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Early prediction of acute myocardial infarction
in patients with new coronavirus infection
and acute coronary syndrome

Aleksandra V. Lunina, Dmitrii Yu. Konstantinov, Larisa L. Popova
Samara State Medical University (Samara, Russian Federation)

Abstract

Background. Considering the wide prevalence of COVID-19 (SARS-CoV-2)
worldwide and in the Russian Federation, high frequency of its mutations and
non-persistent post-infection and post-vaccination immunity, the epidemic
potential of COVID-19 persists. The experience of the pandemic demonstrated
high mortality among individuals with coronavirus and ACS (acute coronary
syndrome), specifically, from myocardial infarction (MI).

Aim: to create a multifactorial model for prediction of myocardial infarction using
laboratory and instrumental data of progression of COVID-19 in ACS patients.
Material and methods. The open prospective non-randomized study included
104 patients with ACS due to severe COVID-19 hospitalized in 2022. To solve
the problem of early prediction of MI among patients, observation groups were
formed: Group 1 (n=35), patients with unstable angina and Group 2 (n=69)
with MI. All patients underwent round-the-clock monitoring of vital functions
using a dynamic bedside monitor. Laboratory parameters (general clinical and
biochemical), cytokine levels (1b, 2, 4, 6, 10, interleukins, 7y interferon, tumor
necrosis factor ) and instrumental parameters (CT of chest organs, EchoCG)
were studied. Scores were calculated using the SOFA (Sepsis-related Organ
Failure) and SAPS II (Simplified Acute Physiology Score) scales. Statistical
data processing was performed in the SPSS 25.0 software suite. Mathematical

modeling was performed using multidimensional logistic regression. An
analysis of the characteristic curves (ROC curves) in the predicted probability
of developing MI in the multidimensional model was performed. The results
were considered statistically significant at p<0.05. Based on the data obtained,
a multidimensional logistic regression model was constructed with step-by-step
inclusion or exclusion of predictors using the Wald algorithm.

Results. The prognostic model included SAPS II scores, cytokines (y
interferon, TNFa), and CT scans. The analysis revealed that the developed
mathematical model for assessing the risk of MI in patients with ACS on the
background of severe COVID-19, created by the method of multidimensional
logistic regression based on cytokine profile, lung CT and SAPS II scale, has
a sensitivity of 98.6% and a specificity of 85.7%.

Conclusion. Early predictors of MI development have been established in
COVID-19 patients with ACS: the degree of lung damage according to CT
data, the number of points on the SAPS II scale, levels of interferon and tumor
necrosis factor, on the basis of which a mathematical model has been built that
allows predicting MI in patients with severe COVID-19.
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B03MOXHOCTU NPOrHo3nMpoBaHus pa3BUTUa UH(apkKTa
MUOKapAaa Yy 60J/ibHbIX HOBOW KOPOHAaBUPYCHOW
UHdeKkumen c oCTpbiM KOPOHAPHbIM CUHAPOMOM

A.B. JlyHuHa, [O.10. KoHcTtaHTuHOB, J1.J1. NonoBa

Prb0OY BO «Camapckuii rocynapCTBeHHbIA MeAULMHCKUIA yHUBepcuTeT» Munsapasa Poccun
(Camapa, Poccuiickasg depepaums)

AHHOTauusa

O6ocHoBaHue. B cBsi3u ¢ mmpokum pacripocrpanenueM Bupyca SARS-CoV-2
B Mupe U B Poccum, ero moCTOSHHBIMU MyTallUsIMH, a TaK)Ke HeCTOMKUM
[IOCTBAKIIMHAJIBHBIM U MTOCTUHPEKIIHOHHBIM UMMYHHUTETOM y HaCelleHus, B
HACTOsiIIlee BPeMsi COXPaHseTCsl SIMAeMUYeCKuUii IOTeHInal HOBOM KOPOHa-
BupycHo uHdekuuu (COVID-19). OnbIT naHneMuy NpogeMOHCTPUPOBA
BBICOKYO JIeTaJIbHOCTb cpefy 6onbHbIx COVID-19 ¢ ocTphiM KOpOHapHBIM
curgpomoM (OKC), B yacTHOCTH, OT MHpapkTa Muokapaa (MM).

Ienb: Ha OCHOBAHMM J1aOOPAaTOPHO-UHCTPYMEHTAJIbHBIX 0COOEHHOCTEH Te-
yenust COVID-19 y 6ombHbix ¢ OKC paspaboTarb Mozienb IPOrHO3UPOBaHHUs
pasButust UM y naHHO# KaTeropuu 60JIbHbIX.

4

Marepuai u MeTofbl. B 0TKpBITOE [IPOCIEeKTUBHOE HEPAHIOMHU3UPOBAHHOE
uccrenoBanue 6bun BKodenbl 104 manuenta ¢ OKC Ha ¢omne Tskenoro
Tedenns: COVID-19, rociuranusupoBanHbix B 2022 ropy. [is pemenust 3a-
Jlayy nporHosupoBanust UM cpenu nanmeHToB 6bUTH CHOPMHUPOBAHbI TPYIIIIEI
HaOmonenust: rpymmna 1 (n=35) — manyeHTsl C HeCTabWIIbHOM CTeHOKap/iuen
(HC) u rpynmna 2 (n=69) — ¢ UM. BceM nanueHTaM npOBOAMIICS KPYIJIO-
CYTOYHBIA MOHHUTOPUHT BUTAIbHBIX QYHKIHIA C TIOMOIIBIO TPUKPOBATHOTO
MOHHTOPA B IHaMuKe. HcciepoBanuch jtlabopatopHble (001IeKIMHUYeCKye,
BGHOXMMUIECKHE) [T0KA3aTeNH, YPOBeHb IIMTOKUHOB (MHTepiedkuHbL: 1b, 2, 4,
6, 10, uaTepdepoH Y, GpakTop HEKpo3a OIyX0JH o); UHCTpyMeHTajbHbIe (KT
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opraHoB IpyfaHou kietky, DxoKI'); paccuutsiBanu 6asuisl 1o mkanam SOFA
(Sepsis-related Organ Failure) u SAPS II (Simplified Acute Physiology Score).
Craructrdeckast 06paboTKa JaHHBIX BBINOJIHEHA B cpefie ITakeTa SPSS 25.0.
BrinonHsim MareMaTU4deckoe MOJeJIMPOBaHue C IIOMOIIbI0 MHOT'OMepPHON
JIOTUCTUYeCKOH perpeccud. IIpoBoaniIv aHanyu3 xapakTepuCTUYeCKUX KpH-
BbIX (ROC-KpUBBIX) B IIpe/ICKa3aHHOW B MHOI'OMepHOW MOJIeJI BepOSITHOCTH
passutust UM. Pesynbrarsl cauTamm CTaTUCTUYECKU 3HAYMMbIMU 11py p<0,05.
ITo nosny4eHHbIM AaHHBIM ObljIa IOCTPOEHA MHOTOMepHasi MOZlellb MeTO/IOM
JIOTUCTUYEeCKON PerpecCH C IOMIaroBbIM BKJIIOYEHHEeM WM UCKIIIoYeHHueM
IIPeIMKTOPOB I10 aIrOpUTMy Basbna.

Pesynrbrarsl. B nporaoctrdeckyio Mozieltb Bolui 6asuisl o mxane SAPS 11,
IIUTOKUHBI (MHTepdepoH ramMMa, GakTop HeKpo3a OIyXoJI aibda) U CTelleHb
MOpa)keHHs1 JIeTKUX I10 IAaHHBIM KOMITbIOTepHOM ToMorpaduu. B xone npose-

JIeHHOTO aHAJIM3a YCTAHOBJIEHO, YTO pa3paboTaHHasl MaTeMaTHiecKast MoJenb
oreHkH prcka pazsutust UM y 6onbhbix ¢ OKC Ha done Tspxesnoi GopMbl
COVID-19, co3naHHast METOIOM MHOTOMEPHOH JIOTHCTUYECKOH perpeccuH,
o6raiaeT IyBCTBUTENIBLHOCTLIO 98,6% 1 cienuduaHOCTEIO 85,7%.
BriBoasl. YcTaHOBIIEHB! paHHHe IIPeIUKTOPE! pa3BuTis UM y manvieHToB ¢
OKC Ha pone COVID-19: crenenb nopaxkeHus Jierkux 1o gaHHbiM KT, ko-
syectBo 6ayutoB 1o mikajge SAPS II, ypoBHU IMTOKHUHOB (MHTEpdepoHa 1
dakTopa Hekposa omyxonu). Ha ocHoBaHMM JIJaHHBIX IPEUKTOPOB pa3pabo-
TaHa MaTeMaThdeckKasl MOJiellb, IT03BOJISIOIAs IporHo3upoBath MM Ha ¢one
Tspresioit popmer COVID-19.

KortoueBsie cioBa: COVID-19, nndapkT MHOKapyia, DIUTOKUHBI, MOZIeNb,
[IPOrHO3UPOBAHKUE.
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m INTRODUCTION
Due to the wide prevalence of the SARS-CoV-2 virus
worldwide and in Russia, its continued mutations and
the unstable post-vaccination and post-infection immunity
among the population, the epidemic potential of the new
coronavirus infection (COVID-19) still persists. The
experience of the pandemic showed a high level of lethality
(up to 40%) from cardiovascular complications among
COVID-19 patients [1]. N.R. Smilowitz et al. (2020) report
that a third of patients hospitalized with COVID-19, already
had signs of myocardial damage as early as on admission;
follow-ups showed that the share of such patients reached
47%, which resulted in a quadruple increase of intra-hospital
mortality, from 9.7% to 39.1% [2]. A 3.3-fold increase of
mortality in the event of an acute coronary syndrome (ACS)
in COVID-19 patients is reported by Turkish researchers
T. Cinar et al. (2022) [3]. Currently, a number of direct and
indirect mechanisms are studied by which SARS-CoV-2
influences the development of cardiovascular complications:
from tissue penetration to induction of a massive systemic
inflammatory reaction [4]. Cytokine-mediated myocardial
damage, as the leading cause of cardiac damage under
COVID-19, is reported in a study of American authors [5].
SARS-CoV-2 disrupts the interaction of the angiotensin
converting enzyme 2 (ACEZ2), renin-aldosterone and
kinin-kallikrein systems that balance the inflammation,
cell proliferation and platelet aggregation resulting in
the hemostasis disorder and myocardial damage [6]. The
work of Russian researchers shows a multi-component
mechanism of ischemia/infarction of the myocardium
under COVID-19 that includes the dysfunction of the renin-
angiotensin-aldosterone system, hyperinflammation and
‘cytokine storm’, endothelial dysfunction and coagulopathy,
hypoxemia and hypoxia [1]. The clinical diagnostics of the

ACS against the background of an acute infectious disease
may be complicated: pains in the chest, respiratory and
cardiovascular failure are characteristic both for a severe
form of COVID-19 and for ACS including unstable
angina (UA) and myocardial infarction (MI). According to
cardiologists’ recommendations, diagnostics of the ACS
shall include ECG and blood serum troponin test; however,
some authors point out that the test is not always specific,
especially in the event of an acute infectious disease [7, 8].
Therefore, the search for laboratory indicators and data of
instrumental analysis of the predictors to predict MI, that
would be available in practical healthcare, still remains a
vital question.

m AIM

To create a model for prediction of myocardial infarction
using laboratory and instrumental data of progression of
COVID-19 in ACS patients.

m MATERIAL AND METHODS

The open prospective non-randomized study included 104
patients with ACS on the background of severe progression
of COVID-19 (predominantly, Omicron strain), hospitalized
throughout the year 2022. The diagnosis of COVID-19 and
ACS, their verification, and patient treatment was performed
according to the effective provisional methodological
recommendations “Prevention, diagnostics and treatment
of the new coronavirus infection (COVID-19)” and clinical
recommendations of the Society of Cardiology'.

Inclusion criteria: men and women aged 50 to 80 years
with severe form of COVID-19 combined with ACS who
received no glucocorticosteroids and anticoagulants on the
pre-hospitalization stage, availability of a signed informed
consent.

1 Provisional methodological recommendations “Prevention, diagnostics and treatment of the new coronavirus infection (COVID-19)”, version 16, 2022; Clinical recommendations “Acute
coronary syndrome without ST segment elevation of the cardiogram” 2020; Clinical recommendations “Acute coronary syndrome with ST segment elevation of the cardiogram” 2020.
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Age 63.00 (54.00; 68.00)
CT of lung involvement, % 40.00 (35.00; 45.00)
SAPS Il score 16.00 (15.00; 18.00)
SOFA score 16.00 (14.00; 17.00)

Thickness of the pericardium cavity, mm
Systolic pressure in the PA (mm Hg)
Pulmonary acceleration time, ms
Banded neutrophils, %
Segmentonuclear neutrophils, %
Lymphocytes, %

Platelets, 10"9/L

Total protein, g/L

5.00 (2.00; 7.00)
49.90 (35.00; 54.60)
61.00 (45.00; 80.00)
2.00 (1.00; 4.00)
55.00 (49.00; 70.00)
30.00 (19.00; 36.00)

63.80 (59.40; 69.90)
C-reactive protein, mg/L 76.00 (35.20; 129.70)

CPK, U/L

322.00 (224.00; 416.00)

1179.00 (765.00; 1504.00)

64.00 (54.50; 76.50) 0.121
45.00 (40.00; 60.00) <0.001
24.00 (21.00; 25.50) <0.001
16.00 (14.00; 18.00) 0.462

5.00 (3.00; 7.00) 0.912
51.60 (46.00; 58.50) 0.118
47.00 (36.00; 69.00) 0.004

8.00 (6.00; 10.00) <0.001
72.00 (64.55; 78.50) <0.001
11.40 (7.80; 20.00) <0.001
175.00 (126.00; 234.00) <0.001
54.10 (48.95; 61.35) <0.001
157.80 (110.95; 252.00) <0.001
2088.00 (1974.50; 2394.50) <0.001

Table 1. Characteristics of potential predictors (instrumental and laboratory) of Ml in ACS patients with severe COVID-19
Tabnuuya 1. Xapakmepucmuka nomeHyuasbHbiX NPedUKmMopoB (UHCMpPyMeHmanbHbIX U 1abopamopHbix) UM 'y nayuenmoB ¢ OKC Ha ¢oHe

msixenotl popmbl COVID-19

Exclusion criteria: patients with severe and terminal
concomitant pathologies, oncological, autoimmune
and allergic diseases, patients with co-infections (viral
hepatitis, type B, C, and HIV infection), mental disorders,
pregnancy, refusal from examination. To address the task
of IM prediction among COVID-19 patients admitted for
hospitalization, two groups were formed according to ACS
progression type: Group I (n=35), patients with unstable
angina, and Group II (n=69), patients with myocardial
infarction.

All patients underwent 24-hour monitoring of vital
functions using the bedside monitor Nihon Kohden PVM-
2703 (Japan) taking the electrocardiogram (ECG), heart rate
(HR), arterial blood pressure (BP), respiratory rate (RR),
saturation (Sp02), body temperature (T°). The ECG was
registered daily on the “Aksion EC3TC-3/6-04” (Russian
Federation). Transthoracic echocardiography (EchoCG)
was taken for each patient at least twice using the portable
ultrasonic examination device GE HealthCare LOGIQ E,
manufactured by General Electric (USA). Scores were
calculated using the SOFA (Sepsis-related Organ Failure)
and SAPS II (Simplified Acute Physiology Score) scales.
Computed tomography (CT) of the chest organs was
performed on the CT scanner GE Revolution EVO (Russian
Federation). Laboratory tests were performed on the
hematological (Mindray BC-6800, China) and biochemical
(Roche Cobas c 311, Switzerland) analyzers, the cytokine
tests (interleukins (IL): 1b, 2, 4, 6, 10, interferon y (IFN-y),
tumor necrosis factor a (TNF-a) were tested using diagnostic
kits (R and D Diagnostics Inc., USA) with the sensitivity
of 1 pg/mL.

Statistic processing of data was performed in the SPSS
25.0 suite (IBM Corporation, Armonk, New York, USA,
License No0.5725-A54). Normality of distribution was
assessed using the Shapiro-Wilk test. Descriptive statistics
are presented as median and quartiles: Me (Q1; Q3). The
Mann-Whitney U test was used for group comparisons.
Multivariate logistic regression modeling was performed.
Receiver operating characteristic (ROC) curve analysis
was conducted using the probability of MI development
predicted by the multivariate model. Results were
considered statistically significant at p < 0.05.

6
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IL-1b, pg/mL 8.51 (8.25; 8.92) 9.17 (8.58; 9.74) <0.001
IL-2, pg/mL 0.05 (0.04; 0.08) 0.08 (0.05; 0.11) 0.019
IL-4, pg/mL 10.91 (10.63; 11.23) 10.31 (9.79;10.77)  <0.001
IL-10, pg/mL 86.60 (84.22; 89.68) 84.44 (81.72;87.16)  0.003
IFN-y, pg/mL 9.75(9.36; 11.41)  8.88 (8.32; 9.56) <0.001
TNF-o, pg/mL  22.21 (21.46; 23.92) 23.69 (21.56; 25.53)  0.026
IL-6, pg/mL 14.90 (13.90; 15.50) 15.84 (15.05; 16.53)  <0.001

Table 2. Characteristics of potential predictors (cytokine profile) of
Ml in ACS patients with severe COVID-19

Tabnuya 2. Xapakmepucmuka nomeHyuasbHbiX NPedUKmMopoB
(uumokuHoBbIl npogpusb) MM y nayueHmos ¢ OKC Ha ¢poHe
mspxenoti popmel COVID-19

m RESULTS

The average age of patients with the severe form of
COVID-19 and ACS was 63.00 (54.25; 72.75) years, there
were 56.7% women. The patients were admitted in the end
of the first or beginning of the second week of the disease
(days of admission in the comparison groups: 9.00 (7.00—
11.00) and 9.00 (7.00-12.00), respectively, p=0.369). The
groups were comparable in sex and age, duration of the
disease and structure of concomitant pathology. The level
of blood saturation with oxygen on admission was from
78.00% to 99.00%, the median values between the groups
did not differ statistically (95.00% in patients of Group I
and 94.00%, in Group I, p=0.178). More than 70 laboratory
and instrumental indicators were analyzed in patients with
ACS against the background of severe COVID-19; the most
significant of them follow in Tables 1 and 2.

Using the obtained data, the risk of MI was evaluated
using logistic regression method. On the first stage,
univariate models were constructed, when each equation
forcibly included only one risk factor (predictor). Using
the results of these models, exponential coefficients of
regression were derived interpreted as odds ratio (OR) and
their 95% confidence intervals (95% CI) (Table 3). As
expected, the indicators that had no differences in paired
comparisons, turned out to be statistically insignificant
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Age 1.02 (0.99-1.05) 0.260
CT lung involvement, % 1.07 (1.02-1.11) 0.002
SAPS Il score 3.62 (2.01-6.49) <0.001
SOFA score 1.06 (0.88-1.28) 0.559
Thickness of the pericardium cavity, mm  0.99 (0.84-1.17) 0.929
Systolic pressure in the PA (mm Hg) 1.03 (0.99-1.06) 0.155
Pulmonary acceleration time, ms 0.97 (0.96-0.99) 0.005
Banded neutrophils, % 1.80 (1.45-2.24) <0.001
Segmentonuclear neutrophils, % 1.11 (1.06-1.17) <0.001
Lymphocytes, % 0.88 (0.83-0.93) <0.001
Platelets, 10"9/L 0.99 (0.98-0.99) <0.001
Total protein, g/L 0.88 (0.82-0.93) <0.001
C-reactive protein, mg/L 1.02 (1.01-1.03) <0.001
CPK, U/L 1.00 (1.00-1.01) <0.001
IL-1b, pg/mL 3.71 (1.79-7.67) <0.001
IL-2, pg/mL 5.31 (1.42-19.89) 0.013
IL-4, pg/mL 0.33 (0.16-0.67) 0.002
IL-10, pg/mL 0.83 (0.73-0.94) 0.002
IFN-y, pg/mL 0.36 (0.22-0.57) <0.001
TNF-a, pg/mL 1.33 (1.06-1.68) 0.014
IL-6, pg/mL 1.95 (1.33-2.85) 0.001

Table 3. Assessment of Ml risk in ACS patients with severe
COVID-19 by univariate logistic regression: combination of models

Tabnuuya 3. OyeHka pucka M y 6onbHbix ¢ OKC Ha ¢poHe
mspkenol ¢popmel COVID-19 Memodom o0HoMepHoU
nozucmuyeckol pezpeccuu: COBOKynHocms Moodernel

predictors in the equations. The majority of studied
laboratory and instrumental indicators manifested as risk
factors with OR above one (1). Elevated values of the
following indicators are associated with poor prognosis:
lung involvement as seen on CT, SAPS II score, percentage
of banded ans segmentonuclear neutrophil leukocytes,
concentration of the C-reactive protein, IL-1b, IL-2, TNF-a,
IL-6 and activity of CPK in the blood serum. Indeed,
all of these signs are markers of severity of COVID-19
progression. Conversely, the lower pulmonary acceleration
time and lower concentrations of total protein, I1L-4, IL-10,
IFN-y are associated with more favorable prognosis: the OR
of these indicators in below one (1).

Then, different variants of multivariate models were
constructed by the logistic regression method with step-
by-step inclusion of predictors using the Wald algorithm.
The models differed not only in their construction approach
but also in their initial sets of potential predictors. The issue
is that many of these predictors are closely interrelated and

therefore cannot be simultaneously selected by a stepwise
algorithm for inclusion in the regression equation. Thus,
the SAPS II severity scale is statistically significantly
interrelated with all of the studied cytokines (correlation
coefficients from 0.3 to 0.6 in absolute values). Thus,
the inclusion of SAPS II score in the number of potential
predictors ‘displaced’ the other risk factors from the
equation, that were included in the prognostic model in
the univariate or multivariate version without this severity
scale. Some of the prognostic indicators were included in
all constructed mathematical models, and some varied from
one variant to another. In this paper, we make an example
of the model with the best analytical characteristics (Table
4). Thus, the area under the ROC curve (AUC) was 0.99 +
0.01, and Youden’s index at a threshold probability of 0.22
was 0.84. These results indicate that the constructed model
has excellent discriminatory performance.

According to the constructed multivariate logistic
regression, the probability of MI development in patients
with COVID-19 with ACS can be calculated using the
following equation:

p=1/(1+e—(1,71X1 + 0,16X2 - 1,10X3 + 0,77X4 - 45,99)),

where e — base of natural logarithms (rounded to 2.72); X1
— SAPS Il score; X2 — CT lung involvement percentage; X3 —
concentration of gamma-interferon in the blood serum in pg/
mL; X4 — concentration of the tumor necrosis factor alpha in
the blood serum in pg/mL.

The SAPS II scale turned out to be the most powerful
prognostic factor of MI with the odds ratio (OR)=5.52
(95% CI: 1.86-16.42) (p=0.002). The second most
influential predictor was the CT lung involvement
degree with OR=1.17 (95% CI: 1.00-1.36) (p=0.045).
TNF-a and IFN-vy, while keeping their roles of the risk
factor and protective factor, turned out statistically
insignificant (p=0.083 and p=0.056). Nevertheless, such
levels of significance (more than 0.05, less than 0.10) in
the exploratory mathematical models are viable, in the
opinion of some authors. The decrease of their prognostic
capacity is accounted for by the interrelation with two
more powerful predictors, which turn out to be sufficient
for the predicted variant of the ACS, viz. the myocardial
infarction. The model had high predictive accuracy. The
sensitivity, with the threshold probability of 0.22, was
98.6%, and the specificity was 85.7%.

At the next stage, this model was validated on a test
dataset. The test set comprised 30 patients with COVID-19
who presented with ACS, which subsequently resolved as

Predictors in the model ‘;eeéf'lif::t"g “ Wald’s statistics OR (95% Cl) m

SAPS Il score 1.71
CT lung involvement, % 0.16
TNF-a, pg/mL -1.10
TNF-a, pg/mL 0.77
Constant -45.99

0.56 9.45 5.52 (1.86-16.42) 0.002
0.08 4.00 1.17 (1.00-1.36) 0.045
0.58 3.66 0.33 (0.11-1.03) 0.056
0.44 3.01 2.16 (0.91-5.14) 0.083
19.12 5.79 = 0.016

Table 4. Assessment of Ml risk in ACS patients with severe COVID-19 by multivariate logistic regression using cytokine profile, lung CT

and SAPS Il score

Tabnuua 4. OueHka pucka IM y 6onbHbix ¢ OKC Ha cpoHe msxkenoli popmel COVID-19 MemodoM MHoz2oMepHoU ozucmuyeckol

pezpeccuu no yumokuHosomy npocusto, KT neekux u wkane SAPS Il
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Figure 1. ROC curves of Ml risk prediction in ACS patients with
severe COVID-19 by multivariate logistic regression models: a —
training sample, b — testing sample.

PucyHok 1. ROC-kpuBble npoeHo3upoBaHusi pucka VIM'y
nayueHmos ¢ OKC Ha ¢poHe COVID-19 no MHo20MepHbIM MOdessiM
noeaucmuyeckoll pegpeccuu: a — no obyyarowell Bbibopke, 6 — no
mecmosoll BbIbOpPKe.

UA in 6 individuals and MI in 24. These patients were
not included in the construction of the mathematical model
described above. For all of them, the probability of MI risk
was calculated using the regression coefficients obtained
from the training dataset.

At the next stage, for patients in the main (training) and
testing samples the ROC-curves were plotted (Fig. 1). The
area under the ROC-curve for the testing sample was 0.98
+ (.02, and the Youden’s index was 0.79.

The areas under the curve of these models are shown
in Table 5.

m DISCUSSION

As of today, the available literature describes individual
models predicting ACS in COVID-19, despite the significant
contribution of this complication in the overall mortality
under the new coronavirus infection. Thus, M. Rashid et
al. (2021) used the analysis of 517 cases of COVID-19
with ACS to report high in-hospital mortality (24.2%) in
this group of patients and note its increase to 41.9% within
30 days after recovery from COVID-19 [9]. According to
L.I. Serebrennikov et al. (2023), the cumulative mortality
(60 days) in the COVID-19 with the ACS cohort was
48.3% [8]. There are several foreign and Russian studies

I T T 2T P

MI model: testing sample 0.99 0.01 <0.001 0.98-1.00

Testing of the MI model 0.98 0.02

on the testing sample <0.001 0.95-1.00

Notes: AUC — area under curve, SE AUC — standard error of AUC, p — statistic
significance of difference from a useless classifier.

MpumeyaHus: AUC — area under curve — nnowadb nod epacpukom, SE AUC —
standard error of AUC — cmaHdapmHas owubka AUC, p — cmamucmuyeckas
3HaYuUMoCcMb omuu4usi om 6ecnone3Hoe2o Knaccugpukamopa.

Table 5. Area under curve of the prediction model of Ml risk
assessment in ACS patients with severe COVID-19

Ta6nuua 5. Mnowaob nod ROC-kpuBoll npozgHocmuyeckol Moodenu
oueHku pucka MIM y nayueHnmos ¢ OKC Ha ¢poHe COVID-19

8

focusing on predictors of adverse outcomes of ACS under
COVID-19: level of ceramides (in the analysis of the
metabolome profile), complex of 8 parameters (age, atrial
fibrillation status, severe and extremely grave progression
of the SARS-CoV-2 infection, acute kidney injury, chronic
kidney failure of stage 2 and above, levels of ferritin,
albumen, glucose), that predict the risk of a lethal outcome
in the ACS but not its variant [10, 11]. In multicenter cohort
studies performed in China and Iran, in the acute period of
COVID-19 with the development of ACS, a correlation was
identified between the calcification of coronary arteries,
blood calcium level, and adverse outcome (in-hospital
death) [12, 13]. The retrospective study of N.R. Smilowitz
et al. (2020) demonstrated a close correlation between the
degree and the duration of increase of cardiac troponin in
COVID-19 patients with subsequent critical progression of
ACS and lethal outcome [2]. There are individual Russian
studies focusing on the outcome of ACS in the post-
COVID period. There is a multivariate regression model
of adverse outcomes of ACS in patients in the post-COVID
period with the following predictors: chronic heart failure,
presence of soluble fms-like tyrosine kinase-1, hypokynesis
zones on EchoCG, carrier status of the TT/AA genotype
of the rs2285666 genetic marker of the ACE2 gene. The
sensitivity of the model is 93.5%, specificity, 21.8%,
accuracy, 76.6% [14, 15]. We could not find in the available
literature a model that would have predicted the variant
of ACS development with high accuracy and specificity
using predictors available in practical healthcare at the peak
of the COVID-19 disease. Undoubtedly, such a model is
needed to prevent development of negative scenarios of
the acute coronary syndrome.

m CONCLUSION

The proposed mathematical model allows for prediction
of myocardial infarction in patients with a severe form of
COVID-19 with a sensitivity of 98.6% and specificity of
85.7%. This provides not only practical but also scientific
value, since the group of independent predictors includes
not only the known factors determining the severity of the
main disease, but also the two cytokines characterizing the
immune response to the infection. »=
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Some indicators of glycome in various
forms of multiple sclerosis
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Abstract

Aim: identification of protein glycosylation features in various clinical forms
of multiple sclerosis.

Material and methods. We studied the indicators of glycome, viz.
interleukin-6 (IL-6) and P-selectin glycoprotein (SELP) in 135 patients with
various forms of multiple sclerosis (MS): relapsing-remitting MS (RMS) -
71, secondary progressive MS (SPMS) - 49, primary progressive MS (PPMS)
- 15 patients. An ELISA Multiscan FC analyzer was used at 450 nm using
appropriate diagnostic kits. Statistical processing was performed using to the
Mann - Whitney criterion. Multiple comparisons of groups of different MS
course were performed using the Kruskal - Wallis test. Correlation analysis
was performed based on Spearman’s rank correlation coefficient. Statistical
reliability of conclusions was determined at the 5% level of significance.

Results. This study attempted to identify the relationship between IL-6 and
SELP levels and MS shape, duration, and severity, revealing only a significant
association of SELP with disease duration for RMS. There were no data on the
relationship of these indicators with the age and sex of patients.
Conclusions. The studies carried out show a certain specificity of changes in
glycosylation of proteins in multiple sclerosis, which makes it possible to use them
as markers for diagnosing various forms of multiple sclerosis and similar diseases.
Despite the fact that the study showed a significant association only in SELP and
only with the duration of the disease in relapsing-remitting MS, it is possible to
obtain additional results with an increase in the number of patients included in
the study, as well as with the inclusion of other glycome parameters in the study.
Keywords: multiple sclerosis, variants of course, protein glycosylation indices.
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HekoTopble noka3aTenu rnMkoMa npu pasnmn4HbIX
cdopmMax TeueHUs paccessHHOro cKsieposa

M.A. EnusapoB!, U.E. NoesepeHHoBal, A.C. Jlaxos?, M.O. 3onotoB!, H.I. NepcTeHeBa?

1IPIbOY BO «CaMapckuii rocyaapcTBeHHbIM MeauUMHCKU yHuBepcuteT» MuHsgpasa Poccum
(Camapa, Poccuitckas Pegepauns)
2p'AQY BO «Camapckuii rocynapcTBeHHbI 3KoHoOMUYecknii yHnusepceute» (Camapa, Poccuiickas depepaums)

AHHOTauusa

Lenb: BHISIBUTH 0COOEHHOCTHU IVIMKO3UIMPOBAHUS GEJIKOB IIPU PA3IMYHbIX
KIIMHAYeCcKUX PpopMax paccessHHOTO CKJIepo3a.

MarepuaJi u MeTobI. F3y4yeHbl IOKa3aTeny MIMKoMa — UHTepiiedkuH-6 (IL-
6) u nmkoriporenH P-cenekrun (SELP) y 135 60sbHbIX € TakuMu popMaMu
TedyeHUs paccestHHOro ckiepo3sa (PC), kak pemurtupytomuit PC (PPC) —
71 6onbHO#, BropuuHo-miporpeccupyommuit PC (BIIPC) - 49 nanueHTos,
nepBuyHo-niporpeccupytomuii PC (ITIPC) — 15 nanuenrtos. Mcnosnb3oBan
HdA-ananusarop Multiscan FC npu pnune BosHb! 450 HM ¢ IpUMeHeHHeM
COOTBETCTBYIOIMX JMarHOCTHYeCKUX Habopos. CraTthcTryeckast obpaboTka
MIPOBOJIUJIACH C UCIIONB30BaHUeM KpuTepusi ManHa — YuTHU. MHOXeCTBeH-
HBbIe CPaBHEHHSI TPYIIT Pa3iuYHOro TedeHus: PC mpoBOAWIKCE C IOMOLIBIO
xputepust Kpackerna — Yorumca. AHanu3 KOppersiiyiy BEIIIOJIHEH Ha OCHOBE
xoaduIerTa paHroBoi Koppersiuu CrimpMeHa. CTaTucTideckast I0CToBep-
HOCTB BLIBOJIOB OIIpeiessIach Ha 5% ypOBHe 3HAYMMOCTH.

Pe3ysnbraThl. B HacTosmeM ucciieoBaHUY Oblla IMPefPUHSTA IOIbITKA
BLISIBJIEHUS 3aBUCUMOCTH ypoBHS IL-6 u SELP ot dopmsl, mmurensHOCTH
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TedeHUs U TspKeCTd PC, 4TO BBISIBUIJIO TOJIBKO 3Ha4uMYto cBsizb SELP ¢ mu-
TeJIbHOCThIO TeueHus 3aboseBanus it PPC. JIaHHBIX O CBSI3U 3THUX II0Ka3a-
TeJiell C BO3PAaCTOM U IOJIOM MAIIMEeHTOB MOTy4YeHO He BbUI0.

BriBopnsl. [Tokazana omnperenieHHas criellipUIHOCTh U3MEeHEeHHH [TTHKO3U-
JIMPOBaHUsI GEJIKOB IIPY PACCesIHHOM CKJIep03e, YTO NO3BOJIIeT UCIIONb30BaTh
MX B KaUueCTBe MapKepoB JiIsl TUarHOCTUKH PA3JINYHbIX GOPM PaCCesHHOTO
CKJIEpO3a 1 CXO/THBIX C HUM 3a00JieBaHuit. XOTs B IPOBEJIEHHOM HCCIIeIOBAHHN
OblIa BBISIBJIEHA 3HAYMMast CBsI3b TOJILKO Y SELP U TONbKO € ANIMTENTBHOCTHIO
3aboJieBaHus Py peMUTTHPYIotei ¢popme PC, He UCKITIOIEHA BO3MOXKHOCTh
[OJTyYeHHUs JOMOHUTEIbHBIX Pe3y/IbTaTOB MPH YBEIMYeHHH KOJIUYeCTBa
BKJIIOUEHHBIX B UCCJIEIOBAHKE MAIMeHTOB, a TAKXKe [IPH BKIIIOYEHUH B UC-
CIiefJoBaHKe APYTHX TT0Ka3aTesel INIMKoMa.

KiroueBbIe ciIoBa: pacCesHHbBIM CKIIEPO3, BAPUAHTHI TEIEHHUSs, [T0KA3aTenn
IVIMKO3WIIMPOBAHUSI HGEJTKOB.

KoH}IuKT HHTepecoB: He 3asBJleH.
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m INTRODUCTION
Multiple sclerosis (MS) is a chronic autoimmune disease of
the central nervous system that affects people of younger
age leading an active working life. The disease is steadily
progressive, results in an inevitable disability and, often, has
a poor prognosis. The specific course of the disease depends
largely on the clinical type of MS: a clinically or radiologically
isolated syndrome with relapsing-remitting, secondary
progressive, or primary progressive course [1, 2]. Each type of
course of MS has its own specifics and regularities, as well as
indications for prescription of MS disease-modifying therapy
(DMT). Therefore, establishing criteria for specific disease
courses to optimize diagnosis, predict the further progression of
MS, and prescribe adequate DMTs tailored to the disease form
represents a crucial and relevant clinical objective [3, 4]. Much
interest lies in the comparative characteristics of progression of
various forms of MS, their transformation based on objective
parameters, and the role of predictors of different forms of the
disease that determine the its specific course [5-7].

The human glycome comprises the entirety of sugars
within the organism — both free and those incorporated into
more complex molecules. It consists of glycoproteins and
glycolipids. In its complexity, glycome exceeds the proteome
in diversity due to the even greater structural variation of
its constituent carbohydrates, and its complexity is further
amplified by the extensive interactions of carbohydrates with
each other and with proteins [8]. According to J.D. Marth,
glycans are natural biological modifiers that typically do not
simply “turn on or off” physiological processes but rather
modulate cellular behavior in response to external stimuli
[9]. In the pathogenesis of a number of diseases, disorders
of protein glycosylation play a leading or a decisive role.
Disorders of protein glycosylation concern a number of
medical aspects, which complicates the identification and
diagnostics of protein glycosylation disorders [10, 11].

Studies of glycome alterations in MS are a new and
prospective approach in the diagnostic of the disease.
Existing research shows that glycoproteins in MS patients
differ from those in healthy individuals and from those
observed in other neurological conditions, i.e. there are
specific alterations of glycome in MS. It is very important
that glycome alterations correlate with the age and sex of
patients, with the clinical form of the disease, and the degree
of disablement on EDSS, which may be instrumental in
early diagnostics of MS, identification of the type of the
disease and prediction of its course [12].

www.innoscience.ru

m AIM
Identification of protein glycosylation features in various
clinical forms of multiple sclerosis.

m MATERIAL AND METHODS

Some parameters of glycome were studies in 135 patients
with MS, among which 71 patients had the relapsing-
remitting form (RMS), 49 patients, secondary progressive
(SPMS), and 15, primary progressive form of MS (PPMYS). It
is to be noted that the number of studied patients in the groups
approximately matches the distribution of clinical forms of
the disease in the population of MS patients. The duration
of disease in the studies patients varied from 1 to 31 years.
All patients were followed up in the MS Center of the V.D.
Seredavin Samara Regional Clinical Hospital. The diagnosis
of MS was verified using McDonald criteria (2017).

The study was performed in two stages.

The preliminary study included assays from 90 patients
of interleukin-6 (IL-6), P-selectin glycoprotein (SELP),
SIGLEC-9 immunoglobulin, glycation molecules (sSRAGE)
on the Multiskan ELISA reader at 450 um wavelength
using the following test kits: Interleukin-6-1FA-BEST
(Vector-Best), ELISA Kit for Receptor Advanced Glycation
Endproducts (Cloud-Clone Corp.), ELISA Kit for P-selectin
(Cloud-Clone Corp.), ELISA Kit for Sialic Acid Binding Ig
Like Lectin 9 (Cloud-Clone Corp.). Among patients, there
were 35 men (38.9%) and 55 women (61.1%). The patients’
age was between 18 and 74 years. The comparison group
included 30 healthy individuals of similar age and sex.

On the second stage, Interleukin-6 (IL-6) and P-selectin
glycoprotein (SELP) values were studies in a group of 135
patients that included 90 patients of the previous stage of
the study. Among the patients there were 84 women (62.2%)
and 51 men (37.8%). The median age was 41 (33; 50) years.

Statistic processing of data was performed in IBM SPSS
Statistics 26.0. Quantitative variables were assessed for
normality of distribution using either the Shapiro—Wilk test
or the Kolmogorov—Smirnov test with Lilliefors correction,
depending on the expected frequency count. Since the
quantitative data either followed a non-normal distribution
or represented ordinal variables, comparisons between the
two independent groups (patients with MS and individuals
without demyelinating diseases) were performed using the
Mann—Whitney U test. Non-parametric data are presented
as median (Me) with lower and upper quartiles (Q1; Q3).
Multiple comparisons between groups with different MS
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disease courses were conducted using the Kruskal-Wallis
test. Correlation analysis was performed using Spearman's
rank correlation coefficient. Statistical significance of the
findings was determined at the 5% significance level.

The weighted arithmetic mean for the investigated
glycome parameters was calculated using the following
formula:

Y
MDY/

A weighted mean is an average that accounts for the
weight (importance) of each element within a dataset. It
is used when sample elements have different significance,
such as when combining results from samples of varying
sizes, or when the contribution of each element needs to be
factored in proportionally to its importance.

m RESULTS

From the products of glycosylation, the most interest
was on part of SELP serum. The numbers in the studied
group (patients with MS regardless of the course of disease,
n = 88) vary from 29.49 to 173.54 ng/mL with an average
(weighted average) value of 67.994, while the indicators
in the control group (individuals without demyelinating
and inflammatory diseases, n = 30) vary between 27.432
to 125.314 ng/mL, the average value being 57.734 ng/mL.

Serum IL-6 quantification levels in patients with MS (n
= 90) demonstrated considerable variability, from 0.00 to
104.93 pg/mL, the average being 3.884. In the control group
(n = 30), the IL-6 levels vary from 0.258 to 4.0115 pg/mL,
the average being 1.611 pg/mL.

When analyzing the marker levels by groups depending
on the course of multiple sclerosis, the following results
were obtained:

RMS (n = 50):

SELP (n = 48): min. 29.49; max. 122.21 ng/mL, avg.
68.981 ng/mL.

IL-6 (n = 50): min. 0.00; max. 109.93 pg/mL, avg.
4.335 pg/mL.

PPMS (n =5):

SELP: min. 30.92, max. 62.89 ng/mL, avg.
44.52 ng/mL.

IL-6: min. 0.00; max. 0.01 pg/mL, avg. 0.002 pg/mL.

SPMS (n = 35)

SELP: min. 30.48; max.
69.995 ng/mL.

173.54 ng/mL, avg.

IL-6: min. 0.00; max. 56.14 pg/mL, avg. 3.794 pg/mL.

The levels of SRAGE and SIGLEC-9 were also analyzed.
Study group: sSRAGE (n = 90) min.: 0.00; max.: 0.05 ng/
mL, weighted avg.: 0.001, mean square deviation: 0.00667.
SIGLEC-9 (n = 90) min.: 0.00; max:. 0.29 ng/mL, weighted
avg.: 0.0216, mean square deviation: 0.0577. Control group:
sRAGE (n = 30) min.: 0.00; max.: 0.638 ng/mL, weighted
avg.: 0.0615. SIGLEC-9 (n = 30) min.: 0.00; max.: 0.1647 ng/
mL, weighted avg.: 0.0216, mean square deviation: 0.0577.

Following the results of the preliminary analysis of
laboratory findings, it was decided to study the IL-6 and
SELP levels. They demonstrated the most informative value
and variability both as compared to the control group in
a greater number of patients and within the analysis of
groups with different courses of MS. At the same time, the
SRAGE and SIGLEC-9 levels demonstrated low absolute
values within the studied group and showed no significant
differences from the control group.

The second stage involved analysis of the levels of blood
serum IL-6 and SELP in 135 patients with different courses
of MS (RMS: 71, SPMS: 49, PPMS: 15) and 30 healthy
individuals from the comparison group. The glycome levels
of IL-6 and SELP were compared in the two groups using
the Mann — Whitney test. The level of IL-6 in MS patients
was 0.47 (0; 1.91) pg/mL, in the comparison group: 0.745
(0.495; 1.05) pg/mL, without a statistically significant
difference (p = 0.178). The SELP glycome level in the study
group was 53.02 (35.84; 78.32) ng/mL, in the comparison
group: 47.665 (40.34; 66.245) ng/mL, also without a
statistically significant difference (p = 0.899).

In all of the studies groups including different courses of
the MS disease, the glycome levels were analyzed using the
Kruskal-Wallis test. No statistically significant differences
were found in the assessment of IL-6 (p = 0.752) and SELP
(p = 0.655).

The correlation between the glycome levels of IL.-6 and
SELP and the duration of the MS disease is shown in Table 1.
In RMS patients, Spearman’s rank correlation was used
to establish a statistically significant direct correlation
between the duration of the disease and the SELP level
(p = 0.278 with 95% CI: 0.039-0.489; p = 0.019).

The correlation between the glycome levels of IL-6 and
SELP from the degree of disability on EDSS (Expanded
Disability Status Scale) was tested using the Spearman’s rank
correlation. The correlation was statistically insignificant.
The data is shown in Table 2 (rank correlation).

| MScouse | 0 sPMSmn=49 | = RMS(m=7y [ = PPMS(n=15 |
|| spearmansp | __pvalie | Spearman'sp | pvalue | Spearmansp | pvalue
IL-6 -0.130 0.373 -0.021 0.863 0.185 0.510
SELP 0.230 0.112 0.278 0.019 0.315 0.252

Table 1. IL-6 and SELP by MS duration

Tabnuua 1. Mokaszamenu IL-6 u SELP B 3aBucumMocmu om dnumersnbHocmu mevyeHusi PC

SPMS (n = 49) RMS (n = 71) PPMS (n = 15)
S B N e B T e

IL-6 0.086
SELP -0.155

Table 2. IL-6 and SELP by EDSS

0.556
0.289

-0.011
-0.016

0.930
0.891

0.229
0.302

0.412
0.274

Ta6nuua 2. lNMokazamenu IL-6 u SELP B 3aBucuMocmu om 3HadeHul wkasnel uHBanuousayuu EDSS
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Thus, only the significant correlation between the SELP
level and the duration of the MS disease for RMS was
established.

m DISCUSSION

According to A. Cvetko et al. (2020), immunoglobulins
G were most notable for their fucosylated nucleus and
abundance of structure with a high content of mannose. In
the plasma proteins, they noted an increase in the complexity
of glycans: the number of highly branched structures was
increasing that carried multiple residues of galactose
and sialic acid. Some N-glycans and IgG showed good
sensitivity and specificity, based on which the correlation
of probability of MS from the level of N-glycans and IgG
in the plasma was derived [12].

Peng Peng Ip et al. (2021) used 49 glycoproteins of
the serum to calculate the levels of 286 glycopeptides and
compared them in groups of patients with RMS (n = 45)
and opticomyelitis spectrum diseases (n = 23), as well as
in 6 healthy individuals. In these groups, differences were
found in site-specific N-glycans in the structures involved
in the inflammatory process that were seen as potential
markers for differential diagnosis of MS and opticomyelitis
spectrum diseases [13].

P. Dojesak et al. (2022) studied the N-glycome in the
blood serum of female patients with MS and compared it
with the control group. In the MS group, higher levels of
sialylation, galactolysis and mannose were found [14].

M. Wubhrer et al. (2015) studied protein glycosylation
in 48 pairs of cerebrospinal fluid and blood serum of 27
patients with different forms of MS and of 21 healthy
individuals or patients with other nervous system diseases.
The study concluded that glycosylation of IgG1 was
different in the cerebrospinal fluid and in the blood serum
both in the MS group and in the control group. In the
case of MS, glycosylation was elevated in the fluid but
not in the serum. The most changes of fucosylation of
GIlcNACc were seen 2-3 months after exacerbation of MS,

and glycosylation of I[gG1 correlated with the synthesis of
intrathecal IgG and with the cytosis in the cerebrospinal
fluid [15].

The correlation for age and sex of MS patients was
identified by quantitative and qualitative methods using
the residual sugars that were more manifested in the
cerebrospinal fluid than in the blood serum. J. Decker et
al. (2016) showed that galactosylation of IgG in the fluid
depends on the age and sex: higher levels were seen in men
and in patients aged 25-50. The decrease of galactosylated
IgG correlates with the progression of MS and increase of
disability scores on the EDSS, and is accompanies by an
increased intrathecal synthesis of IgG [16].

In this study, we made an attempt to identify the
dependence of the IL-6 and SELP levels from the course,
duration of the disease and severity of MS, and found out
only the significant correlation between the SELP and the
duration of disease for RMS. No data was found between
the correlation of these indicators with the age and sex of
patients.

m CONCLUSION

The completed studies show some specificity in the
changes of glycosylation of proteins in multiple sclerosis,
which allows for the use of these values as markers for
diagnostics of various forms of MS and similar diseases.

Despite the fact that this study succeeded only in
establishing the significant correlation only for SELP and
only for the duration of disease for the relapsing-remitting
multiple sclerosis, additional results may be obtained if
more patients or if other glycome levels are included in
the study. Considering the multiformity of the proteome
and variety of its modifications in various media of the
body (blood serum and plasma, cerebrospinal fluid), and
the diversity of approaches towards its study (numerous
quantitative and qualitative biochemical methods), the
further search for markers and predictors of MS progression
seems promising. P
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Abstract

The current stage of technological evolution in healthcare is characterized
by the synergy of biomedical sciences and digital technologies, shaping a
new paradigm of evidence-based medicine. Generative artificial intelligence
(GenAl), with its potential to process heterogeneous data and generate
predictive models, is a key driver for the personalization of medical
services. This study conducted a multi-level analysis of the institutional
and technological aspects of developing a scientific and medical cluster.
A scientific-medical educational cluster (SMEC) represents a promising
organizational and economic model aimed at consolidating the resources
of science, education, practical healthcare, and business to achieve strategic
public health goals.

Aim: to study modern approaches to the development of scientific-medical
educational clusters as a tool for addressing strategic objectives of public
health and healthcare organization on the regional level.

Material and methods. The study utilized a systems approach, a content
analysis method for research data on the issue, and an analytical method for
assessing the effectiveness of the cluster model in the context of Russian
regions.

Results. Key systemic limitations were identified: fragmented management,
shortage of personnel and management competencies, and insufficient focus
of scientific research on public health priorities. The challenges of forming
scientific and medical educational clusters in the current context and ways to
address them were identified.

Conclusion. Organization of scientific-medical clusters is a key factor
in the development of an innovative healthcare ecosystem, ensuring the
integration of academic science, educational institutions, the business sector,
and government regulation. Key factors for the success of scientific and
medical educational clusters in the region include the leading role of the
healthcare authority in coordinating all cluster participants; focus on public
health priorities determined based on epidemiological analysis and monitoring
data; integration of educational programs in artificial intelligence management
and healthcare economics into cluster activities to train personnel capable of
working in an interdisciplinary environment; investments in innovations with
achievable medical, demographic and economic indicators.
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AHHOTaumA

CoBpeMeHHBIH 3Tall TEXHOJIOTHYeCKOM 3BOJTIOIHH B 37IpaBOOXPAaHEHNH XapaK-
TepU3yeTCsl CUHepruel MeJJuKo-0H0oJIOrnYeCKUX HayK U IUPPOBBIX TEXHOJIO-
ruii, GopMHpYIOLIel HOBYIO ApaJJUrMy JI0Ka3aTeJIbHOM MeTuIIMHbI. [ eHepa-
THUBHBIN UCKYCCTBeHHbIH UHTesuIekT (reHMH), obaaronuii moTeHraaoMm
06pabOTKH reTeporeHHbIX IAaHHbIX U IeHepalyy IpPeJUKTUBHBIX MOJlesiei,
BBICTYIIAeT KJIIOYEBBbIM JIpaiiBepoM IepCOHAIU3aluy MEeJUIIMHCKUX YCIIYT.
B pamkax JaHHOTO MCCIIeZJOBaHUS IIPOBEJIeH MHOTOYPOBHEBbIM aHAIM3 MH-
CTUTYLMOHAJIbHBIX U TEXHOJIOTMYEeCKUX acleKTOB pOpPMHUPOBAHHUS HAyYHO-
MeJIMIIMHCKOTO Kiiactepa. Hay4Ho-MenuMHCKuil 06pa3oBaTesIbHBIHN KilacTep
(HMOK) mipenicraBnsieT co60¥i IepCleKTUBHYIO OpPraHU3allMOHHO-3KOHOMMU-
YEeCKYI0 MOJieJlb, HAallPaBJIeHHYI0 Ha KOHCOJIMJIAIMIO PeCypCcoB HayKH, 00-
pa30BaHus, IPAKTUYECKOTO 3[[PaBOOXPaHeHHs U OM3Heca sl JIOCTHXKEHHUsI
CTpaTeruyecKux 1ejieid B 06s1acTi 06IeCTBEHHOTO 37I0POBbSI.

esnb: U3y4uTh COBpEMEHHbIE TOAXObI K pOPMHUPOBAHHUIO HAyYHO-MeIUI1H-
CKHX 00pa30BaTesIbHBIX KIIAaCTePOB KaK MHCTPYMEHTA PellieHus] CTpaTeruye-
CKHUX 33/1a4 B 00J1aCTH OXpaHbl 06IECTBEHHOTO 3[J0POBbsl M OPraHU3alNU
3[paBOOXPAaHeHUs B pErHOHe.

Marepuan 1 MeToAbl. B nccieoBaHuy IpUMeHeHbl CUCTEMHBIN TOJIXO/,
MeTOJl KOHTeHT-aHaJIM3a JJaHHbIX Hay4YHBIX MCCJIEIOBAHUM 110 Ipobieme,
AQHAJIUTUYECKUIA METOJ JUlsl OLeHKU 3¢ PeKTUBHOCTH KJIaCTEPHOM MOziey B
YCJIOBHUSIX POCCUHCKUX PETHOHOB.

Pe3ysnbrarsl. BoisBieHb! KiltoYeBble CUCTEMHbIE OTPaHHUYeHus: pparmeHTap-
HOCTB YIIpaBJieHus], JepUIUT KaJJpoB, yIPaBIeHuYeCKUX KOMIIETeHIU#H U Helo-
CTaTO4YHAasi OpPUeHTAIMs HayYHbIX pa3paboTOK Ha IIPHOPHUTETHI 06IIeCTBEHHOIO
310poBbsi. OnpesierneHsl Tpo6iieMbl GOPMUPOBAHUU HAyYHO-MEAUIIUTHCKUX
06pa30BaTeNbHbIX KIIACTEPOB B COBPEMEHHBIX YCIIOBUSIX U IyTel MX peleHHsl.
3axurrouenne. PopMUpOBaHKe HayYHO-MEIUIMHCKHAX KIIACTEPOB BBICTYIAET
KITF04eBbIM (paKTOPOM Pa3BUTHsI MHHOBAIIMOHHOM 3KOCHCTEMBI 3/]paBOOXpaHe-
HYs1, 06eCreyMBaroIlel HHTerpalyio aka/leMUYeCKON HayKu, 00pa3oBaTelIbHbIX
MHCTHUTYTOB, IIPEeAIPUHIMATEIILCKOTO CEKTOpa M FOCYAapCTBEHHOIO Peryiy-
poBanwst. KimtoueBbimu ycroBusivu ycnernmHoctd HMOK B peruowne siBisirorcst
TaKHe M0Ka3aTelly, KaK JIMAUPYIOLIIasi pOJib OPraHa yIIpaB/ieHHs 3PaBOOXpaHe-
HHeM B KOOPJIMHAIINHY BCEX y4aCTHUKOB KJIACTepa; OPHEHTAIYst Ha IPUOPUTETHI
06I1IeCTBEHHOT'O 310POBbS, OIIPeJieNsieMble Ha OCHOBE 3MU/IEMUOJIOTHIECKOr0
aHaJIM3a ¥ JAHHBIX MOHUTOPHHIOB; HHTerparys 06pa3oBaTesIbHbIX IPOrpaMM
B cdepe yIpaBiieHHs! NICKYCCTBEHHbIM MHTEJUIEKTOM M 3KOHOMHKH 3/[paBOOXpa-
HEeHWI B JIesITeJIbHOCTb KJIacTepa JIjIsl TOATOTOBKY KaZIpOB, CIIOCOGHBIX paboTaTh
B MEXIWCIUIUIMHAPHOH CpeJie; MHBECTUIIMU B MHHOBALIMK C JJOCTUTaeMbIMU
MeJIMKO-ZIeMOrpaduieCKUMI ¥ SKOHOMUYECKUMH TT0KA3aTeJISIMH.
KirioueBsble c10Ba: Hay4HO-MeUI[MHCKUI KJIACTep, YIIpaBlieH:e 3/1paBo-
OXpaHeHHeM.

KoHQnuKT MHTepecoB: He 3asiBJIeH.
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m INTRODUCTION

Modem technology plays a key role in the development
and enhancement of competitive capacity of countries on

the international arena. The Russian Federation independently

shapes the technological policy by continuously improving its

effort in the sphere of science and innovation, by controlling

the critically important technology ensuring their stability

16

and independent development. It is worthwhile analyzing
the country’s internal approaches to identify the priorities of
development in the sphere of technology via integration of
science, education and technology [1, 2].

Medicine is one of the dynamically developing areas
of science and practice. Innovative approaches towards
diagnostics, treatment and prevention of diseases necessitate

www.innoscience.ru
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continuous updating of knowledge and technology. At the
same time, successful implementation of scientific ideas
is impossible without the joint effort of scientists, doctors,
entrepreneurs and state structures. Development of modern
medicine calls for a comprehensive approach comprising
close cooperation between the scientific, medical, educational,
commercial and state public institutions. In the context of the
global technological race, formation of scientific medical
clusters becomes a strategic priority to ensure competitive
capacity of the nation [3, 4].

According to the “Triple Helix” theory of H. Etzkowitz
(2017), an innovative ecosystem emerges at the intersection
of interests of three stakeholders: the academic institutions,
the business and the state; each of them having its specific
features. However, they all are interconnected and are
indispensable for the national sovereignty. At present, the
Triple Helix model gains more importance in the light of
implementation of “Healthcare” and “Science” national
projects, both focusing on the development of critical
technologies [5].

The scientific, educational and technological components
in the sphere of healthcare promote the formation of a specific
scientific and technological environment, the scientific and
medical educational cluster (SMEC). Studies show that the
medical industry has a multiplicative effect: every Ruble
invested in the healthcare generates up to three Rubles of added
value via creation of jobs, development of related industries
improvement of quality of human capital. At the same time,
some researchers note an imbalance between the scientific
potential and commercialization of research: only 12% of
medical patents are implemented in clinical practice [6, 7].

The formation of the SMEC is an effective tool to achieve
sustainable growth and improved competitive capacity of
regions. This opportunity allows for integration of resources
and competences of all stakeholders by creating conditions to
scale scientific achievements and implementation of advanced
technologies in the daily medical practice [8, 9].

Development of artificial intelligence (AI) technologies
has transformed approaches to the interaction between the
doctor and the patient making remote follow-up, automated
data processing and creation of new decision-making
support tools possible. The major contribution of AI lies
in its capacity of processing heterogeneous medical data
creating substantially new possibilities to customize medical
assistance. The rapid development of Al and the specifics of
management in the medical sphere necessitate Al product
developers and medical institutions to cooperate within
the cluster in order to focus on specific areas of medicine
and to select those Al products that meet their business
model, have potential for further commercialization and can
be smoothly and organically implemented in the regional
healthcare systems. It is obvious therefore that some of the
most important characteristics of a modern SMEC include
its digital infrastructure [10-12].

m AIM

To study modern approaches to the development
of scientific-medical educational clusters as a tool for
addressing strategic objectives of public health and healthcare
organization on the regional level.

www.innoscience.ru

m MATERIAL AND METHODS

The materials were scientific publications on the country’s
SMEC over the past ten years.

The study utilized a content analysis and generalized
the literature data to assess the potential effect of clustering
on the key indicators of people’s health and efficiency of
resource use considering the results of analysis of opinions on
the work of scientific and medical educational clusters from
heads of medical organizations, representatives of executive
authorities and profile departments in regional healthcare
structures.

The analytical method was used to study the successful
practices of integration of structural components of science,
education and medicine into clusters, specifically, the project
“Smart platform of cardiovascular pathology diagnostics”
(Oryol), that allowed for appraisal of the effect for the
healthcare system, viz. reduction of diagnostic time and
reduction of load on X-ray specialists, and results of the
“MedBioTech” acceleration program.

The system analysis and the method of organizational
modeling was used for the structural and functional
characteristics of the cluster, its participants, and for the
identification of methods of solving the problems related
to scientific and medical clusters from the perspective of
healthcare management in the regions.

m RESULTS

In the course of the study, the modern SMEC was
defined as a system of related organizations and institutions
united with a single goal of promoting medical innovations
and improvement of efficiency of provision of medical
services [3].

The major components of the cluster are institutions
of higher medical and pharmaceutical education,
research institutes and laboratories, clinical hospitals
and specialized medical organizations, pharmaceutical
and medical device manufacturing companies, and state
structures regulating the industry and supporting the
financing programs [8, 13].

The advantages of SMEC organization include improved
performance and reduced cost of research, improved
availability of high-quality medical services for the population,
stimulation of technological progress and development of
new approached towards disease diagnostics and treatment,
improvement of regional economic activity by increase of
number of jobs and amount of tax revenue.

In the modern conditions, medical clusters also have some
fundamental specific features related to additional sources
of external financing, lack of fixed linkage to geographical
location of stakeholders, importance of implementation of
modern information and computer technologies, as well as
different approaches to administration of emergency and
planned medical intervention [14].

Cluster approach in the knowledge-based economy
became one of the driving forces in the strategies of social
and economic development of Russia, which lead to state
that the cluster approach is actively used in education [15].

At the same time, there are some barriers that preclude
active formation of a full-scale scientific and medical cluster:
insufficient coordination of actions between representatives of
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Availability of scientific research projects with patents in the sphere of
biotechnologies.
Support of state digital programs.

Low investment activity (below 5% of the gross regional product).
Outflow of young specialists (approx. 12% over five years).

Participation in federal grants (national projects).
Partnership with JSC “Aviaavtomatika” (transfer of technology).

Competition with Moscow clusters.
Sanctions restricting equipment export.

Table 1. SWOT analysis of the medical cluster potential in the Oryol region
Tabnuuya 1. SWOT-aHanu3 nomeHyuana MeduyuHckoeo knacmepa OpnoBckol obnacmu

different structures; limited financial resources to implement
ambitious projects; insufficient motivation of commercial
companies to invest in long-term projects; low level of public
awareness of the existing initiatives and prospects of cluster
development [16, 17].

We performed a SWOT-analysis of the potential of the
medical cluster and considered its strengths, weaknesses,
opportunities and threats using the example of the Oryol
Region (Table 1) [18].

The SWOT-analysis of the potential of the Oryol Region
revealed that the key threats are not just the sanctions
but rather the internal organizational barriers, namely
low investment activity, outflow of workforce and weak
coordination of efforts.

It is worthwhile mentioning some economic effects of
clusterization. Implementation of an Al diagnostic platform
in 12 medical institutions of the region (2022-2023) resulted
in reduced time of processing of CT scans by 40%; reduced
expenditure on repeated examinations by 18 million Rubles
per year; increased patient satisfaction up to 89% in 2023
(vs. 67% in 2021). According to the forecast of the cluster
multiplicative effect, by the year 2030, additional 1200 jobs
will be created and the tax revenue will increase by 2.3
billion Rubles.

Organization of scientific and medical clusters is an
important element of innovative development of the Oryol
Region, but this process involves some administrative
obstacles and institutional complications.

m DISCUSSION

Organization of the scientific and medical cluster is a vital
factor of innovative development of the region. Thanks to the
consolidated effort of all stakeholders, it is possible to achieve
a qualitatively new level of provision of medical services,
enhancement of investment attractiveness of the region
and strengthening of positions of Russian manufacturers of
drugs and medical equipment. Successful implementation of
these tasks will necessitate energetic interaction between all
stakeholders of the process, and consistent implementation
of proposals and recommendations.

Having analyzed the existing experience, we identified
some challenges in the organization of scientific and medical
educational clusters and methods of their resolution (Table 2).

To address these challenges, it is necessary to create
effective mechanisms of interaction between all participants
of the process. These mechanisms include the following
components: organization of a coordination council for
regular discussions of issues of interaction and development
of a reconciled strategy; financial support, i.e. raising of
grants and focused financing to implement significant
projects; informational openness, or transparency in
the questions of resource distribution and promotion of
successful practices; preparation of workforce reserve —
development of special training and internship programs
for aspiring specialists; use of AI technologies that
improve training outcomes by creating a personalized,
immersive and interactive environment and support clinical

Deployment of SMEC infrastructure requires substantial financial investment.
Construction of laboratories, medical institutions, procurement of equipment
and modern jobs require investment of capital. Without state support and
raising of private investment, such projects render economically unviable.

High initial
expenditure

Scientific and medical centers require highly qualified specialists including
doctors, researchers and engineers. Understaffing in Russian regions is a
serious problem related to low standard of living, lack of social conditions and

Underqualified
workforce
low salaries.

Limited access
to financing of

scientific research with large federal scientific centers.

t%gﬂﬁﬁgéi%glpw education and industry. Lack of established technological chains complicates

A implementation of research achievements into practice and decreases
competitive capacity of products and services.

Problems of Private investors and entrepreneurs are often under-informed about the

interaction prospects of cooperation with the scientific community. Low level of trust and

between business lack of experience of management of joint projects also preclude effective

and science interaction.

Table 2. Ways to solve problems related to scientific-medical clusters

Financing of scientific projects largely depends on state grants and contracts
that are distributed in a centralized fashion. Regional scientific institutions face
limited access to such resources, especially in the conditions of competition

Successful performance of SMECs required close links between the science,

Public-private partnership (PPP), raising of grants
and subsidies from federal and regional authorities,
use of tax incentives and preferences for investors.

Creation of attractive working conditions, increased
salaries, development of educational programs

to train specialists in the local higher educational
institutions, relocation and adaptation programs for
new employees.

Forming of a regional scientific policy aimed

to support local initiatives, development of
mechanisms of targeted financing of prospective
areas of science and medicine.

Development of cooperation between universities,
research institutions and industry, support of
startups and innovative companies, organization of
specialized technoparks and business incubators.

Organization of conferences, workshops and
forums focusing on making contacts between the
science and the business; organization of special
agencies and foundations assisting development of
mutually beneficial relations.

Ta6nuua 2. [Tymu peweHusi npo6ieM, CBSI3aHHbIX C Hay4HO-MeAUUUHCKUMU Klacmepamu
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decision-making and sharpening of practical skills [19];
raising private investment by initiating partnership with
large companies ready to invest funds in science-intensive
projects.

The potential for consolidating the resources of the region
in the field of medical education to subsequently create
globally competitive medical products should incorporate
the aforementioned competency synergies. Analysis of the
conducted research on this topic also leads to the conclusion
that integrating all elements of the regional SMEC will enable
the selection of priority training vectors for specialists, based
on an assessment of the current needs of the constituent entity
of the Russian Federation [20].

m CONCLUSION

Organization of scientific and medical clusters is a key
factor of development of an innovative healthcare system
that integrates the academic science, educational institutions,
private sector and state regulation. Organization of SMEC
under governance and with direct involvement of healthcare

stakeholders is a strategic tool to enhance the efficiency of
the system of public health and to improve its performance
indicators. The cluster model enables a shift from the disparate
efforts of individual institutions to targeted, coordinated
activities focused on the ultimate outcome: improvement of
public health.

Key conditions for the success of a regional scientific
and medical education cluster include such indicators
such: the leading role of the public health authority in
coordinating all cluster participants; focus on public health
priorities determined through epidemiological analysis and
monitoring data; the integration of educational programs in Al
management and health economics into the cluster activities
to train personnel capable of working in an interdisciplinary
environment; and investments in innovations with achievable
medical-demographic and economic indicators.

A prospective area of further research is the development
of a system of performance indicators of the SMEC integrated
with criteria of evaluation of work of administrators of health
authorities and medical institutions. »=
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Abstract

Aim: to identify students’ needs for medical and preventive care, identify barriers
to access to medical services, and assess readiness to implement the integrated
University of Health model using the example of the RUDN University.
Material and methods. A sociological survey was conducted by interviewing
682 students (489 Russian, 193 foreigners) aged 17-35 years, divided into
different courses, faculties and areas of study. An author’s questionnaire of 60
questions was used with the inclusion of a validated EQ-5D-5L questionnaire
to assess the quality of life.

Results. The majority of students (73.2%) rated their health as good and
excellent. However, a significant number of students noted difficulties with
mental and emotional health. Anxiety states were noted in 44.7% of students,
the average value on the EQ-5D-5L health scale was 70.8+15.2 points out of
100. Limited physical activity is observed in 39.3% of students, insufficient

sleep is typical for 49.8% of respondents. 89.4% of students are aware of
the presence of the university Clinical Diagnostic Center, while only 52.8%
applied there. The main barriers to access are organizational (long waiting
20.1%, inconvenient time 15.0%). 69.6% of students are positive about the
idea of the integrated “University of Health” model and 67.7% are ready to
actively use the services offered.

Conclusion. The study confirms the need to develop an integrated model of
medical and preventive care. The high readiness of students for the concept of
the “University of Health” creates conditions for the successful implementation
of this model in the practice of a multidisciplinary university.

Keywords: medical and preventive care, accessibility of medical care,
academic medical cluster, University of health.
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Coumonornyeckuin aHanus3 noTpebHocTel CTyAeHTOB
pPOCCUICKOro MHOronpoduibHOro YyHMBepcurera
B MegMKo-npocunakTM4eckom nomMoLm

M.B. YepHsaeB

@®rAQY BO «Poccuiicknii yHMBepcuTeT Opy6bl HAPOAoB MMeHu NMaTpuca JlyMyMm6bi»
(MockBa, Poccuiickaa Pegepauns)

AHHOTaumA

Iensb: BbISIBUTH NOTPEOHOCTH CTYEHTOB B MeIUKO-IIPOUIAKTHIECKOM
IIOMOIIU, OIpeNesuTh Gapbepbl JOCTyIAa K MEeJUIMHCKUM yCJIyraM H
OIIEHUTb TOTOBHOCTb K BHEJIPEHUIO MHTEIrPUPOBAaHHO MOJIEN « YHUBEPCUTET
3n0poBbsi» Ha npuMepe PYJTH um. [1arpuca JIlymym6s1.

Marepuai 1 MeTopbl. [IpoBefieHO COIMOIOrUYeCcKoe UCCIIeIOBaHKe METOIIOM
aHketupoBaHus 682 ctymentos (489 poccuiickux, 193 HHOCTPaHHLIX) B
Bo3pacre 17-35 jiet, pacrpezieJieHHbIX 110 pa3HbIM KypcaM, dakysbTeTaM U
HaIIpaBJIeHUsIM ITO/ITOTOBKY. M crionb30BaHa aBTopcKast aHketa U3 60 BOrpocos
C BKJIIOYEHHEeM BaluJupoBaHHOro onpocHuka EQ-5D-5L s omeHku
Ka4ecTBa KU3HHU.

Pesynbrarsl. BonbmuHCTBO cTyneHToB (73,2%) OLleHWIN CBOe 3/10POBbe
Kak xopoliee 1 oTinn4Hoe. OJHAaKO 3HAYMUTEIbHOe YUCIIO 00Y4alomUXCs
OTMETHJIN CJIOKHOCTH C IICUXO3MOI[OHAJIBHBIM 3/10POBbeM. TpeBOXKHbIE
COCTOSIHMSI OTMedeHbl Y 44,7% CTyleHTOB, cpellHee 3HaueHHe II0 IIKaje
3n0poBbst EQ-5D-5L cocraBmiio 70,8+15,2 6auta uz 100. OrpanuyeHHas
¢$usmueckas akTUBHOCTb HabimonaeTcs y 39,3% CTyneHTOB, He[JOCTaTOYHbIH

coH xapakTtepeH it 49,8% omporieHHbIx. 89,4% CTYIEHTOB 0CBeIOMIIEHbI
o Hamuuuu KIIMHUKO-IMAarHOCTHYECKOTO [[eHTPAa YHHUBEPCUTETa, OJHAKO
obparanrch Tyaa Tosbko 52,8%. OcHOBHBIMU GapbepaMu JIOCTYIIA SIBIISIOTCS
opraHu3aloHHble (JumrenbHoe oxxuganue 20,1%, neynobHoe Bpems 15,0%).
69,6% CTymeHTOB IOJIOXKUTEIBHO OTHOCSTCS K HJlee UHTerpupOBaHHOMN
MoJIed « YHUBEPCHUTET 3[10POBbsi» U 67,7% TOTOBBI aKTUBHO MCIIOIb30BaTh
npejyiaraeMbie yCIyTH.

3akuruenue. VccienoBanue noATBepXKIaeT HeOOXOOUMOCTh Pa3BUTHS
HMHTerpHpOBAaHHOMN MOJIENTH MeUKO-NPOGUIaKTHYeCKOH oMo, Bricokast
TOTOBHOCTD CTY[IHTOB K KOHIIETIIAH « YHUBEPCUTET 3[I0POBbsD» CO3IAeT YCIIOBHS
IUISL YCIIEITHOW peasTi3aliiy 3TOM MOJIeNH B IIPAKTHKe MHOTOIPOGUILHOTO
YHHBEpCHTeTa.

KiroueBsie ciioBa: MeIUKO-POPUIAKTAYIECKAs TOMOIIIb, JOCTYIIHOCTD
MeJUIMHCKON IIOMOINM, aKajeMUYeCKUN MeIUIIMHCKUU KjacTep,
YHHUBEPCUTET 30POBbSI.
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m INTRODUCTION
Students are a special social group experiencing a
critical period of formation of fundamental habits
and stereotypes that shale their health for their entire life.
Entering a university comes with a marked stress of the
adaptive potential of the organism and exposes it to many
risk factors that often surpass the adaptive capacity [1-3].
Preservation of students’ health is one of priority tasks of
the education and the healthcare systems of the Russian
Federation.

Scientific research performed in Russian higher
education institutions shows that over 50% of students
have health disorders. Studies of the Research Institute of
Hygiene and Health Protection of Children and Adolescents
show that in the past two decades prevalence of functional
disorders among young people has increased significantly.
Intensive academic activity, psycho-emotional stress,
unhealthy living, lack of physical activity, sleeping and
food pattern disorders contribute to development of
various diseases and functional disorders [4—6].

The problem of psycho-emotional condition of students
is especially urgent. According to the research performed
in 2024 by the scientists of Moscow City Pedagogical
University, the most common psychological problem of
students is high anxiety identified in 46% respondents,
while 32% of the students experience difficulties in the
identification of live goals and require psychological
support [7].

Modern healthcare research confirms a direct
correlation between the health of the students and their
academic performance. Thus, unfavorable physical
condition may significantly reduce academic efficiency
precluding achievement of educational goals and might
result in academic expulsion. Support of students’ health
becomes not just a medical but rather pedagogical task of
utmost importance [8, 9].

At the same time, the present-day system of medical
assistance to students in the Russian universities is
often fragmented and insufficiently integrated. Primary
healthcare, prevention activities, sanatorium and resort
treatment and rehabilitation often function as separate
weakly connected components. This results in an inefficient
use of resources and precludes full satisfaction of students’
needs in a comprehensive medical and preventive care
[10, 11].

Considering the above, more and more attention is paid to
the development of the Health Promoting University concept
recommended by the WHO. It comprises a comprehensive
integrated approach towards improvement of health of all
members of the university community including students
and faculty by bringing together the effort of the medical
services, academic units, administration and social services.
The integrated model provides a coordinated provision of
medical care, prevention care, healthy living promotion
programs and psychological support in the unified
organizational system [12—14].

The Patrice Lumumba Peoples’ Friendship University
of Russia (RUDN) is a multidisciplinary university, the
alma mater for students from 152 countries of the globe.
On the one hand, this creates additional opportunities for
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the cultural enrichment of the students; on the other hand,
it forms specific challenges in supporting their health
including language barriers, adaptation complications,
differences in the cultural approaches to health and
perception of medical services [15, 16].

The RUDN had a Clinical Diagnostic Center (CDC),
healthcare center and several other medical divisions
including the university clinical hospital. Despite these
resources, the integral model of medical and preventive
care to students that would unite these components in an
effective manner has yet to be created. At the moment,
the academic medical cluster is formed that would have
to assume responsibility and respond to all the healthcare
needs of the students and the faculty.

m AIM

To identify students’ needs for medical and preventive
care, identify barriers to access to medical services, and
assess readiness to implement the integrated University of
Health model using the example of the RUDN University.

m MATERIAL AND METHODS

This study is a descriptive cross-sectional sociological
study planned and performed with the generally accepted
standards of social-hygienic monitoring. The choice of
this design is accounted for by the need to obtain a cross-
sectional concept of prevalence of various health metrics,
student behavior and needs in medical and preventive
care at certain moments. The main tool to obtain
information was sociological surveys implemented by
questionnaires. It enabled an outreach to a representative
sample, collection of systematized data from the general
aggregate, collection of systematized data across a wide
range of questions on the health status, behavioral risk
factors, lifestyle, availability and use of medical services,
as well as of attitude towards innovative integrated models
of medical care.

The study was performed at the Patrice Lumumba
Peoples’ Friendship University of Russia. The data
were collected for four weeks in September 2025. This
period allowed minimizing of the impact of seasonal
fluctuations of health condition and avoiding periods
of maximum academic load, that could have adversely
influenced the quality and the completeness of responses.
The questionnaire was made in the Russian language and
later professionally translated into the English language
to ensure its accessibility for foreign citizens without a
proper command of Russian.

The general population of the study were full-time
students from their first to sixth year taking master’s,
resident’s and postgraduate courses. It was divided into
five majors (medical, engineering-technical, humanitarian,
scientific and economic), which ensured high heterogeneity
across educational profiles.

Inclusion criteria: students of at least 17 years of age,
capable of reading and filling out the questionnaire in the
Russian or English language, providing a written informed
consent to participate in the study.

Exclusion criteria: students not enrolled in full-time
courses, students on academic leave, providing responses
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not to all questions, students demonstrating obvious signs
of careless, random or deliberately incorrect responses to
questions in the questionnaire (e.g., identical responses
to all questions or logically incompatible combinations
of responses).

The sample size was calculated in compliance with
principles of mathematical statistics in order to provide
sufficient power of the study. The calculation included
the following parameters: confidence interval 95% (a =
0.05), statistical accuracy of the study 80% (1-p = 0.80),
allowed error of sampling +4%, which is standard for
sociological surveys of this scale, and the tentative share of
the feature in the general sample of p = 0.5 (the maximum
conservative evaluation providing the maximum required
sample volume). The application of the calculation formula
enabled the calculation of the minimally required number
of 600 respondents. As the result of the study, the total
number of respondents was 682 people, which exceeded
the minimally required amount and provided an adequate
power for all planned analyses.

The participants of the study were selected by stratified
random sampling. This approach ensured a proportionate
representation of all significant subgroups of the general
total and prevented a systematic shift of results. The
general total was stratified by three major features: 1) year
of study, since the students of different years may have
significantly differing needs in medical and preventive
care depending on their adaptation to the university;
2) faculty or major, considering that students from the
medical major have a higher awareness of health care;
3) citizenship (Russian or foreign), considering potential
differences in cultural aspects.

Within each stratum, the respondents were selected by
simple random sampling using pseudo-random number
generation algorithm (a function of SPSS Statistics 26.0).
The size of each stratum in the sample was proportionate
to the size of the respective stratum in the general total
of the RUDN, which ensured that the final sampling was
representative.

At the outset of the study, invitations were sent to 780
students selected under the above mentioned procedure of
the stratified random sampling. Consent for participation
was obtained from 722 students (92.6% of all invited
individuals). Later, 710 students returned their completed
questionnaires (91.0% of invited individuals). Following
the data quality control (checking of completeness of
questionnaire fill-out, logical consistency of responses and
lack of signs of careless completion), the final analysis
included 682 students or 87.3% of the initial number of
invited individuals and 96.1% of individuals who returned
their questionnaires. The high percentage of responses
shows good motivation of the students to participate in
the study and good quality of research procedures.

In order to collect the data, the authors developed
a complex structured questionnaire. It was based on
consultations with experts in the sphere of healthcare and
student medicine, and on a tentative pilot test on a sample
of 50 students not included in the main study.

The questionnaire consisted of 60 questions organized
in nine logically connected sections. Section 1 contained
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10 questions to collect social-demographic and social-
economic characteristics of respondents. Section 2
had 10 question on self-assessment of health and on
behavioral risk factors. Section 3 had 8 questions on social
determinants of health. Section 4 had 13 questions on the
use of medical services including awareness of the RUDN
CDC. Section 5 had 6 questions to study awareness of
the concept of the University of Health integrated model
concept. Section 6 had 5 questions on the needs of students
in prevention services. Section 7 was a set of questions
of the WHO validated EQ-5D-5L questionnaire including
five dimensions of quality of life (mobility, self-care,
regular activities, pain/discomfort, anxiety/depression).
Section 8 had 2 questions on the students’ informational
needs. Section 9 had 3 open questions to allow students
formulate proposals to improve medical care, remarks,
and provide additional comments.

Statistical processing of data was performed in the SPSS
Statistics v. 26.0 (IBM, USA) with additional R ver. 4.0
for specialized analytics, and in Microsoft Excel 2019 for
data preparation and visualization. The level of statistical
significance for all tests was set at p <0.05.

m RESULTS

The sample demonstrated high representativeness in the
main social and demographic parameters and adequately
reflected the structure of the student population of the
university. The gender distribution showed a slightly
higher percentage of women (n=367, 53.8%) over men
(n=315, 46.2%), which matches the general trend in
the Russian higher education. In terms of age, the most
numerous group comprised students aged 20-22 (n=265,
38.9%), which is logically explained by the distribution
across years of study. In terms of citizenship, the sample
included a majority of Russian (n=489, 71.7%) over foreign
citizens (n=193, 28.3%), which reflects the distribution
in the student community of the RUDN. In their majors
of study, the students represented the medical (26.7%,
n=182), humanitarian (24.6%, n=168), engineering and
technical (23.8%, n=162), scientific (19.9%, n=136) and
economic (5.0%, n=34) majors. The detailed distribution
of the sample across all social and demographic features
is shown in Table 1.

The analysis of self-assessment of health revealed a
positive perception of the health condition by students.
The majority of students estimated their health as good
(308 students, 45.2%) or excellent (191 students, 28.0%),
making a total of 73.2% of the sample with a positive self-
assessment of health (95% CI: 69.7-76.5%). At the same
time, a substantial part of students (183 students, 26.8%)
indicated presence of health problems and estimated their
health as satisfactory (136 students, 19.9%), bad (38
students, 5.6%), or very bad (9 students, 1.3%).

The level of physical activity of the students was lower
than expected. The majority of students (n=268, 39.3%)
had a low level of physical activity practicing sports less
than twice a week or not practicing sports at all. The
distribution of activity levels was as follows: 2-3 times a
week for 237 students (34.8%), 4-5 times a week for 136
students (19.9%), daily, for 41 students (6.0%), once a
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Sex

Citizenship
Women 367 53.8 50.0-57.5 Russian 489 71.7 68.2-75.0
Men 315 46.2 42.5-50.0 Foreign 193 28.3 25.0-31.8
Age, years Study major
17-19 122 17.9 15.1-20.9 Medical 182 26.7 23.5-30.1
20-22 265 38.9 35.2-42.7 Humanitarian 168 24.6 21.6-27.9
23-25 187 27.4 24.1-30.9 Engineering and technical 162 23.8 20.9-27.0
26-35 108 15.8 13.2-18.8 Scientific 136 19.9 17.1-23.1
Year of study Economic 34 5.0 3.5-6.9
Year 1 122 17.9 15.1-20.9
Year 2 163 23.9 21.0-27.1
Year 3 156 229 19.9-26.1
Year 4 102 15.0 12.5-17.8
Master’s course 139 20.4 17.6-23.5

Notes: Cl — confidence interval (95%), n — absolute number, % — relative frequency

MNpumeyaHusi: AN — doBepumenbHbIl uHmepsan (95%), n — abcontomHoe Kou4ecmso, % — omHocumersibHasi Yacmoma.

Table 1. Socio-demographic characteristics of the sample (N=682)

Tabnuua 1. CoyuanbHo-0emMoepaguyeckue xapakmepucmuku Bbibopku (N=682)

week for 102 students (15.0%), less than once a week for
68 students (10.0%), no sports activities for 102 students
(15.0%). Only 196 individuals (28.7%) had a high level of
physical activity (4-5 time a week or more), which shows
the necessity of promotion of physical activities among
student youth.

Students’ nutrition, assessed by frequency of
consumption of fruit and vegetables, showed insufficient
consumption by the majority of population. Only 136
students (19.9%) consumed fruit and vegetables daily,
171 students (25.1%), 5-6 days a week, 171 students
(25.1%), 3-4 days a week, 136 students (19.9%), 1-2 days
a week, and 68 students (10.0%) never consumed fruit
and vegetables. Generally, only 45.0% (n=307) students
consumed fruit and vegetables more than three days per
week, which necessitates improvement of nutrition habits
among the student population.

The duration of sleep for students is a significant problem.
The average duration of sleep was 6.9 + 1.8 hours, while
the WHO recommendation is 7-9 hours for adult young
individuals. Almost half of the students (n=340, 49.8%,
95% CI: 46.0-53.6%) slept less than the recommended
number of hours. Thus, 56 students (8.2%) slept less than
5 hours, 130 students (19.1%) slept for 5-6 hours, 173
students (25.4%) students slept for 6-7 hours. Two hundred
students (29.3%) had adequate hours of sleep (7-8 hours),
102 students (15.0%) students slept for 8-9 hours, and 41
students (6.0%) slept for more than 9 hours. Thus, chronic
sleep debt is a widely spread problem among the student
population of the RUDN. It correlates with high levels of
stress and may significantly affect the quality of life.

The levels of stress related to academic activity was
quite high. 286 students experienced stress often or very
often (42.0%), 239 students experienced stress sometimes
(35.0%), seldom, 102 students (14.9%), never, 55 students
(8.1%). Thus, the absolute majority of students (77.0%)
experienced some or other degree of academic stress, and
42.0% experienced it often or always.

The analysis of socioeconomic factors affecting the
health of students revealed considerable differences
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in the material circumstances of living. Good material
status of families was reported by 238 students (34.9%),
average, by 307 students (45.0%), difficult, by 102
students (15.0%), and very hard, by 35 students (5.1%).
It is to be noted that the influence of financial difficulties
on their health was admitted by 165 students (24.2%),
showing a direct correlation between the economic factors
and perception of health status. This fact emphasizes the
importance of accounting for socioeconomic determinants
in the development of health improvement programs for
students.

Availability of time to rest and recreate is a critical
factor for health maintenance. 136 students (19.9%)
responded often having the time to rest, 273 students
(40.0%), sometimes, 205 students (30.1%) rarely, and 68
students (10.0%), almost never. Thus, 40.1% students had
limited time to rest, which correlates with a high level of
stress and creates prerequisites for the development of
psycho-emotional problems.

Access to sports facilities in the universities was
assessed as available and actively used by 82 students
(12.0%); 273 students (40.0%) students responded
“access to sports facilities is available, but I use them
rarely”; 136 students (19.9%) responded “access to sports
facilities is available, but not convenient for me”; 136
students (19.9%) reported limited availability of sports
facilities, and 41 students (6.0%) reported “no access to
sports facilities”. Despite the availability of sports and
recreation facilities at the university, the same are under-
utilized by the students. This may reflect organizational
complications and low motivation of the students.

The use of services of the RUDN Clinical Diagnostic
Center by students reveals a considerable gap between the
awareness and the reality. The awareness of the availability
of the CDC was high: 205 students (30.1%) knew about
the CDC and sought care, 273 students (40.0%) knew
about it but did not seek care in it, 136 students (19.9%)
heard about it, and only 68 students (10.0%) were not
aware of its existence. Thus, 89.4% (610 students, 95%
CI: 87.0-91.5%) of students were aware of the existence
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of the CDC at the university to some extent; at the same
time, this high degree of awareness did not convert into
the respective use of services for the majority of student
population.

The actual use of CDC services by the students within
the past year showed the following distribution. Thus, 82
students (12.0%) appealed to the CDC several times (over
5 times per year); a few (2-5) times, 137 students (20.1%);
once, 123 students (18.0%). In total, 360 students (52.8%,
95% CI: 49.0-56.6%) appealed to the CDC at least once
within the past year. At the same time, 171 students
(25.1%) never appealed to the CDC but wanted to, and
169 students (24.8%) never appealed to the CDC and had
no wish to do so. In other words, half of the students (322
individuals, 47.2%) did not use CDC services within the
studied period, despite their availability, which relates to
main outcomes of the access difficulty analysis.

Among the students who did appeal to the CDC
(n=360), the quality of services was assessed as follows.
71 students (19.7%) evaluated them as excellent, 145
students (40.3%) as good, 90 students (25.0%) as
satisfactory, and 36 students (10.0%), as bad. Thus,
60.0% students (216 individuals), already using the CDC
services, assessed them positively (excellent or good),
which shows a rather high level of satisfaction among
students who actually appealed to the CDC and implies
that the major problem lies not in the quality of services
but in their availability.

The analysis of barriers precluding students’ access to
medical services revealed a distinct structure shown in
Fig. 1. Organizational barriers were the most significant
(65.1% from all mentioned obstacles), including the
long wait for admission (20.1%), inconvenient working
hours of the CDC (15.0%), remote location (12.0%),
complicated appointment system (10.0%), insufficient
information (8.1%). Medical barriers (38.3%) included a
limited range of services (15.0%), insufficient number of
profile specialists (10.0%), lack of psychological services
(8.1%), low quality of services (5.3%). Financial barriers
(16.0%) were expressed in a lesser degree: the high cost
of services was mentioned by 68 students (10.0%), lack
of insurance by 41 students (6.0%). Psychological barriers
(20.1%) included shyness or fear of appealing to the CDC
(8.1%), language barrier, for foreigners (7.0%), lack of
trust to medical services (5.0%). Thus, the obtained data
indicates the priority task of removing the organizational
barriers in the development of the systems of medical care
for students.

The correlation between the students’ citizenship
and the use of CDC services, shown in Fig. 2, revealed
statistically significant differences. Russian students
appealed to the CDC in 55.8% of the cases (273 students),
while the foreign students did so in 45.6% of the cases
(88 students, p=0.048). This difference may stem from
language barriers and from the differences in the cultural
perception of medical services and their availability.

The sanatorium and rehabilitation facility of the RUDN
is used even less than the CDC. 55 students (8.1%) applied
there more than once; 82 students (12.0%), only once;
136 students (19.9%) never applied there but would like
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Figure 1. Barriers to access to medical services.
PucyHok 1. bapbepbl docmyna K MeOUUUHCKUM yCily2aM.

to; 171 students (25.1%) were not aware of its existence;
and 238 students (34.9%) never applied there and had no
wish to do so. Thus, 60.0% of students either did not know
about the existence of the sanatorium and rehabilitation
facility or never used its services, which points at a critical
need of raising awareness of this important resource.

A comprehensive analysis of students’ quality of life
using the EQ-5D-5L questionnaire revealed significant
differences in the distribution of problems across individual
components. The use of the questionnaire provided an
objective assessment independent of the subjective health
self-assessment identified earlier.

The analysis of components showed a most favorable
situation in the “Self-care” component, where 546 students
(80.1%) had no problems, and 136 students (19.9%) had
problems of various degrees of manifestation. “Mobility”
was problematic for 205 students (30.0%), while 477
students (70.0%) experienced no limitations. “Habitual
activities” were limited for 238 students (34.9%), while
444 students (65.1%) experienced no such limitations.
The greatest problems were identified in the following
components: “Pain/Discomfort” (273 students, 40.0%
with problems), especially in the “Anxiety/Depression”
component (305 students, 44.7% with problems, 95%
CI: 41.0-48.5%). Thus, psychoemotional problems were
the most prevalent among students, which aligns with
the previously identified high stress levels and warrants
serious attention in the development of health promotion
programs.

The visual analog scale (VAS) of the EQ-5D-5L
questionnaire showed an average score of 70.8+15.2
points out of 100 (95% CI: 69.6-72.0), with a median of
72 points (interquartile range 60—-82). The distribution of
students in their evaluations was as follows. The score
of 90-100 points (excellent) was given by 82 students
(12.0%); 70-89 points (good) by 308 students (45.2%);
50-69 points (satisfactory) by 205 students (30.1%);
30-49 points (bad) by 68 students (10.0%); below 30
points (very bad) by 19 students (2.8%). Thus, the average
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Figure 2. Use of CDC services, by citizenship.
PucyHok 2. Vicnonb3oBaHue ycnyz K[L no epaxdaHcmay.

quality of life as per VAS was 70.8, showing a necessity of
focused intervention to improve the outcomes, especially
considering the fact that only 57.2% students assessed
their health as good or excellent (Fig. 3).

Ideal health (understood as complete lack of problems
in all five components of the EQ-5D-5L) was reported
only by 76 students (11.1% of the sample, 95% CI:
8.9-13.6%), which indicates a high prevalence of some
health problems or other among the student population.
This result considerably differs from the high percentage
of students (73.2%) giving a positive self-assessment of
physical health that was identified earlier, which might
reflect both an underestimation of existing problems by
respondents and a difference between the physical and
psycho-emotional components of health.

Russian students Foreign students
(n=489) (n=193)

Health Scale (VAS),

MSD, points 72.1+14.8 68.9+15.9
Anxiety / depression, n (%) 208 (42.5) 97 (50.3)
Appealed to the CDC, n (%) 273 (55.8) 88 (45.6)
Sleep debt (<7 hrs), n (%) 231 (47.2) 107 (55.4)
High level of stress, n (%) 196 (40.1) 89 (46.1)
Smoking (any), n (%) 110 (22.5) 52 (26.9)
Low physical activity (<2 times
per week), n (%) 184 (37.6) 84 (43.5)
Ready for the University of
Health, n (%) 342 (69.9) 121 (62.7)

100 -

Health Scale (0-100)

20 -

0- ' 1

Russian students
(n=489)

Foreign students
(n=193)

Figure 3. Distribution of quality of life indicators (EQ-5D-5L VAS).

PucyHok 3. PacnpedeneHue nokazamenel ka4ecmsa u3Hu
(EQ-5D-5L VAS).

The comparative analysis of the results of the EQ-
5D-5L questionnaire between the subgroups of students
found some statistically significant differences (Table 2).
The average score on the Health Scale for Russian
students was 72.1+14.8 points and 68.9£15.9 points for
foreign students, showing a statistically significant but
clinically mild deterioration of quality of life on part of
foreign students. No statistically significant differences
were found between men and women (M=71.6+15.5 vs.
70.1+£15.0, t=1.00, p=0.231). Students with a history of
chronic diseases had significantly lower scores of quality
of life (M=62.3+16.2) as compared to the students without
chronic conditions (M=74.2+14.1, t=7.12, p <0.001),
demonstrating a strong impact of somatic pathology on
the psychosocial well-being. The students who appealed
to the CDC for assistance had higher scores of quality of
life (M=73.4£14.5) versus those who did not appeal there

diseases (n=137) diseases (n= 545)

0.043* 62.3+16.2 74.2+14.1 12 <0.001%*
0.067 80 (58.4) 225 (41.1) x=11.52 0.001**
0.048* 98 (71.5) 265 (48.6) X?=16.45  <0.001***
0.034* 75 (54.7) 263 (48.4) x=1.89 0.156
0.122 69 (50.4) 217 (39.8) X>=5.04 0.024*
0.211 38 (27.7) 125 (22.9) x=1.37 0.234
0.145 60 (43.8) 208 (38.2) x*=1.36 0.234
0.056 96 (70.1) 371 (68.1) X?=0.23 0.634

Notes: M — mean value; SD — standard deviation; t — Student’s t-test. Significance level: * p <0.05; ** p <0.01; ** p <0.001. Chronical conditions: history of

diagnosed chronic diseases. CDC — RUDN Clinical Diagnostic Center.

MpumeyaHusi: M — cpedHee 3HadeHue; SD — cmaHOapmHoe omkoHeHue; t — t-kpumepuli CmbtodeHma. YpoBeHb 3Hayumocmu: * p <0,05; ** p <0,01;
*** p <0,001. XpoH. 6o1e3HU — Hasu4ue duazHOCMUPOBaHHbIX XPOHUYeCKUx 3abonesarull. KL — knuHuko-OuazHocmuyeckud yueHmp PYH.

Table 2. Comparative analysis of EQ-5D-5L indicators between subgroups of students
Tabnuua 2. CpaBHumenbHbIlU aHanu3 nokazamenel EQ-5D-5L mexdy nodepynnaMu cmydeHmoB
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Figure 4. Correlation matrix of student health factors (n=682).

PucyHok 4. KoppensiyuoHHasi Mampuua ¢akmopoB 300p0Bbsi
cmyoeHmos (n=682).

(M=68.1£15.7, t=3.56, p=0.012), which may indicate a
positive effect of the medical assistance received and
a healthy behavioral choice of students ready to seek
assistance in medical institutions.

The correlation analysis (Fig. 4) found statistically
significant correlations between health components. The
strongest reverse correlations were identified between the
stress level and the quality of life score (r = -0.708, 95%
CI: -0.744 — -0.669, p<0.001), emphasizing the critical
importance of psycho-emotional well-being. The strong
positive correlation was found between the self-assessment
of health and the Health Scale score (r = 0.682, 95% CI:
0.639-0.722, p <0.001).

The quality of sleep showed strong negative correlations
with stress levels (r = -0.624, p<0.001), which confirms
the known mechanisms of mutual effect of these factors.
Physical activity showed a moderate positive correlation
with the quality of life (r = 0.518, p<0.001) (Fig. 5),
indicating a proven positive effect of active lifestyle.

The students’ awareness of the concept of the integrated
medical cluster “University of Health” showed the
following distribution. The concept was known to and
understood by 123 students (18.0%); 239 students (35.0%)
heard about it; 185 students never heard about it (27.1%);
135 students (19.8%) first learned about it within the
study. Thus, 53.0% were to some extent aware of the
concept of the “University of health”, while 47.0% either
were not aware of it or heard about it for the first time.
This result indicates a necessity of raising the students’
awareness of the possibilities of an integrated approach
towards medical care.

The understanding of the concept of the “University
of Health” by students was diverse and incomplete.
Integrated medical services, as the core of the concept,
were properly identified by 238 students (34.9%),
promotion of healthy lifestyle was seen in the concept by
171 students (25.1%), expansion of sport possibilities by

www.innoscience.ru

Figure 5. Correlation of physical activity and quality of life, p <0.001.

PucyHok 5. Koppensiyusi pusudeckoli akmusHocmu u kayecmsa
)Ku3Hu, p <0,001.

82 students (12.0%), improvement of food habits, by 55
students (8.1%), combination of different approaches, by
82 students (12.0%), and 55 students were not aware of
the concept (8.1%). Thus, only 34.9% of the students had
a clear understanding of the integrated and systemic nature
of the model, which shows the necessity of educational
activities to improve the understanding of the concept.

The students’ attitude towards the idea of integrated
medical care within the concept of the “University of
Health” was generally positive: 191 students (28.0%)
expressed a highly positive attitude; 284 students (41.6%),
a positive attitude; 137 students (20.1%) had a neutral
attitude; negative attitude was expressed by 55 students
(8.1%), and highly negative, by 15 students (2.2%). In total,
475 students (69.6%, 95% CI: 66.0-73.0%) had a positive
attitude towards the idea of the “University of health”,
which shows a high potential of the implementation of
this model into the practice of the university.

The students’ readiness to use the services of the
integrated model was even higher than the positive attitude
towards the idea. 218 students (31.9%) were definitely
ready to use such services; 244 students (35.8%) were
rather ready to use the services; 150 students (22.0%) were
neutral about using the services; 55 students (8.1%) were
rather not ready to use the services, and 15 students (2.2%)
were definitely not ready to use the services. Thus, 462
students (67.7%, 95% CI: 64.0-71.2%) expressed their
readiness to actively use the services of the proposed
integrated model, which shows the high demand and
significant potential for the successful implementation of
this project at RUDN.

Analysis of students’ interest in various types of
preventive services revealed differentiated needs. The
greatest interest was shown in mental health screening
(205 students, 30.1%), which logically correlates with the
previously identified high prevalence of psycho-emotional
problems and stress levels. Clinical examination interested
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Figure 6. Students’ health profile (% or points).
PucyHok 6. [Npocpusnb 300poBbs cmydeHmos (% unu 6anbi).

171 students (25.1%); vaccination interested 136 students
(19.9%); dental preventive care, 123 students (18.0%);
sports medicine interested 102 students (15.0%). Less
popular, yet still significant, were other types of prevention
(gynecological, urological, nutritional care; prevention
of dermatological, orthopedic, and gastrointestinal
conditions), with interest ranging from 6% to 15%.

m DISCUSSION

The present study revealed a complex picture in which
high rates of subjective well-being among students coexist
with significant objective psycho-emotional problems,
insufficient physical activity, and unhealthy lifestyle
patterns (Fig. 6).

An interesting observation was the paradoxical difference
between the students’ self-assessment of their health (73.2%
students assessed their health as good or excellent) and the
results of an objective measurement of quality of life using
the EQ-5D-5L questionnaire (average score on the Health
Scale 70.8+15.2 points, only 11.1% with ideal health). This
discrepancy may be accounted for by several factors. First,
the students, being young people, are prone to perceive their
health condition from the standpoint of the lack of serious
somatic diseases while underestimating psycho-emotional
problems, especially prevalent in the student community.
Second, the adaptation to the stressful educational
environment may result in the normalization of high levels of
stress and psycho-emotional tension as a ‘normal’ condition,
which is reflected in the positive self-assessment. Third,
students may be under-informed as to the components of
quality of life that go beyond physical health.

The most significant outcome of the study is the
high prevalence of psycho-emotional problems among
students. According to EQ-5D-5L, 44.7% of students had
problems with anxiety and depression, which increases
the incidence of problems with mobility (30.0%) or pain
(40.0%). This finding aligns with the growing number of
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studies demonstrating an increasing prevalence of psychic
disorders including depression and anxiety disorders
among students of higher educational institutions
worldwide (Fig. 6).

The link between the high level of academic stress
(77.0% of students experience some or other degree of
stress, 42.0% experience is often or constantly) and psycho-
emotional problems is confirmed by the significant negative
correlation between the stress level and the Health Scale
score (r = -0.708, p<0.001). The educational process in the
higher educational institution contains many stress-inducing
factors, including the highly intensive academic program,
necessity of achieving high academic results, financial
difficulties, uncertainty with respect to the future career
and adaptation to the new social environment (especially
for foreign students). Moreover, the chronic lack of sleep,
a common problem for almost half of respondents (49.8%
students reported sleeping less than 7 hours), is a well-
known aggravating factor for psycho-emotional problems
and burnout syndrome.

These findings indicate an urgent need for the
development of specialized psycho-emotional support for
students, including access to psychological counseling,
stress management programs, and interventions aimed
at improving sleep quality. It is to be noted that psycho-
emotional support was identified by 30.1% of students
as the most interesting type of preventive care, indicating
a growing awareness of this issue among the students
themselves.

One of the most important correlations in the area of use
of medical services was the paradox of high awareness of
the CDC (89.4% respondents knew of its existence) versus
relatively low of actual use (52.8% respondents appealed
there within the year). Logistic regression analysis
demonstrated that student awareness of the “University
of Health” concept was the most significant predictor
of readiness to use integrated services (OR = 3.44, 95%
CI: 2.12-5.58, p < 0.001). However, for awareness
of the CDC, this effect was less distinct, suggesting a
difference between knowledge of the service's existence
and understanding of its value, as well as the formation
of the habit of seeking care.

Analysis of access barriers revealed that organizational
barriers dominate among the reasons for not using services
(65.1%), including long waiting times for appointments
(20.1%), inconvenient working hours (15.0%), and
remote location (12.0%). Financial barriers (16.0% of all
mentioned) were less significant than might have been
expected, reflecting the presence of the mandatory health
insurance system and the relatively well-off financial
situation of the majority of RUDN students. However,
24.2% of students indicated that financial difficulties affect
their health, pointing to a discrepancy between objective
access (insurance coverage) and subjective perception of
financial barriers.

Another interesting point is the difference in the CDC
service use by Russian (55.8%) and foreign (45.6%,
p=0.048) students that may reflect both the language
barriers and cultural differences in the perception and
use of medical services. The results indicate a necessity
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of a specialized approach towards integration of foreign
students into the system of medical care.

The study found a very high level of students’ awareness
of the necessity of an integrated approach to health. Thus,
69.6% students perceived the idea of the “University of
Health” positively, and 67.7% expressed their readiness to
use the proposed services. These results are considerably
higher than expected and show that the RUDN student
community is open to innovative models of medical care.

Logistic regression analysis revealed several interesting
patterns in predictors of readiness for an integrated model.
In addition to awareness of the concept (OR = 3.44),
female gender was associated with increased readiness
(OR = 1.25, p = 0.046), while foreign citizenship was
associated with lower readiness (OR = 0.73, p = 0.018).
The presence of chronic diseases, as expected, was a strong
predictor of readiness (OR = 2.44, p < 0.001), reflecting
the objective need for comprehensive care. Interestingly,
each additional year of study correlated with a slight
increase in readiness (OR = 1.09, p = 0.048), suggesting
that senior students have greater experience interacting
with the university healthcare system.

m CONCLUSION

The results of this study have important practical
consequences for the design of programs of health
improvement for students and for the implementation of
the “University of Health” innovative model at the RUDN.
The obtained data show priority areas of development and
form a reliable foundation for the planning of activities
to improve the system of medical assistance to students.

Psycho-emotional support is to be regarded as the priority
in the development of programs of health improvement
for students. The implementation of evidence-based
stress management programs is recommended, including
elements of cognitive-behavioral therapy, relaxation
techniques, and other methods with proven effectiveness
for maintaining mental health. RUDN operates its own
psychological service; however, it may become more in
demand in the near future.

Overcoming organizational barriers while accessing
medical services is one of the most perspective areas to
introduce changes. The introduction of a modern electronic
appointment scheduling system is recommended, enabling

students to book appointments at their convenience.
Additionally, it is advised to extend the operating hours of
the CDC to accommodate students’ diverse class schedules,
along with the active development of remote consultations
via videoconferencing. The latter is particularly relevant
in the post-pandemic context and given the growing
popularity of telemedicine among young people.

Integrating health promotion programs with the core
educational process appears to be a strategically important
step for achieving maximum coverage and effectiveness of
preventive care. It is recommended to incorporate health-
preserving elements into the mandatory components of
curricula across all faculties. This should include not only
traditional physical education but also a modern approach
to health literacy, encompassing an understanding of health
components, risk factors, disease prevention methods and
principles of a healthy lifestyle.

Preventive activities and educational initiatives may
take place during classes as short informational sections,
interactive tasks and discussions. Integration of health-
preservation elements into courses of humanitarian and
social sciences is an especially effective approach: it is
possible to discuss the social determinants of health, effect
of lifestyle on well-being and psychological aspects of
health. It is also recommended to develop facultative and
elective courses dedicated to various aspects of health
(e.g., psycho-emotional well-being, physical activity,
healthy eating) that would attract motivated students and
enable them study these questions in depth.

The high level of demand for the integrated model
“University of Health” revealed in the study, combined
with the students’ clear need in psycho-emotional support,
preventive medicine and comprehensive healthcare
gives RUDN a unique opportunity to lead the way in
the development and implementation of innovative
approaches to preservation of students’ health. Successful
implementation of this model may become an example for
Russian and foreign universities.

The results of the study show that with some specific
conditions present it is possible to create an independent
healthcare system that would readily respond to needs of
young people and assist improvement of quality of life of
students, which in its turn may have a positive effect on the
quality of education and training of aspiring specialists. »=
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Abstract

Aim: to evaluate the diagnostic value of 20 biomarkers in lung cancer and to
determine their informative value for potential use in clinical practice.
Material and methods. The study included 85 patients with non-small cell
lung cancer (NSCLC) and 190 healthy volunteers. Biomarker levels were
measured using modern immunological and biochemical methods. Statistical
analysis included the Mann—Whitney U test, and diagnostic performance was
assessed by the area under the receiver operating characteristic curve (AUC).
For markers showing an inverse association, an additional ROC analysis was
performed with inversion of the outcome variable. Optimal biomarker cut-off
values were determined using the Youden'’s index.

Results. Patients with NSCLC demonstrated statistically significant
changes in the concentrations of most of the studied biomarkers after
strict Bonferroni correction. Increased levels of CEA, CA 125, HE4, B2M,

high-sensitivity C-reactive protein (hsCRP), D-dimer, CYFRA 21-1, and
LRG-1 were observed, along with decreased levels of ApoAl, ApoA2,
TTR, ApoA4, RANTES, and VEGFRI1. The highest AUC values were
shown by HE4 (0.903), ApoA2 (0.860), CYFRA 21-1 (0.836), ApoAl
(0.795), D-dimer (0.793), TTR (0.790), ApoA4 (0.784), B2M (0.765),
and LRG-1 (0.757).

Conclusion. Certain blood biomarkers demonstrate high AUC values,
indicating their potential utility for the diagnosis of NSCLC. The combined use
of multiple biomarkers may improve the effectiveness of minimally invasive
lung cancer diagnostics, which warrants further investigation. Validation of
these findings in multicenter studies is required.
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AunarHocTuyeckasa LEHHOCTb 6MOMapKepoB KPOBMU
ANA AWarHOCTUKKU paKa Nerkoro

A.B. XXuneHkoBa?, B.M. BopoHoBa?, E.B. OpnoBa?, A.Jl. UcTpaHoB!, M.U. CekayeBa?
1OFAQY BO lMepebit MITMY uM. .M. CeveHoBa MuH3gpaBa Poccun
(CeuveHosckuin YHueepcuteT) (MockBa, Poccuiickas ®enepaums)

2000 «3M 3HA 3c OecwxaHe» (Mockea, Poccuitckas Pegepauus)

AHHOTauums

Ilenb: OIEHUTH JUATHOCTUYECKYIO IIeHHOCTh 20 GHOMapKepoB IpU pake
JIETKOTO H OTIPeJIeIUTh MX MHPOPMATUBHOCTD JIJIsl BO3MOXHOT'O UCHIOJTb30BAHUSI
B KJIMHIYECKOU ITPAaKTHKe.

Marepuan u MeToasl. B rccienoBanye 6bUTH BKIIIOYEHBI 85 MAIlMeHTOB C
HEMeJIKOKJIeTOUHbIM pakoM Jierkoro (HMPJT) 1 190 3mopoBbIx 106pOBOIIBIIEB.
VpoBHU GMOMAapKepOB OIIpeAeNsICh COBPEMEHHBIMU UIMMYHOJIOTHYeCKUMHU
U OGMOXUMHUYeCKUMHU MeToiaMu. Cratuctudeckass o6paboTka BKiIrOYaia
U-kputepuit MaHHa — YUTHH, a TUarHOCTUYeCKas IIeHHOCTh OIleHUBAJIach
no wiomanu nox ROC-kpusoii (AUC). [lns oneHKH WHGOPMAaTHBHOCTH
MapKepoB € 06paTHOI acCoIMaIye TpoBeieH NoNoMHUTeNbHbIN ROC-aHamm3
C UHBepCcHel lepeMeHHO# cocTosiHUs. OTipeliesieHbl IOPOTOBble 3HAYeHHUsI
6rOMapKepoB C MCHOJIb30BaHKeM MHeKca HOnena.

Pesynwrarsl. Y nanventoB ¢ HMPJI oTMedyeHBl CTaTUCTHYECKH 3HAYUMBbIe
M3MEeHeHUs] KOHIIeHTpaIUi OOJIBIIMHCTBA UCCIIeZJOBaHHBIX OHOMapKepoB C
y4eToM CTporoii nonpaBku bondepponu: nossimenve yposueit CEA, CA

www.innoscience.ru

125, HE4, B2M, BuCPB, D-numep, CYFRA 21-1, LRG-1, a Takxe cHIXeHue
ApoAl, ApoA2, TTR, ApoA4, RANTES u VEGFR1. Hau6osbIuve 3HaqeHus
oAy mnox kpuBoit nokazanu HE4 (0,903), ApoA2 (0,86), CYFRA 21-1
(0,836), ApoA1l (0,795), D-mumep (0,793), TTR (0,79), ApoA4 (0,784), B2M
(0,765), LRGI1 (0,757).

BriBonbl. OTnenbHble 6MOMapKepbl KPOBU JIEMOHCTPUPYIOT BBICOKHE
3HAYeHHUs IJIOMIAAM TOJ KPUBOMW, YTO yKa3bIBaeT Ha MOTEHIHAN HX
TIpUMeHeHws ¢ 1enbio auarHoctuk HMPJI. KommiekcHoe ucnonb3oBaHue
6UOMapKepoB MOXET MOBBICUTHh 3¢G(EKTUBHOCTh MaJOMHBA3UBHOU
JMUATHOCTUKU PaKa JIerKOTO, YTO TpebyeT JNalbHeWIIero UCCieJOBaHMUS.
Jl1s moATBepXIeHUs MOJIYYEeHHBIX JTaHHBIX TpebyeTcss Bajaupanus B
MHOTOIIEHTPOBBIX UCCIIEJOBAHUSIX.

KiroueBble cioBa: pak JIerkoro, JUarHocTuka, 6uomapkepsi, HE4,
CYFRA 21-1.

KoHQIuKT HHTEpecoB: He 3asBJIeH.
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m INTRODUCTION
Lung cancer remains one of the most important
problems of modern oncology. According to the
Global Cancer Observatory (GCO) project of the World
Health Organization, in 2022, lung cancer was the leader
in morbidity (2,480,675 new cases) and mortality from
cancer (1,817,469 lethal outcomes) [1]. From the biological
standpoint, lung cancer is characterized by a variety of
morphological types, and the non-small cells lung cancer
(NSCLC) accounts for approx. 85% of all cases of the
disease [2].

In the Russian Federation, the situation if further
aggravated by the fact that 42.2% of the patients are
diagnosed at advanced stages, which makes the prognosis
considerably poorer [3]. The 5-year overall survival (OS)
median varies from 68.4% at stage I to 5.8% at stage IV
of the disease [4]; therefore, the development of new
affordable methods of early diagnostics of lung cancer
still has high clinical significance.

The only method of early identification of lung cancer
with a proven efficiency is the low-dose computed
tomography (LDCT) in high-risk groups. The NLST
study showed that the annual LDCT screening among
high-risk groups decreases mortality from lung cancer by
approx. 20% [5]. Based on these data, LDCT screening
is implemented in some countries [1]. In Russia, only
the pilot projects are underway, and the national lung
cancer screening has not been implemented so fat. The
LDCT method has serious limitations: it involves only the
smokers and provides a very high level of false-positive
results (above 90% of identified foci, according to NLST
data, were benign); besides, multiple irradiation poses
extra risk [1, 5]. Therefore, the search for other non-
invasive diagnostic methods supplementing the screening
and identifying tumors at early stages is highly important.

One of prospective areas of study is the use of tumor
biomarkers identified in the blood test. The tumor produces
fragments of DNA, RNA, proteins, and exosomes into the
bloodstream, i.e. products that may serve as indicators
of a malign tumor and that may be viewed as potential
biomarkers [6, 7].

In the context of studying the biomarkers to diagnose
lung cancer, especially interesting are the biomarkers of
different groups depending on their biological function and
chemical origin. In the context of lung cancer diagnostics,
tumor-associated including carcinofetal antigens were
studied; inflammation and immune response markers, or
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chemokines; metabolism markers and apolipoproteins;
coagulation and angiogenesis markers [8].

Thus, the problem of late diagnostic of lung cancer and
the lack of a simple screening test necessitate further study
of the role of blood biomarkers in the NSCLC diagnostics.
The search for reliable non-invasive markers capable of
diagnosing the tumor at an early stage will potentially
improve treatment outcomes and decrease the disease
mortality.

m MATERIAL AND METHODS

Patients, taking of samples, measurements of
biomarkers

The study included 85 patients with histologically
confirmed non-small cells lung cancer and 190 healthy
individuals. Men accounted for 63.5% (54) patients in
the study group, and 52.1% (99) in the control group. The
median age of patients in the study group was 62.14 years,
and 48.86 years in the control group.

Levels of 20 biomarkers were measured including
the following: apopipoproteins Al, A2, A4, B (ApoAl,
ApoA2, ApoA4, ApoB), alpha fetoprotein (AFP), beta-
2-microglobulin (B2ZM), carbohydrate antigen 19-9 (CA
19-9), cancer antigens 15-3 and 125 (CA 15-3, CA 125),
carcinoembryonal antigen (CEA), cytokeratin fragments
19 (CYFRA 21-1), epididymis protein 4 (HE4), highly-
sensitive human C-reactive protein (hsCRP), D-dimer, total
prostate-specific antigen (tPSA), soluble form of vascular
cell adhesion molecule 1 (sVCAM 1), transthyretin (TTR),
regulator of activity of normal T-lymphocyte expression
and secretion (RANTES), vascular endothelium growth
factor receptor 1 (VEGFR-1), leucine-rich a-2 glycoprotein
1 (LRG-1). The analysis of tPSA was only performed
among men (the tables provide metrics for the male
subgroup). The levels of ApoA4, RANTES, VEGFR-1
and LRG-1 were not altered in 10 patients die to lack of
solutes of interest at the moment of serum analysis.

The levels of AFP, CA 15-3, CA 19-9, CA 125,
HE4, CEA, CYFRA 21-1 and tPSA were measured by
electrochemiluminescence assay on the Cobas e411
analyzer (Roche Diagnostics, Germany); levels of
hsCRP, ApoA1l, ApoA4, ApoB, TTR were measured on
the Advia 1800 analyzer (Siemens Healthcare, Germany)
by immunoturbidimetric technoque; levels of sSVCAM-1,
RANTES, VEGFR-1 and LRG-1 were identified
by enzyme-linked immunosorbent assay (ELISA)
(QuantikineR kits, R&D systems, US) using a Biochrom
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Anthos 2020 microplate reader (Biochrom, UK); B2M
and D-dimer were measured by chemiluminescent
immunoassay on the Immulite 2000 analyzer (Siemens
Medical Solutions, USA); and the ApoA2 level was
measured using the fermentative colorimetric method
(Randox laboratories, UK).

The study was approved by the local ethical committee
of the Sechenov First Moscow State Medical University.
All patients provided an informed consent for the
participation in the study.

Statistical processing of data

The statistical processing was performed after
formalization and conversion of the obtained data into
electronic spreadsheets by various methods of the SPSS
Statistics v. 23.0 software suite (IBM, USA).

The distribution of the main analyzed variables was
determined using the Kolmogorov-Smirnov test and
deviated from normality; therefore, nonparametric
statistical methods were employed. For descriptive
statistics of quantitative variables, the median and
interquartile range or the mean and standard deviation
were used. Comparisons between categories of
independent quantitative variables were performed using
the Mann—Whitney U test. Differences were considered
statistically significant at a p-value <0.05. Qualitative
(categorical) indicators are presented as absolute and
relative frequencies (n, %).

On the next stage of the study, to assess the diagnostic
significance of each of the biomarkers, the analysis of
Receiver Operating Characteristic was performed (ROC
analysis). The binary variable “presence of lung cancer” (1 —
disease, 0 — control group) was used as the state variable.
For each biomarker, a receiver operating characteristic
curve was plotted, and the area under the curve (AUC),
standard error, statistical significance level (p-value), and
95% confidence interval were calculated. Depending on
the direction of the association between the marker and the
diagnosis, higher or lower biomarker values were used as
predictive markers during ROC analysis.

The analysis was performed in the SPSS Statistics
using its ROC Curve Analysis built-in function. The
interpretation of the diagnostic value of the AUC was
performed in compliance with the following criteria: AUC
< 0.6 — low diagnostic value, 0.6—0.75 — moderate value,
0.75-0.9 — high value, > 0.9 — very high value. In order
to assess the optimal threshold value of biomarkers, the
Youden'’s index was used.

m RESULTS

Characteristics of the studies sample

The study included 275 patients, of which 85 were
the NSCLC group (study group), and 190 were healthy
individuals (control group). In the entire cohort, men
prevailed (n=153; 55.6%) over women (n=122; 44.4%).

The clinical and demographic characteristics of the
studies population are shown in Tables 1 and 2. The
control group included 91 women aged from 41 to 68 years
and 99 men aged from 40 to 64 years. The NSCLC group
included 31 women aged from 42 to 80 and 54 men aged
from 36 to 78 years. The median age of the control group

www.innoscience.ru
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T-status:
T1 24 (28.2%)
T2 42 (49.4%)
T3 9 (10.6%)
T4 5(5.9%)
Tx 5(5.9%)
N-status:
NO 39 (45.9%)
N1 5(5.9%)
N2 8 (9.4%)
Nx 33 (38.8%)
M-status:
MO 61 (71.8%)
M1 6 (7.1%)
Mx 18 (21.2%)

Table 1. Clinical characteristics of patients in the study group
(NSCLC)

Tabnuuya 1. KnuHuyeckue xapakmepucmuku hayueHmos
uccnedyemoli epynnsi (HMPJI)

was 48.86 [95% CI 47.97-47.94] years, the average age
in the study group was 62.14 [95% CI 60.07-64.21] years.

The analysis of clinical characteristics of the study
group showed the following distribution in the T-status:
T1 in 24 (28.2%), T2 in 42 (49.4%), T3 in 9 (10.6%), T4
in 5 (5.9%) patients. In 5 (5.9%) patients, the T-status was
not specified (Tx).

Distribution in the N-status: lack of metastases in
regional lymph nodes (NO) was seen in 39 (45.9%)
patients, N1 in 5 (5.9%), N2 in 8 (9.4%), while in 33
(38.8%) patients the N-status was not specified (Nx).

Distribution in the M-status: lack of remote metastases
(MO0) was diagnosed in 61 (71.8%) patients, the presence
of metastases (M1) in 6 (7.1%), while in 18 (21.2%) cases
the M-status was not specified (Mx).

Because of the retrospective character of the analysis
the possibility of specifying clinical data of the patients
was limited, therefore, the “x” code in the TNM status was
used to identify the non-specified status of the T, N and M.

Diagnostic value of isolated biomarkers

On the first stage of the analysis, median concentrations
were identified between the groups (NSCLC vs. control).
The significance of differences was assessed using the
Mann — Whitney non-parametric test for two independent
samples, which was accounted for by the distribution of
indicators different from normal. The obtained data is
shown in Table 3.

Comparative analysis of biomarker concentrations
revealed statistically significant differences between the
study and control groups for the majority of the investigated

Sex:

0.103

Female 91 (47.9%) 31 (36.5%)
Male 99 (52.1%) 54 (63.5%)
Age, years <0.001
Median, (Q1-Q3) 47 (45-53) 63 (56-68)

Table 2. Demographic characteristics (sex, age) of the study sample

Tabnuua 2. [lemozpachuyeckue xapakmepucmuku (nos, Bo3pacm)
uccnedyemol BbI6OPKU
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1U/mL 2.40 [1.60; 3.40] 2.02 [1.50; 3.00] 0.131
CEA ng/mL 1.60 [1.00; 2.40] 2.95 [1.40; 5.50] <0.001*
CA19-9 1U/mL 4.75 [3.00; 8.00] 6.50 [3.92; 12.43] 0.012

CA125 IU/mL 8.70 [6.70; 12.80] 16.50 [9.75; 25.04] <0.001*
HE4 pmol/L 48.45 [42.50; 57.70] 95.60 [71.70; 125.10] <0.001*
tPSA ng/mL 0.880 [0.620; 1.230] 0.937 [0.570; 2.010] 0.247

CA15-3 1U/mL 14.75 [10.80; 18.60] 17.71 [12.50; 24.90] 0.001

B2M ng/mL 1441.00 [1297.00; 1637.00] 1801.00 [1526.00; 2233.00] <0.001*
hsCRP mg/L 0.00 [0.00; 2.00] 3.00 [1.00; 11.00] <0.001*
D-dimer ng/mL 83.50 [57.50; 140.00] 210.00 [123.00; 340.00] <0.001*
CYFRA21-1 ng/mL 1.26 [1.00; 1.64] 2.52[1.62; 3.76] <0.001*
ApoAl gL 1.57 [1.42; 1.76] 1.29[1.09; 1.49] <0.001*
ApoA2 gL 0.289 [0.266; 0.321] 0.218[0.181; 0.249] <0.001*
ApoB glL 1.01 [0.86; 1.18] 0.93[0.79; 1.12] 0.016

TTR mg/dL 26.00 [22.00; 29.00] 19.00 [15.00; 24.00] <0.001*
SVCAM-1 ng/mL 640.00 [565.00; 743.00] 683.00 [567.00; 897.00] 0.031

ApoAd gL 71.00 [56.40; 79.90] 44.15 [29.05; 64.00] <0.001*
RANTES pg/mL 51853.00 [40784.00; 68671.00] 44249 50 [22911.50; 62450.50] 0.001*
VEGFRI1 pg/mL 121.00 [107.00; 135.00] 94.50 [78.50; 143.00] <0.001*
LRG-1 pg/mL 52902.00 [39539.00; 68016.00] 74278.50 [61214.00; 103649.00] <0.001*

Notes: * — statistically significant differences after correction for multiple comparisons.
MpumeyaHus: * — cmamucmuy4ecku 3Ha4uMble PasauYusi NOC/e BbINOSHEHUS! NONPaBKU Ha MHOXECMBEHHbIE CPaBHEHUS.

Table 3. Biomarker values in the studied groups (median, [Q1;Q3])

Tabnuua 3. 3Ha4eHus BuoMapkepoB B ucciedyeMbix epynnax (Meduana, [Q1;Q3])

parameters. No statistically significant differences were
found for AFP (p = 0.131) or tPSA (p = 0.247).

The study included an analysis of over 20 biomarkers,
which increases the possibility of type I error due to
multiple comparisons. Under the strict Bonferroni
correction (significance threshold p < 0.0025), statistical
significance was maintained for the majority of
biomarkers, including HE4, D-dimer, CYFRA 21-1, CA
125, B2-microglobulin, hs-CRP, ApoAl, ApoA2, ApoA4,
TTR, LRG-1, and VEGFRI1. In contrast, differences for
CA 19-9 (p = 0.012), CA 15-3 (p = 0.001 at borderline),
ApoB (p = 0.016), and sVCAM-1 (p = 0.031) no longer
reached the level of statistical significance.

Patients with NSCLC demonstrated significantly higher
levels of (2.95 vs. 1.6 ng/mL), CA 125 (16.5 vs. 8.7 IU/
mL), HE4 (95.6 vs. 48.45 pmol/L), hsCRP (3 vs. 0 mg/L),
D-dimer (210.00 vs. 83.5 ng/mL), CYFRA 21-1 (2.52 vs.
1.26 ng/mL), and LRG-1 (74287.5 vs. 52902.00 pg/mL).
Some indicators, conversely, demonstrated lower values
in the patients of the control group versus control group,
including the ApoA2 (0.226 vs. 0.296 g/L), ApoB (0.96
vs. 1.03 g/L), TTR (19.09 vs. 25.81 mg/dL) and ApoA4
(46.98 vs. 68.71 g/L).

Next stage involved the ROC-analysis (Table 4) that
revealed significant differences in the diagnostic value of
the studied biomarkers.

The highest diagnostic indicators were seen in HE4,
CYFRA 21-1, ApoAl, D-dimer, TTR, ApoA4, B2ZM and
LRG-1. This might point at the potential of use of these
biomarkers in order to diagnose the NSCLC. Moderate
predictive value was seen in CA 125, hsCRP, CEA,
VEGFR1, RANTES and CA 15-3.

To determine the optimal threshold concentrations of
biomarkers for most effectively differentiating patients
with NSCLC from control group individuals, Youden’s
index was used. The optimal thresholds, sensitivity (Se),
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specificity (Sp), positive predictive value (PPV), negative
predictive value (NPV) and test accuracy are presented
in Table 4. For most biomarkers, diagnostic relevance
was observed when the concentration exceeded the
threshold; for ApoA1l, ApoA2, ApoA4, TTR and VEGFR1,
a decrease in the level was associated with the presence
of the disease.

m DISCUSSION

In the recent years, various minimally invasive
approaches to early diagnostics of NSCLC based on the
analysis of blood biomarkers received much attention.
Hundreds of candidates are described in the literature,
from tumor markers (CEA, CYFRA 21-1, CA 125 etc.)
to genetic markers (circulating tumor DNA, mRNA,
exosomes), biochemical and proteomic indicators. The
results of our study match the literature data with respect
to CYFRA 21-1, CA 125, D-dimer and HE4 as the most
informative biomarkers for the lung cancer diagnostics. It
is to be noted that the majority of lipid proteins (ApoAl,
ApoA2, ApoA4, ApoB, TTR) and the RANTES, B2M,
LRG-1 and VEGFR1 molecules have not been hitherto
analyzed in key publications on biomedicine as markers
for lung cancer diagnostics. High levels of AUC for
ApoA2, LRG-1, B2M, ApoAl and TTR in the early
identification of lung cancer for such metrics as sensitivity
and specificity demonstrated in our study open new
opportunities to decode molecular mechanisms of tumor
progression of lung cancer and may facilitate development
of new diagnostic approaches.

Increased levels of CEA, CYFRA 21-1 and CA 125 in
the NSCLC group match the findings of earlier studies of
M. Li et al. (2015) [9]. The marker CA 19-9, specific for
the gastrointestinal tract tumors, may still be produced by
bronchial glands and is moderately increased in approx.
one third of patients with NSCLC. Meanwhile, T. Kodama
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0.903 0.857-0.948 68.445
ApoA2 0.86 0.807-0.914 0.235 <
CYFRA21-1 0.836 0.780-0.893 2.24 2
ApoAl 0.795 0.733-0.857 1.395 <
[O-dimer 0.793 0.731-0.855 116.5 2
TTR 0.79  0.727-0.852 20.5 <
ApoA4 0.784 0.717-0.850 45.95 <
B2M 0.765 0.700-0.830 1594 2
LRG-1 0.757 0.688-0.826 56105 >
CA 125 0.749 0.683-0.816 145 2
hsCRP 0.735 0.667-0.802 2.105 2
CEA 0.671 0.599-0.742 2.925 2
VEGFR1 0.658 0.582-0.733 98 <
RANTES 0.628 0.551-0.704 29274 <
CA15-3 0.623 0.549-0.696 19.725 2
CA19-9 0.595 0.521-0.669 5.7 2
ApoB 0.591 0.516-0.665 0.975 <
sVCAM-1 0.581 0.507-0.656 808.5 2
tPSA 0.557 0.460-0.653 1.59 >
AFP 0.557 0.483-0.631 2.58 <

0.835 0.879 0.755  0.923 0.866 < 0.001
0.718 0.968 0.910 0.885 0.891 <0.001
0.612 0.937 0.813 0.844 0.836 <0.001
0.694 0.805 0.615 0.855 0.771 <0.001
0.8 0.679 0.527 0.884 0.716 < 0.001
0.576 0.863 0.653 0.82 0.775 < 0.001
0.553 0.899 0.689  0.833 0.8 <0.001
0.682 0.732 0.532 0.837 0.716 < 0.001
0.842 0.593 0.454  0.903 0.664 <0.001
0.576 0.832 0.605 0.814 0.753 <0.001
0.576 0.853 0.636 0.818 0.767 < 0.001
0.506 0.842 0.589  0.792 0.738 0.039
0.553 0.873 0.636 0.829 0.781 <0.001
0.368 0.915 0.636  0.783 0.759 0.001
0.424 0.811 0.5 0.759 0.691 0.01
0.576 0.616 0.402 0.765 0.604 0.02
0.624 0.553 0.384 0.766 0.575 0.007
0.4 0.878 0.597 0.765 0.73 0.006
0.389 0.859 0.6 0.72 0.693 0.337
0.682 0.489 0.374 0.775 0.549 0.087

Table 4. ROC analysis of biomarkers indicating direction of association, optimal cutoff value, and diagnostic characteristics
Tabnuya 4. ROC-aHanu3 6uoMapkepoB C ykasaHUueM Hanpae/eHus CBSi3U, ONMUMAasIbHO20 NOP020B020 3HaYeHUs U duazHoCmuYecKuMuU

Xapakmepucmukamu

et al. (2007) note that the increased level of CA 19-9 is
seen in aprrox. 40% of patients with non-malignant lung
diseases such as idiopathic interstitial pneumonia, collagen-
associated pulmonary fibrosis, diffuse panbronchiolitis and
bronchoectases [10]. The values of sensitivity (57.6%) and
specificity (61.6%) of this biomarker identified in our study
align with literature data.

In our study, the marker HE4 (human epididymis
secretory protein 4) was one of the most perspective
biomarkers to diagnose NSCLC with sensitivity and
specificity values of 83.5 and 87.9, respectively. These
data align with findings of Y He et al. (2019), according
to which the values of sensitivity and specificity of this
biomarker for the diagnostics of NSCLC are 73% and
86%, respectively. The same study also notes that in
NSCLC patients the concentrations of HE4 are statistically
significantly higher than in healthy individuals, and the
increase of HE4 is registered in early stages and does not
depend on the size of the tumor [11].

NSCLC patients demonstrate activation of systemic
inflammation and coagulation. According to J. Torrecilla
et al. (2014), the highly sensitive C-reactive protein
(hsCRP) is several times higher in NSCLC patients (in
our study, the median hsCRP is 3 mg/L vs. 0 mg/L in
healthy individuals, p < 0.001). CRP is an acute-phase
protein whose synthesis is stimulated by proinflammatory
cytokines (IL-6) in response to the presence of the tumor.
The increase of its level points at an active inflammatory
process; for example, it is known that CRP > 40 mg/L
is associated with the presence of metastases in NSCLC
[12]. Another important biomarker is the D-dimer, a
product of fibrin proteolysis. In the event of lung cancer,
its levels are often elevated due to tumor-induced hyper-
coagulation. In our study, in the NSCLC group the
median levelf of the D-dimer was 210 ng/mL vs. 83.5
ng/mL in the control group (p < 0.001). The elevated
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level of the D-dimer is characteristic of malignant tumors
and reflects activation of coagulation and fibrinolysis.
According to N. De Pooter et al. (2021), the basal levels
of D-dimer increase over age, and the especially high
levels in elderly NSCLC patients are to be interpreted
with allowances for age [13]. Nevertheless, the high
levels of D-dimer in NSCLC correlate with advanced
stages of the disease and act as an independent poor
prognosis factor [14]. Thus, the CRP and the D-dimer
are not specific of lung cancer but indicate the severity
of the disease and the systemic processes.

Statistically significant results were found for the
biomarkers from the acute phase protein group and for
apolipoproteins. We found that in the event of NSCLC,
levels of some transport proteins and blood apolipoproteins
decrease. For example, the levels of transthyretin (TTR,
prealbumin), the transport protein of thyroxin and retinol,
was significantly lower in lung cancer patients than in
healthy individuals (19.0 vs. 26.0 mg/dL, p < 0.001). The
decrease of TTR may reflect the nutritive status: deficient
prealbumin is often seen in some oncological diseases
due to inflammation-induced malnutrition [15]. Among
patients in the NSCLC group, apolipoprotein levels were
rduced: ApoAl, ApoA2, ApoA4 and ApoB. According to
R. Xu et al. (2023), in the event of NSCLC, reduction of
ApoAl and ApoA?2 are seen with simultaneous increase
of ApoB in comparison with the control group, which
partially aligns with our findings [16].

Changes of levels of some cytokines and vascular
factors are also noteworthy. The level of sSVCAM-1
was elevated in the NSCLC group (median 683 vs. 640
ng/mL, p=0.031). Among cytokines, most interesting
is the RANTES chemokine (CCL5). In our study, the
RANTES level was lower among patients with NSCLC
than in the group of healthy volunteers (median 44249
vs. 51853 pg/mL, p=0.001). CCL5 (RANTES) is a
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proinflammatory cytokine attracting lymphocytes; the
decrease of its systemic level in lung cancer may reflect
exhaustion of the immune system or binding of CCL5
in the tissues by tumor microenvironment. Some studies
report an ambiguous role of CCL5: on the one hand, the
high level of RANTES was found in some tumors and
related to their progression, on the other hand, in some
localizations (e.g., breast cancer) paradoxically high
concentrations of RANTES in the blood are associated
with a more favorable prognosis, likely due to an active
anti-tumor immune response [17]. Data on systemic
CCLS5 for lung cancer are limited; it can be supposed
that a decrease of the circulating RANTES reflects its
absorption by tumor and stromal cells in the lings and
the immunosuppressive action related to it. Another
important factor of angiogenesis in cancer is the VEGF
and its receptors. We measured the levels of VEGFR1
(sFlt-1) and found a mild but reliable increase of this
receptor in NSCLC patients (94.5 vs. 121 pg/mL, p
<0.001). The sVEGFRI1 is an endogenous inhibitor of
angiogenesis binding the excessive VEGF-A; its growth
may reflect a compensatory reaction to the excessive
production of VEGF by the tumor. In general, the
increase of sVCAM-1, CRP, D-dimer and the decrease
of RANTES may indicate a presence of a systemic
inflammation, activation of the endothelium and
alteration of the immune regulation in NSCLC.

The comprehensive analysis of the literature and our
own data enabled the identification of both known and
potentially novel biomarkers with high diagnostic potential
for lung cancer diagnosis. Existing scientific evidence
and our findings indicate the possibility of improving
the diagnostic accuracy of NSCLC by developing panels
comprising a combination of biomarkers. This approach
requires validation in multicenter studies involving larger
patient cohorts.

Another key result of our study was the quantitative
determination of optimal cut-off values of 20 studies
biomarkers to diagnose the NSCLC using the Youden’s
index. This finding comprises and important scientific
contribution: before, many publications and meta-analyses
did not provide cut-off values or varied greatly, which
complicated comparison of results of different studies and
their clinical applications. Thus, in the meta-analysis of

Y. He et al. (2019) studying the diagnostic value of HE4
to diagnose lung cancer, the cut-off values varies from
32.45 to 150 pmol/L [11]. The wide scattering of cut-
off values may complicate reproducibility of results and
interpretation of scientific data.

The cut-off values proposed by us allow for alignment
and standardization of the approach towards NSCLC
diagnostics. The specific cut-off values identified with
the aid of the Youden’s index, may serve as the single basis
for screening and differential diagnostics. This reduces the
variance of diagnostic characteristics between different
centers and studies, improved result reproducibility and
simplifies integration of biomarker screening data into
clinical practice. In this way, unification of cut-off values
of markers simplifies their use in the event of suspected
NSCLC and facilitates standardization of diagnostic
algorithms.

Limitations of study. Our study was a single-center
study characterized with an age imbalance between the
groups, which might affect the level of specific biomarkers,
especially inflammatory and metabolic ones. Besides,
the results were not checked against an external cohort,
which decreases the possibility of their generalization and
necessitates validation versus independent populations.
Besides, we assessed the biomarkers using the ROC-
analysis, without construction of combined models that
could have potentially increased diagnostic accuracy. These
factors must be taken into account in the interpretation of
data and in the planning of future multi-center studies
utilizing multi-marker panels.

m CONCLUSION

The greatest AUC values we demonstrated by the
following biomarkers: HE4 (0.903), ApoA2 (0.86),
CYFRA 21-1 (0.836), ApoA1l (0.795), D-dimer (0.793),
TTR (0.79), ApoA4 (0.784), B2M (0.765) and LRG1
(0.757). The combination of the identified changes
indicates systemic reactions associated with oncological
diseases, emphasizing the significant role of these proteins
in the pathogenesis of lung cancer. The obtained data
point to the potential for developing multi-marker panels
based on the identified biomarkers for NSCLC diagnosis.
Validation on independent samples in multicenter studies
is required to confirm the findings. »=
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Abstract

Patients with locally advanced inoperable head and neck cancer (HNC) have
an unfavorable prognosis and a rapid fatal outcome with standard systemic
chemotherapy and/or radiation therapy. The median overall survival(s) with
traditional treatment does not exceed 12-16 months.

Aim: to evaluate the long-term survival of patients and the effectiveness of
selective intra-arterial chemotherapy (IAC) in locally advanced inoperable HNC.
Material and methods. An open prospective study included 56 patients
with locally advanced inoperable HNC (stage IVA-IVB) who received
selective IAC using high doses of Cisplatin and other chemotherapy drugs
selectively injected into the arteries feeding the tumor. The studied patients
were stratified by tumor location (oropharynx, tongue, floor of the oral cavity,
and other locations), the presence of lymphatic metastases, and concomitant
pathology. The primary endpoint was an analysis of overall survival in the
medium follow-up term (mean follow-up 39 months, range 10-221 months).
The secondary endpoints were the tumor response to treatment, the safety of
the procedure, and the quality of life.

The initial cohort (n=56) was characterized by such indicators as age 59.8 +
9.8 years (41-81), men 84.8% (n=47), women 15.2% (n=9). The main risk
factors included smoking (69.7%, n=39), hypertension (93.9%, n=52), type
2 diabetes mellitus (90.9%, n=51), and atherosclerosis of the brachiocephalic
arteries (54.5%, n=30). The average comorbidity was 3.1 + 0.7 risk factors
per patient, reflecting the age and severity of the population. The localization
of the primary tumor is represented by the oropharynx (24.2%), tongue

(21.2%), bottom of the oral cavity (15.2%), and other localizations (39.4%).
The presence of metastases to regional lymph nodes was detected in 51.5% of
patients (n=28). The majority of patients (90.9%, n=51) received one SHIFT
procedure, the minority (9.1%, n=5) received two or three procedures.
Results. Of the 56 initially enrolled patients, 33 patients are alive at the time
of writing (end of 2025) (58.9%, 95% CI: 44.7-72.6). This is a significantly
higher value compared to the expected survival rate with standard treatment,
in which this indicator does not exceed 15-20% after 24-39 months. The
average tumor response to treatment was 7.9 + 5.4 according to the surrogate
effect index (range: 3.2-31.9). The incidence of complications was low
(12.1%, n=4), and included mucosal edema (n=1), hyper-salivation (n=1),
contrast leakage into neighboring structures (n=1), scratching, and a feeling
of lack of air (n=1). No deaths directly related to the WATCH procedure
were recorded.

Conclusion. Selective intra-arterial chemotherapy is an effective and safe
treatment method for patients with locally advanced inoperable head and
neck cancer, significantly improving long-term survival and quality of life
compared to standard treatment. The results of the study confirm the need to
introduce this method as a standard approach in the treatment of inoperable
forms of HNC in specialized institutions.

Keywords: head and neck cancer, selective intra-arterial chemotherapy,
survival, Cisplatin, locally advanced cancer, inoperable cancer.
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CenekTtuBHasi BHyTpuapTepuasibHas XMMuoTepanus
Nnpu MecTHO-pacnpocTpaHeHHOM HeonepabenbHOM pake
ronoBbl U Wen: aHanus3 A0NTOCPOYHOW BbXKMBaeMOCTHU
B OTKPbITOM NPOCNEKTUBHOM UCCJie[0BaHNM

A.WN. 3aropynbko? 3, M.B. YepHsaeB? 3

''BY3 «OHkonornyecknii LeHTp Nel MNopoackas knuHnyeckas 6onbHuua nmenn C.C. KOgmHay [enaptameHTa
3npaBooxpaHeHus Mockebl (MockBa, Poccuiickas PenepaLms)
2PI'bY «HaumnoHanbHbIN MEAUUNHCKNIA CCNefoBaTeNbCKUi LEeHTP Tepanuu n NnpodunakTM4eckomn MeauumHbI»
MwuHsnpaBa Poccun (Mocksa, Poccuiickas defeparms)
SPFAQY BO «Poccuiickuin yHuBepcuTeT Opy6bl HApoaoB nMeHn lMatpuca JlyMym6bi»
(Mocksa, Poccuiickaa Penepauns)

AHHOTaumA

[TarueHTBI C MECTHO-PACIPOCTPaHEeHHBIM HeollepabelbHbIM PakoM TOJIOBBI
u meu (PI'II) xapakrepu3yroTcsi HeGIAaronpHUsSTHBHIM IIPOTHO30M U GBICTPBIM
JleTalIbHbIM UCXOIOM IIPH CTaHJAPTHOM CUCT@MHOW XUMUOTepaIliy W/ Hiu
JIy4eBOi Tepanud. MenuaHa obImneil BBDKMBAeMOCTH TIPH TPaJULHOHHOM
JiedeHUH He npeBbiiaer 12—-16 mecsies.

Ilenb: omeHKa JONTOCPOYHOM BBDKMBAEMOCTH HAIUEHTOB 1 3G PEeKTUBHOCTH
CeJIeKTUBHOM BHyTpHapTepuanbHou xumuoTepanuu (BAXT) npu mectHo-
pacrtpoctpaHeHHoM HeoriepabesibHoM PT'TII.

Marepuai 1 MeToabl. B OTKpBITOE MPOCIIEKTUBHOE UCCIIeJOBaHUe OBl
BKJIIOYEeHbI 56 MAllMeHTOB C MeCTHO-PaCIpOCTPAaHEHHBIM HeorepabesbHbIM
PTHI (cramus IVA-IVB), xoropsle mosnyvanu cenektuBnyio BAXT c
HCIIONB30BaHUEM BBICOKMX 103 lluciuiatiHa U Jpyrux XMMHOIIPeIaparoB C
n3bupaTebHBIM BBe[leHUeM B apTepyy, IUTalollre omyxoib. Mccienyemble
HaIMeHThl ObUIM CTPAaTUUIMPOBAHAI 110 JIOKAIU3AIUH OITyXOJIH (POTOIVIOTKA,
SI3bIK, IHO TIOJIOCTH PTa, APYTye JOKalIU3alu1), HATMIUIO TUMPaTUIeCKUX
MeTacTa30B M COIYTCTBYIOIIEH MaTojoruu. [IepBUYHON KOHEYHOM TOYKOM
6b11 aHANMU3 0OIed BBDKMBAEMOCTH B CpeIHECPOYHOM IHepCclleKTHBe
(cpenHee HabmoeHue 39 mMecsies, auarna3oH 10-221 mecsir) HabroeHMSI.
BTopUYHBIMY KOHEUHBIMHM TOUYKAMHU CTajJM OTBET OIYXOJH Ha JiedeHHUe,
6e301aCHOCTb IPOLIeAYPH, Ka9eCTBO XKU3HH.

Hcxonnas koropra (n=56) XapakTepru30Bajach TaKMMH II0KA3aTeJIIMH, KaKk
Bo3pacr 59,8 + 9,8 roma (41-81), myxxuunst 84,8% (n=47), xxenmussr 15,2%
(n=9). OcHoBHbIe daKTOpbI pUCKa BKIIo4anu kypenue (69,7%, n=39), apre-
puanbHyto runeprensuto (93,9%, n=52), caxapHbi quabet 2 tumna (90,9%,
n=51), arepockiepo3 6paxuoriedanbubix aprepuit (54,5%, n=30). Cpen-
Hsisl KOMOp6UIHOCTh cocTaBuia 3,1+0,7 ¢akTopa pucKa Ha MalMeHTa, YTo
OTpaXkaJIo BO3PACT U TSDKECTh NOMYISIUH. JIoKaIM3alys IepBUYHON OITyXOIH

mpeacTaBiieHa poTOrIoTKOM (24,2%), sizpikoM (21,2%), nHOM mosocTu
pra (16,1%), npyrumu nokanusanusmu (39,4%). Hanudure meracta3oB B
pervoHapHble TuMdaTrdeckye y3ibl BbisiBIeHo Y 51,5% nanuenTtos (n=28).
BonbimHcTBo nanuenToB (90,9%, n=51) nomyuwmno onHy npouenypy BAXT,
MeHbIIMHCTBO (9,1%, N=5) nony4Yusio JBe WK TPU MPOLeyphl.
Pesynbrarbl. 13 56 MCXOHO BKIIFOYEHHBIX NAIEHTOB HA MOMEHT HalMCaHUs
crarbu (Koner| 2025 roga) sxkusbl 33 nanuenTa (58,9%, 95% IU: 44,7-72,6).
9TO cocTaBisIeT CyILieCTBeHHO Gojiee BHICOKOe 3HAaYeHHe [0 CPABHEHHIO C
0XKMIaeMO¥ BbDKMBAEMOCTHIO TIPU CTAHJAPTHOM JIeYeHUH, TIPH KOTOPOM
3TOT MOKa3arenb He mpesbimiaer 15-20% uepe3 24-39 mecsines. CpenHuii
OTBET OITyXOJIK Ha JiedeHre CoCTaBui 7,9+5,4 1o CypporaTHOMy MMOKa3aTestio
addekra (quanason: 3,2-31,9). Yacrora ocyioxxHeHuit 6pi1a HU3Ko# (12,1%,
n=4), BKJIIOYajIa OTeK cinusucTou (n=1), runepcanuBanuio (n=1), 3arexamre
KOHTPACTa B COCEJHUE CTPYKTYPHI (N=1), IepIieHre 1 4yBCTBO HEXBATKH BO3-
nyxa (n=1). Hu opHoro jIeTanbHOro ucxosa, HEMOCPECTBEHHO CBS3aHHOTO C
npouenypoit BAXT, 3a¢pukcrupoBaHo He 6bUIO.

3axutiouenne. CeleKTHBHAs BHYTPHAPTePHAIbHAsE XUMHAOTEPAIIHS SIBIISIETCSI
3b¢eKkTUBHBIM U 6e30MaCHBIM METOJIOM JIedeHHsl ISl TTAlUeHTOB C MeCTHO-
PacrpoCTpaHeHHBIM HeonepabebHBIM PAKOM TOJIOBBI U IlIed, CYIeCTBEHHO
WIIYUIIAOIIMM [JONTOCPOYHYIO BEDKMBAEMOCTD M KA9€CTBO YKU3HH 110 CPABHEHHIO
CO CTAaHAAPTHBIM JiedeHHeM. Pe3ynbraThl MCCIIeOBAaHUS MOATBEpPXKIAIOT
HEeoBXOMUMOCTh BHEIPEHHS 3TOT0 MeTOZIa KaK CTAHIAPTHOTO MOMIXO/IA B JIeYeHHN
HeoriepabesbHbIX Gpopm PI'III B crieryanyMsrpoBaHHBIX YUPeXXIEeHUSX.
KutroueBbIe c10Ba: pak roOBBI U IIEH, CEeIeKTUBHAs BHYTPHApTepHUasIbHAs
XUMUOTEpAIusi, BBDKUBA@MOCTb, LIMCIUIaTyH, T0KaIbHO-PACIPOCTPAHeHHDIH
pak, HeornepabesibHbIN pak.
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m INTRODUCTION
Head and neck cancer remains one of the most complex
problems in today’s oncology. Every year, over
600,000 new cases of squamous cell head and neck cancer
(HNC) are registered worldwide. At the moment of being
diagnosed, over 40% of patients have locally advanced
(TNM stage III-1V). The majority of these patients are
inoperable since the tumor process has invaded into
vital structures (internal carotid artery, base of the skull,
vertebral column, orbital cavity), which severely restricts
therapeutic possibilities [1-3].
The standard approach towards treatment of the
locally advanced inoperable HNC includes radiotherapy

www.innoscience.ru

(doses of 60-70 Gy) to ensure local control, systemic
chemotherapy (Cisplatin, 5-Fluorouracil, Docetaxel) to
suppress systemic progression, and combined treatment,
or concurrent chemoradiotherapy (CRT).

However, the results of such approaches are most
often unsatisfactory. The median of overall survival in the
standard concurrent CRT is not over 12—-16 months, and
5-year survival varies in the range of 15-40% depending
on the tumor localization, stage, and the patient’s overall
condition. For patients with stage 4B/4C (most prevalent
in the group of inoperable patients) the prognosis is even
poorer: the median of overall survival is 3-9 months, and
one-year survival is below 20% [4-6].
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Chemotherapy is associated with high toxicity that
significantly reduces the quality of life of patients.
The patients develop such complications as grade 3 —
4 hematologic toxicity (in 40-60% patients), mucositis
necessitating parenteral feeding (in 30-40%), xerostomia,
impairments of hearing and speech function (often as
remote effects), and mortality related to treatment (2—-5%).

At the same time, surgical intervention in the case
of locally advanced HNC is often not possible from a
technical perspective and/or may result in a critical loss
of function and quality of life (loss of voice, chewing,
swallowing, deformation of physique) [7-9].

AN alternative approach that became widely spread in
Japan and that is being implemented in other countries
involves selective intra-arterial infusion of high doses of
drugs directly into the tumor-feeding arteries (IAC). The
advantages of this approach are the high concentrations
of drugs in the tumor (10-100-fold increase vs. systemic
delivery), minimal systemic toxicity (caused by fast
metabolism of the drugs in the liver and by local
neutralization), preservation of the function (possibility
of organ-saving approach without radical surgery)
and improved prognosis (some studies show results
approaching those of radical surgery) [10-11].

Notwithstanding the notable outcomes, the TAC
method is less common in Russia. This is related to the
need of special equipment (angiograph), the need to train
specialists in the field of imaging and interventional
vascular surgery, lack of sufficient publications in the
Russian language providing data on long-term survival.

This study intends to demonstrate our own experience
of using selective IAC in inoperable HNC with an analysis
of long-term survival.

m MATERIAL AND METHODS

Study design and patient selection

The open prospective cohort study was performed in
2020-2021 on the clinical site of the Peoples’ Friendship
University of Russia by the same surgical team.

Inclusion criteria: the study enrolled 56 consecutive
patients with a confirmed diagnosis of squamous cell
carcinoma of the head and neck, locally advanced
disease (stage IVA-IVB), inoperable status defined as the
impossibility to perform radical tumor resection without
critical damage to vital structures (internal carotid artery,
skull base, spine, orbit), absence of distant metastases (M0),
age >18 years, and ECOG performance status of 0-2.

Exclusion criteria: presence of distant metastases;
metastatic disease from other organs; pregnancy and
lactation, history of intolerance to Cisplatin; creatinine
clearance <60 mL/min; thrombocytopenia <50x10%/L.

Assessed parameters: tumor response (assessed via a
CT-based surrogate efficacy endpoint); complications of
[AC (immediate and delayed); current patient status (alive/
deceased); follow-up duration.

Statistical processing of data was performed in
the Statistica 12.0 software suite. The distribution
of quantitative data was tested for normality using
the Shapiro—Wilk test. For normally distributed
data, parametric tests were applied (Student's t-test
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for independent samples); results are presented as
arithmetic mean and standard deviation (M + SD).
Qualitative variables are presented as absolute values
and percentages [n (%)]. The 95% confidence interval
for proportions was calculated using the Wilson method.
Differences were considered statistically significant
at a p-value <0.05. Survival analysis was performed
using the Kaplan—Meier method with estimation of the
median follow-up period.

Selective IAC was administered under local anesthesia
by highly qualified endovascular surgeons (experience of
5+ years) in specialized angiography laboratories. Before
the procedure, complex visualization of the primary tumor
and of the regional vascular architectonics by three-
dimensional angiography and magnetic resonance imaging
was performed. This allowed for a precise identification of
the arterial features of tumor blood supply, identification
of variant anatomy of the vascular pool and to plan an
optimal approach. Based on the results of the preoperative
planning, selective catheterization of arteries feeding the
primary tumor was performed.

Depending on the tumor location, the external carotid
artery, lingual artery, facial artery, maxillary artery
or their branches were cannulated. Ensuring optimal
catheterization selectievty was critically important
to minimize systemic toxicity and to maximize local
accumulation of the drug in the tumor. In the next stage,
super-selective microcatheterization was performed
by implanting a microcatheter directly in the arterial
branched directly feeding the tumor tissue. This ensured
the maximum selectivity of the infusion providing
concentrated delivery of the drug to the lesion focus while
minimizing the drug contact with the surrounding healthy
tissues.

Infusion of high doses of Cisplatin (usually, 100-150 mg
per each catheterized arterial territory) was administered
via microcatheters with simultaneous intravenous infusion
of sodium thiosulfate. Sodium thiosulfate had the critical
role of a neutralizing agent quickly inactivating the
Cisplatin in the systemic bloodstream and drastically
lowering the risk of development of nephrotoxicity,
ototoxicity and other systemic adverse effects traditionally
observed in parenteral administration of Cisplatin.

The drug infusion was performed in conditions of
a temporary controlled blood flow reduction in the
catheterized arthery by moderate increase of the arterial
blood pressure and decrease of the linear blood flow
velocity. This created a local hypoxic micro-environment
in the tumor: according to contemporary concepts, it
potentiates the cytotoxic effect of the drug in a substantial
manner by accelerating apoptosis of the tumor cells and
increasing their sensitivity to the effect of Cisplatin.
Besides, the decrease of the local blood flow slows down
the drug dilution in the tumor tissue thereby assisting its
prolonged effect on the tumor cells.

Throughout the procedure, distribution of the contrast
and the drug in the arterial system and in the tumor were
radiologically controlled. The use of digital subtraction
angiography allowed for a real-time assessment of the
blood flow, exclusion of incidental flow of the contrast to
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Initial cohort Patients alive at the time of Deseased patients
(n=56) follow-up (n=33, 58.9%) (n=23, 41.1%)

Category Parameter
Age, years
Demography Men
Women
Smoking

Harmful habits
Alcohol abuse

Arterial hypertension
Cardiovascular Type 2 diabetes mellitus

comorbidity BCA atherosclerosis

Avg. comorbidity (factors per patient)
Primary tumor localization:
Oropharyngeal cavity
Tongue
Floor of the mouth
Other localization*

Lymph node involvement (N-status):
N+ (with metastases)

Tumor
characteristics

NO (without metastases)

n (%) or M£SD n (%) or M*SD n (%) or M£SD

59.8 + 9.8 (41-81) 60.1+95 59.2 +10.3
47 (83.9%) 28 (84.8%) 18 (78.3%)
9 (16.1%) 5 (15.2%) 4 (17.4%)
38 (69.6%) 23 (69.7%) 15 (65.2%)
28 (50.0%) 16 (48.5%) 12 (52.2%)
52 (92.9%) 31 (93.9%) 21 (91.3%)
51 (91.1%) 30 (90.9%) 21 (91.3%)
30 (53.6%) 18 (54.5%) 12 (52.2%)
3107 3107 3107
13 (23.2%) 8 (24.2%) 5 (21.7%)
12 (21.4%) 7 (21.2%) 5 (21.7%)
9 (16.1%) 5 (15.2%) 4 (17.4%)
22 (39.3%) 13 (39.4%) 9 (39.1%)
28 (50.0%) 17 (51.5%) 11 (47.8%)
28 (50.0%) 16 (48.5%) 12 (52.2%)

Notes. Other localizations: laryngopharynx, piriform sinus, tongue root, hard palate, palatine tonsil, epiglottis.
lNpumeyaHus. [ipyaue nokanusayuu — 20pmaHo2/10mka, 2pyweBUOHbIl CUHYC, KOPeHb Si3bika, mBepdoe Hebo, HebHas MuHOanuHa, Had20pmaHHUK.

Table 1. Clinical characteristics, treatment regimens, and long-term outcomes in patients with inoperable locally advanced head and neck

cancer who received selective intra-arterial chemotherapy (n=56)

Ta6nuua 1. KnuHuyeckas xapakmepucmuka, CXeMbl fie4eHus U 00f20CPoYHbIe pesyibmamsl y nayueHmoB C HeonepabesbHbIM JI0KabHO-
pacnpocmpaHeHHbIM PaKkoM 20J10BbI U LWeU, NOYYUBLUX CesIeKMUBHYI0 BHYmpuapmepuasbHyo xumuomepanuro (n=56)

adjoining arterial branches and checking the adequacy of
infusion to the target area.

After the infusion, the microcatheter and the standard
catheter were gradually retrieved with control angiography
to visualize the vascular patency, lack of thrombosis,
dissection of the wall or other angiographic complications.
Once homeostasis was achieved in the place of arterial
puncture and bleeding was controlled, the patients were
transferred to an intensive follow-up ward.

Throughout the follow-up period after the procedure,
intensive parenteral hydration with saline solutions was
administered to prevent acute kidney damage, and highly
potent anti-nauseants were prescribed (antagonists of
5-hydroxy-triptamine-3 and corticosteroids) to prevent
nausea and vomiting; in case of necessity, additional
nephroprotective agents were used.

m RESULTS

Characteristics of the initial and the studies cohort

The study included 56 patients with inoperable locally
advanced head and neck cancer (IVA-IVB). The initial
cohort was characterized with a prevalence of men
(83.9%, n=46) over women (16.1%, n=9) at the median
age of 59.8 = 9.8 years (in the range of 41-81 years).
Harmful habits were seen often, 69.6% of the patients
were smokers (n=38), and half of patients (50.0%) had a
history of alcohol abuse (n=28).

Cardiovascular comorbidity was extremely high,
which reflected the age and the severity of condition of
the population. Arterial hypertension was seen in 92.9%
patients (n=52), type 2 diabetes mellitus in 91.1% (n=51),
atherosclerosis of brachiocephalic arteries in 53.6%
(n=30). The average cumulative comorbidity burden was
3.1 £ 0.7 factors per patient. The primary localization of the

www.innoscience.ru

tumor varied between such locations as the oropharyngeal
cavity (23.2%, n=13), tongue (21.4%, n=12), floor of the
mouth (16.1%, n=9), pyriform sinus, laryngeal pharynx,
epiglottis and other locations (39.3%, n=22). Half of the
patients (50.0%, n=28) had regional lymphatic metastases
(N+), the remaining half (50.0%, n=28) had no lymphatic
involvement (NO) (Table 1).

Treatment results

Selective IAC was administered using three major
schemes. The DC scheme (Docetaxel + Cisplatin)
was used in 39.3% patients (n=22), CF (Cisplatin +
5-Fluoruracil) in 33.9% (n=19), DCF (Docetaxel +
Cisplatin + 5-Fluoruracil) in 26.8% patients (n=15). The
absolute majority of the patients (90.9%, n=30) underwent
one procedure of selective IAC, while the rest of the
patients underwent two (3.0%, n=1) or three procedures
(6.1%, n=2) (Table 2).

At the time of analysis, after the median 39 months of the
follow-up (range of 10-221 months) 33 patients from the
initial cohort were alive (58.9%, 95% confidence interval:
44.7-72.6), and 23 patients were deceased (41.1%). It is
of critical importance that the initial characteristics of the
living and the deceased patients were practically identical
which eliminated the selection bias in the analysis of
results. Among the living patients, the tumor response
was 7.9 + 5.4 (range: 3.2-31.9), and the optimal result
(score >10) was attained in 36.4% patients (n=12). The
complications of the selective IAC were seen infrequently,
in 12.1% patients (n=4), and all complications were minor
(Grade 1-2): swollen mucosa (n=1), hypersalivation (n=1),
contrast influx (n=1), one undefined complication (n=1).
The mortality related directly to the procedure was 0%.

The flow of 56 patients (Fig. 1) with inoperable head
and neck cancer (stage IVA-IVB) over three schemes
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Chemotherapy scheme Initial cohort (n=56)

DC (Docetaxel + Cisplatin)
CF (Cisplatin + 5-Fluoruracil)
DCF (Docetaxel + Cisplatin + 5-Fluoruracil)

Number of procedures:
IAC characteristics One procedure
Two procedures

Three procedures

Tumor response (M+SD)
Treatment response

and safety Range (min.—max.)

Optimal response (score 210)

Swollen mucosa (Grade 1)

Ereeasliekics Hypersalivation (Grade 1)

complications Contrast influx (Grade 1)

Irritation and sensation of lack of air

Procedure-related mortality

Total number of patients
Long-term outcomes
Follow-up median, months (range)

Overall three-year survival

Patients alive at the time of
follow-up (n=33, 58.9%)

12 (36.4%)
11 (33.3%)
8 (24.2%)

Deceased patients
(n=23, 41.1%)
9 (39.1%)

7 (30.4%)
7 (30.4%)

22 (39.3%)
19 (33.9%)
15 (26.8%)

= 30 (90.9%) =
- 1 (3.0%) -
= 2 (6.1%) =

= 79454 =
= 3.2-31.9 =
= 12 (36.4%) =
= 4 (12.1%) =
= 1 (3.03%) =
= 1 (3.03%) =
= 1 (3.03%) =
= 1 (3.03%) =
= 0 (0%) =

56 (100%) 33 (58.9%) 23 (41.1%)
= 39 (10-221) =
= 58.9% (95% Cl: 44.7-72.6) -

Notes. DC = Docetaxel + Cisplatin (122 mg Cisplatin per arterial area + Docetaxel 75 mg/m?). CF = Cisplatin + 5-Fluorouracil (100-150 mg Cisplatin intravenously
delivered to the artery + 500 mg/m? 5-FU intravenously). DCF = Docetaxel + Cisplatin + 5-Fluorouracil (triple scheme
for extremely common tumors). Tumor response rate - radiographic assessment of tumor regression (higher values indicate a better response).

lMpumeyaHus. DC = louemakcen + LJucnnamuH (122 Mz LjucnnamuHa Ha apmepuasnbHyto meppumoputo + [louemaxcen 75 mz/mM?. CF = ucnnamuH +
5-®mopypauun (100-150 me LjucnnamuHa B/B docmaska B apmeputo + 500 me/m? 5-dY B/B). DCF = [Jouemakcen + LjucnnamuH + 5-®mopypauun (mpoliHas
cxeMa 05151 KpaliHe pacnpocmpaHeHHbIx onyxonel). [okasamenb omBema onyxonu — paduozpaguyeckasl oueHka pezpeccuu onyxosu (6onee BbicoKue 3Ha4eHust

yKasblBatom Ha nyqwuli omaem).

Table 2. Treatment regimens and long-term outcomes in patients with inoperable locally advanced head and neck cancer who received

selective intra-arterial chemotherapy (n=56)

Ta6nuya 2. CxeMbl nedeHuUs u A0120CPOYHble pedyibmamal y NayueHmMoB ¢ HeonepabebHbIM JI0KalbHO-PacnpoCMpPaHeHHbIM PaKoM
20/10BbI U Weu, NoMy4uUBWUX CeNleKmUBHYH BHympuapmepuasbsHyo xumuomepanuto (n=56)

of selective IAC (DC — Docetaxel + Cisplatin, CF —
Cisplatin + 5-Fluoruracil, DCF — Docetaxel + Cisplatin +
5-Fluoruracil) shows, by final outcomes, a similar 58.9%
survival regardless of the chosen chemotherapy scheme
(n=33 living, n=23 deceased at the moment of analysis).

In our study (Fig. 2), the patients with locally advanced
inoperable head and neck cancer who underwent TAC
by 39th month (median follow-up term) had a survival
of 58.9%. The curve is mild (blue line), with no drastic
falls, which shows a long-term control of the disease. The
second curve reflects literature data (median of 12-16
months, 3-year survival of ~20%). It demonstrated fast
decline of survival, the median (intersection of 50%) is
reached at the 14th month. In this way, the IAC method
takes patients from the 1-year median survival to a group
of long-livers.

m DISCUSSION

The bubble chart (Fig. 3) shows a paradoxical
discrepancy between the extremely high comorbidity of
patients and the achieved long-term survival. The X-axis
shows the number of cumulative risk factors (arterial
hypertension, type 2 diabetes mellitus, atherosclerosis,
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Figure 1. Flow diagram of included patients in selective intra-arterial
chemotherapy for inoperable head and neck cancer.

PucyHok 1. [JuazpamMmMa NomoKa BK/IO4EHHbIX NayueHmos
npu cenekmusHoU BHympuapmepuasnbHoll xumuomepanuu
HeonepabesibHO20 paka 207108kl U LUeU.
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Treatment method 3-year OS Median OS Comorbidity

This study (IAC) 58.9% 39 months 56 (100% inoperable) 3.1+ 0.7 (extreme)
Standard CRT 18-35% 12-16 months Varied Normal
Systemic CT only 10-15% 6—12 months Varied Selected (low risk)
RADPLAT (D. Yoshida) 78% 60+ months 102 (some operable) Normal
Aigner et al. (DC only) 65% NR 97 Not reported
Palliative care <5% 3-9 months Varied High

Table 3. Comparison of the results obtained with other studies and treatment options
Tabnuya 3. CpaBHeHuUe noy4eHHbIX pe3y/ibmamoB C Opy2uMu UcC/1edoBaHUsIMU U BapuaHmamu fiedeHust

Higher survival with selective IAC vs. standard CRT (48 months)

Study group mantains 5 VS 15% i cantrol

- Selective IAC (n=56)
— Standard CRT (control)

Time (months)

Figure 2. Kaplan - Meier curve plot for patients with completed IAC.

PucyHok 2. [pacpuk kpuBbix KannaHa — Maliepa y nayueHmos c
BbINOMHEHHbIM BAXT.

smoking; range of 2—4 factors). The Y-axis shows the
outcome (alive vs. deceased). The size of the bubble
matches the number of patients in each category. Even
though 92.9% were hypertensive, 91.1% diabetics, and
53.6% had atherosclerosis (average comorbidity 3.1 +
0.7), 58.9% reached long-term survival. This shows that
selective IAC is a safe and effective method for high-
risk patients who would have not qualified for systemic
chemotherapy.

Comparison against other methods

The survival of 58.9% in our study demonstrates
clinical advantages of selective IAC versus published
results of alternative methods. According to Cochrane
Systematic Review on treatment of inoperable cancer
of the head and neck, concurrent chemoradiotherapy
yields 3-year overall survival in the range of 18-35%,
whereas systemic palliative chemotherapy restricts to
10-15% (OS median of 6—12 months). In the cohorts
receiving only the palliative treatment, 3-year survival
does not exceed 5%. The results of our study are between
the reference method of super-selective intra-arterial
chemoradiotherapy (RADPLAT, 78% according to D.
Yoshida, 2023) and other published series of selective
IAC. Thus, K.R. Aigner et al. (2019) analyzed 97 patients
and reported 65% 3-year survival in selective intra-arterial

www.innoscience.ru

Comorbidity & Survival by Scheme

@® DCF Scheme @ CFScheme @ DC Scheme

[ (-] @

Qutcome

2 3 4
Comorbidity

Figure 3. The relationship between cumulative cardiovascular
comorbidity and long-term survival with selective intra-arterial
chemotherapy.

PucyHok 3. Bzaumocssdb Mexdy KyMynsimusHoU
KapouoBacKynsipHol KoMoOpbUGHOCMbIO U 00/120CPOYHOU
BbIXUBAEMOCMbIO NPU cefleKmuBHOU BHympuapmepuasnbHoll
Xumuomepanuu.

chemotherapy without radiological treatment, and M.S.
Olshansky et al. (2020) showed in a retrospective study
that selective IAC is 88% more efficient than the systemic
chemotherapy in the OS median criterion (325 days vs.
173 days, p<0.01) [12-15].

m CONCLUSION

Selective IAC is an effective and safe method of
treatment of inoperable head and neck cancer that yields
significantly better results than the traditional approaches.
The achieved 58.9% long-term survival is a considerable
improvement as compared to expected survival in standard
treatment. The method features an especially favorable
safety profile (12.1% minor complications, zero procedure-
related mortality), preservation of function and possibility
of delivery to high-risk patients. The results comply
with international standards and show the potential of
combined approaches. Selective IAC should be regarded
as a standard treatment approach in specialized institutions
that have the required equipment and experience. Further
randomized studies are needed to optimize protocols
of combined treatment (IAC + radiotherapy + systemic
chemotherapy) and to identify prognostic factors. #=

43


http://www.innoscience.ru

OHKOJTIOTN4A, NYYEBAA TEPAMWNA Tom 11 (1) 2026 Hayka n MHHOBauUWK B MeaAULUNHE

ADDITIONAL INFORMATION

JOITIOJIHUTEJIBHASI TH® OPMALISA

Ethics approval. Protocol No.8 06.06.2020.

Dmuueckas sxcnepmu3a. I1porokosn JISK Ne8 or 06.06.2020 ropa.

Consent for publication. All patients signed a written informed consent form.

Coznacue na nyéauxauuro. Bee manyeHTs! TOAMUCHIBATK 06POBOIbHOE HHGOP-
MMpOBaHHOE COITIaCHe.

Study funding. The study was the authors’ initiative without external funding.

Hcmounuk gpunancupobanus. VicciieroBaHye BBIOITHEHO 110 MHUIMATHBE aBTOPOB
6e3 npuBIIeYeHys] PUHAHCUPOBAHUS.

Conflict of interest. The authors declare that there are no obvious or potential conflicts
of interest associated with the content of this article.

Kongnukm unmepecoB. ABTOpBI EKJIAPUPYIOT OTCYTCTBHE SBHBIX M TOTEHIUAIIb-
HBIX KOHQIIMKTOB HHTEPECOB, CBS3aHHBIX C COJIeP)KaHHeM HACTOSIIIeN CTaThH.

Contribution of individual authors. Zagorulko A.IL.: statistical data processing,
writing, and editing the manuscript. Chernyaev M. V.: statistical data processing, research
planning, study design, and writing.

Authors gave their final approval of the manuscript for submission, and agreed to be
accountable for all aspects of the work, implying proper study and resolution of issues
related to the accuracy or integrity of any part of the work.

Yuacmue aBmopo8. 3aropyibko AU, — crarrctideckast 06paboTKa JaHHBIX, HAll|-
CaHMe TeKCTa ¥ peflakTMpoBaHHe pykonucH. YepHses M.B. — cratucrideckas obpabor-
Ka JJaHHBIX, [JJAHMPOBaHHe Hay4HO! paboThl, IM3aiH UCCIIe[JOBAHMs], HAlIMCAHKe TeKCTa.

ABropbl 0106prH GUHAIBHYIO BEPCHIO CTaThbU Nepef MyOIHKalei, BLIPa3uIn
Corvacre HeCTH OTBETCTBEHHOCTh 3a BCE aCIeKThl PaboTHl, I0J]pa3yMeBalollyI0 Hajl-
Jiexkaliiee U3yyeHHue U pellieHHe BOIPOCOB, CBSI3aHHBIX C TOYHOCTBIO MU J106poco-
BECTHOCTBIO JTF060M 4acTh paboThI.

Statement of originality. No previously published material (text, images, or data)
was used in this work.

OpuzunansHocme. [1py cO3MaHNK HACTOsIIIEH PabOTHI aBTOPBI HE UCIIOJB30BAIHA
paHee OITy6JIMKOBaHHBIE CBefIeHus! (TeKCT, WUTIOCTPALH, IJaHHbIE).

Data availability statement. The editorial policy regarding data sharing does not
apply to this work.

,llocmyn K 0aHHbIM. PelaklMOHHAs [TOJIUTHKA B OTHOIIEHWH COBMECTHOTO MC-
T10J/Ib30BAHMS JAaHHBIX K HaCTOHH_leIZ pa60Te He [IpUMeHuMa.

Generative AI. No generative artificial intelligence technologies were used to prepare
this article.

o .

T'enep BHbii uCKyCC nexm. [1py co3/laHnM HacTosIIIeH CTaTbH

TEeXHOJIOTHUU I'eHepaTHBHOI'O UCKYCCTBEHHOI'O MHTeJIJIeKTa He MCII0JIb30Bajlu.

Provenance and peer review. This paper was submitted unsolicited and reviewed
following the standard procedure. The peer review process involved 2 external reviewers.

Paccmompenue u peuensupoBanue. Hacrosmas pabora 1ojaHa B XXypHal B
VHUIMATHBHOM IIOPSIIKe U PaCCMOTPeHa 110 06bIYHO# ITpotiefiype. B periensupoBatuu
Y4YaCTBOBAJIM 2 BHEIIIHHUX pelleH3eHTa.

REFERENCES / JIUTEPATYPA

1. Marur S, Forastiere AA. Head and neck squamous cell carcinoma:
update on epidemiology, diagnosis, and treatment. Nat Rev Cancer.
2022;22(5):345-362. DOI: 10.1016/j.mayocp.2015.12.017

2. Oishi N, Orozco-Nufiez S, Alba-Garcia JR, et al. Survival
and Prognostic Factors in Unresectable Head and Neck Cancer
Patients. Journal of clinical medicine, 2025;14(15):5517.
DOTI: https://doi.org/10.3390/jcm14155517

3. Jimenez L, Jayakar SK, Ow TJ, Segall JE. Mechanisms of Invasion in
Head and Neck Cancer. Archives of pathology & laboratory medicine.
2015;139(11):1334-1348. DOLI: https://doi.org/10.5858/arpa.2014-0498-RA

4. Brockstein B, Haraf DJ, Rademaker AW, et al. Patterns of failure,
prognostic factors and survival in locoregionally advanced head and
neck cancer treated with concomitant chemoradiotherapy: a 9-year,
337-patient, multi-institutional experience. Ann Oncol. 2004;15(8):1179-
1186. DOI: 10.1093/annonc/mdh308

5. Taha SA, Saba NF, Samant S, et al. Chemotherapy-free innovations in
locally advanced head and neck cancer. Cancers (Basel). 2025;17(8):1047.
DOI: 10.3389/fonc.2025.1552337

6. Hayashi D, Yamada H, Yoshida D. Retrograde intra-arterial
chemotherapy combined with radiotherapy for oral squamous cell
carcinoma in elderly patients: outcomes and prognostic factors. Head
Neck. 2017;39(7):1359-1367. DOI: 10.1186/s13014-017-0847-3

7. Hunter M, Haughey BH. Toxicities caused by head and neck cancer
treatments and the potential use of molecular therapies to reduce side
effects. Int J Mol Sci. 2020;21(19):6904. DOI: 10.3390/ejihpe10040066

8. Trotti A. Toxicity in head and neck cancer: a review of trends and
impact on quality of life. Int J Radiat Oncol Biol Phys. 2000;47(1):1-12.
DOI: 10.1016/s0360-3016(99)00558-1

9. Shao A, Wong DK, Mclvor NP, et al. Parotid metastatic disease from
cutaneous squamous cell carcinoma: prognostic role of facial nerve

sacrifice, lateral temporal bone resection, immune status and P-stage. Head
Neck. 2014;36(4):545-550. DOIL: 10.1002/hed.23323

10.Jain S, Gupta S, Singh TP, et al. Short Term Outcomes of Head and Neck
Oncology Surgery During Covid-19 Pandemic: Experience from a Tertiary
Cancer Care Centre in North India. Indian J Otolaryngol Head Neck Surg.
2022;74(Suppl 2):2822-2826. DOTI: 10.1007/s12070-020-02334-6

11. Hunter M, Kellett J, Toohey K, et al. Toxicities Caused by Head and
Neck Cancer Treatments and Their Influence on the Development of
Malnutrition: Review of the Literature. Eur J Investig Health Psychol
Educ. 2020;10(4):935-949. DOI: 10.3390/ejihpe10040066

12. Yoshida D. Intra-arterial Chemotherapy for Head and Neck
Cancer. Interv Radiol (Higashimatsuyama). 2023;9(3):127-133.
DOI: 10.22575/interventionalradiology.2022-0042

13. Olshansky MS, Znatkova NA, Shklyarov AYu, et al.
Selective Intra-Arterial Chemoinfusion with Palliative Purpose
in Patients with Relapses of Squamous Cell Carcinoma of the
Head and Neck after Completed Chemoradiotherapy. Journal of
oncology: diagnostic radiology and radiotherapy. 2020;3(2):51-
62. [Onpmanckut M.C., 3narkoBa H.A., Hlknspos A.IO., u np.
CeJleKTHBHasI BHyTPHApTepHAJIbHASI XUMHOUHOY3US C a/NIMaTUBHON
IeJIbI0 Y MAMeHTOB C PeNUIUBAMHU IUIOCKOKJIETOYHOTO PaKa FOJIOBHI U
I1Iey TI0CJIe 3aBepLIeHHOI0 XMMHOITy4eBoro jiedenust. OHKonozuueckuil
scypHan: ayuebas duaeHocmuka, ayuebas mepanus. 2020;3(2):51-62].
DOI: https://doi.org/10.37174/2587-7593-2020-3-2-51-62

14. Aigner KR, Selak E, Aigner K. Short-term intra-arterial infusion
chemotherapy for head and neck cancer treatment: clinical results. J Cancer
Res Clin Oncol. 2019;145(1):261-268. DOI: 10.1007/s00432-018-2784-4
15. Parmar A, Macluskey M, McGoldrick N, Conway DI, Glenny AM,
Clarkson JE, et al. Interventions for the treatment of oral cavity and

oropharyngeal cancer: chemotherapy. Cochrane Database Syst Rev.
2021;12(12):CD006386. DOI: 10.1002/14651858.CD006386.pub4

44

www.innoscience.ru


http://www.innoscience.ru
https://doi.org/10.1016/j.mayocp.2015.12.017
https://doi.org/10.3390/jcm14155517
https://doi.org/10.5858/arpa.2014-0498-RA
https://doi.org/10.1093/annonc/mdh308
https://doi.org/10.3389/fonc.2025.1552337
https://doi.org/10.1186/s13014-017-0847-3
https://doi.org/10.3390/ejihpe10040066
https://doi.org/10.1016/s0360-3016(99)00558-1
https://doi.org/10.1007/s12070-020-02334-6
https://doi.org/10.3390/ejihpe10040066
https://doi.org/10.22575/interventionalradiology.2022-0042
https://doi.org/10.37174/2587-7593-2020-3-2-51-62
https://doi.org/10.1007/s00432-018-2784-4
https://doi.org/10.1002/14651858.cd006386.pub4

Science & Innovations in Medicine

Vol.11 (1) 2026

ONCOLOGY AND RADIOTHERAPY

Original study article | OpurMHanbHoe uccnegosaHue
DOI: https://doi.org/10.35693/SIM629314

E@@®This work is licensed under CC BY 4.0
© Authors, 2026
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by intestinal obstruction
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Abstract

Aim: to develop an algorithm for selecting the optimal surgical intervention
for patients with metastatic colorectal cancer complicated by obstructive
intestinal obstruction.

Material and methods. The study is based on an analysis of the treatment
outcomes of 202 patients with metastatic colorectal cancer complicated by
obstructive intestinal obstruction. The patients were divided into two groups.
Group 1 included 119 patients who underwent primary tumor removal as the
first stage. Group 2 included 83 patients who underwent only symptomatic
drainage surgery to relieve intestinal obstruction.

Results. The one-year mortality rate was 37 patients (31.1%) in Group 1 and 51
(61.4%) in Group 2. Multivariate analysis identified predictors influencing the

one-year mortality rate: the number of internal organs affected by metastases,
albumin/globulin ratio, Krebs index, MCV index, and the planned targeted
therapy regimen.

Conclusion. Based on this analysis, a step-by-step decision-making algorithm
was developed to determine the indications for primary tumor removal, and
a computer program was created to calculate the one-year mortality risk in
patients with metastatic colorectal cancer.

Keywords: metastatic colorectal cancer, intestinal obstruction, adverse events
of chemotherapy, palliative surgery, cytoreductive surgery — R2 resection.
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IPrb0OY BO «Camapckuin rocyaapCTBEHHbIN MeauUMHCKMIA yHuBepcuTeT» MuHaapasa Poccum
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2I'bY3 «CaMapckuit 06nacTHOM KIIMHUYECKUA OHKONOTMYECKUIA AnCnaHcep»
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AHHOTauma

Lens: pazpaboTarh alropuT™, II03BOJISIOIINI BHIOPATh ONTHMAJIBLHBIN 06beM
XUPYPrUYeCcKOro BMeIaTenbCTBa G0JIbHBIM MeTaCTaTHIeCKUM KOJIOPeKTallb-
HBIM PaKOM, OCJIO)KHEHHBIM 0OTypaIjMOHHOM KUIIIEYHON HelTPOXOJUMOCTBIO.
Martepuan u MetofsI. cciieioBaHie 0CHOBAHO Ha aHAJIM3€ Pe3yIIBTaToB Jiede-
Huist 202 aIMeHTOB MeTacTaTHIeCKUM KOJIOPEKTAIbHBIM PAKOM, OCIIOKHEHHBIM
00TypaIOHHOM KUIIIEYHOH HEIPOXOMMOCThIO, KOTOphIe GbUTH pas3fiesieHbl Ha
JIiBe rpy1sl. B niepyto rpymiy Borwmu 119 naryeHToB, KOTOPBIM [1epBbIM 3TalloM
BBITOJIHEHO y/iaJieH|e IePBHUYHOTIO OITyX0JIeBOro ovara. Bropylo rpyminy cocraBu-
711 83 MAIMieHTa, KOTOPBIM BBITIOTHEHA TOJIBKO IPEHHPYIOIIAst CHMITTOMATHIeCKast
orepariyisi, HarpaB/IeHHast Ha JIMKBUIAIHMIO KUITIEYHOM HeITPOXOIUMOCTH.
PesyabraThl. [lokasaresnb OMHOTOANYHOM JIETAIBHOCTH B IIEPBOi TPYIIIe
cocraBwia 37 4enosek (31,1%), a Bo Bropoii rpymie — 51 (61,4%) nmauueHt.

www.innoscience.ru

MHOropaKTOPHEIH aHaJIM3 BEISIBUJ IIPEIMKTOPEI, BIMSIOIYE Ha II0Ka3aTelb
OJTHOTOIYHO¥ JIETAJIbHOCTH: KOJIMYECTBO BHYTPEHHHUX OPIaHOB, IIOPAKeHHBIX
MeTacTa3aMH, ajibOyMUH/TII06YIMHOBBIN KO3 GUIIMEHT, JIeHKOIUTaPHBIN UH-
nekc Kpebca, nanekc MCV, cxema npesicTosiIel TapreTHOM Teparuu.
3akumroyeHne. Pa3paboTaH STAIHbIIN AITOPUTM NIPUHSTHS PelleHHs], TI03BOJIsI-
IOIIM# OIIpeJIeNIUTh N0Ka3aHHsl K YlaJleHUIO TIepBUYHOM OITyXOJIM, ¥ CO3/laHa
nporpamMa OBM nj1st pacuera prcka OTHOTOAMYHOM JIETIbHOCTH GOJIBHBIX
MeTaCTaTH4eCcKUM KOJIOPEKTaJIbHBIM PaKOM.

KurroueBbIe cl10Ba: MeTacTaTUYeCKUi KOJIOPEKTANbHBIH PaK, KUIIedHas He-
IIPOXOJIUMOCTD, HeXkeJlaTelIbHbIe SBJIeHUs: XMMUOTepalyy, NaJUIMaTUBHAsL
omeparysi, IUTOpelyKTUBHAs omeparys — R2 pesexnus.

KoHQnuKT MHTepecoB: He 3asiBJIeH.
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m INTRODUCTION

he colorectal cancer (CRC) ranks third in morbidity and

mortality in the world and in the Russian Federation
[1, 2]. In the Samara Region, the morbidity and mortality
rates correlate with the overall indicators of the Russian
Federation [3]. The high rate of mortality from this
pathology stems from a large number of neglected diseases.
In the international practice, the incidence of the primary
metastatic CRC is within 17-32%. From the data of V.A.
Aliev and A.D. Kaprin it follows, that despite the active
implementation of screening programs and gradual decrease
of morbidity rate in the Russia Federation, the primary
metastatic CRC (mCRC) is identified in 20-30% cases,
which has a statistically significant poorer outcome [4, 5].

According to the clinical recommendations of the
AOR, RUSSCO, NCCN, the primary method of mCRC
treatment is chemotherapy (CT) combined with targeted
therapy (TT), and the surgical stage of treatment is only
auxiliary and preparatory for the systemic therapy. The
complications developing on various stages of treatment
result in extension of the term of the start of therapy
and necessitate reduction of dosages of administered
drugs, increase of intervals between cycles, or require
cancellation of therapy, which aggravates the remote
outcomes. About 45% of patients die within the first year
after being diagnosed [6].

One of the most frequent complications is the intestinal
obstruction (IO) [7]. Prior to administration of CT and
TT, patients with IO require surgical treatment to rectify
the existing complications on the first stage. This poses
the question as to the volume of surgical intervention:
formation of a colostomy or performance of a debulking
operation to remove the primary tumor site.

m AIM

To analyze outcomes of complex treatment of patients
with metastatic colorectal cancer and develop an algorithm
for selecting the optimal surgical intervention for this
category of patients.

m MATERIAL AND METHODS

Based on the experience of treatment of patients with
mCRC complicated by 10, a study was performed at the
Samara Regional Clinical Oncology Dispensary that
included 202 patients.
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Inclusion criteria: patients with mCRC complicated
by obturation intestinal obstruction in the stage of
compensation or subcompensation; histological type of
tumor: adenocarcinoma; debulking operation to remove
the primary lesion or drainage operation; subsequent
chemotherapy under the FOLFOX/XELOX schemes
combined with targeted therapy; status of the peritoneal
carcinomatosis: P1-P2 in the Japanese classification;
performance status: ECOG 2 and lower.

Exclusion criteria: patients refusing from specific
treatment; patients with mCRC with symptom-free
primary tumor; patients diagnosed with P3 peritoneal
carcinomatosis in the Japanese classification; patients with
colon cancer (lower and medium ampullas), and anal form
of the rectal cancer; performance status above ECOG 2.

Prior to commencement of treatment, all patients
underwent examination, their clinical diagnosis established
and verified, staged under the TNM system, the number
of organs affected by the metastases was identified. The
participants of the study were divided into two groups.
Group 1 included 119 patients after a debulking operation,
the first stage of which was the R2 debulking resection of
the primary tumor lesion. Group 2 included 83 patients
after just the drainage symptomatic operation aimed at
relief of intestinal obstruction without removal of the
primary lesion.

In both study groups, patients exhibited either isolated
metastatic involvement of a single organ or combined
involvement of two or more organs. Patients in both
groups were comparable in terms of sex, age, TNM stage,
and primary tumor location. The study design is presented
in Fig. 1.

Statistical analysis. The study results were processed
in Statistica 10.0, SPSS 13. To assess the risk of one-year
mortality, univariate binary logistic regression was first
performed. Subsequently, predictors with a significance
level below 0.1 were included in a multivariate binary
logistic regression model using stepwise backward
elimination based on the Wald algorithm. The quality
of prediction was evaluated based on the statistical
significance of the predictors included in the model and
on sensitivity and specificity metrics. The algorithm for
selecting the optimal surgical treatment method was
developed using the Chi-Square Automatic Interaction
Detection (CHAID) decision tree method. The CHAID

www.innoscience.ru


http://www.innoscience.ru
https://doi.org/10.35693/SIM629314
https://orcid.org/0009-0000-2934-9933
mailto:shvetsdеnis@rambler.ru
https://orcid.org/0000-0003-1765-6965
mailto:o.i.kaganov@samsmu.ru
https://orcid.org/0000-0001-6145-3343
mailto:a.e.orlov@samsmu.ru
https://orcid.org/0000-0002-6492-999X
mailto:amihalu4@gmail.com
https://orcid.org/0009-0004-1194-3220
mailto:frol_ser@mail.ru
https://orcid.org/0009-0001-7479-155X
mailto:Nekit.Mikolenko@yandex.ru
https://orcid.org/0009-0006-2295-9265
mailto:kaganova2018@gmail.com

Science & Innovations in Medicine

Vol.11 (1) 2026

ONCOLOGY AND RADIOTHERAPY

202 patients with mCRC, complicated by intestinal obstruction

b

Examinations:

Examination according to clinical standards, TNM staging, identification
of number of organs affected by metastases, identification of oncomarker
indicators in the peripheral blood, genetic examination: identification of
the mutation status of the KRAS/NRAS genes, identification of values of
laboratory markers reflecting the existing complications (hemoglobin level,
biochemical blood assay, MCV index, Krebs leukocyte index, albumen/
globulin index)

|

Surgical stage of treatment:
R2 debulking resection to remove the primary tumor lesion or palliative
drainage operation aimed to relieve the primary obstruction without
removal of primary lesion

|

’ Evaluation of immediate outcomes

|

l Chemotherapy + target therapy

’ Analysis of adverse event incidence rate

v

’ Evaluation of remote outcomes

v

Identification of factors affecting the incidence rate of adverse events
on the top of chemotherapy

Development of the algorithm of treatment of patients with simultaneous
non-resectable CRC metastases with a symptomatic primary tumor.
Development of a computer software program to predict one-year
survival of patients with simultaneous non-resectable CRC metastases,
with removed and non-removed primary tumor

Figure 1. Study design.
PucyHok 1. [luzaliH uccrnedoBaHus.

method is based on testing the hypothesis of independence
between two variables using the x* (chi-square) test.
Construction was performed using the SPSS 13 software
package based on data from a training dataset comprising
202 observations. The significance level a was set at <0.05.

m RESULTS

The following parameters were assessed: intraoperative
blood loss and number of bed-days. The average
intraoperative blood loss among patients in Group 1 was
150 + 20 mL; among patients of Group 2, 80 + 20 mL (p
= 0.000). The average number of in-patient bed-days in
Group 1 was 20 + 2, in Group 2, 12 + 2 bed-days (p =
0.000). These indicators in the group with patients after
the debulking surgery were significantly higher, which is
accounted for by the volume of the surgery.

In the subsequent phase, postoperative complications
were analyzed in patients in both study groups. In Group 1,
postoperative surgeries developed in 37 patients (31.1%),
which was significantly higher than in Group 2, where
postoperative complications developed in 15 patients
(18.1%) (Chi = 4.336; df = 1; p = 0.037).

The postoperative complications affected the time
of start of chemotherapy: in Group 1, in patients after
the debulking surgery to remove the primary lesion the
average value of CT start after the surgery was 44.0 + 2.0
days; in Group 2 of patients who had a colostomy, this
value was 30.0 + 1.0 days (Z = 2.732; p = 0.006).

Later, on the chemotherapy stage, adverse events were
analyzed as they developed that required suspension
of systemic treatment, dosage reduction or stoppage

Univariate analysis of predictors affecting one-year mortality

Significant predictors by qualitative features
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Figure 2. Univariate analysis of significant predictors influencing 1-year mortality in patients with metastatic colorectal cancer complicated by

intestinal obstruction (qualitative and quantitative characteristics).

PucyHok 2. O0HopakmopHbIll aHanu3 3Ha4uMbix NPEOUKMOPOB, BAUSIOWUX Ha 200UYHYIO lemaJibHOCMb Y nayueHmoB C
MemacmamuyeckuM KPP, 0CnoXHeHHbIM Kuuwe4YHOU HenpoxoduMocmeio (KaHecmBeHHbIe U KOJTu4eCmBeHHbIe Npu3HaKu).
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Multivariate model of logistical regression with step-by-step exclusion using the Wald method
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Figure 3. Multivariate analysis of variables associated with 1-year mortality in patients with metastatic colorectal cancer complicated by

intestinal obstruction.

PucyHok 3. MHo2oghakmopHbIU aHanu3 nepeMeHHbIX, aCCoOUUUPOBaHHbIX C 200U4HOU lemasibHOCMbIO Y hayueHmoB ¢ Memacmamu4YeckumM

KPP, ocnosxHeHHbIM KuweYHoU HenpoxoouMOoCMbH0.

of the therapy. In Group 1 of the study, such adverse
events were observed in 47 (39.6%), in Group 2, in
67 (80.9%) patients. In both groups, the following
complications were observed: complications of the blood
(leukopenia, thrombocytopenia), thrombotic and ulcerous
complications. Such complications as tumor perforation
and hemorrhage from the disintegrating tumor were not
observed in the group of patients with the removed primary
tumor. The developing complications in the course of the
chemotherapy affected the number of cycles. The initially
planned 12 CT cycles in the group with the primary
tumor removed were delivered to 51.8% patients; in the
group with non-removed primary tumor, only to 19.9%
patients: it became necessary to stop special treatment for
the majority of patients of this group due to development
of adverse events on top of the systemic treatment (p =
0.000).

In the next stage, indicators of event-free and overall
survival. One-year mortality in the Group 1 was 37
people (31.1%), in Group 2, 51 patients (61.4%) (Chi
= 18.323, df = 1; p = 0.000). In order to evaluate the
significance of the factors influencing one-year mortality,
univariate equations of logistic regression were derived
and predictors were identified that significantly affected
one-year mortality (Fig. 2).

Based on the identified significant predictors, a
multivariate logistical regression model was constructed
with step-by-step exclusion using the Wald method (Fig. 3).
The predictors that had significant influence on one-year
survival were the increase of the Krebs leukocyte index
(KLI), decrease of the albumen-globulin index (AGI) and
decrease of the MCV, affection by metastases of more than
one organ and increase of incidence rate of postoperative
complications. As far as the surgery method is concerned,
the colostomy without removal of the primary tumor also
increased probability of death within one year.

48

For the further assessment of the factors influencing
patient survival depending on the volume of surgical
intervention, we constructed the CHAID decision trees
(Fig. 4).The identified factors that had significant
impact on one-year mortality reflected the status of
complications related to the presence of the primary
tumor and the tumor burden.

Implementation of the algorithm

1. If metastases are found to affect two or more internal
organs, primary tumor removal surgery is not indicated
due to the lack of oncological practicability of such
intervention.

2. If metastases are not found to affect two or more
internal organs, the second step of analysis follows: if
the albumen-globulin index decreases below 1.5, primary
tumor removal surgery is also not indicated, for the patient
has signs of liver failure, when drug therapy efficiency is
significantly compromised.

3. If the albumen-globulin index does not decrease
below 1.5, the third step follows: the analysis of the
Krebs leukocyte index. If KLI is above 2.2, primary
tumor removal surgery is indicated, for the relief of the
respective inflammatory process related to the presence of
the primary tumor will relieve, in the subsequent stages,
the onset of adverse septic events on top of the system
treatment.

4. If the Krebs leukocyte index is below 2.2, the fourth
stage of analysis will follow: the analysis of the MCV
index relation to the scheme of the future target therapy.
If the MCV index is below 80 with the combination of
angiogenesis inhibitor TT, the removal of primary tumor
is indicated. The MCV marker reflects the presence of a
chronic hemorrhage, the source of which in the majority
of CRC cases is the primary tumor. Once angiogenesis
inhibitors are added to the therapy scheme, the probability
of development of such an adverse event as bleeding from

www.innoscience.ru


http://www.innoscience.ru

Science & Innovations in Medicine

Vol.11 (1) 2026

ONCOLOGY AND RADIOTHERAPY

’ Patient with metastatic CRC ‘

'
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Albumen-globulin factor above 1.5
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'
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Y
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of target therapy scheme

!

! !

Removal of the primary tumor
site is indicated

Removal of the primary tumor
site is not indicated

Removal of the primary tumor
site is not indicated

Figure 4. Decision tree.
PucyHok 4. [lepeso npuHsmusi peweHud.

the disintegrating tumor increases significantly. If the
MCYV index is below 80 with the combination of epithelial
growth factor blocker TT, regardless of the planned TT
course, the removal of the primary tumor on the first
stage of treatment is not indicated, and the formation
of the colostomy would be sufficient. Since the risk of
development of adverse events on the top of system therapy
administration in this group of patients is minimal, it would
be sufficient to relieve the manifestations of intestinal
obstruction, start administration of chemotherapy in the
shortest time possible, and later look into the possibility
of RO resection.

Based on this algorithm, a computer program was
developed that calculates the risk of mortality within the
first year in mCRC patients with a symptomatic primary
tumor and determines the practicability of debulking
surgery with respect to all of the above predictors.

In order to produce a prediction for a mCRC patient
before the surgical stage of treatment, the following
indicators are analyzed. Chest and abdomen CT scans
are used to determine the number of internal organs
affected by metastases. Biochemical blood assay is used
to calculate the albumen-globulin coefficient. The values
of the general blood test are used to calculate the MCV
index, percentages of neutrophils and lymphocytes, and
to calculate the Krebs leukocyte index.

The testing of the software performance quality involved
its sensitivity and specificity. We tested the possible points
of outcome discrimination, and the incidence of erroneous
predictions was 1.0 = 0.7%.

www.innoscience.ru

m DISCUSSION

Patients with mCRC are some of the most complicated
groups to develop treatment tactics. They have an
adverse long-term prognosis. According to practical
recommendations of RUSSCO, in effect prior to
2018, it was recommended to perform the debulking
surgery to remove the primary tumor before starting the
chemotherapy. In the opinion of Yu.A. Barsukov, M.F.
Cherkasov, debulking surgeries are aimed at reduction
of the amount of tumor tissue and improve efficiency
of the administered chemotherapy [4, 8, 9]. However,
some studies report that complications after surgeries
in CRC are seen in 19.3 — 26.7%, and mortality after
these surgeries is 2.2 — 5.4% [10, 11]. Development of
postoperative complications significantly delays the
start of drug therapy and, in some cases, render further
treatment impossible. According to the Clavien — Dindo
classification of surgical complications, in 7.1% cases
after surgery for CRC there occur fatal complications
that render the patient’s further drug therapy impossible
[12]. This is explained by the volume of the surgery
and technical difficulties in the performance of the
surgery. According to our data, the group with a history
of debulking surgeries to remove the primary tumor,
postoperative complications occurred more often than in
the group without removal of the primary tumor (29.8%
vs. 9.6%), which resulted later in the delay of start of
chemotherapy. In Group 1, the average number of days
the chemotherapy started after the surgery was 44.0 days,
whereas in Group 2, this number was 30.0 days (Z =
2.732; p = 0.006), which had a respective impact on the
treatment efficiency.
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The complications that develop regularly and
deteriorate the patients’ quality of life became the cause
for a number of international randomized studies. In 2016,
2019 and 2020 the following studies were completed:
China Multicenter (China), JCOG1007 (Japan) and PTR
Trial (South Korea). Their findings are as follows: in the
symptom-free progression of the primary tumor, debulking
operations to remove the primary tumor do not improve
1-, 2-, 3- and 5-year survival of mCRC patients.

At the moment, four European studies are in the process
of enrolling patients: SYNCRONOUS (Germany), CAIR04
(Netherlands), CCRe-IV (Spain), CLIMAT (France).
According to the published intermediate results of these
studies, no connection is seen between the improved
survival of patients with a history of debulking operations
to remove the primary tumor [13].

This resulted in the modification of recommendations,
and since 2018, recommendations have been in effect that
call for a personalized approach to the removal of the
primary tour with respect to the risk of development of
complications.

It should be mentioned that the above studies
focused on the symptom-free (uncomplicated) progress
of the primary tumor. The presence of a complicated
(symptomatic) primary tumor necessitates removal of
existing complications by removal of the primary tumor
prior to administration of system treatment.

Remote outcomes strongly depend on the development
of adverse events on top of the chemotherapy in progress.
According to the data of the European Society for Medical

Oncology, adverse events accompany chemotherapy in
more than 50% patients. E. Savu reports that the degree of
their manifestation depends on the therapy scheme, dosage,
tumor burden and individual factors, i.e. presence or absence
of existing complications without clinical manifestation
[14]. According to S.N. Fedorinov and A.Yu. Dobrodeev,
the following adverse events may be seen in the course
of the chemotherapy: hemorrhage from a disintegrating
tumor, tumor perforation with subsequent development of
septic complications [15, 16]. All of these complications are
related to the presence of a non-removed primary tumor.
In our observations, the number of adverse events in the
group with the non-removed primary tumor was above
the European level of 50% and was 68.2%, whereas in the
group with the removed primary tumor this indicator was
33.3%. We believe that this is related with the presence of
subclinical complications of the primary tumor that existed
even before the start of the system treatment.

m CONCLUSION

The proposed algorithm and the computer program
developed on its basis consider the amount of metastatic
affection of the internal organs and such indicators as
albumin-globulin coefficient, Krebs leukocyte index,
MCV index and the scheme of the chemotherapy to be
administered. The algorithm and the program allow for
a justification of necessity of removal of the primary
tumor or formation of a colostomy and for improvement
of outcomes of system treatment and levels of overall
survival of patients with metastatic colorectal cancer. =
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A new method for reconstruction of the lateral
wall of the attic after atticoanthrotomy
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Abstract

An original way for reconstruction lateral wall of the attic after separate
atticoanthrotomy is proposed and demonstrated using a clinical case. Patient
P. (33 years old) with chronic left-sided epitympanoantral suppurative otitis
media. Left-sided mixed hearing loss of grade 3 (air-bone interval 50-55 dB).
Under general anesthesia, a retroauricular approach to the tympanic cavity was
performed, separate atticoanthrotomy was performed, pathological contents of
the middle ear cavities were removed, and autofascia and autocartilage were
harvested. According to the original technique, the cartilage plates were placed
together and sutured with a 4-0 size absorbable braided polyglactin 910 suture
using an atraumatic needle. The needle was first inserted through the center
of both cartilage plates from front to back, withdrawn, and re-inserted near
the previous needle entry point from back to front. The resulting loop was
not tightened. Next, the cartilage was re-inserted from front to back near the
previous needle entry point, forming a second loop through which the end of
the suture without the needle was threaded. Both loops were then tightened.
The suture was passed from the external auditory canal through the attic into
the antrum and out into the external auditory canal. The sutured plates were
placed in the attic so that their ends were adjacent to the posterior wall of the
external auditory canal. The ends of the sutures were tightened with a trial knot

so that the tension of the suture pressed the cartilaginous plates against the
posterior wall of the external auditory canal. A mark was made where the knot
touched the outer edge of the posterior bony wall of the external auditory canal,
the knot was unraveled, a groove was made in the area of the mark, the ends
of the suture were retightened, and a knot was tied in the groove. Ossicular
chain reconstruction with a 2.25 mm partial prosthesis, tympanoplasty with
fascia and cartilage, wound suturing, and packing of the external auditory canal
were performed. After one year, the air-bone interval was 10 dB. Computed
tomography of the temporal bones showed no recurrence of cholesteatoma,
and reconstruction of the lateral wall of the attic was satisfactory.
Conclusion. The development and implementation of new reconstructive
techniques in chronic suppurative otitis media surgery expands the capabilities
and enhances the physician’s skills. The proposed technique for forming
the lateral attic wall after separate atticoanthrotomy effectively restores the
anatomical relationship between the middle ear and the external auditory canal
and has practical significance.

Keywords: attic, cartilaginous plate, chronic suppurative otitis media, attic
reconstruction, atticoanthrotomy.
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HoBbin cN0CO6 pPEKOHCTPYKUMUU NnaTepasibHOW CTEHKU
aTTUKa Npu pa3fesibHOM aTTUKOAHTPOTOMUU

N.U. MoposoBs! 2 H.B. lopbyHoBal, K.B. BynaHos!?, A.l. Abgynnae?

IPKY3 «lmaBHbIR knuHK4Yeckuii rocnutans MBJ1 Poccuuy (Mocksa, Poccuitckas degepauus)
20I'bOY BO «POCBUOTEX» (Mocksa, Poccuitckas degepauus)

AHHOTauumsa

ITpenyoxeHa opurkHaIbHast METOAMKA PeKOHCTPYKIIMH JIaTepaIbHOM CTeHKU
aTTUKa T10CIle pasfebHOM aTTUKOAHTPOTOMUH, KOTOpast IPOJeMOHCTPUPOBaHa
Ha KirHU4eckoM npumepe. [lanuent I1. (33 seT), qUarHo3: XpOHUYeCKUN
JIeBOCTOPOHHUU 3NUTUMIIAHOAHTPAJIbHBIM THOMHBIA CPefHUU OTHUT.
JleBOCTOpPOHHSS CMelllaHHAsl TYTOYXOCTb 3 CTeleH! (KOCTHO-BO3IYIIHBIH
untepBan 50-55 J16). [Tox obieit anecTe3uel oCyIIeCTBIEHbl peTpoaypH-
KYJISIPHBIN JOCTYI B 6apabaHHyI0 HOJIOCTh, pasfesbHasi aTTUKOAHTPOTOMUS,
IIaTOJIOTHYeCKoe Cofiep>KUMoe II0JI0CTel CpefiHero yxa ynaseHo, 3a6op ayTo-
dacrumy, ayToxpsia. [InacThHKY XpsiIiia, COIIACHO OPUTMHAIBHOM MeTO[VKe,
CKJIa[[bIBAJI BMeCTe U MIPOIIMBAIN PacCcachIBAIOIMIEHCs IIeTeHOH HUTBIO U3
nmonurnaktraa 910 pasmep 4-0 ¢ arpaBmaTudHOM urioi. CHavasa mpoka-
JIBIBAJIM UITION IO IeHTPy obe IJIACTHUHKYU XPsIlia CIepefiy Ha3al, BLIBOAU-
JIM UITIy ¥ CHOBA IIPOKAJIBIBA/IM PSIOM C TIPeMIbIAYIIUM MeCTOM BXOJa HIVIBI
C3ajiy Hamepe], IIpU 3ToM COPMHUPOBAHHYIO NETII0 He 3aTsSTUBANH, Jajiee
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MOBTOPHO MIPOKAJIBIBAJIN XPSIII] CLIEpPeIH Ha3a [ PSIOM C TIPeIbIIYIIIMM MECTOM
BXOJIa UIVIbI C GOPMHUPOBAHKEM BTOPO# MET/IH, B KOTOPYIO TPOIeBaIy KOHel]
HUTU 6e3 UIIbI, I0CJIe Yero 3aTaruBay obe netTiu. M3 Hapy»kKHOTo CITyXOBOTO
[POXO/a HUTh MIPOBOIVIM Yepe3 aTTHK B aHTPYM ¥ BBIBOIWIN B HAPY>KHBIN
CITyx0Bo# 1poxofi. CIIUThIe IIACTUHDI TOMEIAJIX B aTTHK TaK, YTOObI CBOMM
TOPI[OM OHH MPHJIEXKAJIX K 3a[lHei CTeHKe HAPYXKHOTO CIIYXOBOTO MPOXO/A.
KoH1ib! HUTEl 3aTATMBaNy IPOGHBIM Y3JI0M TaK, YTOOBI CUJIa HATSLDKEHUS] HUTH
MPIKAMaa XpsiieBble IUIACTUHKY K 3a[JHEel CTeHKe HAPYXXHOTO CIIYXOBOTO
mpoxosia. B MecTe mpusieranust y3na K HApy>KHOMY Kpalo 3ajiHell KOCTHOU
CTEHKU Hapy)KHOTO CJIYXOBOTO IPOXO/ia [IeIald MeTKY, Y3€J PacyCKaiii, B
0671aCTH METKH Jeflaiii YTy OJeHuHe-11a3, KOHI[bl HATH TOBTOPHO HATSTHUBAIIHA U
3aBsI3bIBAJIM Y3€J1 B 0O/IACTH YIuTyOrieHrsI-T1a3a. PEKOHCTPYKITHS IIEIH CITyXOBBIX
KOCTOYEK YaCTHYHBIM NPOTEe30M 2,25 MM, TUMIIAHOIUIACTHKA dacuuen u
XPSIIIIOM, YIIMBAHKE PAaHbl, TAMIIOHAMIA HAPY>KHOTO CTyXOBOTO mpoxoza. Yepes
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1 rox — xocTHO-BO3AyLIHBIH HHTepBa 10 J16, Ha KOMIBIOTEPHO# ToMorpadun
BHCOYHBIX KOCTe peli/iuBa X0JIeCTeaTOMbl HET, DeKOHCTPYKIIMS JlaTepalbHOM
CTeHKH aTTHKa COCTOsITelIbHa.

3axuniogenne. PazpaboTka 1 BHeJpeHHe HOBBIX CIIOCOG0B PEKOHCTPYKIUH B
XUPYPruy XPOHUYECKOr0 THOMHOTO CPefIHero OTUTa pacIMpseT BO3MOXHOCTU
U pa3BUBaeT KoMIleTeHIIMH Bpaya. [IpefioxeHHas MeTosinka popMHUPOBaHUS

JlaTepaybHOM CTeHKH aTTHKA I10CTIe pasielbHON aTTUKOAaTPOTOMUHY TT03BOJISIeT
3¢ $eKTUBHO BOCCTAaHOBUTH aHATOMHUYECKOe B3aMMOOTHOIIIEHHE CpeTHero
yXa ¥ Hapy>XHOT'0 CJTyXOBOTO IIPOX0Jia ¥ IMeeT MPAKTUYeCKyI0 3HAYUMOCTb.
KurroueBsle ciioBa: aTTUK, XpsillleBas IJIACTUHKA, XPOHUYECKUH THONHBIN
CPeIHUI OTUT, PEKOHCTPYKIIUS aTTUKA, aTTUKOAHTPOTOMHUSI.

KoH@nukT MHTepecoB: He 3asBiIeH.

Ansa uMTupoBaHms:

Moposzos W.W., lop6yHosa H.B., bBynaHos K.B., A6aynnaes A.l. HoBbli cnoco6
PEKOHCTPYKLUUMW NaTepanbHON CTEHKU aTTMKa NPU pa3fieNibHON aTTUKOAHTPOTOMMUMU.
Hayka u uHHoBauuu B MeduyuHe. 2026;11(1):52-56.

DOI: https://doi.org/10.35693/SIM699573

CeepfieHus 06 aBTopax

*Mopo3oB UBaH Unbuy — kaHa. Meq. HayK, OLIEHT, Ha4anbHUK
OTOPUHONAPWHIOIOTMYECKOTO OTARNEHUA; AOUEHT Kadeapbl OTOPUHONAPHUHIONOMN
MeanumMHCKOro MHCTUTYTa HenpepbIBHOMO 06pa3oBaHMs.

ORCID: https://orcid.org/0000-0002-7178-2594

E-mail: ivmoro@mail.ru

Fop6yHoBa H.B. — Bpay-0TOPUHONAPUHIOMNOr OTOPUHONAPUHIONOMNYECKOTO
oTaeneHus.

ORCID: https://orcid.org/0000-0002-8947-3220

E-mail: natalvyach@mail.ru

BynaHos K.B. — Bpa4-0TOPMHONAPUHIONOr OTOPUHONAPUHTONOMMYECKOTO OTAENEHUS.
ORCID: https://orcid.org/0009-0008-5166-0259

E-mail: bulanovkonst96@mail.ru

A6aynnaeB A.T. — acnupaHT kaceapbl OTOPUHONAPUHIONOMMN

MeanUMHCKOro MHCTUTYTa HENPEpPLIBHOTO 06Pa30BaHMs.

ORCID: https://orcid.org/0009-0008-2188-0584

E-mail: absaludin.abdullaev@mail.ru

*ABmop Ol nepenucku

Cnucok cokpaueHui

XI'CO — XpoHWYeCKWit THOHBINA cpeaHuii oTuT; JICA — naTepanbHas CTeHKa aTTuka;
HCIM — HapyxHbIit cnyxosoit npoxod; MCKT — MynsTucnpansHas KoMnbloTepHas
ToMorpacus.

Monyueno: 26.12.2025
Opo6peHo: 14.01.2026
Ony6nukoBaHo: 18.01.2026

m BACKGROUND

eparate atticoanthrotomy in chronic supputative otitis

media (CSOM) is one of ‘closed type’ sanitizing operations
which, unlike ‘open-type’ surgeries include not only the stage
of removal of the cholesteatoma and the pathological contents,
but the stage of reparation of anatomic compatibility of the
middle ear structures [1-3]. The sanitizing stage being over,
reparation of the access to the antrum and the reconstruction
of the later wall of the attic are performed, which is an integral
part of formation of the frame and the support of the drum
or the neotympanic membrane, especially in the event the
hammer is absent [4].

The requirements for a graft used in the reconstruction of
the attic lateral wall are rigidity and the ability to be shaped
to fit the acquired defect of the attic lateral wall, resistance
to inflammation in the setting of CSOM, and the absence of
graft tissue resorption over time. Another important factor of
successful reconstruction is the possibility of reliable fixation
of the graft in the proper position to prevent its displacement to
the antrum or the tympanic cavity in the early or remote post-
surgery periods, which might necessitate revision surgery [2-6].

We proposed an original method of reconstruction of the
lateral wall of the attic after separate atticoanthrotomy [7],
which is illustrated on a specific clinical case.

m CASE DESCRIPTION

Patient P. (33 years old). Clinical diagnosis: chronic left-
sided epitympanoantral suppurative otitis media. Left-sided
mixed hearing loss of grade 3. Admited to the clinic with
complaints of hearing loss and episodes of purulent discharge
from the ear up to 2 times per year. CSOM over 12 years.

Examination: the left circumaural area is not altered, the
ear canal shows traces of mucous discharge, the tympanic
membrane is thickened and mildly hyperemic, with a
perforation in the pars flaccida. The lateral wall of the attic
is partially eroded by the inflammatory process. Hearing:
whispered speech is perceived at 0 meters (Fig. 1).

Right ear: the tympanic membrane is gray and mobile.
Hearing: whispered speech is perceived at 6 meters. No
vestibular disorders.

According to the multi-spiral computed tomography
(MSCT) of the temporal bones, the cells of the left mastoid

www.innoscience.ru

process are well developed, pneumatization is impaired; the
antrum and attic are filled with pathological content. The lateral
wall of the attic is partially eroded. The head of the malleus and
the body of the incus show carious changes; the long process of
the incus is destroyed by the inflammatory process. The stapes
is preserved. The audiometry shows mixed loss of hearing of
the left ear, the air-bone interval was 35-40 dB.

The surgical treatment was performed under combined
general anesthesia. Under the control of an operating
microscope, a postauricular approach to the tympanic
cavity was performed. A disruption of the ossicular chain
was identified, caused by resorption of the long process
of the incus. The stapes was preserved and mobile. The
cholesteatoma developed to the attic and the additus. The bore
was used to incise the cells of the mastoid process, to perform
the anthrotomy with preservation of the posterior wall of the
external auditory tract (EAT). The pathological contents of the

Figure 1. View of the tympanic membrane and bone defect in the
area of the lateral wall of the attic (the boundaries of the defect are
indicated by arrows).

PucyHok 1. Bud 6apabaHHOU nepenoHKU U KOCMHO20 degekma
B 0bnacmu namepasibHol CmeHKU ammuka (epaHuubl degpekma
yKasaHbl cmpesiKkamu).
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Figure 2. Schematic diagram of suture placement on two
cartilaginous plates. Red arrows indicate the direction of needle and
thread movement; the yellow arrow with two ends indicates insertion
of the end of the thread without the needle into the second loop.

PucyHok 2. CxeMa HanoxeHus Wwea Ha 0Be xpsleBble NAacmuHsi.
KpacHble cmpenku — HanpaeneHue OBWKeHUs! uasibli C HUMbIO,
)Kenimasi cmpesika ¢ dByMsl KOHUaMu — BnpasfieHue KoHya Humu 6e3
uasibl BO BMOpPyo Nemsiio.

antrum was removed until the body of the anvil was visualized
from the side of the antrum, the remaining part of the anvil was
removed. Atticotomy was performed using a drill. The head of
the malleus was removed. Under endoscopic control (30°, 45°,
and 70° scopes), sanitization of the tympanic cavity, attic, and
antrum was carried out. Perichondrium, temporal fascia, and
conchal cartilage were harvested from the left postauricular
region for reconstruction of the lateral epitympanic wall and
the access area to the antrum.

According to the original method, the cartilage plates
were placed together and sutured with a 4-0 size absorbable
braided polyglactin 910 suture using an atraumatic needle.
The needle was first inserted through the center of both
cartilage plates from front to back, withdrawn, and re-inserted
near the previous needle entry point from back to front. The
resulting loop was not tightened. Next, the cartilage was re-
inserted from front to back near the previous needle entry
point, forming a second loop through which the end of the
suture without the needle was threaded. Both loops were then
tightened (Fig. 2).

The suture was passed from the external auditory canal
through the attic into the antrum and out into the external
auditory canal. The sutured plates were placed in the attic
so that their ends were adjacent to the posterior wall of
the external auditory canal. The ends of the sutures were
tightened with a trial knot so that the tension of the suture
pressed the cartilaginous plates against the posterior wall
of the external auditory canal. A mark was made where the
knot touched the outer edge of the posterior bony wall of the
external auditory canal, the knot was unraveled, a groove
was made in the area of the mark, the ends of the suture
were retightened, and a knot was tied in the groove (Fig. 3).

Ossicular chain reconstruction with a 2.25 mm partial
titanium prosthesis. He access to the antrum was closed
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Figure 3. A - diagram showing the middle ear cavities and the walls
of the external auditory canal after reconstruction of the lateral wall
of the attic with a cartilaginous graft. B - intraoperative photograph
of a similar stage of the operation; 1 - external auditory canal, 2 -
projection of the neotympanic membrane, 3 - posterior wall of the
external auditory canal, 4 - antromastoid cavity, 5 - cartilaginous
graft, 6 - thread, 7 - knot in the depression-groove at the end of the
posterior wall of the external auditory canal.

PucyHok 3. A — cxema, Ha komopoU u3obpaxeHbl nosiocmu
CpeoHez0 yxa U CMeHKU Hapy>H020 CllyX0BO20 Npoxoda nocne
peKoHCMpyKyuu 1amepanbHol cmeHKU ammuKa XpsiuieBbiM
mpaHcnnaHmamoM. B — uHmpaonepayuoHHasi pomozpacpusi
aHasio2u4yHo20 amana onepauuu; 1 — HapykHbIl cinyxoBoll npoxoo,
2 — npoekyusi HeomumnaHasbHol MeMbpaHsbl, 3 — 3a0HsIs1 cCmeHKa
Hapy»H020 C/lyX0BO20 Npoxooda, 4 — aHmpomacmouodasbHas
nonocmse, 5 — xpsiweBoll mpaHcnaaHmam, 6 — Humb, 7 — y3en B
yenyﬁgeHuu-nasy B mopue 3adHell CmeHKU Hapy>XHO20 CJTyX0BO20
npoxooda.

with cartilage. Tympanoplasty was performed with temporal
fascia. The meatal-tympanal flap was repositioned to its
original position, the wound was sutured by layers, and the
external auditory canal was packed with a hemostatic sponge.

Three weeks after removal of tampons from the external
auditory tract, the examination revealed integrity of the
neotympanal membrane, the repair area had no visible
defects, the hearing improved, the bone-air interval was 15—
20 dB. One year after the operation, the bone-air interval
was 10 dB, and the MSCT of the temporal bones and the
MRI showed no signs of recurrence of the cholesteatoma;
the reconstruction was secure (Fig. 4).

m DISCUSSION

Numerous methods of reconstruction of the lateral wall
of the attic using transplants are reported in literature; all
of them having their proper advantages and disadvantages.

www.innoscience.ru
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Figure 4. View of the tympanic membrane and reconstruction
of the lateral wall of the attic 1 year after surgery (the boundaries
of the cartilage transplant are indicated by arrows).

PucyHok 4. Bud 6apabaHHoU nepenoHKU U pekoHCmpyKyuu
namepasbHol cmeHKu ammuka Yepe3 1 200 nocnie onepayuu
(2paHuybl xpssweBo20 mpaHcniaHmama ykasaHbl Cmpesikamu,).

Thus, the use of free bone grafts from the cortical
layer of the temporal bone [8], on the one hand, enables
anatomical reconstruction. On the other hand, it is technically
challenging to first drill out and then shape the graft to the
exact size of the defect using a bur. The absence of tight
contact with the bony walls of the attic may compromise graft
osteointegration, leading to sequestrum formation.

Reconstruction of the lateral wall of the attic is most
commonly performed using a fragment of conchal or tragal
cartilage. This preference is due to the graft's accessibility in
sufficient quantity, ease of shaping to fit the acquired defect
of the lateral wall of the attic, resistance to inflammation in
the setting of CSOM, and lack of postoperative resorption.
However, simply placing the cartilage plate over the
defect without additional fixation can easily lead to graft
displacement during healing [4].

In the event of use of allogeneic [9] or autogenous [10]
cartilage plates, where fixation relies on the elastic properties
of the cartilage plate itself, instability of the formed construct
can lead to changes in its position and shape.

The use of a reconstruction technique for the lateral wall
of the attic involving a chondroperichondrial graft offers a
clear advantage. In this graft, the cartilage size matches the
defect of the lateral wall of the attic, while the perichondrium
exceeds it [11]. This provides excellent “primary” fixation
of the graft to the walls of the external auditory canal, even
in the absence of tight contact between the cartilage and the
bony walls of the attic. The downsides of this method, in
our opinion, are the displacement of the graft in the healing
process due to scarring, tightening or, conversely, thinning
and partial lysis of the perichondrium; the impossibility of
changing the shape and increasing of the thickness of the graft
and, if necessary, reconstructing large defects of the lateral
wall of the attic: the graft is attached to the perichondrium,
and its thickness and shape depend on the cartilage of the
donor area. Besides, an error on part of the surgeon in the
selection of the size and form of the graft in this method of
fixation would require harvesting a second graft, the source
whereof is limited.

Our method utilizing two sutured cartilages allows for
stabilization of the graft in the area of the defect of the
lateral wall of the attic supported by the posterior wall
of the external auditory tract and to prevent formation of
retraction pockets thanks to an increased thickness of the
graft. Suturing with single-thread absorbable 910 polyglactin
through the cartilages involving the posterior osseous wall
of the external auditory tract and fixation of the knot in the
groove area prevents the thread from displacement relatively
to the posterior wall of the external auditory tract and secures
the graft in place in the early postoperative period.

m CONCLUSION

Development and implementation of new reconstruction
techniques in CSOM surgery broadens capabilities and
enhances physician competencies. The proposed method
for reconstructing the lateral wall of the attic after separate
atticoantrotomy effectively restores the anatomical
relationship between the middle ear and the external auditory
canal and is of practical significance. #=
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A new device for removing foreign bodies
from soft tissues (experimental study)
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Abstract

Aim: to perform a comparative evaluation of a newly developed device for
removing foreign bodies from soft tissues.

Material and methods. A minimally invasive endoscopic system has been
developed to facilitate the removal of foreign bodies from soft tissues
while decreasing the procedure duration and intervention-related injury.
An experimental study was performed using a comparative group design.
Blind gunshot wounds were simulated in porcine thigh specimens (pistol
shots from a distance of 25 meters). In the main study group (20 wounds)
extraction was performed using the developed device, in the comparison
group (20 wounds), using a standard Grasper’s clamp under ultrasound
guidance. The bullet extraction time was measured with a stopwatch, and
the extent of soft tissue damage was quantified by the volume of soft
tissue excised.

Results. The duration of bullet extraction in the study group MED [Q1;Q3]
178,5 [148,5; 223,7] s was shorter than in the control group: MED [Q1;Q3]
322,0 [248,5; 350,0] s (p=0.001). The number of muscle fragments extracted
along with bullets was higher in the control group (31 fragments) than in the
study group (9 fragments). The novel device reduced intervention-related
trauma in the study group compared to the control group.

Conclusion. The novel device for extraction of foreign bodies from soft tissues
demonstrated a significant reduction in tissue trauma and a shorter procedure
time in an experimental model. The combined use of endoscopic and ultrasound
guidance enhances targeting precision, facilitates secure grasping and stable
retention of the foreign body, and enables its minimally traumatic extraction.
Keywords: foreign bodies, wound debridement, endoscopic surgery.
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HoBoe ycTpoucTBO And yaaneHna MHOPOAHbIX Ten
U3 MATKMX TKaHeu (3KcnepuMeHTanbHOe uccriegoBaHue)

O.U. Bapdonomees!?, B.I. Camoaair?, B.M. KysHeuoBa?, A.J1. ToncTbix?

1IPIKY3 «[MaBHbIN BOEHHbIN KIIMHUYECKUA FOCUTanb BOMCK HaunoHaneHon reapauu Poccuitickon degepaunny
(Banawwuxa, Poccwuiickaa Pepnepaumns)
20I'bOY BO «BopoHexckunin rocynapCTBEHHbIN MeauUMHCKUIA yHuBepcuTeT nmenn H.H. BypaoeHko»
MuH3sgpaBa Poccun (BopoHex, Poccuitckas degepauus)

AHHOTauus

Ilesb: NpOBECTH CPAaBHUTEIBHYIO OLIeHKY 3¢ EeKTUBHOCTH pa3paboTaHHOTO
YCTPOWCTBA /ISl y/ja/IeH sl THOPOZHBIX TeJl U3 MSTKUX TKaHeH.

Marepuas 1 MeToabl. [{J1s1 YIIPOIIeHHUs yalleH|s HTHOPOIHbIX TeJl U3 Msir-
KUX TKaHeH, COKpaIlleHHs IPOJIOJDKUTENIbHOCTH ¥ TPABMAaTUYHOCTH BMella-
TeJIbCTBA OblIa pa3paboTaHa MaJIOMHBA3WBHAsI SHIOCKONMYECKas CUCTeMa.
BEINIONIHEHO 9KCIIepUMeHTalbHOe MCCIIe/[0BaHKe B IPYIIaX CPAaBHEHHUs.
I[poBopM MOIEIMPOBAHKE OTHECTPEJIbHBIX ITyJIeBbIX CIIelbIX PaHeHH Ha
¢pparmenTe cBuHOTrO G€1pa (BBICTPESIBI M3 ITUCTOJIETA C JUCTAHIMU 25 METPOB).
B ocnoBHot# rpymrie (20 1mT.) ynaneHye 1myib OCyIeCTBIISUTH C IPUMeHeHneM
Pa3paboTaHHOrO yCTPOMCTBA, B IpyIIe cpaBHeHus (20 LIT.) — C IpUMeHeHneM
3akrMa ['pacriepa 1oyt yibTpa3ByKOBBIM KOHTpOieM. OLieHUBAaIH POJOIDKHU-
TeJIbHOCTD YAAJIeHUs IYJIX C IPUMeHeHHeM CeKyHIoMepa U TPaBMaTHYHOCTh
MAaHHUIYJISIAH 110 KOJIMYECTBY JIOMOIHUTEIIBHO YIaleHHBIX MIATKUX TKaHeH.
Pesynbrarsl. [IpofomkuTesbHOCTD yAaleHus Myl B OCHOBHOM IpyIiiie
ME] [Q1;Q3] 178,5 [148,5; 223,7] c Gbuta MeHblIlle, 4eM B TPYIINe CpaBHe-
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uust — MEJT [Q1;Q3] 322,0 [248,5; 350,0] c (p=0,001). B ocHoBHO}1 rpymie
BMeCTe C IYJISIMH JIOTIOJTHUTEIbHO ObIJI0 M3BJIedeHO 9 ¢pparMeHTOB MBbIIIIII,
OKPY’KaIlOIMX IyJM, B IpyIIe cpaBHeHUs — 31 ¢pparmenT. TpaBMaTHYHOCTh
BMeIIIaTeNIbCTBa C UCIIOJIb30BaHHEM Pa3paboTaHHOTO YCTPONCTBA B OCHOBHOM
rpyIe 6bUIa HIDKe, YeM B IPYIIe CPaBHEeHHUSI.

3akurouenue. PazpaboTaHHOe yCTPOMCTBO IS y/aleH|ss MTHOPOJIHBIX Tejl
13 MATKUX TKaHe#l [03BOJISeT CHU3UTh TPAaBMAaTUYHOCTb U COKPATHTh HPO-
JIOJKUTEIIbHOCTh KCTPAKIIMY IIPeIMETOB (B KcIiepuMeHTe). [IpriMeneHve B
€ro COCTaBe SHI0CKOIIMYECKON BU3YaJIM3aIii COBMECTHO C YJIbTPa3ByKOBOM
obecre4rBaeT MOBbIIIEHYe TOYHOCTH O3UIMOHUPOBAHMS KHOPOIHOTO TeJla B
MSITKUX TKaHSIX, @ TAK)Ke CIIOCOBCTBYET ero 3aXBaTy, HafleXKHOMY YIepyKaHUIO
Y MaJIOTPaBMAaTUYHOMY Y/aJIeHHUIO.

KitroueBrbIe cJ10Ba: MTHOPOZIHBIE TeJla, XUPypruyeckas 06paboTka paH, SHIO-
CKONUYeCKasi XUpyprusi.

KoHQuuKT MHTEpecoB: He 3asBJIeH.
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m INTRODUCTION
Traumatic injuries involving foreign bodies penetrating the
tissue are quite complicated for diagnostics and treatment.
Among the peacetime injuries, they account for approx.
50% of traumas and usually are household injuries [1]. The
foreign bodies are, as a rule, fragments of wood, glass, metal
cuttings, plastic, parts of components of high-speed household
appliances.

Most frequently, foreign objects penetrate the patients’
bodies during warfare. In the course of the Second World
War, shrapnel (56.8%) and bullet (43.2%) gunshot wounds
prevailed. In the warfare of the last decades, the most common
gunshot wounds are mine-blast and explosion wounds [2,
3]. According to V.V. Solosin et al., in the period of the
special military operation (SMO) the incidence of shrapnel
wounds was 79%, and bullet wounds, 10% [4]. In terms
of localization of most injuries, wounds of the extremities
account for 81.4% of all admitted wounded patients [5]. Such
injuries are accompanied with damage of various anatomic
areas with foreign bodies deeply penetrating the soft tissues
and causing various complications. An unremoved foreign
object is a source of infectious complications, it can cause
pain, and, in case of its migration, cause damage of various
structures, arrosion of vascular walls with formation of
hematomas and development of bleeding. In the event of
their migration in the vascular structure, urgent conditions
may develop [6]. In the event of penetration of chemically
active objects, intoxication of the surrounding soft tissues
occurs [7, 8]. Another thing to be considered is the certain
psychological discomfort that the patients feel when having
unremoved foreign objects.

The analysis of literature shows that currently there are
no clear indications for the removal of foreign bodies. The
problem is approached on a case-by-case basis and depends
on a variety of factors, such as position of the wound tract
and the foreign body, its size and shape, presence of nervous
and vascular branches in its vicinity. The surgeon always
faces the question of what would cause the greater harm,
the removal of the object or leaving it in the body. Standard
operations to remove foreign objects are quite complicated
and involve a great number of unsuccessful interventions,
from 50 to 80% [9].

According to the Guidelines for Military Field Surgery,
removal of foreign bodies (projectiles, their elements,
secondary shrapnel, pieces of clothing) is one of the stages
of primary surgical treatment of gunshot wounds. In the
course of provision of qualified surgical treatment, only
those foreign objects are removed that are located along the
path of the wound tract. At this stage of medical evacuation,
the foreign objects that are located near large vessels, deep
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inside vital organs, and the foreign objects requiring complex
additional access are not subject to removal [10].

Different methods of identification of location of foreign
bodies have been developed. Usually, these methods involve
X-ray irradiation of the patient, e.g. with the use of an
electronic-optical image converter. It is to be noted that this
method enables identification of the location of the foreign
object and the surgical tool bit involves considerable radiation
exposure of the patient and the medical staff. The use of an
electronic-optical image converter enables visualization of
the object to be removed only in one plane, which does not
give the surgeon any information about the location of the
object in three dimensions during the operation. Moreover,
this method cannot be used in extraction of X-ray negative
objects [11].

Ultrasonic-controlled removal of foreign objects via
wound tract facilitates the work of the surgeons. At the same
time, such manipulations necessitate respective highly precise
manual skills on part of ultrasonic diagnosticians [12].

Currently, there are numerous surgical tools and operations
for the extraction of different objects, yet they all come
with certain shortcomings, restrictions in use, and are not
universal. Traditional surgical access may not always be used
to remove foreign objects, especially if they are positioned
deeply, close to the passage of nervous and vascular bundles.
In the event of a large number of foreign objects, e.g., in
mine-blast injuries, their extraction with the use of traditional
surgical intervention also does not look possible.

Thus, at the moment, it is necessary to develop low-
invasive surgical tools incorporating components for
navigation ensuring low-trauma removal of foreign objects
from the soft tissues.

m AIM
To perform a comparative evaluation of a newly developed
device for removing foreign bodies from soft tissues.

m MATERIAL AND METHODS

In order to simplify the removal of foreign objects from
soft tissues, to reduce duration and trauma of the intervention,
a special device was developed: “Device for foreign object
removal from soft tissues” (patent of the Russian Federation
for the invention No0.2844631 dated 17.12.2024). The
appearance of the working specimen in its carrying case is
shown in Fig. 1.

The device is an endoscopic system that is inserted into the
wound tract until contact with the foreign object. The process
is controlled visually (on a monitor screen) and ultrasonically.
In the wall of the casing there are channels for the water pump
tubes, a tube for the removal of washing fluid, and clamps

www.innoscience.ru
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Figure 1. Functional prototype of the device: 1 — Wi-Fi transmitter,
2 — irrigation pump, 3 — main body of the device, 4 — flexible
endoscope, 5 — fixation mechanism controls, 6 — storage case.

PucyHok 1. leticmyrowuli o6pasey ycmpoticmaa: 1 — wi-fi
nepedamyuk, 2 — BoOsiHasi nomMna, 3 — kopnyc ycmpoticmasa,
4 — 2ubkull aHOocKon, 5 — opaaHbl ynpasfieHust BHympeHHUMuU
¢uxkcamopamu, 6 — kelc.

to hold the foreign object. Wound washing is performed by
a water pump, through which antiseptic solution or normal
saline is fed. The removal of the foreign object is controlled
endoscopically, once it is held in clamps (Fig. 2).

The L-shaped clamps are concealed in the channels of the
casing and the grooves of its frontal surface. This ensures
atraumatic insertion of the surgical tool in the wound tract
until contact with the foreign body. Next, under visual
control, the clamps are extended along and beyond the
foreign body. The clamps are then rotated 90 degrees and
closed beyond the object (Fig. 2). Once the foreign object
is held with all clamps, the tool with the foreign object is
retracted through the wound tract. Throughout the procedure
of object extraction, the wound is washed with normal saline
or antiseptic solution. The washing fluid is removed through
the channel in the wall of the tool.

Once the foreign object is removed, the wound may be
drained using the same tool. For that purpose, it is inserted in
the wound tract under endoscopic control to reach the position
of the removed object. The endoscope is then retrieved, and a
perforated polyvinyl chloride tube is inserted in the channel

of the tool to the entire length of the wound tract. After that,
the surgical tool is removed from the wound tract.

In order to test the proposed tool, experiments were
performed on a fragment of a porcine ham on the base
of the Department of Traumatology and Orthopedics of
the Voronezh State Medical University named after N.N.
Burdenko. At the outset, bullet gunshot wounds were
modeled in the “Bunker-M” shooting gallery (Voronezh).
The fragment of the porcine ham was shot at from a distance
of 25 meters from a rifled-bore firearm: Chiappa 1911 pistol
with .22LR (5.6 mm) cartridges, and Makarov pistol with
9x19 Luger cartridges. The result was the fragment of the
ham with 20 blind-ended bullet wounds containing foreign
objects, i.e. bullets (Fig. 3).

Two comparison groups were formed (20 manipulations in
each). In the main group, the removal of the foreign objects
from the fragment of the porcine ham was performed with
the proposed tool. In the comparison group, the removal
was performed with a Grasper clamp under ultrasonic
control (Mindray DC-4, China). The comparison groups
were comparable, for the bullets were removed from one
fragment of the porcine ham. Since the majority of wounds
were perforating, the bullets were implanted in the wound
tracts to model the blind-ended wounds.

The study involved assessment of duration of foreign
object removal. To that end, a SOPpr-2a-3-000 stopwatch was
used. Another object of assessment was the trauma intensity
of intervention judging by the presence of additionally
removed fragments of soft tissue that were extracted together
with the foreign object or apart from it.

Statistical analysis was performed using SPSS Statistics
software suite, version 26. The distribution in both groups
deviated from normality. The Shapiro—Wilk test was used
to assess the normality of the distribution. Intergroup
comparisons were made using the nonparametric Mann-
Whitney U test.

m RESULTS

The duration of the foreign object (bullet) removal in
the main group was lower than in the comparison group
(p=0.001). The data follows in Table 1.

In the comparison group, the duration of the foreign body
extraction was greater: the removal process was complicated

Figure 2. Foreign body grasping sequence: a — initial position, b — extension of clamps, c — rotation and grasping; 1 — mane body of the

device, 2 — clamps, 3 — endoscope, 4 — foreign body (pellet).

PucyHok 2. CxemMa 3axBama UHOPOOHO20 mena: a — Ha4allbHoe nNoJsioXkeHue, b — BbIOBWKeHUe pukcamopoB, C — NOBOPOM ¢bukcamopos u
3axBam UHOPOOHO20 mena; 1 — kopnyc ycmpoticmsa, 2 — pukcamopsi, 3 — 3HOOCKON, 4 — UHOPOOHOEe mero (0pobb).
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Figure 3. The appearance of the porcine thigh specimen (a) and its
corresponding radiograph (b) during the experimental procedure.

PucyHok 3. BHewHull Bud ¢ppaemeHma cBuHozo 6edpa (a)
u coomaemcmsytowasi eMy peHmzeHozpamma (b) Bo Bpems
3aKcnepumeHma.

with technical difficulties on the stage of bullet grasping
and with bullet slipping out in the course of movement in
the wound tract. This necessitated repeated grasping of the
foreign body extending the time of the manipulation. In the
main group, in all cases the bullets were removed after the
initial grasping with clamps of the proposed tool (Fig. 4).

One of the reasons of increased duration of bullet removal
in the comparison group was the necessity of ultrasonic
visualization of the foreign object and the Grasper clamp.
In some cases, it was further complicated by the presence
of air in the wound tract which rendered the process of
foreign object removal more difficult. In the main group, the
ultrasonic visualization of the bullet and the wound tract had
a secondary role to identify the course of the wound tract and
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MED [Q1;Q3], s 178.5 [148.5; 223.7], 322.0 [248.5; 350.0]
Min; Max, s 92; 280 125; 403
MED+SD, s 183.7 £ 55.7 294.3 +88.1

Table 1. Results of foreign body removal in the comparison groups
Ta6nuuya 1. Peaynbmamsl ydaneHusi UHOPOOHbLIX men B gpynnax
cpaBHeHus

the position of the foreign object. All major manipulations to
grasp the object were done under endoscopic control.

In the main group, 9 fragments of muscles surrounding
the bullets were extracted together with the bullets, whereas
in the comparison group the number of fragments was 31.
Thus, the trauma intensity of the developed tool in the main
group was lower than that in the comparison group.

In our study, when the foreign object was grasped with the
jaws of the Grasper clamp, the tissues of muscles surrounding
the foreign object would get between the jaws resulting in
their further trauma. In the comparison group, when the bullet
slipped out of the clamp in the course of its transportation
in the wound tract, it had to be grasped again. Soft tissues
would regularly get between the jaws of the Grasper clamp,
and they were extracted with the bullet.

m DISCUSSION

Foreign objects may penetrate the patients’ body due to
occupational or household trauma, blasts of mines or other
ammunition and due to iatrogenic injury. Such objects are
removed in two major stages: exact identification of the
foreign body and its extraction.

Currently, there are different methods and tools for the
extraction of objects from the patients’ bodies. Traditional
technologies (surgeries) are relatively traumatic, involve loss
of blood and, in some cases, involve large incisions.

One of the methods of extraction of foreign bodies is
their removal under ultrasonic control using various clamps:
Mosquito, Crocodile, Grasper clamps. Ultrasonic navigation
ensures precise visualization of foreign objects and their
extraction. At the same time, this method requires good
manual skills of the ultrasonic diagnostician. When using
the above mentioned clamps, additional trauma of the soft
tissues around the foreign object is possible since they may
get between the jaws of the clamp. In the event the foreign
object is located inside a bone or in the marrowy canal, this
method may not be used due to limitations of the ultrasound.
Another shortcoming of these clamps is the insufficient
fixation of the foreign object between the jaws of the tool.
In the process of extraction of foreign bodies, they might slip
out necessitating repeated grasping [13, 14].

N.V. Momot et al. Suggest using angiographic tools in
the course of the operation to speed up the procedure and to
improve their efficacy and safety [15]. Without doubt, such
intraoperative radiographic navigation ensures simplification
and optimization of shrapnel removal technique from soft
tissue; however, it requires costly radiographic equipment.

There are methods of removal of foreign object with the
aid of magnets inserted in the wound tract. While the magnets
are effective in the removal of ferromagnetic foreign objects
[16], they cannot be used to remove paramagnetic objects.

One of the methods of extraction of foreign bodies is the
use of endoscopic technologies. U. Haramoto et al. suggest
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Figure 4. Endoscopic view of bullet extraction from the wound channel (a) and extracted bullets (b): 1 — retainer, 2 — bullet, 3 — muscle tissue.
PucyHok 4. 3HOocKonu4eckasl KapmuHa yoaneHusl nysu u3 paHeBo2o KaHana (a) u yoaneHHsie nynu (b): 1 — epukcamop, 2 — nyns,

3 — MblWweYyHasi mMKaHb.

using the endoscope to wash the wound tract and remove
foreign objects from it [17]. V.I. Egorov et al. recommend
usinf videoendoscopic equipment combined with navigational
systems [18].

The tool for the removal of foreign objects developed by
us combines two types of navigation: ultrasonic and visual.
The proposed tool has a system for grasping the foreign object
that ensures secure fixation of the object and prevents its
migration in the course of extraction. When removing sharp-
edged fragments of ammunition via the wound tract, this
system ensures protection of soft tissues. It is to be noted that
the designed tool ensures fixation of foreign objects of any
geometry. The availability of the endoscopic system ensures
all manipulations are visually controlled, which contributes
to decreased trauma during the procedure.

The tool is transported in a small-sized carrying case, which
ensures easy transportation and use in any operating or dressing

room. The ultrasonic tools used can be portable ultrasonic
devices. Their use assists identification of the position of the
foreign object, vascular and nervous bundles nearby, and allows
for control of the tool insertion in the wound tract.

m CONCLUSION

The designed tool allows for reduced trauma and decreased
duration of foreign object removal (experimentally). The use
of endoscopic and ultrasonic visualization ensures increased
precision in the positioning of the foreign objects in the
soft tissue, and assists grasping, holding and low-trauma
removal of foreign objects. The proposed tool may be used
for removal of all types of objects that penetrated organs
and tissues, magnetic and non-magnetic, radiographically
positive and negative. The tool may become an auxiliary tool
for orthopedic traumatologists in the treatment of patients
with foreign objects in the soft tissues. #=
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Use of botulinum toxin type A in the preoperative
preparation of patients with ventral hernias:
effect on the postoperative period

Leila R. Akhmadeeva, Oleg V. Galimov, Rinat R. Gizatullin, Nail D. Allayarov,
Marat R. Bakeeyv, Elvira V. Valitova

Bashkir State Medical University (Ufa, Russian Federation)

Abstract

Aim: to evaluate the effect of preoperative botulinum toxin type A (BoNT-A)
administration on the early postoperative period in patients with large
incisional ventral hernias (IVH) compared with a control group.

Material and methods. A retrospective analysis of 19 patients with IVH
class W3 (EHS classification) was performed. The main group (n=9) included
patients who received preoperative BoNT-A injections (Dysport 900-1000
U or Xeomin 200 U) into the lateral abdominal muscles under US guidance
followed by TAR repair. The control group (n=10) included patients operated
without BoNT-A preparation (methods: TAR, Rives-Stoppa, TAR+bridge).
The operative time, intensity of pain syndrome according to VAS on days 1,
3 and 5, the duration of opioid analgesic use, the frequency and structure of
complications, and the length of hospital stay were evaluated.

Results. In the BoNT-A group, pain intensity was significantly lower on
day 1 (VAS median 18.0 [11.5; 26.0] mm vs. 43.5 [40.0; 52.8] mm in

control, p<0.001), day 3 (11.0 [8.5; 13.0] mm vs. 41.5 [38.0; 42.8] mm,
p<0.001) and day 5 (2.0 [1.0; 3.5] mm vs. 31.5 [29.0; 33.0] mm, p<0.001).
The overall complication rate in the BoNT-A group was 11.1% (surgical
site hematoma in 1 patient) vs. 70.0% in the control group (p=0.027), with
no infectious complications recorded in the BoNT-A group (0% vs. 40.0%
in control, p=0.087). The median length of hospital stay in the BoNT-A
group was 8.0 [7.0; 8.0] days vs. 9.0 [8.0; 15.8] days in the control group
(p=0.095).

Conclusion. Preoperative botulinum therapy is a safe and effective method
that significantly reduces the intensity of postoperative pain and the frequency
of complications in patients with large ventral hernias.

Keywords: botulinum toxin type A, ventral hernia, preoperative preparation,
postoperative period, chemical component separation, pain.
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NpuMeHeHne 6OTYNIMHUYECKOro TOKCUHA Tuna A
B NpeAonepauMoHHOW NOAroToBKe NaLMeHToB
C BEHTPaNbHbIMU rPbhKaMu: BrIUSIHNE
Ha Te4yeHue nocrieonepaLuoHHOro nepmoaa

J1.P. AxmapeeBa, O.B. NanumMmos, P.P. Tusatynnux, H.[l. Annaspos, M.P. bakees, 3.B. BanutoBa

PIrbOY BO «balukmpckuii rocyaapCTBEHHbIA MeOUUMHCKUIA yHuBepcuTeT» MunHagpasa Poccum
(Yda, Poccuitckas Pepepauus)

AHHOTauma

Ienb: OleHUTb BIMSHKE NPeolepalliOHHOTO BBeJIeHUst DOTYJIMHUYECKOTO
TokcuHa tina A (BTA) Ha TeyeHHe paHHEro MOCIIEONepPalMOHHOTO Ieprozia
y TaI[MeHTOB C GOJIBIIMMH II0C/Ie0TIepallHiOHHBIMU BEHTPAJIbHBIMH I'PbKaMHU
(TIOBT') B cpaBHEHMM C KOHTPOJIBHOM T'PYIIIION.

Marepuain u Metonbl. [IpoBenieH peTpocrieKTUBHBIN aHaM3 19 nanueHToB
¢ IIOBI knacca W3 no kimaccudukanuu EHS. OcHoBhyto rpymmy (n=9) co-
CTaBWIY TAlMeHTBl, IOTyYMBIIHe TpesioreparioHHble nHbeknud BTA ([Tuc-
nopt 900-1000 EIT uimu Kceomun 200 EJT) B 60KOBbIe MBIIIIIBI >KUBOTA O]
'V3-koHTposeM c nocienyrorei reproruiacTukoit TAR. KoHTporbeHyto rpymity
(n=10) cocraBWIH NALIMEHTHI, OllepUpoBaHHbIe 6e3 roiroroBku BTA (Metoppl:

www.innoscience.ru

TAR, Rives — Stoppa, TAR+bridge). OnienvBasvce Bpemst oniepaiiiy, UHTeHCHB-
HOCTb 6osteBoro cuazipoma 1o BAII (Bu3yanbHO-aHAIOroBasl 111KasIa) Ha I1epBble,
TPEThH U ISIThie CYTKH, IPOIOIDKUTEIbHOCTD TPHUMEHeHH s OITMOMIHBIX aHAJIb-
TeTUKOB, YaCTOTA U CTPYKTYPa OCIIOKHEHHH, ITUTeIbHOCT TOCITUTAIM3ALIHH.

Pesynsbrarsl. B rpynne BTA nHTeHCHMBHOCTD 60JM ObUIA JOCTOBEPHO HIXKe
Ha riepBble cyTku (Menuana BAIII 18,0 [11,5; 26,0] mm npotus 43,5 [40,0;
52,8] MM B koHTpOIIE, p <0,001), Ha Tpetbu cyTku (11,0 [8,5; 13,0] MM npoTuB
41,5 [38,0; 42,8] mm, p <0,001) u Ha msteie cytku (2,0 [1,0; 3,5] MM mpoTtus
31,5[29,0; 33,0] mm, p <0,001). Oburast yacroTa ocjioxkHeHui B rpyrnne BTA
cocraBwia 11,1% (remaroma nocsieornepanyoHHON PaHbl Y OIHOTO NAalMeHTa)
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nporus 70,0% B kouTpoie (p=0,027), npu 3ToM UHGEKITHOHHBIE OCIIOKHEHHSI
B rpynne BTA 3adukcuposans! He 656uta (0% mporus 40,0% B KoHTpOIIE,
p=0,087). Menuana autenbHOCTH rociuTanvzanyy B rpynie BTA cocrasmia
8,0 [7,0; 8,0] must mporus 9,0 [8,0; 15,8] must B kouTpoIte (p=0,095).

3axurrouenwe. [IpesjonepanoHHast GOTYIMHOTEpAIHs SBIIsieTCs 6e30I1aCHBIM
1 3¢ PeKTHBHBIM METOZIOM, HOCTOBEPHO CHIKAOIIMM MHTEHCUBHOCTD I10-

ClleonepaliiOHHOM OOJIM U YaCTOTY OCIIOKHEHUH Y TIallMeHTOB C 60NbIIMMU
BEHTPaJIbHBIMU I'PbDKaMU.

KimroueBble ciioBa: O0TYIMHUYECKUI TOKCUH THIA A, BeHTpasbHasl IPbDKa,
IpeJioliepalliOHHast IOATOTOBKA, [10CJIeoepalliOHHbIN IIePUOJT, XUMUYecKas
KOMIIOHEHTHas cellapanusi, 60Jb.
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m INTRODUCTION
Incisional ventral hernias (IVH) are a serious challenge of the
modern medicine. Despite the advancements of low-invasive
surgical interventions, the number of laparotomies remains
quite high. IVH develop from disorders of tissue reparation
in the anterior abdominal wall, infectious and inflammatory
processes in the area of the surgical wound, and from technical
defects in the closure of the fascia [1]. The incidence rate of
IVH development is approx. 5% among adults [2].

The modern classification of IVH, according to the
European Hernia Society, based on the stratification of defects
of the anterior abdominal wall by localization, width of the
hernia orifice and number of recurrences [3]. The repair of
large IVH with the width of hernia defects more than 10 cm
is a technically complicated task. The attempt of complete
reconstruction of the anterior abdominal wall may require a
wide mobilization of fascia and separation of components of
the anterior abdominal wall. High tension of tissue is the key
factor accounting for the rate of recurrence which, according to
the literature data, may reach 54%. Each subsequent recurrence
complicates surgical treatment and increases risks for the
patient [4].

Progressive methods of repairing normal anatomy of the
anterior abdominal wall in hernia repair is the TAR (transversus
abdominis release) according to Y. Novitsky (2015) [5]. This
surgical procedure involves mobilization of the retromuscular
space of the rectus abdominis muscles, incision of their sheaths,
and dissection of the plane between the transversalis fascia
and the transversus abdominis muscle. Component separation
increases the mobility of the anterior and posterior aponeurotic
layers, thereby facilitating approximation of the hernia defect
margins. The use of posterior component separation with TAR
in the repair of large IVHs ensures complete abdominal wall
reconstruction; however, this surgical technique is technically
demanding and significantly traumatic [6].

The impossibility of primary closure of the fascial defect
often stems from a marked retraction and tension of the
muscles of the anterior abdominal wall. In 2009, a research
team headed by Tomas R. Ibarra-Hurtado first used a
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preparation of botulinum A toxin (BoNT-A is a neurotoxin
that causes temporary chemical denervation of the muscles
due to blockade of acetylcholine release in the neuromuscular
synapse) to relax the lateral muscles of the abdomen and
facilitate the approximation of the edges of the hernia defect.
The authors reported successful results of the use of this
method to facilitate the primary fascial closure of the hernia
defect in ventral hernias [7]. Preoperative chemical component
separation of the lateral abdominal muscles may reduce the
invasiveness of hernioplasty and facilitate approximation of the
hernia defect margins [4, 8]. This method is being investigated
in the context of improving conditions for both open and
laparoscopic surgery, enabling relaxation and elongation of
the lateral abdominal muscles [8, 9].

The data on the safety of the method, especially in patients
with concomitant pathologies, continue to accumulate. Large
research demonstrate a good tolerance profile of the BoNT-A
and its applicability for comorbid patients [10, 11].

Despite the available data on the effect of BoNT-A on
intraoperative parameters, a comprehensive analysis of its
impact on the early postoperative period remains insufficiently
addressed in the literature.

m AIM

To evaluate the effect of preoperative chemical denervation
of muscles of the anterior abdominal wall with botulinum toxin
type A (BoNT-A) on the early postoperative period in patients
with large and giant incisional ventral hernias (IVH) compared
to a control group.

m MATERIAL AND METHODS

Study design and patients. The study is a retrospective
analysis of our own clinical experience. It is an analysis of
data of 19 patients (9 men and 10 women), average age of
59.5 £ 12.5 years (95% CI 53.4-65.5), divided into 2 groups.
The main group (BoNT-A group) included 9 patients who
had undergone preoperative treatment with BoNT-A and
subsequent IVH repair. The control group (n=10) included
the patients operated on without preliminary chemical

www.innoscience.ru
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Figure 1. EHS classification of incisional ventral hernia.

PucyHok 1. Knaccugukayusi nocrieonepayuoHHbIX BEHMpPasbHbIX
2pbhk EHS.

denervation. All hernias belonged to W3 class according to
EHS classification (Fig. 1). This class includes the hernias the
width of whose gates is 10 cm and more.

Formation of groups and selection criteria. For the
purposes of this study, the patients were chosen retrospectively
from the database of the Department of Surgery of the Clinics
of the Bashkir State Medical University (Ufa, Russia). The
resolution of administration of preoperative botulinum therapy
was made by an interdisciplinary team including a surgeon and
a neurologist specializing in botulinum therapy.

The main criterion for inclusion in the study was the
presence of an incisional ventral hernia, EHS class W3 (Fig. 2).

Exclusion criteria: acute infectious processes and
decompensation of chronic diseases at the moment of planning
of surgery, patient’s refusal from participation in the study.

Indications and decision-making algorithm. The use of
BoNT-A was performed within chemical component separation
off-label (outside registered indications) according to the
approved internal clinical algorithm. The indications were
the dystonia (hypersthneia) of the muscles of the anterior
abdominal wall confirmed by clinical examination and loss
of domain of the abdominal cavity, i.e. loss of volume of the
abdominal cavity due to organs and tissues being permanently
in the hernia sac. The resolution was initiated by the surgeon
upon identification of the above mentioned indications. The
patient was then routed to consult the neurologist for a detailed
evaluation of the muscle tone and neurological status. The
final decision of the team as to administration of the BoNT-A,
choice of the drug, dosage and points of injection was then
approved by the medical panel involving a surgeon and a
neurologist. The procedure was performed upon obtaining of
the patient’s informed consent.

Technique. The injection was controlled by ultrasound 3-10
weeks before the planned surgery. The following drugs were

www.innoscience.ru

Figure 2. Preoperative appearance of a patient with a ventral hernia
of the anterior abdominal wall before botulinum toxin type A injection.

PucyHok 2. BHewHull BUd nayueHma c BeHmpasbHol epbixell
nepeodHell bprowHol cmeHKU 00 UHbeKyuu 6omynuHuU4ecKozo
mokcuHa muna A.

used: Dysport (IPSEN PHARMA, France) 900-1000 U or
Xeomin (Merz Pharma GmbH & Co. KGaA, Germany) 200
U. The target muscles were the lateral abdominal muscles:
external oblique, internal oblique and the transverse muscle
of the abdomen. Three injections were made on either side
(6 points in total). After administration of the BoNT-A,
dynamic monitoring was performed for 3-4 weeks by the
multidisciplinary team in order to evaluate the onset of
muscular relaxation prior to surgery.

Choice of hernioplasty method. All patients underwent
retromuscular hernioplasty whose method (TAR, Rives-Stoppa,
TAR+bridge) was determined intraoperatively by the operating
surgeon depending on the size of the defect, condition of the
tissue and tension of the fascia. During approximation of the
hernia defect margins, the surgeon subjectively assesses the
tension of the tissue. To reduce tension, unilateral or bilateral
posterior component separation is performed. If tissue tension
persists after separation, corrective bridge repair is undertaken.

Evaluation of the pain syndrome. The intensity of
postoperative pain was evaluated daily using the Russian
language version of the visual analogue scale (VAS). The scale
is a non-graded 10 cm horizontal line with finite points “no
pain” and “worst pain imaginable”. The patients was asked
to mark a point on the line that matched the intensity of their
pain. The mark was measured in millimeters from zero and
registered by the nurse of the Department of Surgery every
day at 7:30 a.m. For the purposes of analysis, the values taken
on days 1, 3 and 5 after the operation were used. In all cases,
on the first day after the surgery, Promedol was administered.

Criteria of patient discharge after the surgery: lack
of discharge in the drainage, regular spontaneous bowel
movements and urination, lack of complications, lack of signs
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[ Metic | control group (n=10) BoNT-A group (n=9) Effect magnitude (95% Cl) [ pvalue |

Age, years (M £ SD) 56.50 + 14.16 62.78 + 10.24 MD = 6.28 (-5.73 to 18.29) 0.289
Sex, n (%)

51500 si559 95 =338 05020
Female 4 (40.0) 6 (66.7) R0 ((‘_)b‘_'%‘?olg_-g%) 0.370
Defect width, mm (M  SD) 115.00 £ 18.41 158.00 + 32.86 MD = 43.00 (14.71 to 71.29) 0.002*
Repair method, n (%)

TAR 3(30.0) 9.(100.0) RD = 0.70 (0.35 to 1.00) 0.001*
Rives Stoppa 5 (50.0) 0(0.0) R%R:_g_gé((_%_%% to %7_8%) 0.026*
TAR + bridge 2(20.0) 0(0.0) ORISIOTE(001T0}5:61) 0.478

RD =-0.20 (-0.58 to 0.26)
Notes: MD — Mean Difference; OR — Odds Ratio; RD — Risk Difference. For qualitative results with normal distribution data is presented as M + SD; for categorical

indicators, as n (%). * — statistically significant differences (p <0.05).

MpumeyaHusi: MD — pa3Hocmb cpedHux (Mean Difference); OR — omHoweHue waHcos (Odds Ratio); RD — pasHocmsb puckos (Risk Difference).
[ns konuyecmaeHHbIx nokasamernell c HopMasibHbIM pacnpedeneHueM 0aHHble npedcmasineHbl Kak M + SD; dns kamezopuasbHbix nokazamenel — Kak n (%).

* — cmamucmuyecku 3HaquMble pasnudus (p <0,05).

Table 1. Comparative characteristics of patients and treatment methods in the study groups
Ta6nuuya 1. CpaBHUMernbHas xapakmepucmuka nayueHmoB U MemodoB fle4eHUs! B ucciiedyeMbix epynnax

of inflammatory process. The minimum hospitalization period
was 4 days.

Table 1 shows that the groups were comparable in the age
(mean difference (MD) = 6.28 years, 95% CI: -5.73 to 18.29;
p=0.289) and sex distribution (odds ratio (OR) = 0.33, 95%
CI: 0.05 to 2.06; p=0.370). However, in the BoNT-A group,
the patients had credibly larger hernia defects (MD = 43.00
mm, 95% CI: 14.71 to 71.29; p=0.002), and all of them (100%)
underwent hernia repair according to the TAR method. In the
control group, different methods were used: TAR (30.0%),
Rives Stoppa (50.0%) and TAR + bridge (20.0%).

Assessed parameters: time of operation, pain syndrome
intensity as per VAS on the first, third and fifth day after
the surgery, duration of administration of opioid analgesics,
incidence rate and structure of complications (hematoma
of the surgical wound, wound infection) and duration of
hospitalization (bed-days).

Statistical analysis. The analysis was performed in the
StatTech v. 4.10.4 software suite (developer: StatTech LLC,
Russia). The normality of the distribution of quantitative
variables was assessed using the Shapiro—Wilk test. Data with
a normal distribution are presented as arithmetic mean and
standard deviation (M + SD) with a 95% confidence interval

(CI) for the mean. For intergroup comparisons, Student’s
t-test was used, calculating the mean difference (MD) and its
95% CI. Data with a non-normal distribution are presented as
median and interquartile range (Me [Q1; Q3]). Comparisons
were made using the Mann—Whitney U test, calculating the
Hodges-Lehmann shift estimator and its 95% CI. Categorical
data are described as absolute numbers and percentages (n, %).
For comparisons, Fisher’s exact test was used, calculating the
odds ratio (OR) and risk difference (RD) with 95% Cls. The
statistical significance level was set at p < 0.05. Statistical

analysis and reporting were performed in accordance with the
SAMPL guidelines [12].

m RESULTS

Surgical parameters and postoperative progress. The
comparison of intra- and postoperative metrics between the
groups revealed several significant differences.

It is seen from Table 2 that the mean time of operation in the
BoNT-A group was credibly longer than in the control group
(MD = 84.78 min., 95% CI: 25.98 to 143.58; p=0.006). The
intensity of pain syndrome in the BoN'T-A group was statistically
significant and clinically lower on all stages of the study: on
day one (Hodges-Lehmann shift (H-L shift) = -25.5 mm, 95%

[ Metic | Control group (n=10) BoNT-A group (n=9) Effect magnitude (95% Cl) [ pvalue |

Time of operation,

MD = 84.78

e 118.00 + 46.32 202.78 + 70.36 (2958 1o Ti858) 0.006*

Days until cessation of opioid 2.00 2.00 H-L shift = 0.0 0.785

administration, Me [IQR] [1.00; 2.00] [1.00; 2.00] (-0.510 0.5) -
435 18.0 H-L shift = -25.5

VAS day 1, mm, Me [IQR] [40.0; 52.8] [11.5; 26.0] (-30.0 to -20.0) <0.001*
415 11.0 H-L shift = -30.0

VAS day 3, mm, Me [IQR] [38.0; 42.8] [8.5; 13.0] (-34.0 to -26.0) <0.001*
315 2.0 H-L shift = -29.0

VAS day 5, mm, Me [IQR] [29.0; 33.0] [1.0; 3.5] (-32.0 to -26.0) <0.001*
9.00 8.00 H-L shift = -1.0

Bed-days, days, Me [IQR] [8.00; 15.75] [7.00; 8.00] (-3.010 0.0) 0.095

Any complications, n (%) 7(70.0) 1(11.1) R8s ((_%-%% to t_)bsg!)a) 0.027*

Infectious complications, n (%) 4 (40.0) 0(0.0) =00 f?doyst?ozdoc?g) 0.087

Hematoma of the surgical wound, n (%) 3(30.0) 1(11.1) OR = 0.30 (0.02 to 3.39) 0.582

RD =-0.19 (-0.58 to 0.26)

Notes: MD — Mean Difference; H-L shift — Hodges — Lehmann shift; OR — Odds Ratio; RD — Risk Difference. The data are presented as M + SD (normal
distribution) or Me [IQR] (median and interquartile range). * — statistically significant differences (p <0.05).

MpumeyaHusi: MD — pa3Hocmb cpedHux; H-L shift — coBue Xodxeca — JlemaHa; OR — omHoweHue waHcoB; RD — pasHocmb puckoB. [laHHble npedcmaBneHbl Kak
M + SD (HopmanbHoe pacnpedeneHue) unu Me [IQR] (MeduaHa u MexkBapmusbHbIl pasmax). * — cmamucmuyecku 3HaquMble pasnudust (p <0,05).

Table 2. Comparison of intra- and postoperative parameters

Tabnuua 2. CpaBHeHue uHMpa- U NocieonepayuoHHbIX nokaszamenel
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Figure 3. Intraoperative view after chemical component separation
with botulinum toxin type A: condition of the anterior abdominal wall
muscles after infiltration.

PucyHok 3. lHmpaonepayuoHHsbIl BuUd nocne xuMuyeckoll
KoMnoHeHMHoU cenapayuu ¢ npuMeHeHueM 6omynuHU4ecKo2o
moKcuHa muna A: cocmosiHue Mblwy, nepedHel bprowHolU CmeHKU
nocne uHguismpayuu.

CI: -30.0 to -20.0; p <0.001), on day three (H-L shift = -30.0
mm, 95% CI: -34.0 to -26.0; p <0.001) on day five (H-L shift
= -29.0 mm, 95% CI: -32.0 to -26.0; p <0.001). The median
time to cessation of administration of opioid analgesics in both
groups was 2.0 days, and no statistically significant differences
were found (H-L shift = 0.0 days, 95% CI: -0.5 to 0.5; p=0.785).

Incidence of complication and duration of hospitalization.
The general incidence of postoperative complications in the
BoNT-A group was credibly lower: 11.1% (1 patient) vs. 70.0%
(7 patients) in the control group. The absolute risk difference
(RD) was -0.59 (95% CI: -0.89 to -0.09), and OR was 0.05
(95% CI: 0.00 to 0.64; p=0.027). In the BoNT-A group, no
infectious complications were registered (0% vs. 40% in the
control group, RD = -0.40, 95% CI: -0.75 to 0.05; p=0.087).
The incidence of hematomas of the surgical wound was not
credibly different (11.1% vs. 30.0%, RD = -0.19, 95% CI:
-0.58 to 0.26; p=0.582). The median duration of hospitalization
in the BoONT-A group was 1 day less, however, the difference
did not reach statistical significance (H-L shift = -1.0 days,
95% CI: -3.0 to 0.0; p=0.095).

m DISCUSSION

This study demonstrates that preoperative botulinum toxin
therapy is an effective and safe adjunct in the surgical treatment
of complex ventral hernias, enabling superior outcomes even
in patients with initially larger hernia defects.

The most significant findings include a reliable and
clinically significant reduction in postoperative pain intensity
in the BoNT-A group by 25-30 mm on the VAS, as well
as a 59 percentage point reduction in the absolute risk of
postoperative complications in the study group compared
to controls. This result is consistent with the data reported
by B. Zendejas et al. (2013) [13]. We believe that the key
mechanism underlying the observed reduction in pain and
complication rates is the achieved relaxation and increased
length of the anterior abdominal wall muscles, which reduces
tissue tension (Fig. 3). This pathogenetic effect of botulinum
toxin therapy, leading to contraction of the hernia defect,
is supported by the findings of our previously published
systematic review [14].

www.innoscience.ru

The recorded incidence rate in the BoNT-A group (11.1%)
was reliably lower than in the control group (70.0%), and
there were no cases of infectious complications in the BoNT-A
group. The decrease of the absolute risk of infection by 40 per
cent points, while not reaching formal significance (p=0.087),
was an important clinical trend. The obtained data matches
the favorable safety profile of the method described in the
literature [10, 11], and emphasizes its potential role in the
decrease of the risk of infectious processes, likely because of
decrease of tissue tension and improvement of their perfusion.

The median operation time in the preoperative botulinum
therapy group was reliably longer than in the control group
(MD = 84.8 min., 95% CI: 26.0 to 143.6; p=0.006). This
difference is expected and can be explained by two factors:
the TAR technique, which was performed in all patients in the
study group, is more complex, and patients in the BoNT-A
group had initially larger defects (MD = 43.0 mm, 95% CI:
14.7 to 71.3; p = 0.002).

Despite the greater complexity and longer duration of
surgical intervention in patients with initially larger defects,
the botulinum toxin therapy group demonstrated a trend
toward a reduction in median hospital stay by 1 day. The lack
of statistical significance (p = 0.095) is likely attributable to
the limited sample size.

Limitations of the study include its retrospective character,
small sample and initial differences between the groups in
the width of the defect and in the surgical method applied,
which could affect the results. However, this lack of balance
reflecting the clinical practice of type A botulinum toxin in the
most complicated cases, makes the demonstrated improvement
of postoperative period in the BoNT-A group even more
convincing.

m CONCLUSION

Our findings demonstrate that preoperative botulinum toxin
therapy significantly reduces postoperative pain intensity by
25-30 mm on the VAS and decreases the absolute risk of

Figure 4. Postoperative view after reconstruction of the anterior
abdominal wall and repair of the ventral hernia.

PucyHok 4. [NocneonepayuoHHsbIl BUO nocsie peKoHCmpyKyuu
nepedHell 6prowHO CMeHKU U niacmuku BeHmpasibHoU 2pbhku.
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complications by 59 percentage points. These data contribute to
the growing body of evidence presented in a recent systematic
review, indicating that the method is safe, significantly
increases the length of the lateral abdominal muscles, and
improves the likelihood of fascial closure in complex ventral
hernia repair [15]. Despite the retrospective design and initial
differences between the groups that might have affected the
evaluation of certain outcomes, the observed positive effects
were achieved in the patients with wider initial defects, which

emphasizes the clinical significance of the method. Thus, the
use of type A botulinum toxin is an effective clinically justified
adjuvant component of complex management of patients with
complex ventral hernias, which significantly improves direct
postoperative outcomes (Fig. 4).

The major advantages of the method are considerable
reduction of intensity of postoperative pain syndrome
and reduction of incidence rate of early postoperative
complications. #=
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Molecular and cellular aspects of the pathogenesis
of incisional hernias
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Abstract

The incisional hernias are one of the most common surgical pathologies
worldwide. The achievements of medical science in recent decades have
significantly improved the results of treatment of this disease, due to the
justification and implementation of various methods of hernioplasty with
implantation of synthetic endoprostheses. At the same time, the incidence
rate of incisional hernias remains fairly high. For several years, research
has been conducted to study the molecular and cellular mechanisms of
incisional hernias formation. The key issue in the problem of tissue repair
disorders after laparotomy is to understand the processes of extracellular
matrix organization and fibroblast activation. The extracellular matrix
appears to be a unique environment that promotes the proper structuring
of collagen fibers, the acquisition of postoperative scar strength and
timely wound cavity contraction. The regulation of extracellular matrix
homeostasis depends on many factors that affect the timing and usefulness
of tissue repair after surgical trauma. The main regenerative potential

consists of populations of fibroblasts responsible for the synthesis and
degradation of collagen. Extracellular matrix and fibroblasts have a
multifactorial effect on wound repair and imbalance of their interaction
can contribute to the formation of incisional hernias. Molecular compounds
synthesized by fibroblasts, which include matrix metalloproteinases,
matrix metalloproteinase inhibitors, as well as actin and collagen proteins,
play an important role both in the healing of surgical wounds and in the
formation of hernias. Identification of critical points in the pathogenesis of
incisional hernias at the molecular and cellular levels will make it possible
to predict and prevent their formation. This opens up new opportunities
for precision stratification of patients before abdominal wall hernia repair
and the choice of personalized surgical tactics.

Keywords: incisional hernias, extracellular matrix, fibroblasts, collagen,
molecular mechanisms of repair.
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MOﬂeKy.HSIprIe N KJ1IeTOYHbI€ aCneKTbl naToreHes3a
nocineonepaumoHHbIX BEHTPAJIbHbIX FPbiIX

0.B. N'anumos, B.0. XaHoB, M.P. BakeeB

Pre0Y BO «balukupckuii rocyaapcTBeHHbIM MeQUUMHCKUIA yHUBepcuTe™» MuHagpasa Poccuu
(Ydopa, Poccuitckas Pepepauus)

AHHOTauus

HOCJ’[EOHepaLII/IOHHbIe BeHTPaJ/IbHbIe I'PBIKU SBJIAIOTCS OAHUMU U3 CAMbBIX
PpacpoCTpaHeHHbIX XUPYPIruiecKux TIATOJIOTHUM BO BCEM Mmupe. ,[[OC’I'[/DKEHI/ISI
MeZ[I/ILII/IHCKOﬁ HayKHY 3a IocjiefHue OeCATHUIeTHs I03BOJIUIN 3HAYUTeJIbHO
YIAy4qIIUTb pe3yiibTaThl JIeYeHUsI JaHHOT'O BaGOHeBaHHﬂ BCJIeACTBUe 060CHO-
BaHUA U BHEJIpeHUSs PA3/INIHBbIX CHOC060B TepHUOIIJIaCTHK C HMHHaHTaHHeﬁ
CHUHTeTUYeCKUX SHAOMIPOTe30B. B TO JKe BpeMs 9aCTOTa BO3HUKHOBEHUSsI
ocjieonepaiquoOHHBIX BeHTPAJIbHBIX I'PBIXK OCTaeTCs Ha JOCTATOYHO BBICO-
KOM ypOBHe. Ha MIPOTAXKeHUU HeCKOJIbKUX JIeT IIPOBOAATCS UCCIeJOBaHWS,
HarrpaBJIeHHbIE Ha U3y4YeHHe MOJIEKYJIIPHBIX U KJIETOYHBIX MeXdHU3MOB d)Op-
MUPOBaHUS IMTOCTIe0NepalfuOHHbIX I'PBIXK. KJ’[IO‘IeBbIM BOIIPOCOM B HpoﬁneMe
HapyIieHus pernapanuu TKaHeH mocje J'Ial’IapOTOMHI)’I SBJIIeTCsI IIOHUMaHHue
IIponeccoB OpraHU3ally BHEKJIETOYHOI'O MaTPUKCA U dKTUBU3AIIUU LI)I/I-
6pobmacToB. BHekyIeTOUHBIM MaTPUKC IpeJicTaeT TOM YHUKAILHOHM Cpeloi,
CHOCOGCTBy}OIJ.IefI HpaBI/IJ'[bHOfI CTPYKTYypPU3allUH KOJIJIAareHOBLIX BOJIOKOH,
TIproOpeTeHnI0 MPOYHOCTH NOCTIeoNepaliiOHHOro pydna U CBoeBpeMeH-
HOM KOHTPaKIIun paHeBOﬁ TIOJIOCTH. PeI‘yJ'ISII_II/IH TroOMeoCTa3a BHEeKJIeTOYHOIr'o
MaTpPUKCA HAXOQUTCS B 3aBUCUMOCTH OT MHOT'UX (1)aKTOpOB, BIIMAIOIIHWX HaA
CPOKH U IIOJTHOIIEHHOCTh pernapanuu TKaHeu 1mocje OHepaLII/IOHHOfI TPaBMBI.

www.innoscience.ru

OCHOBHOH pereHepaTOPHELII IOTEHIHAJ COCTABIISIIOT NOMYIISIIUU GuOpo-
651aCTOB, OTBETCTBEHHBIX 3a CUHTe3 U Jlerpajjaliiio KojulareHa. Baekie-
TOYHBIN MaTPHUKC ¥ GUOPOOIACTHI OKA3BIBAIOT MHOTOPAKTOPHOE BIIUSHUE
Ha pelapallyIO paHbl, U HapylleHus 6ajlaHCa UX B3aUMOJEHCTBUS MOXeT
crnocobcTBOBaTh GOPMHUPOBAHUIO NIOCTIE0NIePAllMOHHBIX BEHTPAJIbHBIX IPBIK.
Cunresupyemble GpubpobiacTaMy MOJIEKYIISIPHbIe COeIUHeHMHs], K KOTOPEIM
OTHOCSTCS MaTPUYHble METaJIJIONPOTEeNHAa3bl, TKaHeBble UHIMOUTOPHI Me-
TaJUIONPOTENHA3, @ TAK)Ke aKTHHOBBIE U KOJIareHOBbIe GeJIKY, UTPAloT BaX-
HYIO0 POJIb KaK B 3a’KUBJIEHUU OllepPallUOHHON paHbl, TaK U B GOPMUPOBAHUU
rpepk. OmperniesieHrie KPUTHYECKUX TOUEK ITaToreHe3a M0 CIeoepanioHHBIX
BEHTPAJILHBIX I'PLDK HAa MOJIEKY/SIPHOM M KJIETOYHOM YDOBHSIX II03BOJIUT
MIPOTHO3MPOBATh ¥ NPOGUIAKTHPOBATh X 0bpa3oBanue. IIpu aToM OTKpLIBa-
IOTCS] HOBble BO3MOXHOCTH ISl IPeLIU3MOHHOM cTpaThdUKaliy NallieHTOB
Tiepey] ONepaTUBHBIM JiedeHHeM I'PBDK U BEIOOpa IIepCOHUPHUITMPOBAHHON
XUPYPTrUIecKOr TaKTUKU.

KurroueBsle c10Ba: OCIIEOEPAIOHHbIE BeHTPAIBHBIE IPDKH, BHEKIIETOUHBIN
Marpukc, GubpobiacTsl, KoJyIareH, MoJjleKyJsipHble MeXaHU3Mbl perapalyu.
KoHdukT HHTEpecoB: He 3asBIleH.
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m INTRODUCTION
Anteroventral hernias remain some of the long-
standing unresolved problems of surgical science.
The history of the problem is decades old originating from
the moment of formation of surgery as a medical science
[1]. The most complicated and socially impactful are the
hernias related to previous surgeries of the abdomen [2-
5]. Recent data shows that the incisional ventral hernias
(IVH) occur after 10-20% laparotomies; at the same
time, in high-risk patients, the incidence may reach 70%
[6]. Throughout XX century, experience and knowledge
has been accumulated in the area of surgical treatment
of IVH, an in that way, many original and progressive
methods have been created to restore the normal anatomy
of the abdomen after herniotomy. From the time of advent
and large-scale implementation of mesh endoprosthetics
to reinforce the anterior abdominal wall in reparative
surgeries of hernias, the outcomes of treatment of [VH
patients improved significantly. At the same time, even
with the development and improvement of surgical
methods, significant reduction of IVH formation incidence
and I'VH recurrence is still a standing problem.

Surgical access during different operations of the
abdomen has always been selected from the standpoint
of comfortable visualization of the surgery area without
regard to the common factors of tissue regulation of
the wound repair and formation of the surgical scar.
In order to understand the problem of IVH formation,
it is important to know the specifics of not only the
macroscopic but cellular composition of the structures
of the anterior abdominal wall. The interaction between
the cells and molecules involved in the tissue reparation
and regeneration following the surgical wound becomes
especially important. The re-conceptualization of the
process of formation of the surgical scar, and discovery
of new correlations of the formation and structurization
of connective tissue may significantly improve both the
outcomes of surgical treatment of IVH and reduce the
incidence of IVH formation and recurrence [7, 8]. In the
recent decades, the pathogenesis of IVH on various levels
of biological organization has been the focus of many
studies. Papers published by Russian and foreign authors
show a distinct shift from the anatomical level of studies
to histological and molecular. This is well justified by the
necessity of search for pathogenic links of hernia formation
on the initial level of cellular and subcellular organization
[9, 10]. The study of molecular mechanisms of formation
of IVH opens new horizons for the prediction, prevention
and treatment of the pathology [11, 12].
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The goal of this review is to update the latest
achievements in the studies of molecular and cellular
mechanisms of IVH formation, to give a critical view of
specific pathogenic processes of reparation of surgical
wound tissues, and to look for new diagnostic and
treatment targets of antero-ventral hernias.

Method of search for sources. The search for literature
was performed in the RSCI and PubMed databases using
the following keywords: incisional hernias, molecular
mechanisms of hernia formation, cellular mechanisms of
hernia pathogenesis, extracellular matrix, the importance
of fibroblasts in the formation of incisional hernias. Only
the papers published in the past 20 years were selected.
For the purposes of our review, we selected the systematic
reviews and meta-analyses, randomized controlled studies,
international recommendations and literature reviews.
We also reviewed references of the selected papers.
Subsequently, we chose the papers based on the analysis
of the full text, abstract, level of validity and statistical
significance of presented results. The search for sources
for this review produced 65 articles to be included.

m HOMEOSTASIS OF THE EXTRACELLULAR
MATRIX IN THE REPARATION OF THE
LAPAROTOMY WOUND

The incision of the anterior abdominal wall to provide
surgical access is a serious injury that is accompanies with
a classic inflammatory reaction that progresses in aseptic
conditions. The reparative processes after laparotomies
are aimed not only on the closure of the wound and the
isolation of the abdomen, but on the reinforcement of
the injured area by excessive synthesis of connective
tissue. In the early post-surgery period, the strength of
the incision line is secured with sutures on the layers of
the anterior abdominal cavity thus creating conditions
for a favorable progression of the wound process. The
complete reparation of the tissues after the laparotomy
occurs 100 days after the surgery, and the strength of the
scar is up to 90% from that of the physiologically normal
tissue of the anterior abdominal wall [13]. The highest
importance in the process of healing of the tissues of the
abdominal wall, aponeurosis in the first place, is attached
to the structure and the composition of the extracellular
matrix (ECM). In response to the alternation and the
inflammation, thrombocytes, neutrophils, macrophage
and lymphocytes migrate from the systemic blood flow
to the wound area. These cells form a spatial structure
without a distinct organization, or the temporary ECM
[14]. Multiple proinflammatory cytokines responsible
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for cellular adhesion are produced, viz. interleukin-1 beta
(IL-1p), tumor necrosis factor alpha (TNF-a) and gamma
interferon (IFN-y) [15, 16]. The mechanical strength of the
temporary ECM is low and depends on the thrombocytes
and fibrin. At this initial stage of tissue reparation,
integrity of the temporary ECM until formation of the
collagen matrix is especially important. The insufficient
intraoperative hemostasis results in the formation of
a hematoma; at the same time, the temporary ECM is
disorganized and the time of wound healing increases [17,
18]. This phenomenon contributes to the formation of IVH
and recurrent of hernias after hernioplasty.

The study of properties of intracellular interactions in
the spatial model produced the notion of the matrisome, a
complete set of all proteins and genes encoding them that
form the ECM. The view of the ECM as a dynamically
changing cytological platform opens a new view of the
processes of reparation of connective tissue and formation
of hernias. The changes of the matrisome and the loss of
mechanical strength of the ECM are associated with the
proliferation of an abnormal population of fibroblasts.
Some studies showed an increase of atypical fibroblasts
responsible for the disruption of normal synthesis of
collagen in early incontinence of the laparotomy wound
[19, 20]. The analysis of the matrisome provides an
opportunity of identification of the leading cascades of
molecular reactions and cellular interactions responsible
for the mechanotransduction of tissues [21-23]. The study
of the matrisome may enable identification of genetic
determinants and predictors of formation of hernias of
the anterior abdominal wall.

Thus, various components of the ECM may influence
the processes of reparation of the laparotomy wound and
participate in the formation of IVH. The complex analysis
of the composition of the ECM in the formation of IVH
will identify the pathogenic targets in order to address the
disorders of tissue homeostasis in advance.

m REGULATION OF COLLAGEN
METABOLISM AND ITS ROLE
IN THE PATHOGENESIS OF IVH

The primary granulation tissue of the wound surface
after the laparotomy predominantly consists of elastin
and type III collagen. As healing progresses and phases
of regeneration change, there occurs a significant
reorganization of the ECM and its elements. The formation
of a strong scar stems from the replacement of cellular
and molecular components in the place of the surgical
wound. The restructuring of the ECM is related to the
loss of type III collagen by the granulation tissue, its
replacement with type I collagen, contraction of the
wound due to fibroplasia and mechanotransduction of
myofibroblasts [24, 25]. These key processes underlie
the acquisition of mechanical strength and decrease of
the size of the wound, processes, whose disruption is
of highest importance for the formation of IVH. At the
same time, the significance of other types of collagen is
also studied; type IV collagen involved in the formation
of the basal membrane of cells, and type V collagen
regulating the processes of fibrillogenesis, are in the focus

www.innoscience.ru

of scientific interest. The work of N. Henriksen et al.
(2015) demonstrated the changes in the quantities of type
IV collagen in patients with and IVH and patients without
hernias. Thus, the IHV group showed a greater activity
in the processes of denaturation and resynthesis of this
protein [26]. L. Lorentzen et al. (2018) also demonstrated
higher metabolic activity with respect to type V collagen
in patients with IVH [27].

The processes of physiological remodeling of the ECM
are mediated by the activity of matrix metal proteinases
(MMP). The MMP family includes 23 proteins with a wide
variety of biological substrata and respective functions.
The major role of all proteins in this family is involvement
in the ECM homeostasis in the healing of wounds. Some
studies demonstrated their activation by numerous
proinflammatory cytokines, hormonal substances and
growth factors, most important of which are the IL-1,
TNF-a and tissue inhibitors of metal proteinases (TIMP)
[28-31]. The TIMP are zinc-mediated endopeptidases
capable of breaking down all types of ECM proteins. There
are four types of these enzymes, viz. TIMP-1, TIMP-2,
TIMP-3 and TIMP-4 [32]. In physiological conditions,
the distribution of MMP and TIMP is 1:1, which ensures
the continuity of protein composition of the tissue and
the ECM. The change in the MMP to TIMP ratio may
influence the metabolism of collagen, which was seen
in patients with IVH. In their work, J. Guillen-Marti et
al. (2009) demonstrated a correlation between MMP and
TIMP in the tissues of IVH patients. The authors noted the
decrease of RNA TIMP-3 transcripts in the aponeurosis
and TIMP-4 in the skeletal muscles, as well as TIMP-3 in
the tissues of hernia defect in IVH patients [33].

Exposed to MMP proteins, type III collagen denaturates,
and the fibroblasts receive the signal for the synthesis of
type I collagen, whereupon gradual replacement of protein
in the tissue occurs [34]. The process progresses in a
dynamic equilibrium, which ensures a balance between
the synthesis of collagen and its breakdown, and the ECM
and the forming scar acquire the necessary mechanical
strength. What is interesting is that the regulation of the
ECM homeostasis is highly variable and depends not only
on the synthesis of collagen forms but on its degradation
as well, which may directly influence the formation of
IVH. Some studies demonstrated a correlation between
the disorganization of the ECM and increased activity of
MMP-1, MMP-2, MMP-9 and MMP-13, and a correlation
with the formation of hernias of the anterior abdominal
wall [35, 36]. The proven role of changes in the type I
collagen to type III collagen ratio in the regulation of
the ECM homeostasis allowed for a detailed study of the
molecular mechanism of IVH formation. At the same time,
the regulation of processes of collagen degradation may
have no lesser meaning than that of its synthesis. The work
of R. Rosch et al. (2006) studies the influence of MMP
on the formation of IVH. The authors reported elevated
expression of MMP-2 in the connective scar tissue of IVH
patients [37]. At the same time, the work of J. Salameh et
al. (2007) also demonstrated high expression of MMP-2
in IVH; however, the analysis involved the tissues remote
from the hernia defect [38]. This phenomenon shows the
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systemic pathology of the metabolism of connective tissue
involving MMP, not the local dysregulations.

The products of collagen breakdown in the course of
the ECM remodeling or its abnormal synthesis go to the
systemic blood and may be detected as serum biomarkers.
The level of markers of collagen breakdown circulating
in the bloodstream characterizes its homeostasis on the
organismic level, since this protein and its forms are
seen in various organs and systems [39]. Some studies
were performed that demonstrate the correlation between
the indicators of collagen breakdown and status of IVH
[40]. H. Kayashima et al. (2015) studied serum levels of
fragments of type IV collagen in [IVH patients. They found
that the level of serum N-terminal propeptide of the 7S
domain of type IV collagen (P4NP-7S) was elevated in
patients with IVH and was related to the development
of ventral hernias [41]. It is not out of the question that
there are other serum markers of collagen degradation
influencing its metabolism and the fibroblast function.
These circulating oligopeptides may serve as valuable
tools for IVH prediction.

The analysis of collagen-mediated molecular reactions
in the process of wound reparation is vital to the
understanding of [IVH pathogenesis. Elevated synthesis of
type I collagen on the tissue level may preclude formation
of IVH after any kind of laparotomy, since this protein
is the main component of the ECM that determines the
strength and integrity of the scar. On the other hand,
suppression of type I collagen degradation has a positive
effect on its metabolism and functional activity. In recent
years, there were some breakthroughs in the identification
of points of impact on collagen exchange regulation in
order to prevent IVH and plan the treatment thereof.

m FIBROBLAST POPULATIONS AND THEIR
SIGNIFICANCE IN IVH FORMATION

Laparotomy induces a fibroproliferative response mediated
by endogenous inflammatory factors. Fibroblasts are
major participants of regenerative processes in the wound
that synthesize collagen and form the ECM structure.
Under physiological repair conditions, fibroblasts migrate
into the injury site starting from day two and participate
in granulation tissue formation over a four-day period.
In response to the inflammation mediators, the inter-
cellular interactions stimulate fibroblasts to synthesize
collagen, the main ‘construction’ protein [42]. The
accumulation of collagen ensures strength of the ECM,
which regulates its normal functioning and supports its
homeostasis [43]. The disruption of collagen metabolism
in the formation of the ECM is a known factor of IVH
development. Predominance of type III collagen over type
I reduces the mechanical strength of ECM and alters its
architecture [44]. Of particular interest are the causes of
abnormal collagen synthesis during tissue repair, which
are associated with the functional activity and phenotype
of fibroblasts, which constitute the main regenerative cell
pool of the ECM [45].

Migration, proliferation and activation of collagen
synthesis by fibroblasts are regulated by cytokines, platelet-
derived (PDGF) and vascular endothelial (VEGF) growth
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factors [46]. Molecular mechanisms of tissue repair directly
depend on synthetic activity of fibroblasts. The key feature of
fibroblasts as participants of [VH pathogenesis is the change
of their functional activity and synthesis of type III collagen
instead of type I collagen. Other processes of biological
tissue repair demonstrate decrease or cessation of synthetic
activity of fibroblasts, e.g. process of healing of trophic
and ulcerous defects of various tissues [47]. The analysis
of morphological characteristics of tendon and fascial
elements of the anterior abdominal wall in IVH revealed
significant specific features of their cellular composition
and structure. The histological analysis of sections of [IVH
tissue showed deficiency of the ECM, decreased quantity
of fibroblasts and immune cells. The cytological analysis
of fibroblasts from the IVH tissue showed their significant
deficiency: spindle morphology, vacuolated cytoplasm,
swollen mitochondria and elevated expression of vimentin.
Another important feature of fibroblasts from [VH is their
increased apoptotic activity and propensity for autophagy
[48]. Differentiation of fibroblasts is highly important in the
processes of tissue repair after laparotomy. Selection of cell
populations occurs due to unfavorable conditions of wound
healing (suppurative inflammation, eventration, hematoma),
which promotes degradation of the ECM, synthesis of type
III collagen and mediates the formation of IVH.

In the structure of the ECM cells, there is a population
of fibroblasts that is a component of connective tissue
before the onset of the surgical wound. This cellular pool
is referred to as resident fibroblasts that stay at rest without
any endogenous stimulation. As compared to dermal
fibroblasts, the resident fibroblasts have a greater plastic
potential with respect to collagen. The greatest amount
of resident fibroblasts was found in the fascial structures
of the anterior abdominal wall. Laparotomy stimulates
proliferation and migration of fascial fibroblasts, which
fosters proper organization of the ECM. Recent data
shows that the functional activity of fascial fibroblasts and
dermal fibroblasts is different [49]. The special feature of
resident fibroblasts is the synthesis of various components
of the matrisome including proteoglycans, fibronectin and
hyaluronic acid [50]. At the same time, resident fibroblasts
are not only sources of collagen but also of enzymes
involved in its breakdown. These cells synthesize MMP-
1, MMP-2, MMP-9, MMP-19, and TIMP-1, TIMP-2,
TIMP-3 [51]. This fact provides a completely new view
of fibroblasts in the tissue repair process after laparotomy,
including in the process of IVH formation. The regulation
of synthetic activity of fibroblasts allows for changes in the
strength of the connective-tissue scar on various stages of
its organization. It would be logical to suggest, therefore,
that such regulation is mediated both by exogenous stimuli
and by the endogenous stimuli, including genetically
determined ones.

Another important feature of fibroblasts is their
differentiation to myofibroblasts, a contractile phenotype
synthesizing the smooth muscle alpha-actin (a-SMA).
Myofibroblasts are unique cells of connective tissue that
are capable of mechanotransduction. The contraction
of actin proteins causes contraction of the ECM and
alignment of the edges of the wound cavity [52]. The stress
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in the intercellular interaction of the ECM fibroblasts
triggers a cascade of specific reactions resulting in the
activation of mechano-sensitive genes of the matrisome.
Mechanotransduction of the ECM also initiates the
differentiation of fibroblasts to myofibroblasts. In the
process of wound repair, the latter act as additional
markers of scarring and fibrosis [53, 54]. Myofibroblasts
are also involved in the remodeling of the ECM at later
stages of repair and ensure wound contraction by stress
fibers and formation of a-SMA. As repair processes come
to an end, the number of myofibroblasts decreases due to
their apoptosis [55]. The main source of myofibroblasts
is in the connective tissue: the resident pool of fibroblasts
[56]. When the tissues of the anterior abdominal wall are
damaged by laparotomy, the reserve of myofibroblasts
is replenished from the populations of dermal and
fascial fibroblasts [57]. Another important source of
myofibroblasts is the fibrocytes. These cells circulate in
the bloodstream and are able to migrate to any tissues of
the body, performing various functions. Fibrocytes attain
a special significance in the tissue repair after laparotomy;
they are capable of impacting the IVH formation, being
involved in the regulation of the ECM remodeling and
wound contraction. Fibrocytes can synthesize different
subtypes of collagen, vimentin and fibronectin, which are
the substrate of the ECM and which mediate activity of
fibroblasts [58]. At the same time, due to inflammatory
endogenous stimulation, fibrocytes can differentiate
to myofibroblasts thereby increasing the contraction
of the ECM and its strength. Fibrocytes also trigger
the inflammatory reactions in the surgical wound and
increase synthesis of structural components of the ECM
involving the signaling pathway of the beta-1 transforming
growth factor (TGF-1) [59]. Myofibroblasts are unique
participants of the repair process greatly involved in the
repair of the defect of the anterior abdominal wall after
the surgical injury. The regulation of differentiation and
apoptosis of fibroblasts occurs by mechanotransduction of
the ECM and the TGF- p1 signaling pathway [60]. TGF-$1
is a regulatory cytokine peptide involved in numerous
physiological cellular processes. In the first place, the
synthesis and the activation of this peptide ensures the
differentiation, proliferation, migration, adhesion and
apoptosis of various cells in the body. In the ECM, the
TGF-p1 is linked to its prodomain, the latency-associated
peptide (LAP). The TGF-p1-LAP complex dissociates
during tissue repair, including under the influence of
myofibroblasts and the integrin aV synthesized by
the [61]. Thus, a positive feedback loop is observed
between the processes of proliferation, differentiation of
myofibroblasts, and contraction during post-laparotomy
wound repair.

Fibroblasts are instrumental in reparative processes after
laparotomies. They are vital for the formation of a strong
post-operative scar. These cells regulate the synthesis of
collagen, its breakdown, they ensure the homeostasis of
the ECM, trigger the myofibroblasts and differentiate into
them contributing to the wound contracture. The detailed
study of fibroblast populations, their genetic and epigenetic
characteristics, as well as the means of regulation of their
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synthesis function, will enable control and programming
of regeneration of connective tissue in the location of
the surgical wound. At the same time, the functional
and morphological features of specific populations of
fibroblasts influences the formation of IVH via collagen
metabolism and degradation of the ECM. Studying the
characteristics of fibroblasts in the anterior abdominal wall
of patients with IVH will enable the modulation of wound
healing processes after the hernioplasty, the selection of a
synthetic mesh implantation technique, and the prediction
of recurrences.

m ROLE OF INFLAMMATION AND HYPOXIA
IN THE IVH PATHOGENESIS

Laparotomy-induced surgical wound of the anterior
abdominal wall is an alteration of tissue and the first
phase of the regenerative process. The specific feature
of surgical wounds is that they are sterile, therefore,
the inflammatory reactions occur in aseptic conditions.
The aseptic inflammatory process differs from the
infectious one by the lack of exogenous mediators of
inflammation (infectious agents). The activation of
aseptic inflammation occurs under the influence of the
damage-associated molecular pattern (DAMP). The
DAMP comprises different protein molecules within the
nucleus of the cell and in the intracellular liquid of the
tissues of the body that trigger immune processes due
to sterile alteration and inflammatory reaction [31]. One
of the main component of the DAMP is a protein from
the group of nuclear non-histone proteins (high-mobility
group protein B1 - HMGB-1). This molecule is one of
the earliest to react to the damage and stimulates the
immune system to trigger to inflammatory cascade [62].
The HMGB-1 ensures cell migration to the aseptic focus
of inflammation and chemotaxis, and triggers immune-
mediated cellular reactions and cytokine production [63].
Following the laparotomy, the HMGB-1 is involved in
the MMP overexpression by triggering the TNF-a, IL-1,
IL-1a, IL-2, IL-8, IL-18 and type I IFN I, which results
in the degradation of type I collagen and its replacement
with type III [31].

Another aspect of the surgical wound is the hypoxic
stress of the tissues in the area of the wound. Deficit of
oxygen inhibits processes of angiogenesis and repair
in the laparotomy area [21]. Hypoxia also precludes
differentiation of fibroblasts into myofibroblasts, reduces
expression of type I collagen and a-SMA [64]. One of the
principal molecular responses to hypoxia is the increased
expression of the hypoxia-induced 1-alpha factor (HIF-
la). The activation of this protein triggers processes of
neoangiogenesis in the area of the surgical wound, leading
to revascularization and faster repair of tissues. Enhanced
tissue trophism directly influences fibroblast activity and
their synthetic capacity, leading to increased synthesis of
type I collagen and improved ECM strength [65].

Investigating the expression of DAMPs and HIF-1a
may allow for predicting the occurrence of IVH after
primary laparotomies. Studying the activity of these
compounds will help optimize surgical strategies for
the operative treatment of IVH and recurrent hernias by
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mitigating the impact of inflammation and hypoxia in the
intra- and postoperative periods.

m CONCLUSION

Over several decades, regenerative processes have
attracted active scientific interest. This area of studies
attained special significance in the investigation of
mechanisms of [VH formation. The analysis of molecular
and cellular processes of healing of the surgical wound may
allow for a more detailed insight in the reasons of formation
of secondary abdominal hernias. The mechanisms of
repair of connective tissue after laparotomy differ greatly

from other types of injuries and damage to the anterior
abdominal wall. The specifics of formation and structure of
ECM, collagen, fibroblasts, myofibroblasts, and the tissue
response to aseptic inflammation and hypoxia allow for
a completely new view of the process of IVH formation.
Biochemical reactions and intercellular interactions are no
less important for tissue healing than proper laparotomy
wound closure technique. It is now becoming evident that
understanding critical disturbances in physiological repair
processes opens up opportunities for the improvement of
early diagnosis, refinement of surgical correction, and
development of methods for recurrence prevention. »=
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Surgical treatment of patient with osteomyelitis
of the hip using preoperative 3D modeling
and “Autoplan” software suite

Igor V. Makarov, Sergei V. Ladonin, Darya A. Bondareva
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Abstract

The article presents a clinical case of treatment of a patient with chronic post-
traumatic osteomyelitis of the femur. A fundamentally important point was the
analysis of the CT scan results in the Autoplan hardware and software complex
(APC) system according to the developed method and the construction of a
3D model of the lower extremities. As a result, the osteomyelitis focus was
visualized. Based on the 3D model and using the intraoperative navigation

of the “Autoplan” software suite, the patient underwent a femoral sequester-
necrectomy. The assessment of the immediate and long-term treatment results
was carried out.

Keywords: osteomyelitis, 3D modeling, sequester-necrectomy, intraoperative
navigation.
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Xupypru4yeckoe ne4yeHume nauueHTa c OCTEOMUENIUTOM
6eApeHHOM KOCTU C UCNOJIb30BaHUEM
npenonepaunoHHoro 3D-MmoaenupoBaHus
W annapaTHO-NPOrpaMMHOro Komnsiekca «ABTomnjiaH»
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AHHOTaums

[IpencraBieH KIMHUYECKUH CIydai JedeHHs HalMeHTa C XPOHUIeCKUM
TIOCTTPaBMAaTUIECKUM OCTeOMHENINTOM GefjpeHHOMN KocTy. [IpuHIMNuansHo
Ba)KHBIM MOMEHTOM CTaJl aHanu3 pe3ynsratoB KT-nccienosanus B cucteMe
anmapaTHo-IporpamMmHoro komiuiekca (AIIK) «ABromrany 1o paspaboTaHHO-
My criocoby 1 octpoenue 3D-Mofienii HIDKHUX KOHeqHOCTel. B pe3ynbrare
ObIT BU3yaIM3UpOBaH o4ar ocTeoMuenuTa. Ha ocHoBe 3D-Monenu u MHTpa-

omneparonHoi HaBuranuu AIIK «ABTomian» manyueHTy ObUIa BBIIOIHEHA
CeKBeCTPHeKPAKTOMHUSI OeffpeHHOM KOCTH. [Ipon3BesieHa omleHKa OibKaImmx
Y OTZIaJIeHHBLIX Pe3yJbTaToB JIeUeHHsL.

KuroueBsble cioBa: ocreomuenut, 3D-MofenrpoBanie, CeKBeCTPHEKPIKTO-
M1, UHTPAOIIepaI[IOHHAs HABUTAIIHSL.
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m BACKGROUND
Osteomyelitis is a purulent-inflammatory disease
affecting all bone elements and adjacent soft-tissue
structures, leading to deformity and functional impairment
in organs and body systems [1-5]. Among all purulent and
septic diseases, osteomyelitis accounts for 6.8—-12%, and
in 3-5% cases, the disease is the cause of damage to the
locomotion apparatus [6].

Chronic osteomyelitis is considered an incurable disease
die to its severe and long-term progression, complicated
treatment and development of complications. Despite the
strong technological progress, implementation of new
pathogenic approaches towards treatment of the disease
with consideration of etiological factors, the outcomes of
treatment leave room for improvement. The recurrence
rate within one year is at least 30% of all post-surgery
patients, with 42.1% to 74.3% in remote periods. The
patients require multiple surgeries [5, 7]. The success of
treatment largely depends on the radicality of the operation
and adequate sanitation of the focus of the infection. Use of
preoperative 3D-modeling and intraoperative navigation is
highly instrumental in the efficacy of surgical treatment.

We propose a clinical study that enables evaluation
of surgical tactics and long-term outcomes of treatment
of the patient with osteomyelitis of the femur, in which
preoperative 3D-modeling and software and hardware
suite Autoplan were used.

m CASE DESCRIPTION

Patient M., aged 71, was admitted to the department
of surgery on March 25, 2024. The patient considers his
disease to date back to 2004, when in a traffic accident
he had a closed displaced fracture of the medium third of
the left femur. He underwent an intramedullary nailing.
One month after the operation, despite the marked
tendency for the fracture union, there appeared a fistula
opening on the left hip. Three months after the operation,
a follow-up X-ray examination was performed showing
consolidation of the fracture, and the nail was removed. In
2010, the patient underwent an operation for osteomyelitis

of the left femur, and sequestrectomy was performed,
following which clinical healing was reported with lack
of infection process in the injury area. In 2024, the fistula
reappeared. The patient himself put bandages using wet-
to-dry dressings with aqueous solutions of antiseptics
(Mestamidin, Chloroxehidine) and salve dressings
(Levomecol, Oflomelid), with no positive dynamics. The
patient received outpatient consultations of the surgeon
and was recommended planned surgical treatment.

On admission, the patient underwent a standard
examination including total blood count, clinical urine
analysis, blood coagulation test, biochemical blood
test, microbiology examination of the wound fluid for
susceptibility to antibiotics, as well as X-ray examination
of the right femur.

The examination found that the patient had multiple
postoperative scars on the hip, and on the anteriomedial
and lateral surface there were two fistula openings up to
1.0 cm in diameter with moderate purulent discharge (up
to 5 mL per day). The revision of the fistulas with a bulb-
headed probe, the end of the probe touched the femoral
bone. Both active and passive movement in the knee and
hip joint were preserved. Pulsation of the main arteries
was satisfactory; the sensitivity was preserved.

The microbiological examination of the wound fluid
identified Pseudomonas aeruginosa 105. Following the
antibiotic susceptibility pattern, the patient was prescribed
respective etiological antimicrobial therapy.

In the preoperative preparation phase, a CT scan of the
lower extremities was performed (Fig. 1). The series of
CT scans in the multi-plane and 3D projections periosteal
layering was observed in the lower third of the femoral
shaft, accompanied by focal disruption of the cortical
layer. In the upper and medium thirds, bone expansion
was visualized, the cortical layers were sclerotized
and deformed; there were areas of periosteal reaction
on the lateral surface of the femoral bone. The fistula
tract was identified at the level of the middle third of
the thigh, extending up to 20 mm to the lateral surface.
Additionally, formation of the fistula tract at the level

Figire 1. CT scan of the lower extremities, frontal projection. Arrows indicate the osteomyelitis focus.
PucyHok 1. KT HWKHUX koHe4YHocmel, ppoHmasbHas npoekuusi. Cmpesnkamu ykasaH o4az ocmeomuenuma.
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Figure 2. 3D model of the femur based on the CT scan. The osteomyelitis lesion is shown in green.
PucyHok 2. 3D-mo0enb 6edpeHHol kocmu Ha ocHoBe KT-ucciedoBaHus. 3esieHbiM U4BemoM 0603HaqYeH o4az ocmeomMuenuma.

of the lower third, extending to the medial surface of the
thigh, was noted.

Based on the CT examination, a 3D-model of the femoral
bone was built visualizing the focus of osteomyelitis!.
DICOM data was uploaded to Autoplan, and the
following transformations were performed: 1) alignment
of separate CT scan series to a unified coordinate system;
2) segmentation (marking) of boundaries of anatomical
structures on the images; 3) construction of three-
dimensional polygonal models based on the segmented
boundaries of anatomical structures (Fig. 2).

Figure 3. Combining the position of a virtual model of the
osteomyelitis focus with its real location into a single coordinate
system using the Autoplan APCS and a pointer with reflective
markers.

PucyHok 3. CoBMeujeHue nonoxeHusi BUupmyasnbsHol Modenu
o4aza ocmeomuesniuma c e2o peasibHbiM PacnoioXXeHUeM B eOUHYHo
cucmemy KoopouHam ¢ ucnosib3oBaHueM AlK «ABmonnaH»

U yKasku co cBemoompaxarowumMu Mapkepamu.

In order to reconstruct the shape of anatomical objects
between the visible scans, 2D and 3D interpolation
algorithms were used. 3D polygonal models of the finest
anatomical structures were constructed without smoothing,
while surface smoothing was applied to models of larger
anatomical structures. For each model, the color and
transparency degree were chosen to ensure the informative
value of the entire three-dimensional scene.

On the surgical field, prior to skin incision, anatomical
guides were chosen (in this case, the upper and the lower,
medial and distal edges of the kneecap, and femoral
condyles), on which the anchor points were marked
that were fixed on the virtual model using a special
pointer with light-reflective markers. At the same time,
the virtual model of the focus of osteomyelitis was
aligned with its actual position in this patient in the
single coordinate system. After that, it became possible
to visualize the virtual model of the hip bone with the
focus of osteomyelitis and the pointer on the screen in real
time. By moving the pointer in the points of the topical

Figure 4. Computed tomography of the femur with the focus
of osteomyelitis and the 3D model.

PucyHok 4. KomnstomepHas momMozpacpusi 6edpeHHol kocmu
€ o4yazoM ocmeomuenuma u 3D-moodensb.

1 Filing receipt No.2025107993 for the invention “Method of topical diagnostics and visualization of lesion of osseous tissue destruction in chronic osteomyelitis of long tubular bones”

dated 21.02.2025.
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Figure 5. Bone cavity after sanitation of the osteomyelitis focus.

PucyHok 5. KocmHasi nonocme nocie caHayuu o4yaza
ocmeomuenuma.

position of the focus of osteomyelitis and referring its
position with intact sections of the bone, the access to the
focus of pathology was selected, and its actual localization
was found during the surgery with consideration of the
patient’s individual anatomic features (Fig. 3, 4).

After delineating the osteomyelitic focus boundaries,
sequestrectomy of the femoral bone was performed. The
fistula opening on the anteromedial surface of the left thigh
was excised. Infected tissues and pathological granulations
were removed. The wound was closed with sutures.
Converging incisions up to 15 cm long, incorporating
excision of the fistula opening on the lateral surface of
the left thigh, were made to dissect the soft tissues down
to the bone. The eroded femoral bone was exposed. The
periosteum was elevated with a periosteal elevator. Using
a chisel and mallet, trepanation of the femoral bone was
performed along the entire extent of the lesion, guided by
the 3D model. A 15 cm long cavity was created (Fig. 5).
Curettage was performed with a Volkmann spoon until
punctate bleeding was achieved. Antiseptic lavage with
Mestamidin was performed, followed by plasty of the bone
cavity using a portion of the quadriceps femoris muscle on
a distal pedicle (Fig. 6). The wound was closed in layers.

The postoperative period had no complications. The
wound healed by primary intention. The stitches were
removed on day 8 after the surgery (Fig. 7). The patient
was discharged in a satisfactory condition to be followed
up by a surgeon in the local medical facility.

Follow-up examinations were performed in 1, 3, and
6 months from the operation. No wound defects, fistula
openings, pain at rest or in motion, no restrictions under
exercise were seen.

The quality of life was analyzed using the questionnaire
specifically developed for patients operated for chronic
osteomyelitis. It is an enhanced international questionnaire
to assess quality of life SF-36 (HEALTH STATUS
SURVEY). The changes were observed in the value of

80

Figure 6. Bone cavity closure with a pedicled muscle flap.

PucyHok 6. [Tnacmuka kocmHol nonocmu Melwyed
Ha numarowell HoXKe.

pain intensity: before the surgery, it was 38%, after the
surgery, 100%. This shows that the sensation of pain
was practically relieved and did not restrict the patient’s
activity. The value of vitality increased twofold. The
value of ‘social functioning’ domain increased from 62.5
to 95.5%, i.e. by 33%; therefore, the patients physical
and emotional condition had less limitations on their
capability and desire to communicate. The value on the
‘mental health’ domain increased by 56%, a significant
improvement of the patient’s mental status.

Figure 7. Photo of the lower limb of patient M., 71 years old, 8 days
after surgery.

PucyHok 7. ®omo HwkHell koHe4Hocmu nayueHma M., 71 200a, Ha
8 cymku nocne onepamuBHO20 BMewamesbCmBa.

www.innoscience.ru
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The physical and mental components of health status
were also calculated. Before the surgery, the physical
component was 36.1%, after the surgery, 55.6%: an
increase by 19.5%. The mental component of health status
before the surgery was 29.3%, after the surgery, 73.1%:
an increase by 43.8%.

m DISCUSSION

Treatment of patients with osteomyelitis of long tubular
bones is a most complex challenge of purulent surgery.
The problem of chronic osteomyelitis remains vital
not only due to difficulties of its diagnostics, treatment
and prevention, but also due to high costs of patient
treatment, long-term incapacity to work, high incidence
of disablement, which, according to Russian authors, is
55-65%, and, according to foreign authors, may reach
90% [8-10].

Sequestrectomy became the most significant of radical
surgical interventions in the treatment of osteomyelitis [11].

Currently, clinical practice places significant emphasis
on the application of a personalized approach, innovative
imaging modalities, and preoperative surgical planning.
One of perspective areas is the preoperative 3D-modeling
based on CT examination and intraoperative navigation

using the Autoplan' hardware and software complex
[12]. For the surgical treatment of osteomyelitis, this
method provides precise visualization of the pathological
focus, determination of its boundaries before and during
the surgery based on individual anthropometric data
of each patient [13, 14]. The use of the personalized
approach allows for reduction of surgery time, maximum
preservation of intact bone tissue, and the best aesthetic
outcome [15].

m CONCLUSION

The use of preoperative 3D-modeling and intraoperative
navigation with the Autoplan hardware and software
complex in sequesterectomy allows for a radical excision
of the focus of infection, preservation of a maximum
amount of healthy soft and bony tissue, and achievement
of osteomyelitis remission.

An individualized approach to the patient, accounting
for their anatomical specificities, combined with the
correctly chosen treatment strategy, yielded favorable
short- and long-term outcomes while preserving quality
of life. The 6-month postoperative follow-up of our
patient revealed improved quality of life and no disease
recurrence, confirming the high efficacy of the method. »=
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