non-specific marker and does not re-
spond immediately to structural damage to the renal
parenchyma, which can prevent the problem from
being detected straight away [1, 2, 14]. As well as cre-
atinine, modern laboratory diagnostics offer several
other biomarkers, including cystatin C, neutrophil ge-
latinase-associated lipocalin and cell-free DNA derived
from the donor. Cystatin C is a more sensitive marker
of declining glomerular filtration than creatinine, en-
abling earlier diagnosis of graft dysfunction. Neutro-
phil gelatinase-associated lipocalin, in turn, has been
established as an early predictor of acute kidney inju-
ry. However, a major limitation of both cystatin C and
neutrophil gelatinase-associated lipocalin is their lack
of specificity, which prevents them from being used for
differential diagnosis. In contrast, donor-derived cell-
free DNA, also known as a “liquid biopsy”, is a highly



specific indicator of active rejection, particularly anti-
body-mediated rejection. Meta-analyses have shown
that an increase in the donor-derived cell-free DNA
fraction above 1% clearly correlates with the histolog-
ical features of rejection. In contrast, this parameter
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usually remains low in uncomplicated acute tubular
necrosis [6]. It is important to note that testing for neu-
trophil gelatinase-associated lipocalin and donor-de-
rived cell-free DNA is difficult to access in Ukraine due
to complicated logistics and high costs.

Figure 1. Dynamic renal scintigraphy of a transplanted kidney
Note: Stages 1-12 (shown in the upper and middle rows) represent dynamic images of summed activity from 0 to 30 minutes. Stage 1,
corresponding to 0-30 seconds, represents the angiographic phase of graft perfusion. Stages 2-4 (30 seconds to 5 minutes) demonstrate
the parenchymal phase, during which peak glomerular filtration of 99mTc-DTPA is reached. Stages 5-12 (7-30 minutes) represent the
excretory phase, showing gradual parenchymal clearance and accumulation of the radiopharmaceutical in the urinary bladder. This
confirms the absence of urodynamic obstruction. Stages 13-15, shown in the lower right-hand row, represent parametric maps. Stages
13 and 14 (First-Pass C-max and First-Pass T-max, respectively) demonstrate the regions of maximum perfusion amplitude and velocity
during the first passage of the bolus. Stage 15, Function C-max, shows the spatial distribution of the most functionally active allograft

parenchyma
Source: authors’ photo

Ultrasonography, including Doppler ultrasonog-
raphy, is the preferred imaging method due to its ac-
cessibility, lack of radiation exposure and absence of
contraindications. It is effective in detecting surgical
complications such as urinomas and lymphoceles, as
well as in assessing blood flow in major vessels. How-
ever, the resistive index, which is used as a marker of
parenchymal oedema, depends on the operator and is
non-specific. It may be elevated in cases of rejection,
acute tubular necrosis, obstruction, and other condi-
tions [3, 12]. High-resolution images are provided by
computed tomography, which also enables detailed
visualisation of the graft anatomy and surrounding tis-
sues. However, its use is limited by the fact that contrast
agents, which are often necessary, can be nephrotoxic
and the procedure involves a relatively high radiation

dose [16-18]. Magnetic resonance imaging is a safer
imaging method. This is particularly true of functional
magnetic resonance imaging. The latter is increasingly
discussed in the literature. Functional magnetic reso-
nance imaging provides detailed anatomical images as
well as information on changes in diffusion, oxygena-
tion, perfusion, metabolism and graft microstructure.
However, its use is limited. This is because of the cost
of the examination. It is also limited by the shortage of
appropriately trained specialists in Ukraine [19]. Ultra-
sound-guided biopsy remains the gold standard for dif-
ferential diagnosis, enabling the type of rejection and
severity of tubular necrosis to be verified. However, it is
an invasive procedure associated with the risk of haem-
orrhage, arteriovenous fistula formation, and graft loss,
which limits its use in serial monitoring [12, 20].
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99mTc-DTPA is one of the most commonly used
radiopharmaceuticals. It consists of a technetium iso-
tope and diethylenetriaminepentaacetic acid. Glomer-
ular filtration is how it is eliminated, and this allows
the glomerular filtration rate to be calculated. It also
allows the differential functional and excretory capac-
ity of each kidney to be assessed, and it can be used to
identify impaired urinary drainage [5, 21]. Important-
ly, 99mTc-DTPA is not nephrotoxic. Therefore, it can
be used regardless of the functional status of the graft,
avoiding the complications associated with certain oth-
er diagnostic procedures. According to the latest rec-
ommendations of the European Association of Nuclear
Medicine, its main uses include the diagnosis of acute
and chronic kidney failure, unilateral or bilateral kid-
ney disease (including neoplasms), obstructive uropa-
thy, renovascular hypertension, post-transplant condi-
tions, pyelonephritis, and parenchymal scarring [4, 12].

One of the major advantages of dynamic renal
scintigraphy is that it does not require any special
preparation from the patient. Patients do not need to
follow a special diet or fast, and they can maintain an
adequate level of hydration. In kidney transplant re-
cipients, the main focus of diagnosis is differentiating
between acute tubular necrosis and graft rejection [5].
This purpose is served by the Hilson perfusion index
and the Kirchner function index, or their modifica-
tions [8, 22]. The Hilson perfusion index is the ratio
of the area under the bolus transit curve for the ili-
ac artery or aorta. This is divided by the area under
the renal curve. This is over the interval preceding the
peak of the arterial curve. It is calculated using the fol-
lowing formula: HI = Area under the arterial curve /
Area under the renal curve x100. A value below 150
is considered normal, or below 1.5 when modified
indices are used [4, 22]. The Kirchner function index
is the ratio of the rate of increase in renal activity.
This is represented by the slope of the renal curve. It
is compared to the rate of increase in activity in the
aorta or iliac artery. This is during the first passage of
the bolus. It is calculated using the following formu-
la: KI = slope of the renal curve / slope of the aortic
curve. The function index is considered normal when
its value is above 2.5 [8, 22]. The two indices were
shown to be useful in the diagnosis of acute tubular
necrosis and allograft rejection. Scintigraphic findings
were concordant with biopsy findings in 86% of cas-
es [4, 5, 22]. Acute tubular necrosis is characterised
by a reduction in the function index, while the perfu-
sion index remains normal or only slightly elevated. In
contrast, acute rejection is characterised by a marked
increase in the Hilson index, exceeding 250 when the
conventional index is used and 2.5 when the modi-
fied index is used, while the Kirchner index decreases
sharply to below 1.5 [4, 8, 22].

Analysis of the literature confirms that the differ-
ential diagnosis of early complications following kidney
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transplantation is a significant clinical challenge that
requires highly sensitive methods [10-11]. This study’s
main finding is that dynamic renal scintigraphy with
99mTc-DTPA provides an early, objective assessment of
graft haemodynamics at the preclinical stage [14]. The
conclusions regarding the appropriateness of routinely
using dynamic renal scintigraphy are similar to those of
M. Strader & S. Kant [1], who emphasised that conven-
tional markers such as serum creatinine are delayed in-
dicators that respond only after irreversible structural
changes have occurred. In contrast, the present study’s
findings indicate that dynamic renal scintigraphy can
detect functional abnormalities immediately. M. Oeller-
ich et al. [6] concentrated on the high specificity of lig-
uid biopsy based on donor-derived cell-free DNA for
detecting acute rejection when evaluating alternative
diagnostic markers. While the authors of this study
recognise the high diagnostic value of this laboratory
test, their analysis suggests that in settings with limited
resources and complex logistics, using readily available
99mTc-DTPA is a more rational and rapid option for
routine monitoring.

The findings regarding the benefits of radionuclide
imaging are fully consistent with those of I. Ahmad et
al. [3], who showed that, despite its accessibility, rou-
tine Doppler ultrasonography cannot reliably distin-
guish between acute tubular necrosis and rejection
due to the non-specific nature of the resistive index. In
contrast, this review shows that dynamic renal scintig-
raphy can overcome this limitation by visualising the
dissociation phenomenon. This is a key pathognomonic
feature, where preserved perfusion combined with im-
paired function clearly indicates tubular necrosis. Fur-
thermore, the authors of this study emphasise that the
administration of nephrotoxic contrast agents during
the early postoperative period is unacceptable, unlike
approaches that promote the use of computed tomog-
raphy [16, 18]. This makes the use of the functionally
safe radiopharmaceutical 99mTc-DTPA a uniquely suit-
able option [12, 21].

The present findings concerning the choice of ra-
diopharmaceutical are also relevant. They should be
compared with the study by D. Theerakulpisut et al. [5].
This study found equally high predictive values for both
99mTc-DTPA and the tubule-targeting agent 99mTc-
MAG3. However, the authors of the present study em-
phasise something different. They say that the main
aim in the differential diagnosis of acute rejection is the
assessment of the haemodynamic phase. By this they
mean the first passage of the bolus. This phase depends
on the quality of radiopharmaceutical administration
rather than its excretory mechanism. The authors of the
present study demonstrate that the more cost-effective
99mTc-DTPA can be successfully used to calculate the
required Hilson and Kirchner perfusion indices. It re-
mains the radiopharmaceutical of choice for routine
screening (Table 1).
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Table 1. Comparative characteristics of DTPA and MAG3

Parameter

DTPA

MAG3

Radiopharmaceutical class

Glomerular filtration agent

Tubular excretion agent

Mechanism

Freely filtered by the glomeruli without
tubular secretion

Secreted by proximal tubular cells through
active transport

Parameters assessed

Glomerular filtration rate, excretion and
differential renal function

Renal perfusion, tubular function, excretion
and differential renal function

Clinical applications

Obstructive uropathy, postoperative
assessment and renal graft evaluation

Obstructive uropathy, for which it is
preferred, renal graft evaluation and renal
artery stenosis

Advantages

Pure marker of glomerular filtration; low
radiation exposure

More effective in kidney failure; effective in
obstruction

Less effective in severe obstruction because of

Slightly higher radiation exposure; more

Limitations .
weak secretion

expensive

Routine dose

1-2 mCi (37-74 MBq)

2-4 mCi (74-148 MBq)

Plasma half-life

Approximately 100 minutes

Approximately 15-20 minutes

Principal conclusion

DTPA: filtration and drainage

MAG3: secretion and obstruction

Source: compiled by the authors

Finally, the present findings regarding the ne-
cessity of mathematically objectifying scintigraphic
images are directly supported by the work of H. Ale
Ali & P. Scherer [4], as well as the studies of M. Ne-
chaev [8, 22]. In agreement with these authors, the
authors of the present study concluded that visual
image assessment alone is insufficient. Only by inte-
grating semi-automated indices can the diagnostic
sensitivity reported in the international literature be
achieved. The Hilson index above 2.5 indicates re-
jection, whereas an index below 2.0 combined with
a reduced Kirchner index indicates tubular necrosis.
This approach provides sensitivities of up to 98% and
87% for ischaemic and immunological complications,
respectively [4, 22]. Overall, the comparative analy-
sis confirms that innovative, non-invasive, molecu-
lar imaging approaches can substantially reduce the
need for traumatic, percutaneous biopsy. According to
J.M. Halimi et al. [20], this procedure remains associat-
ed with a considerable risk of complications.

In summary, the choice of a particular radiophar-
maceutical should be based on the principal clinical
objectives. It should also take the patient’s overall func-
tional status into account. While 99mTc-MAG3 clearly
has advantages for visualising the renal parenchyma
in cases of severe obstruction or critically impaired
excretory function, 99mTc-DTPA remains the opti-
mal first-line tool for routine postoperative screening.
Key perfusion parameters, particularly the Hilson and
Kirchner indices, can be objectively calculated using the
pharmacokinetic properties of 9mTc-DTPA as a pure
marker of glomerular filtration. These measurements
are essential for rapidly and reliably differentiating im-
munological complications, such as rejection, from is-
chaemic complications, such as tubular necrosis. A reli-
able, non-invasive diagnostic algorithm is provided by a
comprehensive analysis of haemodynamic scintigraph-
ic parameters, particularly when integrated with mod-

ern laboratory biomarkers. This multimodal approach
can significantly improve the clinical management of
recipients during the early post-transplant period and
reduce the need for high-risk percutaneous biopsy.

CONCLUSIONS
1. Dynamic renal scintigraphy using 99mTc-DTPA is an
effective, non-invasive diagnostic method that can de-
tect haemodynamic abnormalities in the allograft at the
preclinical stage.

2. The key criterion for scintigraphic differentiation
is assessing the relationship between graft perfusion
and function. Acute tubular necrosis is characterised by
a dissociation phenomenon, with preserved perfusion
despite reduced excretory function. In contrast, acute
rejection is accompanied by a parallel deterioration in
both parameters.

3. Using semi-automated quantitative parame-
ters, particularly the Hilson and Kirchner indices, pro-
vides an objective basis for the diagnostic process and
demonstrates a strong correlation with biopsy findings.

4. The high sensitivity and specificity of dynamic
renal scintigraphy confirm its status as a reliable dif-
ferential diagnostic tool for the timely identification of
ischaemic and immunological graft injury.

5. Using cost-effective, non-nephrotoxic 99mTc-DT-
PA minimises the need for invasive procedures and fa-
cilitates timely selection of an appropriate treatment
strategy during the early postoperative period.

Limitations. Firstly, due to the descriptive nature
of this narrative review, no formal assessment of the
risk of systematic bias was conducted. Second, the liter-
ature search was limited to English- and Ukrainian-lan-
guage publications only, which may have affected the
comprehensiveness of the global evidence included.

ACKNOWLEDGEMENTS
None.

Medical Science of Ukraine 22(2), 2026 183



I LITERATURE REVIEWS I Dynamic renal scmtlgra'phy with 99mTc-DTPA in the d.lfferent.lal diagnosis )
of acute tubular necrosis and acute renal allograft rejection in the early post-transplant period

FUNDING CONFLICT OF INTEREST

During the preparation of this manuscript, no specific  There is no conflict of interest. The authors of the ar-
funding was received from any public or private organ- ticle did not take part in the peer-review process or in
isation. editorial decisions regarding their own manuscript.

REFERENCES
[1] Strader M, Kant S. Novel biomarkers for rejection in kidney transplantation: A comprehensive review. ] Clin

Med. 2025;14(15):5489. DOI: 10.3390/jcm14155489

[2] Ostermann M, Lumlertgul N, Jeong R, See E, Joannidis M, James M. Acute kidney injury. Lancet.
2025;405(10474):241-56.D0I: 10.1016/S0140-6736(24)02385-7

[3] Ahmad I, Yadav P, Alshammari D, Khondker A, Santos JD, Rickard M, et al. Routine doppler ultrasonography
does not differentiate acute tubular necrosis and rejection in early pediatric kidney transplantation. Pediatr
Transplant. 2025;7:e70172. DOI1: 10.1111 /petr.70172

[4] Ale Ali H, Scherer P. Renal scintigraphy following kidney transplantation — ATN, rejection, and more. ] Nucl
Med. 2022;63(2):2668.

[5] Theerakulpisut D, Thinkhamrop B, Anutrakulchai S. Comparison between Tc-99 m DTPA and Tc-99 m MAG3
renal scintigraphy for prediction of early adverse outcome after kidney transplantation. Nucl Med Mol Imaging.
2021;55(6):302-10. DOI: 10.1007/s13139-021-00716-4

[6] Oellerich M, Budde K, Osmanodja B, Bornemann-Kolatzki K, Beck ], Schiitz E, et al. Donor-derived cell-free DNA
as a diagnostic tool in transplantation. Front Genet. 2022;13:1031894. DOI: 10.3389 /fgene.2022.1031894

[7] SongY, Wang Y, Wang W, Xie Y, Zhang ], Liu ], et al. Advancements in noninvasive techniques for transplant
rejection: From biomarker detection to molecular imaging. ] Transl Med. 2025;23:147.D0I: 10.1186/s12967-
024-05964-4

[8] Nechaiev M. Diagnostic value of renal scintigraphy in detecting early kidney allograft complications. Ukr ]
Nephrol. 2026;1(89):25-34. DOI: 10.31450/ukrjnd.1(89).2026.04

[9] Abramyan S, Hanlon M. Kidney transplantation. In: StatPearls. Treasure Island: StatPearls Publishing; 2025.

[10] Yamanaka K, Kakuta Y, Nakazawa S, Kobayashi K, Nonomura N, Kageyama S. Surgical and infectious
complications following kidney transplantation: A contemporary review. | Clin Med. 2025;14(10):3307.
DOI: 10.3390/jcm14103307

[11] Naik RH, Hassanein M, Shawar SH. Acute renal transplantation rejection. In: StatPearls. Treasure Island:
StatPearls Publishing; 2025.

[12] Breda A, Budde K, Figueiredo A, Lledé Garcia E, Olsburgh ], Regele H, et al. EAU Guidelines on Renal
Transplantation. Arnhem: EAU Guidelines Office; 2026. 58 P.

[13] Elmi A, Arabsorkhi Mishabi M, Teymoori E, Nikbakht D, Sarraf N, Jabinian E, et al. A systematic review of the
relationship between acute tubular necrosis and kidney transplantation. ] Renal Inj Prev. 2021;10(3):e18.
DOI: 10.34172/jrip.2021.18

[14] Nechaiev M. Multimodal assessment of early kidney allograft complications: Role of renal scintigraphy and
laboratory biomarkers. Ukr ] Nephrol Dial. 2026;2(90):42-50. DOI: 10.31450/ukrjnd.2(90).2026.05

[15] Marakala V. Neutrophil gelatinase-associated lipocalin (NGAL) in kidney injury - a systematic review. Clin
Chim Acta. 2022;536:135-41. DOI: 10.1016/j.cca.2022.08.029

[16] Modi K, Padala SA, Gupta M. Contrast-induced nephropathy. In: StatPearls. Treasure Island: StatPearls
Publishing; 2025.

[17] Jones], Bickle I. Contrast-induced acute kidney injury. Reference article, Radiopaedia.org. 2010. DOI: 10.53347/
rID-10252

[18] Inoue Y. Radiation dose management in computed tomography: Introduction to the practice at a single facility.
Tomography. 2023;9(3):955-66. DOI: 10.3390/tomography9030078

[19] Ma ], Jiang B, Wan ], Xu R, Que C, Zhu M. Progress of functional magnetic resonance imaging in the assessment
of transplanted kidney function. Ren Fail. 2025;47(1):2560602. DOI: 10.1080/0886022X.2025.2560602

[20] Halimi JM, Gatault P, Longuet H, Barbet C, Bisson A, Sautenet B, et al. Major bleeding and risk of death
after percutaneous native kidney biopsies: A French nationwide cohort study. Clin ] Am Soc Nephrol.
2020;15(11):1587-94.D01: 10.2215/cjn.14721219

[21] National Center for Biotechnology Information. PubChem compound summary for CID 126480242,
Technetium-99mTc-DTPA [Internet]. 2017 April 16 [cited 2026 January 4]. Available from: https://pubchem.
ncbi.nlm.nih.gov/compound/Technetium-99mTc-DTPA

[22] Nechaiev MP. Renal scintigraphy of the transplanted kidney: Innovative approaches to monitoring and

prognostic value. Ukr ] Nephrol Dial. 2025;4(88):63-71. DOI: 10.31450/ukrjnd.4(88).2025.08

184  Medical Science of Ukraine 22(2), 2026


https://doi.org/10.3390/jcm14155489
https://doi.org/10.1016/S0140-6736(24)02385-7
https://doi.org/10.1111/petr.70172
https://jnm.snmjournals.org/content/63/supplement_2/2668
https://doi.org/10.1007/s13139-021-00716-4
https://doi.org/10.3389/fgene.2022.1031894
https://doi.org/10.1186/s12967-024-05964-4
https://doi.org/10.1186/s12967-024-05964-4
https://doi.org/10.31450/ukrjnd.1(89).2026.04
https://www.ncbi.nlm.nih.gov/books/NBK567755/
https://doi.org/10.3390/jcm14103307
https://www.ncbi.nlm.nih.gov/books/NBK553074/
https://d56bochluxqnz.cloudfront.net/documents/full-guideline/EAU-Guidelines-on-Renal-Transplantation-2026.pdf
https://d56bochluxqnz.cloudfront.net/documents/full-guideline/EAU-Guidelines-on-Renal-Transplantation-2026.pdf
https://doi.org/10.34172/jrip.2021.18
https://doi.org/10.31450/ukrjnd.2(90).2026.05
https://doi.org/10.1016/j.cca.2022.08.029
https://www.ncbi.nlm.nih.gov/books/NBK448066/
https://doi.org/10.53347/rID-10252
https://doi.org/10.53347/rID-10252
https://doi.org/10.3390/tomography9030078
https://doi.org/10.1080/0886022X.2025.2560602
https://doi.org/10.2215/cjn.14721219
https://pubchem.ncbi.nlm.nih.gov/compound/Technetium-99mTc-DTPA
https://pubchem.ncbi.nlm.nih.gov/compound/Technetium-99mTc-DTPA
https://doi.org/10.31450/ukrjnd.4(88).2025.08

S. Zemskoy, L. Natrus, M. Tkachenko & I. Krasyuk I

Cepriit 3eMCKOB

IoxkTop ¢dinocodii, JoKTOp MeJUUHNX HayK, Tpodecop
HautionansHuii MearuHuii yHiBepcutet im. O. O. boromonsLs
01601, 6ynbe. T. [TleBuenka, 13, M. KuiB, Ykpaina
https://orcid.org/0000-0002-5039-1324

Jlapuca Harpyc

IoxkTop dinocodii, JOKTOp MeJUUHMX HayK, podecop
HautionanbHuit MenyHuii yHiBepcuteT im. O. O. boromonbLs
01601, 6ynbe. T. [leBuenka, 13, m. KuiB, YkpaiHa
https://orcid.org/0000-0003-1763-0618

Muxaiino TKaueHKO

[Ioxkrop ¢inocodii, JoOKTOp MeJUUHUX HayK, podecop
HattionanbHuit MeryHuii yHiBepcuteT im. O. O. boromonbLs
01601, 6ynbe. T. [leBuenka, 13, m. KuiB, YkpaiHa
https://orcid.org/0000-0003-4210-1566

Ipuna Kpacrok

Kanzguzar MeiuuHUX HayK, JOLIEHT

HarttioHanbHuit MeanuHuii yHiBepcuteT im. O. O. boromonbrs
01601, 6ynbB. T. [leBuenka, 13, m. KuiB, YkpaiHa
https://orcid.org/0000-0002-3483-5247

JMunamiuna peHocuuHTUrpadis 3 99mTc-DTPA y nudepenuiiiHii
AiarHOCTHUILi rOCTPOro TyOy/IAPHOIr0 HEKPO3y Ta rOCTPOro Bi/[TOPrHEeHHS
HHPKOBOI'0 TPAHCIVIAaHTaTa B PAHHbOMY MOCTTPAHCIJIAHTAL|iliHOMY Tiepiofi

AHoTanjis

AKTyasIbHiCTb. TpaHCIJIaHTaLii HUPKU € BH3HAHUM Yy CBiTi CTaHZApTOM JIiKyBaHHSl TepMiHa/IbHOI CTazAil
HUPKOBOI HEJOCTAaTHOCTI, MPOTe paHHId micadonepayiiHUM Nepiof; 4aCTO YCKJAAHIOETHCA MOPYLIEHHAM
¢yHKIii TpaHcniaHTaTa. HalimomumpeHimyMMuy npudMHaMy paHHboi U CcOYHKIIT € TOCTPUH TYOY/IIpHUN HEKPO3
Ta rocTpe Bi;TOprHeHHs, AudepeHIiiliHa AiarHOCTUKA IKUX 3a/IMIIAETHCS CKJIaZHOI0 Yepe3 CX0XKiCThb KJIiHIYHOI
CUMIITOMaTHKHU Ta OOMEXEHHSI pyTUHHUX METO/iB MOHITOPHUHTY.

MeTa. OnMCOBUIN OIS JAaHUX I[O/0 AiarHOCTUYHOI TOYHOCTI Ta MOXKJIUBOCTEH IUHAMIYHOI peHOCITUHTUTpadii
399mTc-DTPA y po3pisHeHHi rocTporo TyOyJIsipHOr0 HEKPO3Y Ta BiATOPrHeHHs TPaHCIJIaHTATa.

Marepiaim Ta MeTogM. [lomyk peseBaHTHUX My6J1iKaliii NpoBoAMBCA y Mi>KHapoAHUX 6a3ax faHux PubMed,
Scopus, Web of Science Ta Google Scholar, oxomtorouu nepios nepeBaxkHo 3 ciuns 2020 poky o ciuenb 2026
poky. [lo aHasi3y 6ysi0 BKJIIOYEHO JOC/iIKEeHHS, 1[0 PO3IJIsaau 3acToCyBaHHA cUUHTUTrpadii 3 99mTc-DTPA
y IOpPOCIUX MiC/as aJoTpaHCIUIaHTalii HUPKU 3 Bepudikalieo AiarHosy misxoM 6iomncii a6o kJiHiYHOTO
cnoctepexxeHHs. OLiHKa PU3HUKY CUCTeMaTUYHUX NMOXHMO0K PpopMabHO He NPOBOAU/IACH, L0 PO3IJIALAETHCS
K 0O6MeXXeHHsl JjJaHoro orsaay. Y ¢iHasbHUM aHaii3 Oyso BkodyeHo 22 mxepesa. CiiJi BpaxoByBaTH, 1[0
JlaHUH oIvIsi], 06MeXXyBaBCs aHaJIi30M aHIJIO- Ta YKPAaIHOMOBHUX My6JliKaljiH, [0 MOIJIO BIIMHYTH Ha TIOBHOTY
OXOIlJIEHHA CBITOBUX JIaHHUX.

Pe3ynbraTH. AHaJi3 JKepeJsi CBiJUUTD, 1110 KJIYOBUM KpUTepieM cipHTUrpadivyHoi audepeHnianii € oninka
cniBBigHOmWEeHHsA mepdy3il Ta PyHkuil TpancmianTaTta. [ocTpuil TyOY/IsIpHUN HEKPO3 XapaKTepU3YETHCS
deHomeHoM Jucorianii (36epexxeHa nepdysis Ha TV 3HMKEHOI eKCKpeTOpHOI (yHKIii), ToAi K rocrpe
BiITOPTHEHHSI CYNPOBO/PKYETbCSI CHMETPUYHUM MOTiplIeHHsIM TreMoAWHaMiKM Ta ¢QyHKLil BHacJIi0K
Ni/IBUILEHHS CyAUHHOTO0 onopy. BcTaHOBJIEHO, 1110 BUKOPUCTaHHA HalliBaBTOMAaTUYHUX KiJIbKICHUX TapaMeTpiB,
30kpeMainjekciB XisiconaTaKipurHepa,3a6e3neuye BUCOKY KOPeJISAIiI0 3 pe3ysibTaTaMu 6io1cii. 3rijHo 3 JaHUMHU
JliTepaTypH, YyTJAUBICTb MeTOAUKU carae 98 % s AiarHOCTHUKHU rocTporo Ty6yaspHoOro Hekposy Ta 87 %
JJI1 BUSIBJIEHHSA TOCTPOro BigToprHeHHA. EkoHOMIivyHO pocTynHui 99mTc-DTPA 3anniaeTbca onTUMalbHUM
areHTOM /[IJisl pyTHHHOI OLiHKY nepdy3iiHUX iHJeKCiB HaBiTh NpY 3HIKEHIH QyHKII TpaHCcIIaHTaTa.
BucHoBkM. /[luHamiyHa peHocuuHTUrpadias 3 99mTc-DTPA € edekTUBHUM HeiHBa3sUBHHUM METO/[OM
JIarHOCTHUKHY, 1110 J03BOJISI€ BUABJIATH NNOPYIIEHHA FeMOJAUHAMIKH aJIOTPAHCIJIAHTATa Ha JOKJIHIYHOMY eTari.
BukopucTaHHs KiJbKiCHUX iHJeKCiB nepdysii 03BoJsie 06'€KTUBI3yBaTH AiarHOCTUYHUN MpPOILeC, HaAiHHO
po3pi3HATH imeMiuHi Ta iMyHoOJI0TiUHI ycK/IalHEHHS Ta MiHIMi3yBaTH HEOOXiZHICTb NpoBeleHHs] iIHBa3UBHUX
BTPy4aHb, CHPUSIOYU CBOEYACHOMY BUOOPY a/leKBAaTHOI TAKTUKHU JIIKyBaHHS.

KirouoBi c/10Ba: mBU/IKiCTh KJIy60YKOBOI QinbTpalil; TpaHCIIaHTalisl HUpKY; QyHKI[iOHAIbHA BidyaJstidalis;
NOCTTPAHCIJIaHTALiMHI  yCKJIafiHEHHs; JAUCPYHKLiA TpaHCIJIAHTATa; BiATOPrHeHHs TpPaHCIJIAHTATa;
CUMHTUTPadiYHUNA MOHITOPHHL.
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Psychoneuroimmunological mechanisms
of stress-induced mental and psychosomatic disorders

Abstract

Relevance. Psychosomatic disordersrepresentasignificant medical and biological problem, as their development
is linked to the chronic activation of stress-mediating systems, in particular the hypothalamic-pituitary-adrenal
axis and immuno-inflammatory mechanisms, which contribute to the development and progression of somatic
pathology. Despite a considerable body of research, the pathogenesis of psychosomatic disorders requires an
integrative synthesis that takes into account the interaction of neuroendocrine, immunoinflammatory and
metabolic mechanisms, in particular neuroinflammation, glucocorticoid resistance, activation of the kynurenine
pathway and gut dysbiosis. The relevance of this study stems from the need to systematise these data and develop
a comprehensive pathogenetic model that can serve as a basis for improving the diagnosis and treatment of
psychosomatic disorders.

Aim. To systematise current scientific data on the psychoneuroimmunological mechanisms underlying the
development of stress-induced mental and psychosomatic disorders by analysing the neuroendocrine, immuno-
inflammatory, neurotransmitter and microbiome changes that arise under the influence of chronic stress and
contribute to the development of psychosomatic pathology.

Materials and methods. The study involved a narrative analysis of current scientific publications in the PubMed,
PMC and Scopus databases for the period 2015-2025 (187 identified, 26 included in the final analysis). Methods
of systematic analysis, generalisation and comparison of scientific data were employed.

Results. This study systematises an integrative approach to the pathogenesis of psychosomatic disorders,
uniting neuroendocrine, immune, metabolic and microbiome mechanisms into a single, interconnected
cascade. Key points of convergence (the hypothalamic-pituitary-adrenal axis, indoleamine 2,3-dioxygenase
1, neuroinflammation) have been identified, and the concept of a pathological “vicious circle” that drives the
chronicity of the process has been substantiated. It has been shown that chronic stress, via glucocorticoid
resistance, neuroinflammation and kynurenine metabolism, forms a self-reinforcing pathological cycle, which
underlies the chronicity of psychosomatic disorders.

Suggested Citation:
Tsvetkova M, Korzh N, Petrushanko P. Psychoneuroimmunological mechanisms of stress-induced mental and psychosomatic
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pathway; “microbiome-gut-brain” axis.

INTRODUCTION

Psychosomatic and stress-induced mental disorders
are one of the most pressing issues in modern medi-
cine. According to the World Health Organisation [1],
depression is the leading cause of disability world-
wide, whilst anxiety disorders affect over 280 million
people. The prevalence of psychosomatic conditions -
ranging from irritable bowel syndrome to cardiovas-
cular and endocrine comorbidities - is steadily in-
creasing in the context of chronic social stress, making
an understanding of their pathogenetic mechanisms a
clinical priority. The central component of the stress
response is the hypothalamic-pituitary-adrenal axis
(HPA axis). N.W. Churchill et al. [2] described gluco-
corticoids in their work as “final effectors of the stress
response”, which regulate the transcription of hun-
dreds of genes and determine whether acute stress
will progress to a chronic condition. It is precisely the
prolonged hyperactivation of the HPA axis, leading
to the development of glucocorticoid resistance - a
condition in which cortisol loses its anti-inflammato-
ry and inhibitory function - that is now regarded as
the key pathogenetic mechanism linking psychologi-
cal stress to somatic dysfunction. E. Knezevic et al. [3]
examined how chronic hypercortisolism causes hip-
pocampal atrophy, excitotoxicity via NMDA receptors
and suppression of brain-derived neurotrophic factor
(BDNF), thereby forming the neurobiological sub-
strate of depression and post-traumatic stress disor-
der (PTSD). In parallel with neuroendocrine changes
during chronic stress, the immune system is activated.
C.M. Pariante [4] emphasised in his review that glu-
cocorticoid resistance is a central link between stress
and systemic inflammation: when cortisol loses its
ability to suppress NF-xB, levels of IL-1f, IL-6 and
TNF-arise steadily, maintaining a chronic inflammato-
ry state. D.L. Wong et al. [5] demonstrated that chronic
catecholamine activation independently exacerbates
oxidative stress in the endothelium and triggers cardi-
omyocyte apoptosis, which explains the cardiovascu-
lar comorbidity associated with depression and PTSD.

An important molecular link between inflamma-
tion and neurotransmitter disturbances is the kynure-
nine pathway of tryptophan metabolism. A.H. Miller
& C.L. Raison [6] proposed a concept whereby cy-
tokine-induced activation of indoleamine-2,3-di-
oxygenase (IDO1) redirects tryptophan away from
serotonin synthesis towards the accumulation of neu-
rotoxic metabolites - quinolinic acid and 3-hydroxy-
kinurenine - which directly contributes to cognitive
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Conclusions. Psychosomatic pathology should be regarded as a systemic, multifactorial process in which the
interaction of neuroendocrine, immune and microbiome regulation plays a key role.

Practical value. The findings presented here can be used to deepen the understanding of the pathogenesis of
psychosomatic diseases and to identify promising therapeutic targets.
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and affective disturbances. A.A. Badawy et al. [7] con-
firmed the clinical significance of this mechanism in a
systematic review, noting an increased KYN/Trp ratio
in patients with major depressive disorder, PTSD and
chronic fatigue syndrome. In current discourse, un-
derstanding of the role of the “microbiome-gut-brain”
axis (MGBA) in the pathogenesis of stress-related
disorders has expanded significantly. In their review,
J. Khlevner et al. [8] characterised this axis as a mul-
ti-level communication system comprising neural (va-
gus nerve), immune (cytokines, Toll-like receptors),
endocrine and metabolic pathways. R.G. Xiong et
al. [9] found that in depression and anxiety disorders,
the microbiome is characterised by a reduction in an-
ti-inflammatory producers of short-chain fatty acids
(Faecalibacterium prausnitzii, Roseburia) and an in-
crease in pro-inflammatory taxa (Enterobacteriaceae),
whilst dysbiosis and increased intestinal permeability
trigger a systemic inflammatory cascade that sustains
neuroinflammation.

Despite a significant body of research, an integra-
tive pathogenetic model that unites neuroendocrine,
immune, metabolic and microbiome mechanisms into
a single interconnected cascade remains insufficiently
systematised. In particular, the points of convergence
between HPA axis dysfunction, IDO1 activation and
dysbiosis - as components of a single “vicious circle”
that drives the chronicity of the process - have not
been fully described. A. Warren et al. [10] emphasised
the need to consider these mechanisms holistically, as
an isolated analysis of individual links in the patho-
genesis does not allow for the identification of optimal
therapeutic targets. A. Verma et al. [11] also emphasise
that stress-induced dysregulation of the microbiome,
metabolome and hormonal axis forms a mutually rein-
forcing cycle that requires a comprehensive therapeu-
tic approach. Thus, the systematisation of current data
and the development of a comprehensive pathogenetic
model of psychosomatic disorders is a pressing task,
both for deepening scientific understanding of the
problem and for justifying new diagnostic and thera-
peutic strategies. The aim of the study was to conduct
a comprehensive analysis of current understanding of
the psychoneuroimmunological basis of stress-induced
mental and psychosomatic disorders, with a focus on
determining the role of neuroendocrine dysregulation,
the immuno-inflammatory response, neurotransmit-
ter disturbances and changes in the gut microbiome in
the pathogenesis of psychosomatic pathology.
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MATERIALS AND METHODS

A narrative literature review incorporating elements
of a structured search was conducted to identify rel-
evant studies investigating the pathogenetic mecha-
nisms of psychosomatic disorders induced by chron-
ic stress. Three electronic databases were searched:
PubMed, PMC, and Scopus. The search strategy was
based on the following keywords: “stress-mediat-
ing systems”, “hypothalamic-pituitary-adrenal axis”,
“glucocorticoid resistance”, “neuroinflammation”,
“psychoneuroimmunology”, “kynurenine pathway”,
“microbiome-gut-brain axis”, and “psychosomatic dis-
orders”. These terms were used both individually and
in combination using the Boolean operators AND and
OR. The search was primarily limited to English-lan-
guage publications published between 2015 and 2025,
yielding an initial total of 187 publications. The selec-
tion process was carried out in two stages. In the first
stage, the titles and abstracts of all the publications
found were independently reviewed by two research-
ers to assess their relevance to the research question;
based on the results of this stage, 64 publications were
selected. Studies that clearly did not investigate the
neuroendocrine, immune or metabolic mechanisms
underlying the development of psychosomatic pathol-
ogy were excluded. In the second stage, the full texts of
64 potentially suitable articles were obtained and also
independently assessed; following a full-text analysis,
26 sources were included in the final dataset. Among
the selected publications were: a fundamental review
of cortisol physiology by J. Kaur et al. [12], as well as
works by D.S. Goldstein et al. [13-14], devoted to the
role of catecholamines in stress responses and their
link to neurodegenerative processes. Disagreements
regarding the inclusion or exclusion of individual pub-
lications were resolved through collegial discussion
until a consensus was reached. Articles were included
in the analysis provided they met the following cri-
teria: direct investigation of the pathogenetic mech-
anisms of psychosomatic disorders in the context of
the stress response; publication in a peer-reviewed
journal indexed in Scopus. Publications with similar
or duplicative content were excluded (preference was
given to works of higher methodological quality or
greater relevance), as were conference abstracts and
proceedings, and articles that did not meet the criteria
for an evidence base. Following the selection process,
a corpus of 26 publications was compiled, on the basis
of which an integrative pathogenetic model of psycho-
somatic disorders was developed using methods of
systematic analysis, generalisation and comparison.

RESULTS AND DISCUSSION
A key factor in the development of psychosomatic dis-
orders is the chronic activation of stress-mediating
systems, in particular the hypothalamic-pituitary-dre-
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nal axis and the sympathoadrenal system [1, 6]. In
response to prolonged psycho-emotional stress, the
secretion of corticoliberin, adrenocorticotropic hor-
mone and cortisol increases, which is initially of an
adaptive nature [12]. Chronic hyperactivation of these
systems leads to excessive production of cortisol and
catecholamines. The first, immediate “line of defence”
against stress is provided by the sympathetic-adrenal
system (SAS). A perceived stressor, via the cortical
associative areas and the amygdala, activates the hy-
pothalamic preoptic and paraventricular nuclei, from
where descending sympathetic pathways reach the
adrenal medulla. Chromaffin cells are responsible for
a massive release of adrenaline (80-85% of secretion)
and noradrenaline (15-20%) into the bloodstream.
This response develops within seconds and is known
by the classic term “fight-or-flight” [13]. D.L. Wong et
al. [5] demonstrated that adrenaline not only performs
a short-term regulatory function, but, upon chronic
activation, becomes a direct factor in tissue damage:
it stimulates oxidative stress in the endothelium by
increasing the production of reactive oxygen species
(ROS), activates NF-kB-mediated inflammatory sig-
nalling, accelerates cardiomyocyte apoptosis and en-
hances platelet aggregation. Furthermore, via $2-re-
ceptors, adrenaline suppresses natural Killer (NK)
cells and alters the cytokine profile, which explains
the immunosuppression observed during acute stress.
Takotsubo syndrome (stress-induced cardiomyopa-
thy) is an extreme example of the cardiotoxicity of cat-
echolamines: following emotional trauma, a massive
release of adrenaline causes transient dysfunction of
the left ventricular apex, which clinically resembles
acute myocardial infarction. The pathophysiological
mechanism involves the direct toxic effect of supra-
physiological concentrations of catecholamines and
spasm of the small coronary vessels [5].

The second level of the stress response, the HPA
axis, is activated more slowly but has longer-lasting
effects. In response to stress, neurons in the paraven-
tricular nucleus of the hypothalamus release corti-
cotropin-releasing hormone (CRH) and arginine vaso-
pressin (AVP), which stimulate the corticotropic cells of
the pituitary gland to secrete adrenocorticotropic hor-
mone (ACTH). ACTH acts on the zona fasciculata of the
adrenal glands, activating the synthesis of cortisol [12].
At the cellular level, cortisol interacts with mineralo-
corticoid receptors (MRs, high affinity) and glucocorti-
coid receptors (GRs, lower affinity). MRs are active at
basal levels and provide “proactive” inhibition, whilst
GRs are activated during stress and provide “reactive”
inhibition. In the brain, MRs have a neuroprotective ef-
fect, whereas excessive activation of GRs may contrib-
ute to neurotoxicity [3]. The genomic action of cortisol
is mediated through binding to GRs, their translocation
into the nucleus and interaction with glucocorticoid



response elements or transcription factors (NF-xB,
AP-1), which alters gene expression (hours) and
brings about a large-scale reprogramming of cellular
metabolism, the immune response and neuroplas-
ticity. Non-genomic effects occur more rapidly - via
membrane receptors and signalling cascades (MAPK/
ERK) [2-3]. Under conditions of chronic stress, gluco-
corticoid resistance develops, manifesting as a reduc-
tion in receptor sensitivity to cortisol. Prolonged hy-
percortisolism leads to a reduction in the density and
sensitivity of glucocorticoid receptors in target tissues
(the hippocampus, pituitary gland, hypothalamus and
immune cells). “Glucocorticoid resistance” ensues - a
condition in which, despite elevated cortisol levels, its
anti-inflammatory and inhibitory effects on the HPA
axis are attenuated. E. Knezevic et al. [3] described
numerous pathological consequences of chronic hy-
percortisolism in a systematic review: in hippocampal
neurons, excessive activation of the GR leads to hyper-
excitation of glutamate NMDA receptors (excitotoxici-
ty), oxidative stress, suppression of neurogenesis in the
dentate gyrus, atrophy of dendritic spines and a reduc-
tion in hippocampal volume. These changes are well
documented in patients with major depressive disor-
der and PTSD. Concurrently, chronically elevated CRH
in the amygdala enhances fear memory and reactivity,
forming the neurobiological basis of anxiety.

Another form of dysregulation - hypocortisolism
associated with increased sensitivity of the GR - is
characteristic of PTSD. C.M. Pariante [4] demonstrated
that in PTSD, the number of lymphocytic GR is signif-
icantly elevated, whilst daily cortisol excretion is re-
duced compared with healthy individuals and patients
with major depression. This phenomenon is interpret-
ed as compensatory hypersensitivity of the GR follow-
ing initial stress-induced exhaustion, or as an epige-
netic adaptation that reprogrammes the HPA axis to
a “conservative” mode following massive stress. It is
of fundamental importance that, in PTSD and major
depression, dysregulation of the HPA axis occurs in
opposite directions, although in both cases it is patho-
genic. Regulation of the stress response at the level of
the central nervous system (CNS) is mediated through
the interaction of the hippocampus, the amygdala and
the medial prefrontal cortex (mPFC): the hippocam-
pus is responsible for contextual processing and the
inhibition of stress-related memories, the amygdala
for the initial assessment of threat and the formation
of a fear response, whilst the mPFC provides top-down
cognitive control over its activity. Under chronic stress,
this system becomes unbalanced: the hippocampus
atrophies as a result of glucocorticoid-induced neu-
rotoxicity, the amygdala hypertrophies and becomes
hyperreactive, whilst the mPFC loses its ability to ef-
fectively inhibit it due to the weakening of inhibitory
gamma-aminobutyric acid (GABAergic) projections.
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As a result, a state of chronic “readiness for danger”
develops, characteristic of anxiety disorders, de-
pression and PTSD. Cortisol inhibits the synthesis of
brain-derived neurotrophic factor (BDNF), and its re-
duction in the hippocampus and BDNF is one of the
most consistently observed molecular correlates of
depression. BDNF is essential for neuronal survival,
synaptogenesis and neurogenesis, and the restoration
of its levels is considered one of the mechanisms of
action of SSRIs, electroconvulsive therapy and phys-
ical exercise. Chronic hypercortisolism also disrupts
neurotransmitter systems: it reduces the sensitivity
of 5-HT1A serotonin receptors, inhibits tryptophan
hydroxylase activity, decreases dopamine availabili-
ty in the mesolimbic system - contributing to anhe-
donia - and enhances glutamatergic excitation in the
hippocampus, leading to the development of excito-
toxicity [3]. The interaction between glucocorticoid
receptors and the noradrenergic system confers pro-
nociceptive properties on hypercortisolism, which is
significant in the development of psychosomatic pain.

As noted by A. Warren et al. [10] and D.S. Gold-
stein et al. [13], glucocorticoid resistance leads to a
loss of cortisol’s anti-inflammatory effect and the acti-
vation of systemic inflammation. This is accompanied
by increased levels of pro-inflammatory cytokines, in
particular interleukin-1p, interleukin-6 and tumour
necrosis factor-o [14-16]. Systemic inflammation is as-
sociated with the development of neuroinflammation
through the activation of microglia - the primary im-
munocompetent cells of the central nervous system [2,
7, 17]. Activated microglia produce pro-inflammato-
ry mediators, as well as reactive oxygen and nitrogen
species, which disrupt neuronal plasticity, synaptic
transmission and neurotransmitter balance, as high-
lighted by H.Y. Tang et al. [18], N. Mourtzi et al. [19]
and G. Turecki et al. [20]. It has been established that
disruption of glucocorticoid signalling leads to a loss
of control over the immune response and the develop-
ment of systemic inflammation. Activation of microglia
and elevated levels of pro-inflammatory cytokines give
rise to a state of neuroinflammation, which is key to the
development of psychosomatic disorders. Under condi-
tions of chronic stress, cortisol, despite elevated blood
levels, gradually loses its ability to suppress inflamma-
tion. This occurs through several mechanisms. Firstly,
pro-inflammatory cytokines chemically modify the glu-
cocorticoid receptor (GR) in such a way that it is less
able to enter the cell nucleus and cannot perform its
function. Secondly, cytokines stimulate the formation
of an “inactive” form of the GR (the B-isoform), which
blocks the function of the main form of the receptor.
Thirdly, chronic inflammation activates the NF-«B sig-
nalling factor, which competes with the GR for the reg-
ulation of the same genes. The result is a pathological
vicious cycle (Fig. 1).
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The Vicious Cycle of Glucocorticoid Resistance

STRESS
="| " psychological / physical trigger [ ***+.

T STRESS

increased reactivity of the
HPA axis

INFLAMMATION

systemic and
neuroinflammation

1 CORTISOL

activation of the
HPA axis

T CYTOKINES
IL-1B - IL-6 - TNF-a - IFN-y

e RESISTANCE
cells do not respond
to cortisol

Figure 1. The pathological vicious cycle of glucocorticoid resistance
Source: compiled by the authors based on E. Knezevic et al. [3], C.M. Pariante [4], D.S. Goldstein et al. [13]

As shown in Figure 1, glucocorticoid resistance
develops as a self-perpetuating pathological cycle, in
which chronic stress and increased cortisol secretion
are accompanied by the activation of pro-inflammatory
cytokines, a reduction in the sensitivity of target cells to
cortisol, and the subsequent maintenance of neuroin-
flammation. Pro-inflammatory cytokines (IL-1f, IL-6,
TNF-a, IFN-y) themselves also activate the HPA axis,
stimulating further secretion of CRH by the hypothala-
mus. They increase the permeability of the blood-brain
barrier (BBB) - a protective structure separating the
blood from brain tissue - and enter the central nerv-
ous system (CNS), where they activate microglia - spe-
cialised immune cells of the brain. Activated microglia
begin to release substances that damage neurons: ex-
cess glutamate (the main excitatory neurotransmitter),
free radicals, nitric oxide and other pro-inflammatory
molecules. At the same time, it inhibits the function of
astrocytes - the “support” cells of neurons that provide
them with nourishment and protection - in particu-
lar, reducing the production of the neurotrophic factor
BDNF [21]. The accumulation of excess glutamate leads
to excessive neuronal excitation via NMDA receptors -

a process known as excitotoxicity, which is one of the
key mechanisms underlying hippocampal neuronal
death in depression. It is precisely this mechanism that
underpins the action of ketamine: by blocking NMDA
receptors, it rapidly eliminates excessive excitation,
restores synaptic connections and increases BDNF
levels - all within a few hours, significantly faster than
conventional antidepressants [3]. The key mechanism
linking immune and neurotransmitter changes is the cy-
tokine-induced activation of IDO1, which causes a shift
in tryptophan metabolism from the serotonin pathway
to the kynurenine pathway [8]. This leads to a reduc-
tion in serotonin levels - which are important in the
development of affective and somatoform disorders -
and to the accumulation of neuroactive metabolites [5,
21-22]. The kynurenine pathway of tryptophan metab-
olism acts as a molecular link between inflammation
and neurotransmitter disturbances. Upon activation of
the IDO1 enzyme, tryptophan is redirected from ser-
otonin synthesis towards the formation of neurotoxic
metabolites, in particular quinolinic acid [7-6]. Table 1
summarises information on the main metabolites of the
kynurenine pathway and their neurobiological role.

Table 1. Density and porosity of studied travertine samples

Metabolite Mechanism of action

Effect Clinical significance

Substrate for both branches of the
kynurenine pathway (KP); competes
with tryptophan (Trp) for transport
across the blood-brain barrier (BBB)

Kinurenine (KYN)

Reduces the availability of
Trp for serotonin

T in cases of depression,
sepsis
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Table 1. Continued

Metabolite Mechanism of action

Effect Clinical significance

Quinoline acid (QA) oxidative stress through Fe**

chelation

NMDA receptor agonist; induces

T in the CSF of patients with
depression, Alzheimer’s
disease, and Parkinson’s

disease

Excitotoxicity, apoptosis of
hippocampal neurons

Kynurenic acid (KYNA)

NMDA receptor and a7 nicotinic

Reduced in depression;

Neuroprotection, reduced .
p the primary target of new

acetylcholine receptor antagonist excitabilit .
Y p § Y antidepressants
3-Hydroxykinurenine Generates reactive oxygen species .. T in cases of PTSD and
. . Neurotoxicity ) .
(3-HK) (ROS); activates neuronal apoptosis schizophrenia
T Neuroprotective and antioxidant; Anti-inflammatory, anti- ! in cases of Alzheimer’s
Picolinic acid (PA) . . .
chelates metal ions apoptotic disease

Note: 1 — an increase in the level or activity of the relevant metabolite/parameter; | —a decrease in the level or activity
Source: compiled by the authors based on A.H. Miller & C.L. Raison [6], A.A. Badawy et al. [7], K. Ogyu et al. [16]

IDO1 represents a key point of convergence be-
tween the HPA stress response, immune activation,
and neurochemical alterations. Pro-inflammatory cy-
tokines, particularly IFN-y and IL-6, stimulate IDO1
activity, whereas cortisol released during the stress
response initially suppresses IDO1 as part of its an-
ti-inflammatory action. However, under conditions of
chronic inflammation and glucocorticoid resistance,
this inhibitory effect is lost. Consequently, persistent
IDO1 hyperactivation reflects the simultaneous dysreg-
ulation of both neuroendocrine and immune regulatory
systems. A clinical study by A.H. Miller & C.L. Raison [6]
confirmed that kynurenine concentrations and the
KYN/Trp ratio - a recognised marker of IDO1 activity -

5. NEUROTOXICITY

QA and 3-HK cause
neurotoxicity, activate
microglia and stimulate
further production
of cytokines\ .

4. KYNURENINE
PATHWAY
Kynurenine metabolism
generates neurotoxic
compounds

Quinelinic acid

. (QA) + 3-hydroxy-
kynurenine (3-HK)

1. NEUROINFLAMMATION

Activation of microglia
and release of
pro-inflammatory
cytokines

e o

THE PATHOLOGICAL
VICIOUS CYCLE OF
NEUROINFLAMMATION

are significantly elevated in patients with major de-
pressive disorder, PTSD, chronic fatigue syndrome, and
in patients with cancer receiving cytokine-based immu-
notherapy. Notably, administration of IFN-« for chronic
hepatitis C induces a clinical syndrome resembling ma-
jor depressive disorder in a proportion of patients, pre-
dominantly through activation of the IDO1-dependent
kynurenine pathway. Quinolinic acid activates NMDA
receptors and promotes excitotoxic neuronal injury,
while 3-hydroxykynurenine possesses potent pro-oxi-
dant properties that further enhance neuronal damage
and sustain neuroinflammation [8,20]. Together, these
mechanisms establish the pathological vicious cycle of
“neuroinflammation-neurotoxicity” (Fig. 2).

2. CYTOKINES

Interferons and other
cytokines activate
IDO1

Activation of indoleamine
2,3-dioxygenase

Tryptopt t’ s i
1 Kynurenine

Figure 2. The pathological vicious cycle of “neuroinflammation—neurotoxicity”
Source: compiled by the authors based on A.H. Miller & C.L. Raison [6], A.A. Badawy et al. [7]
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At the same time, it should be noted that activation
of the kynurenine pathway is not a universal marker of
depressive disorders: an increased KYN/Trp ratio and
IDO1 activity are not observed in all patients with ma-
jor depressive disorder, and their severity varies con-
siderably depending on the degree of inflammation, co-
morbid somatic conditions and the study methodology.

This limits the consideration of the kynurenine path-
way as the sole or obligatory pathogenetic mechanism
of depression and points to the need for further stratifi-
cation of patients into biological subtypes [16-17]. The
integrative model presented in Figure 3 illustrates the
sequence of pathogenetic events from the primary trig-
ger to the final clinical outcome.

Integrative model of psychosomatic disorder pathogenesis under chronic stress

CHRONIC STRESS

primary trigger of the cascade

HPA axis + SAS activation
T cortisol - T catecholamines

Glucocorticoid resistance
J GR receptor sensitivity

Systemic inflammation

Tit-1- T 1L-6- T INFa

Neuroinflammation
microglial activation, BBB disruption

IDO1 ACTIVATION

convergence point: immune + neuroendocrine regulation

Kynurenine pathway = neurotoxic metabolites
kynurenine, quinolinic acid — chronicity link

chronicity loop

A

PSYCHOSOMATIC DISORDERS
depression - IBS - CVD, etc.

Figure 3. An integrative model of the pathogenesis of psychosomatic disorders in chronic stress
Source: compiled by the authors based on E. Knezevic et al. [3], C.M. Pariante [4], A.H. Miller & C.L. Raison [6]

The primary component of the model is chron-
ic stress, which triggers a cascade through the acti-
vation of the HPA axis and the SAS, accompanied by
increased levels of cortisol and catecholamines. The
intermediate components of the model develop se-
quentially: glucocorticoid resistance (reduced recep-
tor sensitivity to cortisol), loss of immune control,
systemic inflammation (elevated IL-1, IL-6, TNF-a)
and microglial activation with disruption of the blood-
brain barrier, which together constitute a state of neu-
roinflammation. The key point of convergence in the
model is the activation of IDO1, which integrates the
immune (cytokine-dependent) and neuroendocrine
(cortisol-dependent) signalling pathways, switching
tryptophan metabolism to the kynurenine pathway.
This forms an intermediate link in the chronicisation
process: the accumulation of neurotoxic metabolites
(kinurenine, quinolinic acid) sustains and exacerbates
neuroinflammation, creating a self-reinforcing cycle -
it is precisely this cyclical nature, rather than a linear
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sequence, that determines the chronic and progres-
sive nature of the pathology. The final components of
the model are neurodegeneration/dysfunction and
the psychosomatic disorders themselves (depression,
IBS, cardiovascular diseases, etc.). Based on the log-
ic of the model, potential therapeutic targets include:
glucocorticoid receptors (restoration of sensitivity),
pro-inflammatory cytokines (anti-cytokine therapy),
the IDO1 enzyme (IDO1 inhibitors) and the gut micro-
biome (probiotic correction of dysbiosis), as interven-
tion at the convergence points is theoretically capable
of breaking the self-perpetuating cycle of chronicity
more effectively than targeting individual peripheral
links in the cascade. An additional factor is the state
of the gut microbiome [23-24]. Dysbiosis is accom-
panied by increased intestinal barrier permeability
and the translocation of lipopolysaccharides into the
bloodstream, which activates Toll-like receptors and
enhances cytokine production, thereby sustaining sys-
temic and neuroinflammation [4, 11, 25].



The concept of the MGBA axis has evolved from
a hypothesis into a well-established neurobiological
paradigm. It is a multi-level communication system
comprising a neural channel involving the vagus nerve
and the enteric nervous system, an immune channel
involving cytokines, Toll-like receptors and microglial
activation, an endocrine pathway involving hormones
and neuropeptides, notably serotonin, peptide YY,
GLP-1 and melatonin, as well as a metabolic pathway
represented by short-chain fatty acids and other mi-
crobial metabolites [11]. The microbiome weighs ap-
proximately 1-2 kg, and the number of microbial cells
is roughly equal to the number of cells in the body.
Around 90-95% of the body’s serotonin is synthesised
in the gut by enterochromaffin cells - primarily under
the regulatory influence of gut bacteria and their me-
tabolites, but not directly by the bacteria themselves.
The gut microbiome is also involved in the synthesis of
GABA, acetylcholine, noradrenaline and dopamine in
quantities sufficient for local neuroregulation. Further-
more, gut bacteria are the principal producers of short-
chain fatty acids, which perform numerous systemic
physiological functions and act as histone deacetylase
inhibitors, thereby serving as important epigenetic reg-
ulators [23]. Psychological stress and elevated cortisol
alter the composition of the microbiome through sev-
eral mechanisms. Sympathetic activation reduces blood
flow to the gut and the secretion of protective mucus,
which suppresses the commensal microflora. Cortisol
increases intestinal permeability by disrupting tight
junctions in enterocytes, in particular by reducing lev-
els of claudin-1 and ZO-1, as a result of which bacterial
antigens, such as lipopolysaccharide, enter the blood-
stream and activate Toll-like receptor 4, triggering sys-
temic inflammation. Catecholamines further stimulate
the growth of pathogenic bacteria, notably Escherichia
and Salmonella [19].

The microbiome’s feedback effect on the hypotha-
lamic-pituitary-adrenal axis is mediated via microbial
metabolites of tryptophan and short-chain fatty acids,
which regulate serotonin secretion by enteroendocrine
cells and influence signalling via the vagus nerve to the
hypothalamus. Bacterial lipopolysaccharides are also
capable of stimulating the secretion of corticotropin-re-
leasing hormone. Certain strains of Lactobacillus and Bi-
fidobacterium produce GABA and reduce cortisol levels
during stress [23]. A systematic review by R.G. Xiong et
al. [9] showed that in depression and anxiety disorders,
the microbiome is characterised by a reduction in an-
ti-inflammatory producers of short-chain fatty acids,
such as Faecalibacterium prausnitzii and Roseburia,
and an increase in pro-inflammatory taxa, particularly
Enterobacteriaceae. A reduction in Faecalibacterium
is one of the most consistently reported markers of
depression. Increased intestinal permeability during
chronic stress triggers a systemic inflammatory cas-
cade, involving the activation of Toll-like receptor 4, the
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nuclear factor NF-xB, the production of pro-inflam-
matory cytokines and the subsequent activation of
microglia, leading to the development of neuroinflam-
mation. The “microbiota-inflammasome-brain” theory
highlights the role of the NLRP3 inflammasome as an
additional mechanism in depression, particularly in
patients with inflammatory bowel disease. Therapeu-
tic data from A. Icenhour et al. [23] demonstrated that
probiotics, specifically Lactobacillus helveticus R0052
in combination with Bifidobacterium longum R0175,
reduce cortisol levels and symptoms of anxiety and
depression, whilst the use of Lactobacillus plantarum
JYLP-326 and Bifidobacterium breve CCFM1025 en-
hances the efficacy of standard pharmacotherapy, ac-
companied by normalisation of the microbiome and
tryptophan metabolism. However, the clinical evidence
base regarding the efficacy of probiotics in psychiatry
remains inconsistent: the results of individual ran-
domised trials are contradictory, the effects are often
strain-specific and not transferable to other probiotic
preparations, and most studies have small sample sizes
and short follow-up periods. Thus, the role of probiotics
as an adjunctive therapy for mental disorders requires
confirmation in larger-scale and methodologically
sounder clinical trials before they can be recommended
for widespread clinical use [9, 23].

Irritable bowel syndrome is the most common
functional gastrointestinal disorder, with a prevalence
of 10-15% and a higher incidence in women,; it is char-
acterised by chronic abdominal pain, bowel dysfunc-
tion and bloating without structural abnormalities.
According to the Rome IV criteria and the DGBI con-
cept, IBS is regarded as a disruption of the brain-gut
axis, rather than a purely “psychological” or “organic”
disease. Psychological stress is a trigger for flare-ups in
over 70% of patients; at the same time, IBS itself per-
petuates chronic stress via a bidirectional loop. Early
childhood stress is associated with the development
of IBS through epigenetic changes in the HPA axis, in
particular NR3C1 methylation [18]. Studies by A. Icen-
hour et al. [23] and L. Fardet et al. [24] demonstrated
hyperreactivity of the HPA axis in IBS: an increased
ACTH response to CRH, reduced activation of the me-
dial prefrontal cortex and an enhanced intestinal motor
response, which is associated with visceral hypersen-
sitivity. CRH and cortisol accelerate intestinal transit,
activate mast cells, increase intestinal permeability
and alter the microbiome, thereby promoting microin-
flammation. An increase in CRH-positive neurons in the
submucosal plexus has also been observed, indicating
local hyperactivation of the CRH system [18]. Thus, the
pathogenesis of psychosomatic disorders involves an
interaction of neuroendocrine, immune and metabolic
mechanisms, at the centre of which lies a vicious circle
of glucocorticoid resistance, chronic inflammation, ac-
tivation of the kynurenine pathway and the neurotoxic
effects of its metabolites [4, 6, 9]. This is consistent with
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current concepts in psychoneuroimmunology, notably
those of A. Farzi et al. [25] and X. Gong et al. [26], and
justifies the need for an integrative approach to ther-
apy. Chronic neuroinflammation also causes metabol-
ic changes in the CNS through the activation of IDO1,
which shifts tryptophan metabolism towards the ky-
nurenine pathway, leading to the accumulation of neu-
rotoxic metabolites that further activate microglia and
perpetuate the pathological “vicious circle” of neuroin-
flammation and neurotoxicity.

CONCLUSIONS
1. Based on a review of the literature, this study system-
atises current understanding of the role of stress-medi-
ating systems - the hypothalamic-pituitary-adrenal axis
andthesympathetic-adrenalsystem-inthedevelopment
of psychosomatic disorders, which manifest through
neuroendocrine, immune and metabolic mechanisms.

2. A review of the literature has shown that a key
link in the pathogenesis is the dysregulation of gluco-
corticoid signalling in the form of glucocorticoid re-
sistance, which leads to a loss of control over the in-
flammatory response and the development of systemic
inflammation.

3. According to the literature, neuroinflammation
acts as a central pathogenetic mechanism, arising as
a result of microglial activation, increased levels of
pro-inflammatory cytokines and impaired blood-brain
barrier permeability.

4. An analysis of current sources provides grounds
for asserting that the kynurenine pathway of trypto-
phan metabolism, via IDO1 activation, is a key point of
convergence between the immune and neuroendocrine
systems, contributing to the accumulation of neurotox-
ic metabolites and the development of cognitive and
affective disorders.

5. Based on a review of the literature, the role of
the microbiome-gut-brain axis as an important modi-
fier of stress-induced changes has been substantiated,
through its influence on intestinal barrier permeability,
the production of lipopolysaccharides and the activa-
tion of systemic inflammation.

6. Based on a synthesis of scientific data, an integra-
tive pathogenetic model has been proposed that unites
hyperactivation of the HPA axis, neuroinflammation,
kynurenine metabolism, epigenetic changes and micro-
biome dysbiosis into a single interconnected cascade.

7. Based on a review of the literature, a pathologi-
cal “vicious circle” has been identified, in which chronic

stress, via glucocorticoid dysfunction and immune ac-
tivation, sustains a self-reinforcing system of neuroin-
flammation that underlies the chronicity of psychoso-
matic disorders.

8. An analysis of the current scientific literature
supports the need to view psychosomatic pathology as
a systemic, multifactorial process in which the interac-
tion of neuroendocrine, immune and microbiome regu-
lation plays a key role.

Limitations of the study. The study has a number
of limitations. Firstly, the narrative nature of the review,
which incorporates elements of a systematic search,
does not rule out subjectivity in the selection and inter-
pretation of sources. Secondly, a significant proportion
of the mechanisms analysed (in particular, the role of
IDO1, the microbiome and epigenetic changes) have
been studied predominantly in animal models or in
small clinical samples, which limits the direct transfer
of findings to clinical practice. Thirdly, the heterogene-
ity of the nosological groups (depression, PTSD, IBS,
cardiovascular disorders), which were considered col-
lectively within the psychosomatic model, complicates
the formulation of universal pathogenetic patterns.

Prospects for further research. Promising are-
as for further research include: conducting systematic
reviews and meta-analyses for individual nosological
groups, taking into account the specific nature of their
pathogenetic mechanisms; clinical validation of the
proposed integrative model through multicentre co-
hort studies; investigating IDO1 and metabolites of the
kynurenine pathway as potential biomarkers of severi-
ty and prognosis in psychosomatic disorders; and stud-
ying probiotic and targeted psychopharmacological
interventions aimed at key convergence points in the
described pathogenetic cascade.
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IlcxoHeHpOoiMyHOJ/IOTiUHI MeXaHi3MHU
CTpec-iHAyKOBAaHMX MCUXIYHUX i MCUX0COMAaTUYHHUX PO3/1ajiB

AHoTanis

AxkTyanbHicTb. [IcuxocoMaTH4Hi po3/aZidi CTAHOBJISATHL 3HAYYLly MeAuKO-6ioJioriuHy Mpo6JseMy, OCKiIbKH
ixHii pO3BUTOK MOB’SI3aHUM i3 XPOHIYHOI AKTHUBALEI CTpec-peasi3yroyux CUCTeM, 30KpeMa TilnoTalaMo-
rinodizapHo-HaAHUPKOBOI Oci Ta IMyHO3anaJbHUX MeXaHi3MiB, 1110 CIPUSI0Th GOPMYBaHHIO i MPOrpecyBaHHIO
comMaTu4yHoi martoJsorii. [lompu 3HAYHUM o06CAT JOCHIIKeHb, IAaTOTeHe3 ICUXOCOMAaTUYHUX pO3JaJiB
noTpebye iHTErpaTUBHOIO y3arajJbHEHHS 3 ypaxyBaHHSM B3aeMO/il HeMpOeHJOKPHHHUX, iIMyHO3aaJlbHUX
i MeTabosiyHMX MeXaHi3MiB, 30KpeMa Helpo3samasieHHs, IVIIOKOKOPTUKOIZHOI PEe3UCTEHTHOCTI, aKTHBalil
KiHypeHiHOBOTO HUISAXy Ta JUc6io3y KHUIIEeYHHKA. AKTYaJbHICTh [JOCJi[PKEHHS 3yMOBJIEHA HeoOXiJ|HiCTIO
cucTeMaTHU3alil [ux JaHUX i opMyBaHHSA I[iJ1iCHOI MaTOreHETUYHOI MO/ eJli, III0 MOXKe CJIYTYBATH OCHOBOIO JIJIsl
B/JIOCKOHaAJIEHHS AiarHOCTUKU U Tepamnil ICUX0COMaTUYHUX PO3JIaZiB.

Merta. CucTeMaTU3yBaTH Cy4acHi HAYKOBI ZlaHi {010 ICUXOHEeNPOIMyHOJIOTIYHUX MeXaHi3MiB pO3BUTKY CTpec-
IHAYKOBaHUX ICUXIYHUX | ICUXOCOMAaTUYHUX PO3J1a/iiB IIJIIXOM aHaJli3y HeMPOeHJOKPUHHHUX, IMyHO3aNna/lIbHUX,
HelpoMe/1iaTOPHUX Ta MiKpO6iOMHUX 3MiH, IKi BHHUKAIOTh I1i/i BIVINBOM XPOHIYHOTO CTpecy Ta 6epyTh y4acThb
y dopMyBaHHI ICUXOCOMAaTUYHOI MATOJIOTII.

Marepiaim Ta MeTOoAM. Y [JOC/i/PKEHH]I POBEeJIeHO HapaTUBHUH aHa/i3 Cy4acHUX HAYKOBHUX MyOJsikamiil y
6a3ax saHux PubMed, PMC, Scopus 3a2015-2025 poku (187 3HaliieHuUX, 26 BKJIIOYEHO 10 GpiHaIBbHOTr0 aHai3y).
BukopucTaHo MeTOAM CUCTEMHOI0 aHaJli3y, y3araJbHeHHs Ta NOPIBHAHHA HAyKOBHUX JJAHUX.

Pe3yabraTH. Y po60Ti CCTEMAaTH30BaHO iHTETPAaTUBHUX MiAXi/| 10 MaToreHe3y MCUXOCOMATHYHUX PO3JIAJIIB,
1110 06’€JHY€E HEMPOEHIOKPUHHI, IMyHHI, MeTab0Ji4Hi Ta MiKpO6iOMHI MeXaHi3MU B EUHUN B3aEMOIIOB I3aHUHN
Kackaja. BupineHo kio4yoBi ToukM KoHBepreHuii (rimo¢izapHo-HaJHUpPKOBa Bich, iHj0JAaMiH-2,3-
JiokcureHasa 1, HeliposamasieHHs) Ta OGIPYHTOBAHO KOHIIEMI[if0 MATOJIOTIYHOTO «IOPOYHOTO KOJa», IO
3abe3mneyye xpoHisarito npouecy. [lokazaHo, 1110 XpOHIYHUH CTpec Yepe3 IMIIOKOKOPTUKOIJHY Pe3UCTEHTHICTB,
Helpo3amnasieHHsI Ta KiHypeHiHOBUM MeTa60.1i3M GpopMye caMONOCHIIOBaHe ATOJIOTIYHE KOJIO, IKe € OCHOBOIO
XpOHi3aLil ICUXOCOMAaTUYHUX PO3JIaiB.

BucHoBKM. [IcuxocoMaTH4yHa MATOJIOTisA Ma€ PO3M/ISJATUCA K CUCTEMHUH My/JAbTUPAKTOPHUM Ipoliec, Je
KJIIOUOBY POJIb BiJlirpa€ B3a€Mo/iisi HEHPOEHJOKPUHHOI, iIMyHHOI Ta MiKpo6ioMHOI peryssmil.

[IpakTnyHa 1iHHicCTE. OTpUMaHi y3araJbHeHHs MOXYTb OyTH BHUKOPHUCTAHI /s MOIJMHUGJeHHS PO3yMiHHSA
naToreHe3y NCUXOCOMAaTUYHHUX 3aXBOPIOBAHb Ta BU3HAYEHHA NepPCIeKTUBHUX TepaleBTUYHUX MilleHeH.
KmouoBi cioBa: rinoranamo-rinodizapHo-HaZJHUPHUKOBA BiChb; IVIIOKOKOPTHUKOIJJHA PE3UCTEHTHICTh;
Helpo3anasieHHs; KIHypeHiHOBUM IJIAX; BiChb «MiKp06iOM — KMUIIKIBHUK — MO30K».
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