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human fetus at 16-22 weeks of ontogenesis

Tatyana A. Vasileva, Elvira N. Galeeva, Victoriya A. Galiakbarova, Anastasiya A. Grigoreva
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Abstract

Aim — to obtain new data on the quantitative macromicroscopic anatomy of
the iliac-intestinal region in the intermediate fetal period of human ontogenesis
from the 16th to the 22nd week of development.

Material and methods. The study was performed on 30 subjects of both
sexes (18 female and 12 male fetuses) using the following methods: macro-
and microscopic preparation, N.I. Pirogov sawing, histotopographic method,
morphometry, and variation-statistical methods. All the morphometric data
obtained were subjected to variation-statistical processing in Windows XP-
based Excel 2010 and Statistics 13.0 application software packages. When
testing statistical hypotheses in this study, the critical level of statistical
significance (p) was assumed to be 0.05. The Student’s t-test was used to
assess the reliability. A set of tools for macromicroscopic preparation of the
fetus was used.

Results. During the period of development in question, the position of the
ileum has slight vertical deviations, which affects the formation and magnitude

of the angle between the ileum and the cecum, as well as between the ileum
and the ascending colon. The predominant shape of the cecum is cylindrical
(80%), less often conical (20%). There is an uneven growth of the walls of the
cecum, where the lateral wall prevails over the medial one, which is associated
with the formation of flap structures. The ileo-intestinal opening is oval in
shape, the frenules are weakly pronounced, with a more pronounced ileo-colon
lip. Semilunar folds are differentiated on the mucous membrane of the cecum
from 16-17 weeks, and a free muscle band is also determined. The omental and
mesenteric bands are not pronounced. There is no morphological boundary
between the appendix and the cecum. From 19-20 weeks, the presence of
1-2 gausters is noted. The quantitative parameters of the iliac-intestinal region
are characterized by a gradual twofold increase in values.

Keywords: ileocephalic intestine, cecum, human fetus, intermediate period,
ileocecal angle, vermiform process.
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AHaTOMMA NOAB340WHO-CNENOKULLIEYHOro otaena
KULWIEeYHUKa nnopa vyenoBeka Ha 16-22 Hepene oHTOreHesa

T.A. BacunbesBa, 3.H. NaneeBa, B.A. Nlannakb6apoBa, A.A. lpuropbeBa

@®re0Y BO «OpeHbyprckumin rocyaapCTBEHHbIM MEAMUNHCKUIA YHUBEpPCUTET» MuH3apasa Poccum
(OpeHbypr, Poccwiickas ®epnepauns)

AHHOTaUuA

Ilens — NOMyYUTH HOBBIE JAHHLIE TI0 KOJIMYEeCTBEHHON MaKPOMHKPOCKOIIH-
JeCKOH aHAaTOMHH IOIB3IOIIHO-CIIEIIOKHUIIIEYHOT0 OT/esIa B IPOMEXKYTOYHOM
IUIO/THOM IIepHOJie OHTOTeHe3a yestoBeKa C 16 1o 22 Hefelo pa3BUTHSL.
Marepuain u Meroasl. Vccienosanue BoinonHeHo Ha 30 o6bekTax 060ero
nona (18 monoB JkeHCKOro 1oJa, 12 — My>CKOT0) C UCIIONb30BaHUEM Me-
TOZIOB: MaKpO- ¥ MHUKPOCKOIIMYIECKOT0 IpertapupoBaHus, paciwioB 1o H.U.
[Nuporosy, rucroronorpapudeckoro, MOpGoMeTpHH, BapHAIIOHHO-CTaTH-
CTHYeCKUX MeTozoB. IlomydeHHEle MOpdOMeTprIecKre TaHHble ObUIH ITOA-
BEprHyTH! BAPHALIOHHO-CTaTHCTHIEeCKOH 06paboTtke B cpefie Windows-XP ¢
HCIIONIb30BaHKeM I1aKeTa NpHUKiIaaHbIx nporpamM Excel 2010 u «Crarucrika
13.0». Kputnieckuii ypoBeHb CTaTUCTUYECKOM 3HAYMMOCTH () TIPH ITPOBep-
Ke CTaTHCTUYEeCKUX TUIOTe3 B JAHHOM HCCIIeJOBAaHUH [IPUHUMAIIN PaBHBIM
0,05. 17 omeHKH JOCTOBEPHOCTH GBI UCIONIB30BaH KpUTepuii CThIONEHTa.
[TpumeHeH HabOp MHCTPYMEHTOB IJIsI MAKPOMHKPOCKOIIMIECKOTO IIPerapy-
POBaHUS IJIOJA.

Pesynbrarsl. B ykazaHHBII TepHOL Pa3BUTHS [IOJIOKEHE IIOB3I0NIHO-CIle-
MIOKMIIEYHOTO OT/eNIa IMeeT He3HAUUTeJIbHOe OTKJIOHEHHe I10 BePTHKAJIX, UTO
OKa3bIBaeT BIIMsHUe Ha GOPMUPOBAHYE U BEJIMIMHY YIJIa MeXAY ITOIB3IOMI-
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HOM KUIIIKOU U CJIETION, a TaKKe MeXX[Ty TTO/IB3I0IIHON KUIIIKOW U BOCXOIIIeN
ob6onouHoi. [Ipeobagaromieii GopMoii CIeroi KUIIKY SBIISeTCS IITHHIPU-
veckast (80%), pexxe — konycoBunHas (20%). OTMedaeTcs: HepaBHOMEPHBIN
POCT CTEHOK CJIeNo¥ KHIIKH, I7ie JaTepaibHas CTeHKa IpeobiajiaeT Haf Me-
JIVAJIBHOM, YTO CBSI3aHO C GOPMHUPOBAHUEM CTPYKTYP 3acioHKU. OTperierieHsl
MOZIB3J0IIHO-KHIIIeYHOe OTBEPCTHE OBaJIbHOM GopMBI, €1ab0 BbIpa)KeHHbIE
y3/1e4Kky, ¢ 6osiee BHIpaXKeHHOH MO/IB3[0IIHO-000/109HO-KUIIIeYHOM ry6oii. Ha
CITU3UCTON 060JI0UKe CIIenoi KUIkY ¢ 16—17 Hegenu puddepeHINpyOTCS
MIOJTYJTyHHBIEe CKJIQZIKHY, a TaKoKe oIpejiesisieTcsl CBOOOHAs MblIlIeYHasi JIeHTa.
CasnbHUKOBBIE ¥ GPBDKeevHbIH JIEHTHI He BEIpaskeHbL. Mopdororudeckas rpa-
HUIIA MeX/ly YepBe0Opa3HbIM OTPOCTKOM U CJIeNOM KUIIKOH oTCyTCTBYeT. Ha
19-20 Henerne orMedaeTcs Hamaue 1-2 raycrp. KomrdecrBeHHbIe mapamMeTph
T10/1B3/I0IIHO-CIIETIOKUIIIEYHOT0 OTZeN1a XapaKTepU3YIOTCs IIOCTelleHHbIM JIBY-
KpaTHbIM HapacTaHUeM 3HayeHUi.

KirroueBble cj10Ba: IOJB3/I0LIHO-CIIENIOKUIIIEYHBIHM OT/eN KUIlIeYHYKa, CIle-
T1ast KMIIKA, TJI0]] YelloBeKa, IPOMeKYTOYHOM I1eprojl, UileolleKasIbHbIN YIod,
YyepBeoOpa3HbIi OTPOCTOK.

KoH}auKT HHTEpecoB: He 3asBileH.
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m INTRODUCTION

he morphological basis for many pathologies of the

ileocecal intestinal region is established during prenatal
ontogenesis [1, 2]. Congenital intestinal malformations
(malrotation, intestinal volvulus, cecocolic intussusception,
intestinal obstruction, and atresias) account for 3-6% of
cases, with malformations of the colon being predominant.
Modern diagnostic techniques enable clear visualization of
the human fetal intestine and allow for early endoscopic
diagnosis in newborns and young children [3, 4].

The current scientific data mainly concern the formation
of components of the ileocecal intestinal region individually,
anatomy and morphometry of the cecum and the vermiform
appendix in the fetal period of development, as well as the
anatomy of the ileocecal angle in newborns, children, and
persons of advanced age. Studies comprehensively addressing
the anatomical features of the ileocecal intestinal region
during the fetal period of human ontogenesis are virtually
absent in scientific literature. Meanwhile, the processes of
its formation and migration, with the small intestine moving
(from right to left, behind the superior mesenteric artery)
and the large intestine moving (from left to right relative to
the same artery), collectively termed intestinal rotation, are
completed during the intermediate fetal period of ontogenesis
[5]. The gastrointestinal tract of the fetus, as the digestive
organ, starts functioning from 16™-20" week [6], which
opens an opportunity of prevention of many of its congenital
damages. It is known that the ileocecal region of the intestine
represents a transitional zone between the small and large
intestines, connecting the terminal segment of the ileum,
the cecum with its vermiform appendix, and the ileocecal
valve (Bauhin's valve), as well as the initial portion of the
ascending colon [7]. This region is frequently associated with
congenital developmental anomalies.

m AIM

To obtain new data on the quantitative macromicroscopic
anatomy of the iliac-intestinal region in the intermediate fetal
period of human ontogenesis from the 16th to the 22nd week
of development.

m MATERIAL AND METHODS

This study was conducted at the Department of Human
Anatomy, Orenburg State Medical University, from 2019 to
2024. An approval (No. 237, dated 16.10.2019) was obtained
from the Local Ethics Committee of OSMU. The research
utilized cadaveric material (human fetal torsos from the fetal
collection of the Department of Human Anatomy, OSMU)
obtained following termination of normally progressing

www.innoscience.ru

physiological pregnancies for social reasons, with full
compliance with all relevant deontological, ethical, and legal
standards.

The study was conducted on 30 specimens of both sexes
(18 female and 12 male fetuses). The specimens were divided
into 3 age groups: 16-17 weeks (n=10), 18-19 weeks (n=10),
and 20-22 weeks (n=10). The selected age range virtually
fully corresponds to the second trimester of pregnancy and
the intermediate fetal period of human ontogenesis.

The study utilized the following research methods:
macro- and microscopic dissection method, N.I. Pirogov's
sectioning method in three mutually perpendicular planes,
histotopographic method, morphometric method, and
variational-statistical methods of data processing (mean value
(X), standard error of the mean (Sx), standard deviation (o),
minimum parameter value (min), maximum parameter value
(max), growth rate (GR), growth increment rate (GIR), and
growth intensity (GI)).

The obtained morphometric data were processed in
Windows XP using the Excel 2010 and Statistica 13.3
software suites. Given the obtained normal distribution of
sample data, parametric methods were used for statistical
analysis. The critical level of statistical significance (p)
when testing statistical hypotheses in this study was set at
0.05. Student's t-test was used to assess reliability. The study
employed a set of tools and devices for macromicroscopic
dissection of fetal torsos (fetal torso dissection stand,
magnifying loupe and illuminated eyepieces, digital caliper,
set of microscopic instruments (microscissors, forceps,
scalpel, and bayonet medical probe)).

m RESULTS

During macroscopic examination of the ileocecal intestinal
region in fetuses with opened anterior abdominal wall, the
transition zone between the terminal ileum and cecum, the
cecum with its vermiform appendix, and the ileocecal orifice
were clearly identifiable (Fig. 1).

The position of the ileocecal region shows a slight
vertical deviation (with some lateral inclination). The area
of the ileocecal (cecocolic) angle is clearly identifiable for
macroscopic examination and measurements.

In most cases (80%), the ileum enters the cecal lumen
obliquely in a craniomedial direction, while in 20% of
observations the entry orientation is horizontal, forming a
90° angle. At the fundus region, the cecum continues into
the vermiform appendix either medially (75% of cases) or
laterally (15%), without a distinct demarcation boundary.

A firm contact is observed between the medial wall of the
cecum and the lateral wall of the ileum, forming the so-called
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ileocecal angle. This angle varies depending on the entry
pattern of the terminal ileum into the cecum. The cecum
and ascending colon follow a unidirectional axis deviated
medially from the vertical plane. In this configuration, the
ileum predominantly enters the medial wall of the cecum in
a horizontal orientation, forming a 90-115° angle between
the ileum and ascending colon, and a 27-40° ileocecal angle
between the ileum and cecum.

The cecum and ascending colon follow a shared axis
with slight lateral deviation from the vertical plane (the
cecum deviates laterally), while the terminal ileum enters
the cecum in a craniomedial oblique orientation through the
posteromedial wall of the cecal body. This configuration
forms a 70-80° angle between the ileum and ascending colon,
and a 30-60° angle between the cecum and ileum.

In the fetuses of 16-17 weeks, the cecum appears as an
outpouching of the intestinal tube with a cylindrical shape.
It is located in the right iliac region of the fetus, between
the iliopsoas muscle and anterior abdominal wall. The cecal
axis continues the axis of the ascending colon. Between
16-22 weeks, the cecum adjoins the anterior surface of the
ileum with its medial or posterior wall. In most observations,
it shares a common mesentery with the ileum. The cecum
is positioned slightly below the right fetal kidney, with its
lateral or posterior wall contacting the medial portion of the
anterior surface of the kidney.

During these ontogenetic periods, the shape of the cecum
holds particular significance. At 16-22 weeks of the study
period, the cecum appears as a moderately distended segment
of the proximal colon, featuring a formed fundus and a
small-sized body. By mid and late observations, the cecum
becomes a well-defined structure, predominantly cylindrical
in shape (80%), less commonly conical (20%) with a slightly
expanded sac-like fundus. It is located in the right iliac
fossa of the fetus. From 16-22 weeks of development, the
cecum demonstrates a body with medial, lateral, anterior
and posterior walls, along with a fundus (dome). During
the study period, the cecal fundus was positioned cranially
(ventrolaterally and ventromedially) in most cases (75%), or
caudally (15%) (ventrolaterally and ventromedially).

The length of the cecum (from the end of the ascending
colon to the orifice of the vermiform appendix) changes
during the observation period from 1.0-1.50 mm (mean values
1.16£0.25 mm) to 3.0-3.60 mm (mean values 3.24+0.27
mm), with a growth rate of 2.1 times and GI of 82%. The
width of the cecum changes accordingly from 0.50-0.70 mm
(mean values 0.62+0.09 mm) to 2.0-2.60 mm (mean values
2.35+0.24 mm) with a growth rate of 2.1 times and GI of
135%. The conducted morphometric studies and compared
parameters are statistically significant at p<0.05. No gender
differences were identified.

During the observation period, as the fetus grows, uneven
growth of the cecal walls is observed, with the lateral wall
predominating over the medial wall. This is due to the
medial wall being occupied by the upper and lower lips of
the Bauhin's valve. It should be noted that from 16-17 weeks,
semilunar folds begin to differentiate on the cecal mucosa,
and a free taenia is identified on the posteromedial wall
of the cecum. The omental and mesenteric taeniae are not
pronounced. In the cecal wall at 19-20 weeks of development,
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Figure 1. Photo of a macro-preparation of the ileum-intestinal tract
of the human fetus. Front view. x7 magnification. Fetal age:

18-19 weeks, sex: male. 1 —ascending colon; 2 — dome of the
cecum; 3 —ileocecal angle; 4 — ileum; 5 — tip of the appendix;

6 — third curl of the appendix; 7 — first curl of the appendix.

PucyHok 1. ®omo Makponpenapama nooB300WHO-
c/lenokuwe4yHo20 omaoena KulleyHuka nioda Yyenoseka. Buo
cnepedu. YBenu4yeHo B 7 pas. Bo3pacm nnoda 1819 Hederb,

non Myxckod. 1 — Bocxodsiwasi 060004Hast Kuwka; 2 — Kynosn
cnenol KUWKU; 3 — uneoyekasnbHbll y2os; 4 — n00B300WHAs KUWKA;
5 — Bepxywka YepBeobpa3Ho2o ompocmka; 6 — mpemud 3aBUMOK
4YepBeobpa3Hoz20 ompocmka; 7 — nepBbIl 3aBUMOK YepBeobpasHo20
ompocmka.

1-2 haustra are observed. During the studied developmental
period, the zone where the terminal ileum enters the cecum is
identified slightly above the origin (orifice) of the vermiform
appendix.

Dissection of the anterior surface of the cecum reveals its
weakly folded wall, ileocolic lip (superior lip), and ileocecal
lip (inferior lip), which occupy approximately two-thirds of
the cecal body cavity volume and are located 3.0-5.0 mm
from its fundus. The wall thickness in the cecal dome region
measures 0.30-0.40 mm at 16-17 weeks, 0.4-0.60 mm at 18-
19 weeks, and 0.50-0.60 mm at 20-22 weeks. The cecal wall
thickness in the region of the Bauhin’s valve measures 0.10-
0.15 mm at 16-17 weeks, 0.15-0.17 mm at 18-19 weeks, and
0.17-0.20 mm at 20-22 weeks. The conducted morphometric
studies and compared parameters are statistically significant
at p<0.05.

On the medial wall of the cecal body lies the zone of
shared ileal and cecal wall. This connection is located within
the cecal wall and is not detectable upon dissection since it
does not protrude into the lumen. The shared ileal-cecal wall
zone forms through the union of the terminal lateral wall
of the ileum with the medial wall of the cecum, visualized
macroscopically as an extension of the ileocecal (inferior)
lip of Bauhin’s valve.

The ileum enters either the medial or anterior wall of
the cecum. At the beginning of the study period, the ileum
primarily enters the posterior wall of the cecum, while in later
observation periods it is found to enter either the medial wall
or a posteromedial portion of the cecal wall.

The structural feature of the ileocecal angle is the presence
of: the ileal orifice, frenula of the ileal orifice, ileocolic lip
(superior lip), and ileocecal lip (inferior lip) - collectively
termed the ileocecal valve or Bauhin’s valve (Figure 2).

Upon dissection of the anterior wall of the cecum, the
terminal portion of the ileum is identified, protruding into
the cecal lumen. The oval shape of the valve is characterized
by the longer dimension of the ileocolic lip (superior lip).

www.innoscience.ru
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Figure 2. Photo of the macro-preparation of the iliac-intestinal
valve (bauhin’s valve) of the fetus. x5 magnification. Front view (the
anterior wall of the cecum is opened). Fetal age: 18-19 weeks, sex:
male. 1 —ileum; 2 — vermiform appendix; 3 — mucous membrane of
the cecum; 4 — upper lip of the ileocecal valve (bauhin’s valve);

5 — lower lip of the ileocecal valve (bauhin’s valve); 6 — frenulum

of the upper lip of the ileocecal valve; 7 — frenulum of the lower

lip of the ileocecal valve.

PucyHok 2. ®omo Makponpenapama nodB300WHO-
C/1lenoKuwe4yHoeo KnanaHa (bayeuHueBol 3ac/ioHKu) niooda.

Buo cnepedu (Bckpbima nepedHsisi cmeHKa cienoli KUWKU).
YBenuyeHo B 5 pa3. Bospacm nnoda 18-19 Hedenb, non Myxckol.
1 — nooB3dowHas Kuwka; 2 — 4yepBeobpasHbili 0mpoCcmok;

3 — cnuducmas obonoyka cnenol KUWKU; 4 — BepxHsisi 2yba
uneoyekanbHo20 KnanaHa (bayauHueBol 3aC/IOHKU); 5 — HWKHSIS
eyba uneouekanbHo20 KnanaHa (bayauHueBol 3aC/IOHKU);

6 — y30euka BepxHell 2ybbl UneoyeKasbHO20 KnanaHa;

7 — y30eyKa HwkHell 2ybbl uneoyekanbHo20 KianaHa.

Between the two lips lies an oval-shaped orifice. The frenula
are visualized but weakly developed.

The quantitative characteristics of the ileocecal valve
structural elements are as follows: the length of the superior
lip ranges from 0.50-1.10 mm to 1.50-2.0 mm. The length
of the inferior lip ranges from 0.50-0.90 mm to 1.30-1.60
mm. The length of the superior lip frenulum ranges from
0.30-0.50 mm to 0.70-1.0 mm. The length of the inferior lip
frenulum ranges from 0.30-0.50 mm to 0.70-1.0 mm. The
conducted morphometric studies and compared parameters
are statistically significant at p<0.05.

The lateral (right) frenulum is narrower and extends from
the ileocecal valve along the inner surface of the right wall
of the large intestine. The medial (left) frenulum (fold of the
large intestine) extends leftward from Bauhin’s valve and is
somewhat wider than the lateral one. The frenula are integral
components of Bauhin’s valve and connect it to the wall of
the large intestine. The two lips and two frenula constitute a
unified anatomical structure - the ileocecal valve. Both the
wall of the small intestine and the wall of the large intestine
participate in the formation of the ileocecal valve lips, with
each lip having both small and large intestinal aspects that
transition into one another along the free edge of the lip. The
superior lip of the ileocecal valve serves as a direct continuation
of the lateral frenulum, while the inferior lip represents an
extension of the shared ileal-cecal wall zone. Thus, a portion
of the ileum resides within the cecum. The lateral cecal wall
is free-standing, constituting the terminal segment of the small
intestine that continues into the superior lip of the Bauhin’s
valve. The medial cecal wall forms the shared ileal-cecal wall
zone, transitioning directly into the inferior lip of the ileocecal
valve. The morphological boundary between the cecum and
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Figure 3. Anatomy of the ileocecal intestine on the sagittal sections
of the fetal torso. Sagittal sawing of the fetal torso, right view. x2
magnification. Photos from the macro preparation. Protocol No. 143,
fetal age: 18-19 weeks, sex: female. 1 — right lobe of the liver;

2 — right kidney; 3 — dome of the cecum; 4 — tip of the appendix;

5 — loops of the small intestine.

PucyHok 3. AHamomusi NnodB300WHO-C/IenoKUWe4YHo20 omoena
KulWeyHuKa Ha cazummaJibHbIX pacnuiax mopca nooa.
CazummanbHbIill pacnun mopca nsioda, Buo cnpasa. YBesnu4yeHo
B 2 pasa. Pomo ¢ makponpenapama. [Tpomokon Nel43, Bosapacm
nnoda 18-19 Hedenb, non xeHckull. 1 — npaBas dosns ne4yeHu;

2 — npaBasi noyka; 3 — Kynos ciienol KUWKU; 4 — BepXyuwkKa
YepBeobpasHo20 ompocmkKa; 5 — nemsau moHKoU KUWKU.

ascending colon is demarcated by the zone of the superior and
inferior lips of the Bauhin’s valve of the fetus.

At 16-22 weeks of gestation, the cecal cavity reveals a
relatively wide orifice of the vermiform appendix leading
into its lumen, with no apparent appendiceal valve detected.
During this ontogenetic period, the vermiform appendix is
already a well-formed organ possessing a rounded lumen.
It is located in the right iliac fossa and along the iliac crest,
extending continuously without external demarcation from
the posteromedial surface of the cecal fundus (Figure 3).

Macroscopic examination of the fetal vermiform appendix
reveals distinct proximal and distal ends. In the vast majority
of cases (87%), the elongated appendix exhibits a tubular
shape with variable diameter along its length (Figure 4).

The proximal end of the appendix originates as a
continuation of the cecum, featuring a broad base, while the
apical portion of the distal end is rounded and club-shaped.
During weeks 16-22 of intermediate fetal development, the
vermiform appendix demonstrates a tendency for spiral
coiling and three-tiered folding, typically forming no more
than three loops/sections of varying length and width.

The proximal, middle, and distal loops of the vermiform
appendix initially occupy a more medial position and are
anteriorly covered by small intestinal loops. By mid and late
observation periods, the boundaries extend somewhat laterally
and leftward, where the middle and distal appendiceal loops
are found directly posterior to the anterior abdominal wall.

Throughout the observation period, various positions of
the vermiform appendix are observed. At the beginning of the
observation period (16-17 weeks of ontogenesis), ascending
(cranial) position is typically found in 50% of cases,
descending (caudal) position in 25%, medial position in 17%,
and lateral position in 8%. Anterior position of the vermiform
appendix was classified as a variant of lateral position. By

87


http://www.innoscience.ru

AHATOMWA YENOBEKA

Tom 10 (2) 2025

HayKa n MHHoOBauun B MmeguuunHe

Figure 4. Photo of a macro-preparation of the position of the ileum-
intestinal tract in the abdominal cavity of a human fetus. Photos from
the macro preparation. x3 magnification. Protocol No. 186, fetal age:
18-19 weeks, sex: female. 1 — right lobe of the liver; 2 — loops of the
small intestine; 3 — dome of the cecum; 4 — appendix;

5 — ascending colon; 6 — hepatic bend of the colon; 7 — transverse
colon; 8 — descending colon.

PucyHok 4. ®omo Makponpenapama nosioKeHusi N0OB300WHO-
crenokKuwe4YHo20 omaoena KuweyHuka B 6ptowHol nosiocmu

nnoda 4Yenoseka. Pomo ¢ Makponpenapama. YenedeHo B 3 pasa.
lMNpomokon Nel86, Boapacm nnoda 18-19 Hedenb, non keHckul. 1 —
npaBsasi 00/1s1 neveHu; 2 — nemnau moHKol KUuWKu; 3 — Kynosa cnenol
KUwKu; 4 — YepBeobpasHblli ompocmok; 5 — Bocxodsiujast 060004Has
Kuwka; 6 — ned4eHo4HbIl u3a2ub 060004HOU KUWKU,; 7 — nonepeyHas
060004Has Kuwka; 8 — HUcxooswas 060004Has KULIKA.

mid-observation (18-19 weeks of intermediate ontogenesis),
medial position is observed in 45% of cases, ascending
(cranial) position in 36%, descending (caudal) position in
25%, anterolateral position in 10%, and descending (caudal)
orientation in 9%. At the end of the observation period (20-22
weeks of ontogenesis), we identified the following positional
variations of the vermiform appendix: anterolateral position
was observed in 38% of cases, ascending and descending
positions were equally represented in 25%, and medial
position of the fetal vermiform appendix was found in 12.5%.

The first (proximal) loop constitutes the segment extending
from the cecal wall to the first bend, the second (middle) loop
spans between the first and second bends of the appendix,
while the third (distal/terminal/end) loop represents the
section from the second bend to the apex of the vermiform
appendix.

In the majority of observations (88%), the loops were
compactly folded in a ring-like configuration and positioned
in the space between the cecal segment and the terminal
portion of the ileum. The second and third loops are most
readily visualized. In 12% of observations, an unfolded form
of the vermiform appendix occurs, where the loop segments
align linearly.

It was observed that the loops of the human fetal
vermiform appendix vary in length throughout their course.
By week 22, the third loop shows a slight predominance in
length compared to the first. The longitudinal growth of the
appendix occurs primarily through elongation of the middle
and terminal loops. At the beginning of the observation
period (16-17 weeks), the third loop is shorter than the first
and second. By the end of the study period (20-22 weeks),
the third loop demonstrates a modest length advantage over
the first. The loop dimensions change dynamically during the
observation period, increasing to the following ranges: first
loop 5.16-6.09 mm, second loop 4.56-8.60 mm, and third
loop 4.05-7.82 mm. No gender differences were identified.
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Figure 5. Anatomy of the ileocecal angle of the human fetus. Photo
histotopogram for MBS-10 (sagittal section). VVan Gieson staining.
2x14 magnification. Protocol No. 200, fetal age: 22 weeks, sex:
female. 1 — ileocecal angle; 2 — right kidney; 3 — right adrenal gland;
4 — liver; 5 — transverse colon; 6 — descending colon; 7 — loop of the
small intestine.

PucyHok 5. AHamomus uneouyekanbHO20 yana nioda YeroBeka.
®omo zucmomonozpamMmbl nod MBC-10 (cazummarbHsbil cpes).
Okpacka no BaH 'uzoHy. YBenu4yeHue 06. 2, ok. 14. [lpomokon
Ne200, Bo3pacm nnoda 22 Hedenu, Non XeHcKull.

1 — uneouekanbHeill y2on; 2 — npaBasi no4ka; 3 — npasbil
Haodno4YeyHuK; 4 — nedeHb; 5 — nonepevHasl 060004HasH KUWLKA;

6 — Hucxooswas 060004Hast KUWKa; 7 — nemisi MoHKOU KUWKU.

The transverse dimensions of the appendix coils at 16—
22 weeks of intermediate ontogenesis exhibit uneven values
throughout their length. The dimensions of the third coil are
smaller than those of the first and second. The transverse
dimensions of the coils range from 1.62 mm to 3.26 mm for
the first, 1.17 mm to 1.87 mm for the second, and 1.23 mm
to 1.72 mm for the third. No sex differences were identified.

Histotopograms of different section planes (sagittal,
frontal, and horizontal) allow for clear detailing of the
anatomical features of the cecum and vermiform appendix
in the human fetus (Figure 5).

The weakly folded wall, smooth mucosa of the cecum,
and occasional semilunar folds are identified, along with the
protruding ileocecal valve. The wall thickness can be measured
both at the dome of the cecum and at the Bauhin’s valve.

m DISCUSSION

The study provides a morphological description and
details the anatomy of the ileocecal region of the human
fetus at 16-22 weeks of ontogenesis. It presents quantitative
and morphofunctional characteristics of each structural
component, which represents a novel contribution, as this
topic is scarcely covered in the scientific literature. Only
fragmentary data exist regarding the development of this
specific region [8-10].

The differences in the macro-microscopic anatomy of
the fetal ileocecal region are manifested in the shape of the
cecum, the junction of the terminal ileum with the cecum,
the morphology of the Bauhin’s valve, and the quantitative
parameters of the distance from the superior lip of the
Bauhin’s valve to the orifice of the vermiform appendix.
The establishment of definitive anatomy and the transition
to postnatal structural features of the ileocecal region
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occur after 24 weeks of ontogenesis. This is crucial for
understanding the pathogenesis of congenital malformations
in this area [11].

Current literature indicates that the formation of the
ileocecal angle occurs during midgut transformation through
a 270° rotation, with differentiation of the ileocecal valve
culminating in angle stabilization and reflux prevention by
13-20 weeks. During the studied period, the angle of ileal
entry into the cecum is acute. Our findings differ from some
researchers' conclusions. Specifically, P.L.. Moore (2013)
reports final angle stabilization by week 16 [12], whereas our
results indicate a later timeframe - week 24. We also observed
a wider range of ileocecal angle variations compared to
classical studies.

The study by M.A. Malas et al. (2004) reported that
between 13-16 weeks the angle measures 60° (range 50-
70°), increases to 85-95° by 17-24 weeks, and the cecum
becomes fixed in the iliac fossa [13]. By 25-38 weeks, the
angle stabilizes (90-100°) and vascularization of the area is
completed. In our study, during 16-22 weeks of ontogenesis,
we observed an increase in the ileocecal angle from 27°
to 60°, reflecting dynamic changes and the establishment
of colonic anatomy. These findings should be considered
during endoscopic evaluation of the colon in newborns, as
F.F. Antonenko et al. (2022) suggest that one contributing
factor to cecocolic intussusception in infants may be an
obtuse ileocecal angle, along with an elongated, downward-
projecting cecal dome and lack of fixation in the iliac
fossa [1]. Meanwhile, it is known that abnormalities of the
ileocecal angle (angle <60°) can lead to intestinal obstruction
in newborns. Early diagnosis of such conditions is possible
through ultrasound screening at 16-22 weeks of development.
In our study, we determined the range of angle variation
between the ileum and ascending colon in fetuses at 16-22
weeks of development (ranging from 70° to 115°), which
represents a novel finding not previously reported in the
scientific literature.

We established that at 16-17 weeks of fetal development,
the cecum exhibits a cylindrical shape with its length
exceeding its width. Throughout the study period, both
length and width of the cecum demonstrate a uniform two-
fold increase, with more intensive growth observed in width.
During fetal development, we noted asymmetrical growth of
the cecal walls - the lateral wall develops more prominently
than the medial wall. This pattern can be explained by the fact
that the medial wall is occupied by the superior and inferior
lips of the ileocecal valve. Our findings are consistent with
the data reported by Yu.T. Akhtemiychuk et al. (2006) [2].

It was determined that even in the early stages of the
study period, the semilunar folds of the cecal mucosa are
clearly differentiated, and the free taenia is present. The
omental and mesocolic taeniae remain undeveloped, as
their differentiation begins later, at approximately 21-22
weeks of development. According to literature sources,
this process is associated with the embryogenesis of the
small and large intestine, where the proximal segments of
the large intestine (cecum, ascending colon) develop more
slowly than the distal segments, as well as with fetal liver
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characteristics, as it occupies most of the abdominal cavity
during this period. With the expansion of the abdominal
cavity and closure of the physiological umbilical hernia,
intestinal rotation occurs, after which the ileocecal angle
becomes localized in the right iliac fossa and begins its
intensive growth.

Our findings demonstrate that haustration begins at
19-20 weeks of prenatal ontogenesis, with approximately
1-2 haustra present throughout the entire cecal surface. In
contrast, haustration of the descending colon and sigmoid
colon begins earlier, with 7-15 haustra developing in these
segments. M.A. Malas et al. observed that haustra and
taeniae coli development initiates in the ascending colon
and progresses toward the sigmoid colon [13]. According
to these authors, the development of haustra and muscular
bands progresses slowly during the first trimester of
pregnancy, becoming more intensive during the second
trimester. The mucosal thickness in both ascending and
descending colon shows significant increase by mid-second
trimester. C. Bardwell et al. (2022) reported that the length
of both small and large intestine increases linearly with
fetal age [14].

Our investigations revealed that during this developmental
period, the following structures are clearly identifiable: the
ileal orifice, the frenula of the ileal orifice, the ileocolic
lip (superior lip), and the ileocecal lip (inferior lip). Both
lips correspond to mucosal folds that traverse the walls of
the cecum. The oval-shaped orifice is situated between the
superior and inferior lips.

The fetal vermiform appendix represents a relatively
long structure characterized by variable shape and
position. During the studied developmental period,
various anatomical positions of the appendix are being
established [15-19]. Literature indicates that the ascending
or descending position of the appendix in fetuses is not
related to its topographic proximity to the terminal ileum.
Spiralization of the appendix occurs when positioned
posterior to the ileocecal junction [19-23]. We established
that the vermiform appendix tends to spiralize, displaying
three well-defined coils and transitioning into the cecum
without a distinct boundary. Dissection specimens reveal its
orifice and the absence of a valve. Valve formation occurs
at later developmental stages, which aligns with data from
A.A. Pujari et al., who report that in most newborns, a
mucosal fold (appendiceal valve, Gerlach's valve) is
observed near the appendiceal orifice [11].

m CONCLUSION

The study yielded new data on the anatomy of the fetal
ileocecal region at 16-22 weeks of development.

Since the ileocecal angle forms through complex
interactions during embryonic intestinal loop rotation, its
anatomical and morphological characteristics approach
postnatal features by week 22. This finding has significant
implications for understanding the pathogenesis of congenital
malformations and their correction. The obtained data may
prove valuable for endoscopic specialists, neonatologists,
and pediatric surgeons [24]. »=
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Abstract

This review discusses the role of membrane components in the initiation and
progression of endometrial cancer. Cancer cells that are the substrate of the
tumor growth are subject to multiple interactions both among themselves and
with the tumor microenvironment. The cell membrane of tumor cells undergoes
changes, resulting in simplified antigenic structure and the expression of
molecules found in embryonic tissues, changes in the intercellular contacts
that maintain epithelial homeostasis. Dense contacts form the basis for the
preservation of normal endometrial histological organization. These changes
also affect intercellular contacts, leading to the alteration of mechanical
properties and invasive growth of tumor cells. In addition, components of
dense contacts are participants of intracellular signal transduction pathways.
The review highlights the potential role of claudin proteins, specifically in
tight junctions and intracellular signaling, as promising targets for further
study. Epithelial-mesenchymal transformation (EMT) represented in normal
tissues in processes of reparation, plays a significant role in endometrial cancer
progression, and the altered characterization of E-cadherin and p-catenin

is important in understanding EMT’s role in the disease. Researchers are
focusing on the E-cadherin as a component of oncogene activation pathways.
Hyperestrogenemia (high serum estrogen levels) is known to underlie Type I
endometrial adenocarcinoma. Additionally, estrogen receptors and claudins
are implicated in intracellular signaling activating cell proliferation both in
the norm and in the course of disease. Recent research also involved other
molecules serving as targets for estrogens, e.g. claudin proteins. Change
of clausin expression profiles mediated by sex hormones manifest both in
suppression and replacement of one protein with another. Further study of
cell membrane-associated markers has the potential to provide insights into
tumor biology and aid in the development of new therapeutic approaches for
endometrial cancer.

Keywords: endometrial cancer, cell membrane structures, cancer initiation,
cancer progression, cell junction, claudins, E-cadherin, B-catenin, intracellular
signalling, hyperestrogenemia.
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Ponib MeMO6paHHbIX KOMMOHEHTOB B MHULIMALIUU
U Nporpeccuu onyxosieBoro pocra nNpu pake aHAOMeTpuUs

WU.B. AtapxaHnoB! 2, O.H. N'ycbkoBal 3, B.I". LLlecTtakoBa*

IOMBE0Y BO «TBepckor rocynapCTBeHHbI MegmumMHCKUin yHusepeuteT» MuHsgpasa Poccun,
(Teepb, Poccuitckas denepaums)
2I'BY3 «TBepckon obnacTHoOM oHkonornyeckuin gucnaHcep» (Teepb, Poccuitickas Pegepauus)
3PBIN'Y3 MCH Ne57 dMBA Poccun (PegkmHo, TBepckas obnactb, Poccuiickas ®enepaums)

AHHOTauuA

B HaACTOsIIeM 0630[)8 MBI IpeJIIPUHSIIN IIOHbITKy CHUCTeMaTU3HUpOoBaTh 3Ha-
yeHue M€M6paHHbIX KOMIIOHEHTOB B MHUITHAIIUU U IIPOTPeCCrUr OHyXOHeBOFO
pocra npu pake sH1oMeTpust. Kitetku, cocrasiisiioriye CyGeTpar oIy XoJIeBoro
pocCTa, IoaABep>XeHbl MHO)KECTBy BSaHMOHeﬁCTBHﬁ KaK Me)KI[y COﬁOﬁ, TaK U
C Ol'IyXOJ'[eBbIM MHKpOOpr}KeHI/IeM. Ha6mo;1aeTcst ynpomeHHe AHTUTeHHOU
CTPYKTYPBbI KJIETOYHON MeMOpaHBI OITyX0JIEBbIX KJIETOK, SKCIIPECCHSI MOJIEKYI,
XapaKTepHBIX B TOM YHCJIe It BMGPHOHHHBHHX TKaHeﬁ, H3MeHeHHe CBOUCTB
MeXXKJIETOYHBIX KOHTAKTOB, ITOAAePKUBAIOIINX SIUTEJIMAJILHBIA TOMeOoCTas.
HHOTHLIE KOHTAKTBI COCTABJIAIOT OCHOBy COXpaHeHUs1 HOpMaHbHOﬁ THUCTO-
APXUTEKTOHUKH. HSMEHQHI/IH HUux CBOf[CTB, BbIpa’XeHHbIe B 3aMeHe OJHHUX

92

KOMIIOHEHTOB IDYyTHUMH, OIIpeflelItOT MeXaHuYeckre CBOMCTBA OIyXOJIeBbIX
KJIETOK, /i1l KOTOPBIX XapaKTepHbl MHBAa3UBHbIA POCT U MeTacTa3UpOBaHUe.
IToMrMO 3TOrO, KOMIIOHEHTHI IUIOTHBIX KOHTAKTOB SIBJISIFOTCSl Y4aCTHUKaMU
BHYTPHKIJIETOYHBIX ITyTell Nlepesiauu curHana. [lepcriekTUBHBIMHY, Ha Halll
B3IJISA]], BBINISIAST MCCIIeIOBaHUs POJIU GeJIKOB-KJIay[IUHOB, SIBJISIOIIUXCS
KOMIIOHEHTaMH IUIOTHBIX COeflMHeHUH. B 3ToM 0630pe MBI cobpaiu uMero-
1IMecs: CBeJleHHs O KJIay[lMHax Kak O KOMIIOHEHTax KJIeTOYHBIX KOHTAKTOB
Y y4aCTHUKaX BHYTPUKIIETOYHOM CUTHanu3anuu. B marorenese sHuoMe-
TPHUAJILHOTO paKa HeMaJloBaXKHOW XapaKTepUCTUKOM SIBIISIeTCS 3MUTeNrallb-
HO-Me3eHXHUMaJbHas TpaHcopmanus (OMT), mupoko npescraBiieHHas B
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HOpMaJIbHBIX TKaHSIX B IIpOIleccax, CBSI3aHHbIX C pernapanueil. Mamenenue
XapakTepuCTuK E-kanrepusa u f-KaTeHWHa He MOIVIO ObITh He pACCMOTPEHO
B paMkax obcyxnenus poimi OMT B mporpeccuu paka sunoMerpust. Kpome
TOTO, MCCIIe[loBaTelIu BCe Oonblle 06palaloT BHUMaHye Ha E-Ka/irepuH Kak
KOMIIOHEHT ITyTell aKTHUBAI[UM OHKOI'eHOB. MI3BeCTHO, 4TO B OCHOBe 3H/IOMe-
TPUAJILHOTO paKa | THIa JIeXXuT runepscTporeHeMust (BbICOKHE ChIBOPOTOY-
Hble YPOBH 3CTPOreHoB). PenienTopsl acTporeHa, 6eccriopHo, BKIIIOYEHBl BO
BHYTPHUKJIETOYHYIO CUTHA/IM3alMIO, aKTUBUPYIOIIYO ITPOIHepaliio KJIeTOK
B HOpMe U narosoruy. Kpome Toro, HeflaBHUe MCCIle[JOBAaHUS yKa3bIBalOT HA
JIpyTye TapreTHble JUIsl 3CTPOTeHOB MOJIeKyIIbl. TakoBBIMU SIBIISIFOTCS KJIay/iu-

Hbl. M3MeHeHme npoduiel SKCIIpeccry KIIAyIMHOB I10]] BJIMSIHHEM ITOJIOBBIX
TOPMOHOB BBIPAXXAIOTCS KaK B CHIDKEHHH, TaK U B 3aMellleHHH OIHOTo Oesika
npyruM. HecomHeHHo, nanbHelIee n3yyeHre MapKepoB, aCCOITMMPOBAHHBIX
C KJIETOYHOM MeMOpaHOM, MOXeT yTOYHUTH OUOIOTHYeCcKre CBOMCTBA OITyX0-
JIM ¥ CITY)KUTh OCHOBOM MOWCKA TapreTHBIX MOJIEKYII JUIsl pa3paboTKU HOBBIX
IyTel Teparyy paka SHIOMeTpHs.

KirroueBble c10Ba: pak SH0MeTpysl; MeMOpaHHbIe KOMITIOHEHTB!; MHUIUAIIS;
MIPOTPeccHsl; KJIeTOYHbIe KOHTAKTHI; KJIay[IMHbL; E-Ka/irepys; f-KaTeHVH; Ty TH
BHYTPHUKJIETOYHOM CUTHA/IM3AIUH; TUIIeP3CTPOreHeMHus.
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m BACKGROUND
In 2023, in the Russian Federation there were 29,233

registered cases of endometrial cancer. According to the
evaluation of the P.A. Herzen Moscow Scientific and Research
Oncological Institute, it amounts to 8.0% of the total malignant
tumor rate in Russian women. Endometrial cancer accounts for
37.34 cases per 100,000 population, and the average annual
increase rate is 1.89%. Mortality from uterine malignant
neoplasms, excluding cervical cancer, increases with age,
starting from the age group of 25-29 years and reaching its
maximum in the age group of 65-69 years at 6.59% [1]. In
recent years, there has been some decrease in the overall
mortality rate from endometrial carcinoma (EC) [2].

Following the pathogenetic criteria, there are two
types of EC. Type I EC develops against a background of
hyperestrogenemia (approx. 80% cases). It is preceded
by atypical glandular hyperplasia of the endometrium
/ endometriosis intra-epithelial neoplasia. Type II EC
develops against a background of endometrial atrophy in
the absence of hyperestrogenemia, includes serous-papillary
and clear cell types, and is more aggressive and estrogen-
independent. Surgery remains the main method of treatment
of uterine malignant neoplasms. In addition to hysterectomy,
neoadjuvant chemotherapy is used, and approaches to targeted
therapy based on tumor heterogeneity are being developed.
There is evidence, based on tumor genome analysis (The
Cancer Genome Atlas, TCGA), indicating heterogeneity in
the genetic characteristics of endometrial carcinoma. The
analysis identified the following molecular and genetic
subtypes of EC: Group 1, POLE-ultramutated EC, associated
with a favorable prognosis; Group 2, EC with microsatellite
instability (MSI), showing intermediate prognosis; Group
3, EC with low copy-number alterations, also associated
with intermediate prognosis; Group 4, EC with high copy-
number alterations and TP53 mutations, associated with poor
prognosis [3].

Considering the foregoing, there is practical interest in
looking for targets to develop targeted therapy of endometrial
adenocarcinoma.

www.innoscience.ru

The tumor consists of several key components, including
the tumor parenchyma itself, its microenvironment (the
stroma, immune system cells, and tissues providing trophic
support and drainage for the tumor substrate, blood and
lymphatic vessels). Most targeted therapy drugs under
development focus on direct and/or indirect effects on tumor-
specific biomarkers.

The cells comprising the substrate of the tumor growth are
subject to a multitude of interactions between one another and
their microenvironment. Such interactions are often corrupt
making the tissue differentiation go back to the early stages
of ontogenesis. Along with a simplification of the antigen
structure of the cell membrane of the tumor cells, molecules
are expressed that are characteristic for embryonal tissue.
Interactions of cells with one another are also of importance,
since they support the epithelial homeostasis.

This review is an attempt at systematizing the existing data
on the changes in the structure of intercellular interaction
(junctions) and cell interaction with their environment
matrix, and their role in the pathogenesis of the endometrial
carcinoma.

m STRUCTURE AND FUNCTION
OF MEMBRANE COMPONENTS IN
NORMAL ENDOMETRIUM AND DURING
PHYSIOLOGICAL REGENERATION

Cell Junctions

The primary participants in cellular interactions within
tissues are intercellular junctions. These consist of protein
molecules with distinct characteristics, each performing a
specific function. Intercellular junctions connect cells to
one another to maintain cellular polarity, stability, and the
integrity of glandular structures. By preserving the polarity
of the cell layer, intercellular junctions play a crucial role in
regulating their mobility relative to the basement membrane.

Tight junctions, hemidesmosoma
Tight junctions are located in the uppermost part of
the lateral cell membrane of two adjacent cells, thereby
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regulating intercellular transport between cells (gate
function) and maintaining apicobasal polarity (fence
function). Tricellular tight junctions (tTJs) are formed in
the intercellular contacts of three neighboring cells near
their apical surfaces and are seen in polarized epithelia [4].
Tight junctions consist of three main membrane proteins:
occludins, claudins, and adherens junctions molecules.
The claudins are likely crucial in the protective and barrier
functions of the junctions, intercellular differentiation, and
support of epithelial polarity.

The hemidemosoma connect the intracellular filaments
with the basal plate. Tricellulin (TRIC) was the first identified
molecular component of tricellular tight junctions, and
the Angulin-1/LSR, the novel integral membrane protein
localized at tricellular tight junctions (tTJs).

Claudin proteins

Claudins (claudin-1, -2, -3, -4, -5, -7) are synthesized
in endometrial epithelial cells and serve as components of
tight junctions. Their secretion normally increases during the
secretory phase of the endometrium.

E-cadherin and p-catenin are synthesized on the lateral
membrane of glandular epithelial cells during the proliferative
and early secretory phases, with protein synthesis decreasing
during the secretory phase. E-cadherin represents one of the
key epithelial adhesion molecules that plays a critical role
in maintaining both cellular polarity and suppression of
epithelial-mesenchymal transition (EMT) processes.

Adherens junctions

Adherens junctions and desmosomes interconnect
adjacent cells. While adherens junctions are associated
with intracellular actin bundles, desmosomes are linked to
intermediate filaments.

Gap junctions

Gap junctions are intercellular membrane channels that
directly connect the cytoplasm of adjacent cells, enabling the
exchange of ions, second messengers, and small metabolites.
Each gap junction channel consists of two hemichannels
(connexons), with each hemichannel composed of six protein
subunits (connexins).

The proteins of gap junctions are connexins Cx26,
Cx32, Cx43. The increase of connexin Cx26 synthesis is
seen in the epithelial cells of the endometrium during the
proliferative phase, but the synthesis stops in the secretory
phase [5]. Unlike tight and adherens junctions, the gap
junctions are present in the stromal cells of the endometrium.
These channels consist of the Cx43 protein. Similar to other
connexins of the endometrium, the level of the Cx43 in the
stromal cells of the endometrium also decreases during the
secretory phase [6].

Normal EMT

The epithelial-mesenchymal transition (EMT) process is
an important property of a healthy endometrium securing its
physiological function. The EMT processes are well studies
in the embryonal development, at the same time, there appear
numerous proof of importance of these processes for the
phenotypical and functional flexibility of the endometrium
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vital for the successful decidualization, regeneration and
reepithelization, and embryo implantation [7].

Contact inhibition

Epithelial homeostasis is maintained through cellular
polarity and cell density. Disruptions of these processes lead
to malignant transformation of normal epithelia. Epithelial
cells exhibit contact inhibition, a mechanism that arrests cell
division and motility. Here, “cell motility” refers to the ability
of individual cells to lose apicobasal polarity, undergo genetic
rearrangements that drive cytoskeletal reorganization, and
acquire an invasive phenotype [8]. It ensures tissue reparation
in the process of normal physiological processes and in the
response to damage.

m ENDOMETRIUM FUNCTION IN
MALIGNANT TRANSFORMATIONS

Molecular mechanisms of malignant transformation
of epithelia include the PAR3 (partitioning defective),
TGF-p (tumor-growth factor) and Hippo-signal pathways.
The mutations of the KRAS protooncogene are found in
almost 25% of adenocarcinomas including the endometrial
carcinoma and endometriosis (adenomyosis).

Alterations in tumor cell motility in endometrial carcinoma
have been extensively studied using the Sawano cell line. This
line was established from uterine endometrial adenocarcinoma
and carries a heterozygous KRAS G13D mutation with wild-
type BRaf. Sawano cells exhibit high horizontal motility at low
cell density, while at high cell density, their growth and motility
are temporarily arrested due to contact inhibition. Under high-
density conditions, this cell line initiated multilayered growth.
Furthermore, in the presence of MAPK (mitogen-activated
protein kinase) inhibitors, the cells maintained a highly
differentiated state [9].

It is worthwhile focusing on these factors and analyze the
structure of tricellular junctions. We have identified claudin
proteins, occluding and adherens junctions as the main
contributors to tight junctions. The transmembrane protein
Angulin-1, a component of tTJs, is to be focused on.

Tricellular tight junctions, macropinocytosis,
Angulin-1/LSR

Current evidence indicates tumor progression in colorectal
cancer, pancreatic cancer, and lung adenocarcinoma cell
lines, mediated through EGF-dependent claudin-2 and TGF-
(-dependent angulin-1/LSR pathways [10, 11].

In the tissues of the endometrioid endometrial carcinoma,
as well as in the endometriosis tissues, the angulin-1/LSR
is located not only in the subapical zone but on the lateral
surface of the membrane as well. There is evidence as to
simultaneous decrease of expression of this protein with the
growth of malignancy potential of endometrial carcinoma.
The decreased expression of the angulin-1/LSR is seen
in phases G2 and G3 of the cellular cycle in the cells of
the endometrioid endometrial carcinoma, and the TRiC
(T-complex protein Ring Complex) decreases as early as in
G1 phase.

The apoptosis-stimulating protein of p53-2 (ASPP2) is an
inducer of apoptosis that functions through binding with p53
and the epithelial polarity factor PAR3. ASPP2 suppression
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promotes cell migration and invasion, downregulates LSR
expression, and upregulates phosphorylated YAP as well as
claudin-1, -4, and -7 expression with comparable efficiency
to LSR loss [12].

The PARD3 gene belongs to the par-3 family acting as
regulators of cell polarity. The adaptor protein plays a crucial
role in regulating asymmetric cell division and polarization
processes in epithelial cells. Evidence suggests it serves as a
key component of epithelial tight junctions [13]. In a study
utilizing small interfering RNAs (siRNAs), J. Peng et al.
(2021) demonstrated that transfection of HEC-1A cells with
si-Par3 resulted in tight junction shortening, which enhanced
tumor cell migration and invasion.

Using the Sawano EEC cell line, the authors also
demonstrated impaired epithelial barrier function along with
increased tumor cell proliferation, migration, and invasion
[14].

T. Kohno, T. Kojima (2022) performed studies
demonstrating the LSR ligand role in the regulation of
cellular motility through atypical macropinocytosys [9].
Macropinocytosis is an actin-driven process of nonspecific
uptake of micrometer-sized (visible by light microscopy)
extracellular droplets. This process has been described in
mammalian cells, among others [16]. Macropinocytosis serves
as an important mechanism for nonspecific internalization of
extracellular components [17]. In the recent years, additional
functions of macropinocytosys were identified, such as
intracellular drug introduction pathway, bacterial and viral
infection, and nutrient consumption pathway by tumor cells.
The LSR ligand is a fragment of the C-terminal peptide of
the B-subunit of the Clostridium perfringens -toxin. In the
Sawano and HPAC cell lines, the LSR downregulates the
expression on of the latter and causes the barrier function to
decrease resulting in an increased malignant transformation
of the cells. In a monolayer of Sawano cells with a preserved
mechanism of contact inhibition in the conditions of high
cell density, the introduction of the LSR ligand leads to a
transient fast enhancement of the horizontal motility of the
cells. This process requires micropinocytosis initiated by
the emergence of a gap between neighboring cells. LSR-
ligand-driven pinocytosis does not occur neither in the
apical nor in the basal membranes. Besides, in the course of
accumulation of the macropinosomas there was not observed
a significant accumulation of actine filaments. In the presence
of the quinolinic inhibitor Racl (NSC23766) or in the cells
expressing the dominant-suppressed Racl, LSR-ligand-
driven macropinocytosis is suppressed. The activity of Rac
is required to activate the JNK (c-Jun N-terminal kinase)
and instrumental in the subsequent enhancement of cell
motility. In the Sawano cells, stimulation with the LSR ligand
enhances cell motility through JNK activation. The JNK
inhibitors, or silencing of the JNK gene not only suppresses
the cell motility but also inhibits macropinocytosis [15].

EMT, loss of E-cadhedrin
Transforming growth factor (TGF)-p is a pleiotropic
cytokine regulating the growth, differentiation, apoptosis,

migration, cell adhesion and immune response. TGF-p
activates the Smad-signal pathway through two its receptors
on the cell membrane (TPRII and ALK5/TBRI), resulting
in the Smad-mediated transcription regulation [18]. The
analysis of potential candidates of prognostic factors of
clinical outcomes demonstrates a correlation between the
expression of TGF-p and its receptor and survivability in
endometrial cancer. It was shown that the high expression of
TGF-p and its receptor TGFB1 correlates with a low overall
survival [19]. K. Horiguchi et al. (2009) showed that TGF-p
induces transcription of Snail through KRas-signaling, which
results in the epithelial-mesenchymal transformation in the
pancreatic carcinoma cells Panc-1 and HeLa cells [20].
This indicates, in the first place, a correlation of the Ras-
signal pathway, Hedhehog-pathway and EMT; in the second
place, it sheds some light on the dual role of TGF-p in the
carcinogenesis.

LEF-1 is a component of the TCF/LEF-1, the factor
associated with some types of malignant neoplasms,
specifically, colorectal cancer [21]. In the endometrium,
the LEF-1 is expressed in the norm!. In mouse experiments,
D.N. Shelton et al. (2012) demonstrated that the expression
profiles of LEF-1 and Cyclin D1—a known proliferation
marker and target of the Wnt/B-catenin/LEF-1 signaling
pathway—coincided and peaked during proestrus (equivalent
to the human endometrial proliferative phase and ovarian
follicular phase), corresponding to conditions of elevated
estradiol (E2) levels [22].

Epithelial cell adhesion molecule (EpCAM) is a membrane
protein known to function as an mediator in the intercellular
interaction and cell and intercellular matrix interaction. The
current data as to the role of EpCAM hyperexpression are
contradictory: on the one hand, EpCAM is supporting the
normal histoarchitecture of epithelia, on the other hand, the
adherens molecule might activate the intracellular pathways
promoting cell invasion [23, 24]. Y.T. Hsu et al. (2016) report
that the EpCAM integral protein is split into the extra- and
intracellular domains (EpEX and EpICD, respectively) when
induced by activated EGFR. The EpICD, subjected to nuclear
translocation, together with the LEF-1 acts as activator of
transcription of target genes responsible for epithelial-
mesenchymal transformation [25].

G-protein-coupled receptor 64 (GPR64) is a member of
the GPCR family. GPR64 was identified as the target gene of
the p-catenin/T-cell factor (TCF) in the ovarian endometrioid
adenocarcinoma. It was shown that the downregulated
expression of GPR64 together with the deletion of the GPR64
gene increases the malignant potential of the tumor and
upregulates the processes of cell proliferation, migration and
invasion; GPR64 regulates expression of Cx43 and activity of
AMP-activated protein kinase (AMPK) in the endometrium
cancer cells [26].

The Hippo-signal pathway is an important contributor
to the maintenance of cellular polarity and density of the
cell layer; the inactivation of the pathway may result in
the increase of cell proliferation and decrease of apoptosis
this leading to the tumor genesis and progression [27].

1The Human Protein Atlas [Internet]. Tissue expression of LEF1. Staining in endometrium. 2000 [cited 2025 Feb 12]; [about 2 p.].

Available from https://www.proteinatlas.org/ENSG00000138795-LEF 1/tissue/endometrium
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The nuclear component of this signaling pathway is also
regulated by multiple other pathways. Inactivation of the
Hippo signaling pathway triggers activation of its primary
effector oncogenes, YAP/TAZ, which in turn promote
tumor invasion, migration, and proliferation in endometrial
cancer [28]. YAP/TAZ are transcriptional coactivators that
move between the cytoplasm and the nucleus, where they
recognize the cis-regulatory elements and interact with other
transcription factors, specifically, with members of the TEA
domain family (TEAD). Emerging evidence clarifies the
crosstalk between the Wnt-signaling pathway that governs
(-catenin accumulation and activity (canonical pathway) and
the transcriptional coactivator TAZ [29, 30].

Various signaling pathways, including Wnt/f-catenin-
and Notch-pathways, induce the EMT and downregulate
the expression of E-cadhedrin. The experiment on the HEC-
1A, HEC-1B, KLE cell lines of the endometrial carcinoma
showed that the knockdown of the fibulin-4 gene may bring
about the activation of the Wnt-pathway and promote the
EMT. Upregulation of the fibulin-4 expression may suppress
the Wnt-pathway and prevent the EMT, but this question calls
for further research [31, 32]. In the HeLa cervical cancer
cells, the overexpression of EFEMP1 (EGF-containing
fibulin-like extracellular matrix protein 1), also known as
fibulin-3, results in the enhancement of angiogenesis and
progression of tumor growth through the VEGF-pathway
[33]. Besides, EMP undergoes regression under the influence
of other inhibitors of the Wnt-signaling pathway.

The Hedhehog-signaling pathway ensures the proper
cell differentiation in the embryo. Its disruptions in the
embryogenesis account for the teratogenic effect. Its role
in the adult organism however is completely opposite: the
activation of the Hedhehog-pathway has proven relation
with the development of malignant neoplasms of the brain,
lungs, mammary glands, prostate, and skin. The activation of
the Hedgehog-signaling pathway results in the upregulation
of expression of the Snail protein and downregulation of
E-cadhedrin and tight junctions [34].

Claudin proteins

The family of claudin proteins is an integral part of tight
junctions. Claudins are considered to be instrumental in the
processes of maintenance of cell polarity, cell monolayer and
EMT regulation, since their loss promotes destruction of cell
junctions. Abnormal expression of claudin proteins affects
cancer progression in several ways: firstly, changes in claudin
expression lead to disruption and leakage of tight junctions,
which promotes tumor metastasis and invasion; secondly, loss
of cell polarity increases the delivery of nutrients and growth
factors to the tumor and enhances the invasive potential of
tumor cells; thirdly, reduced intercellular adhesion increases
the risk of metastasis and promotes tumor invasion [35].

In endometrial adenocarcinoma, overexpression of
claudins-3 and -4 directly correlates with tumor grade. A
significant increase in levels of claudins-1, -3, -4, and -7
compared to normal endometrial cells is observed in serous-
papillary endometrial carcinoma, the most aggressive variant
of type II estrogen-independent endometrial carcinoma.
These tumor cells show decreased synthesis of claudins-2
and -5 [36].
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The abnormal expression of the claudin-6 protein may
result in disruption of integrity of tight junctions through
various mechanisms; it is a factor in the tumor genesis and
progression [37]. Available data indicate that claudin-6 is
normally expressed in embryonic tissues of the stomach,
lungs, and kidneys, but is not detected in healthy adult human
tissues. [38, 39]. Other research, however, does not prove
this thesis, and the mechanisms of claudin-6 expression
regulation remain understudies and contradictory [40].

Claudin-6 is known to be expressed in various tumors
and to play an important role in the tumor growth genesis
and progression. Increased expression of claudin-6 has been
demonstrated in endometrial carcinoma. Knockdown of the
CLDNG6 gene may suppress proliferation and migration of the
HEC-1-B endometrial carcinoma cell line through the PIZK/
Akt/mTOR signaling pathway [41].

In epidemiological studies, C. Zhang et al. (2021)
demonstrated that high claudin-6 expression serves as
an independent prognostic factor for worse recurrence-
free survival in endometrial cancer within the following
clinical subgroups: age over 60 years; body weight over 80
kg; body mass index above 30; FIGO Grade IB or higher;
postmenopausal status; large residual tumor after neoadjuvant
chemoradiotherapy [42].

The influence of sex hormones on the expression of tight
junction proteins, including claudins, is of interest. Thus,
M. Someya et al. (2013) report that estradiol (E2) induces
overexpression of claudin-3 and -4. Effects opposite to those
described, i.e., a decrease in conditional ‘pro-oncogenic’
claudins, are mediated by progesterone (P4) stimulation.
Barrier and fence functions in Sawano endometrial cancer
cells were reduced under high-dose E2 exposure. These results
indicate an increase in claudin-3 and -4 that do not fulfill tight
junction functions under E2 influence in the pathogenesis of
endometrial adenocarcinoma [41]. The question of biphasic
effect of estradiol on claudin-4 expression remains debated
[43, 44]. The biphasic effect of estradiol, within the scope of
influence on the expression of tight junction proteins under
consideration, is manifested in the increased expression of
claudin-4 mediated by low doses of E2 and its suppression
by high doses of estradiol.

It is necessary to explain the differences between the barrier
and fence functions of tight junctions. The barrier function
is defined by the ability of tight junctions to regulate the
diffusion of soluble substances through intercellular spaces.
Examples include hormones such as the aforementioned
E2 and P4. The fence function of tight junctions consists
in their ability to prevent mixing of molecules from the
apical membrane domain with molecules of the lateral cell
membrane surface.

The increased expression of claudin-3 induced by E2
is suppressed by the MAPK pathway inhibitor U0126. A
decrease in claudin-4 expression is also observed under
conditions of inhibited intracellular signaling through both
the MAPK pathway and Hedgehog pathway (inhibitor:
cyclopamine).

It has been established that estrogens regulate claudin-6
expression at the transcriptional level through estrogen
receptor beta (ER-p). ER-f activation can trigger tumor cell
autophagy via claudin-6 overexpression and inhibit migration
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Figure 1. Relation of membrane structures to intracellular signaling pathways complicit in the malignant transformation of endometrial glands.
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and invasion in breast cancer cells. There are other claudin
family proteins whose expression is altered by sex hormones
(Fig. 1).

Connexin proteins

Disruption of gap junction contacts, or aberrant connexin
expression, represents one of the key mechanisms in
carcinogenesis. In endometrial carcinoma cells with
hyperplasia, the synthesis of Cx26 and Cx32 proteins, as well
as Cx43 in endometrial stromal cells, is reduced, leading to
impaired gap junction intercellular communication. Studies
indicate that dysregulation of gap junction intercellular
communication may occur at relatively early stages of
endometrial carcinogenesis. The correlation between
reduced connexin synthesis and cancer progression is
supported by the fact that estrogen receptor-alpha activation,
a major etiological factor in endometrial hyperplasia
and adenocarcinoma development, disrupts gap junction
communication and downregulates expression of connexins
Cx26 and Cx32 in endometrial carcinoma cells [45].

m CONCLUSION

The classical understanding of endometrial cancer
pathogenesis describes it as a condition arising from
abnormally high proliferative activity of glandular structures
under the influence of external and internal factors. The
primary contributing factors include sex hormones, directly
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affecting cellular metabolism in cells expressing nuclear
estrogen and progesterone receptors. Another significant
factor of excessive proliferation is local hypoxia. It occurs
in various pathological processes, such as inflammation, local
and systemic circulatory disorders, and impaired nutrient
utilization, which force cells to switch to anaerobic glycolysis
and beta-oxidation of lipids, which in turn become major
sources of free radicals in cells.

In addition to the aforementioned factors, attention should
be paid to the intrinsic properties of epithelial cells that
contribute to maintaining normal histoarchitecture. We have
attempted to compile data on the relationship between widely
expressed molecular components supporting homeostasis,
such as EGFR, and minor specialized components involved
in maintaining cellular polarity and monolayer organization.

Identification of molecular disorders occurring in the
tumor cells allows clarification of biological properties of the
tumor, their role and place in the tumor growth pathogenesis
and prognostic significance. While some molecules acts as
potential malignancy markers, others may indicate degree of
malignity, serve as outcome predictors or as direct targets for
targeted treatment with drug.

For the diagnosis of endometrial cancer, the following
markers are clinically significant in practice: tumor
suppression markers (p53), differential diagnostic markers
for determining histogenesis (p16), tumor receptor profile
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markers, tumor proliferative potential markers, and specific
antigen markers.

Intercellular contacts mediate interactions between tumor
cells and their microenvironment. We have attempted to
summarize available data on tumor cell interactions with the
external environment and metabolic changes that enhance
proliferation, invasion, and metastatic potential.

Development of classification of endometrial carcinoma
based on the alteration of cellular junction protein alterations
might be an interesting task in the study of this pathology.
There exist epidemiological data, albeit unsystematized,
that indicate differences in the survival of patients with
endometrial cancer and various profiles of claudim cadhedrin
proteins and other cellular adhesion molecule expression.

We believe that an association exists between altered
E-cadherin expression patterns in tumor cells in EEC and
increased cellular motility. In our opinion, such patterns are

to include loss of E-cadhedrin expression near the apical
membrane and its preservation only along the basolateral
surface of the cells undergoing malignant transformation.
Considering the important role of EMT in carcinogenesis in
EEC it might be allowed that the combination of E-cadhedrin
loss near the apical membrane and the aberrations in
claudin expression (replacement of one claudin type with
another, loss of claudins normal for the type of tissue) are
to be considered molecular pattern of a risk of malignant
transformation. It is suggested that data on alterations in the
structure and function of intercellular junctions will have
the highest clinical relevance when examining diagnostic
specimens (scrapings). Further detailed investigation of the
clinicopathological role of intercellular junction molecules
will help clarify the biological properties of tumors and
facilitate the development of drugs targeting this aspect of
tumor growth. =
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Microscopic features of chronic cheilitis
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Abstract

Aim - to evaluate morphological changes of the lip mucosa in chronic cheilitis:
the condition of the epithelium, the microcirculation and the inflammatory
infiltration of the intrinsic lamina of the mucosa.

Material and methods. A retrospective analysis was performed of medical
records, biopsy specimens and archive histological material after lip resection
in patients with the diagnosis of chronic cheilitis (Tver Regional Clinical
Oncological Dispensary). The sample consisted of 46 patients aged 34—72
years (19 women and 27 men). After the microscopic examination, two groups
have been formed: Group A, instances of chronic inflammation of the lip
without signs of epithelial dysplasia (n=24), Group B, instances with low-
and high-grade dysplasia in the squamous epithelium (n=22). Changes in the
epithelium, severity of hyperplasia, stratification, degree of epithelial cells
maturation, karyopycnotic index, and character of inflammatory infiltrate and
vascularization of intrinsic lamina of the mucosa were evaluated. Microscopic
examination was performed using an Olympus CX-41 light microscope with
a digital camera. Specialized software suite Video Test-Morphology 5.2 was
used to study 10 fields of view of the microscope (x40 lens magnification,
x10 eyepiece) in every specimen: diameter, number of blood vessels and
stromal and angiomatous components ratio measured per 1 mm2. The data
was statistically processed using SPSS 22.0 suite.

Results. Elderly men predominated in both groups. A comparative analysis
of changes in the squamous epithelium, inflammatory reaction, and the nature

of vascularization of the proper mucosa plate was performed. According to
the results of morphometry, it was found that in patients of Group B the
number of vessels per unit area was significantly higher than in Group
A. Microscopic features of reactive changes in the epithelium and proper
plate of the mucous membrane of the red border of the lips predisposing
to malignant transformation were found. In chronic cheilitis with epithelial
dysplasia, an uneven arrangement of vascular loops with alternating sections
of hypovascularized stroma and foci of increased vascularization of the proper
mucosa plate due to the accumulation of small capillaries was noted, which
can be recommended as a morphological sign of an unfavorable prognosis of
the inflammatory process of the red lip rim.

Conclusion. In the differential diagnosis of lip diseases, pathologists should
note the nature and severity of microcirculatory changes and inflammatory
infiltration in the mucous membrane at the conclusion of the pathology study,
along with the characteristics of squamous epithelium dysplasia, and clinicians
should consider these morphological data when choosing treatment tactics
for patients.

Keywords: red lip border, potentially malignant lip diseases, dysplasia,
microcirculation, cheilitis.
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Mukpockonu4yeckue ocobeHHoCTH
XPOHUYECKUX XennNToB

C.H. le6enes, A.®. ConHbiwkuHa, O.H. N'ycbkoBa, H0.B. Jlebepnesa, [1.B. Mapky,
0O.H. CkapsikuHa, WU.C. JleGepeB

Prb0Y BO «Teepckoi rocynapCTBEHHbIN MeauuMHCKuii yHmeepcuTeT» (Teepb, Poccuitickas Pepepauns)

AHHOTaUuA

Iensb — oneHUTh MOPdOIOrNUECKre U3MeHeHHUs CITU3UCTON 0DO0JI0UKY I'yOb
IIpU XPOHUYIECKUX XeUJIUTaxX: COCTOSHUE TIOKPOBHOTI'O 3IIUTeJINs, OCO6eHHO-
CTH Bacxynﬂpuaaupm U BOCITaJIUTEJIbHOU peaknun COGCTBQHHOﬁ TIJIAaCTUHKH
CJIU3UCTOM.

Marepuan u Meropbl. [IpoBefieHO peTpoCIIeKTHBHOe MCCIIeIOBAHKE C aHa-
JIN30M HCTOpP[ﬁ 60H€3HI/I, ITIPOTOKOJIOB MMPUXXW3HEHHOI'O I1aTOJIOrOAHaTOMUYe-
CKOI'O UCCITIeIOBAaHUS YU apXHUBHOT'O I'MCTOJIOTMYECKOT0 MaTepHasla IallieHTOB
TBepckoro 061IaCTHOTO KJIMHUYECKOTO OHKOJIOTMYeCKOTO JIUCIIAHCepa MoCie
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pe3eKIMU I'yObl C IMarHo30M «XPOHUYEeCKUI XeluTy». Beibopky cocraBuim
46 manuenToB B Bo3pacte 34—72 net (19 sxenmuH u 27 Myxuus). Kimau-
JecKHe HabIIoeHu s 10C/e MUKPOCKOITMYeCKOro MCCTIe/I0BaHUs PasleIiIn
Ha JIBe IpyIIbl: A — KIMHAYeCKHe HaOJIroleH!sl XPOHUYeCKOro BOCIaIeHUs!
ry6s! 6e3 IPU3HAKOB TUCILIA3UH NTOKPOBHOTO anuTenus (n=24), b - ¢ guc-
IJIACTUYECKUMU U3MEeHEeHUSIMU MHOT'OCJIOWHOTO IJIOCKOTO 3ITUTeJINs HU3KOM
Y BBICOKOM cTenieHt (n=22). OrjeHuBaIM U3MeHeHUsl SIUTeIMajIbHOIO IUIacTa,
BBIPQ)XEHHOCTb T'MIIepIUIa3uy, KJIeTOYHBIN COCTaB, CTelleHb CO3pPeBaHMUsl 3ITHU-
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TEJIMOIUTOB, KAPUOITMKHOTHIECKUH UHIEKC, 0COOEHHOCTH BOCIAIMTEILHOTO
HMHOWIETPATa U BaCKYJIIPU3alMH COOCTBEHHOH IUTACTHHKY CIIM3UCTOH. MUKpO-
CKOIIMYeCKoe MCCIIeJOBaHKe IIPOBOMIMIIN C IIOMOIILIO CBETOBOTO MHUKPOCKOIIA
Olympus CX-41 ¢ mudpoBoit ¢potokamepoit. B crieliuaan3rpoBaHHOM MPO-
rpaMMHOM obecriedennn «Bumeo Tect-Mopdomorus 5.2» B KaX/10M Ipernapare
n3ydany 10 mosneit 3penust Mukpockomna (06. 40, ok. 10): u3mepsuu nuamerp,
KOJIMYEeCTBO, YHUCIIEHHYIO IUIOTHOCTh COCYZIOB X COOTHOIIEHHe CTPOMAIBHOTO
Y aHTHOMATO3HOTO KOMIIOHEHTOB C IlepecdeToM Ha 1 Mxm? rutommany. JlaHHbIe
CTaTHCTHYeCKy 06paboTaHe! ¢ IpuMeHeHeM nporpamMmel SPSS, Bepcus 22,0.
Pesynbrarsl. B 06erx BbIIeneHHBIX IPYIIIAX Ipeobiagany IOXKUIbIe My>XIu-
Hel. [IpoBenieH cpaBHUTENIBHBIN aHAIN3 N3MeHeHHH TOKPOBHOTO MHOTOCIIOH-
HOTO IIJIOCKOTO 3IUTEJIHS, BOCIIAIMTEIbHOM PeakIliY 1 XapaKTepa BaCKYJISIpH-
3aluy COOCTBEHHOM IUIACTUHKY CITM3UCTOH. I1o pesynsraram MopdoMeTpuu
YCTaHOBJIEHO, YTO y IAIMEeHTOB IPYIIIEL b urciio cocynoB B evHMUIIe IUIOIanH
6LIIO 10CTOBEpPHO Goublile, YeM B rpymie A. BIBIeHbB MUKPOCKOIIMYIeCKYe
0COGEHHOCTHY PEaKTUBHLIX U3MeHeHHH SIIUTeNust U COOCTBEeHHOMN IIACTHHKU
CIIM3UCTON KpaCHOW KalMbI I'y0, Tpefipaciiosyiaraioiye K 3JI0KkaueCTBeHHON

TpaHchopManuu. I1py XpoHUYecKUX XeWInuTax C AUCIIa3uell TOKPOBHOIO
SMUTEJUS] OTMeYeHO HepaBHOMepHOe paCIoyIoXeHHe COCYIUCTHIX I1eTellb C
yepeJJOBAHMEM y4aCTKOB I'MIIOBACKYJISIPU30BaHHON CTPOMBI U O4aroB ycuile-
HUS BaCKyJ/IIpU3allii COOCTBEHHOM IIaCTUHKY CJIM3UCTOM 3a CYET CKOIIeHHs
MeJIKUX KallWISIPOB, 4YTO MOXXHO DeKOMeHZIOBaTh B KauecTBe MOpPQOJIOTH-
YeCcKoro IprU3HaKa HeOIaronprsSTHOrO IIPOTrHO3a TeYeH!s! BOCIIAJIUTEILHOTO
Tporecca KpacHOM KaiMebl ry0.

3axiawuenue. [Ipu nuddepeHnnanbHON TUArHOCTHKe 3ab0JIeBaHUit T'y0
BpaJaM-I1aToJI0roaHaToOMaM B 3aKJIFOYeHUH [IaTOJIOT0aHATOMUYEeCKOT0 Ccile-
JIOBaHUS Hapsly C yKa3aHHWeM XapaKTepUCTUKU JUCIUIa3Ud MHOTOCJIOMHOTO
TIJIOCKOTO 3IUTeNIHS ClleflyeT OTMe4aTh XapaKTep U CTelleHb BbIPa>KeHHOCTU
MUKPOIMPKYJISITOPHBIX U3MeHeHUH U BOCIAIUTeIbHOU MHWIBTPAllUY B CIIU-
3UCTOM 060JI0UKe, @ BpauaM-KJIMHUILMCTaM YYUTHIBaTb 3TH MOpPdOoIoruyeckue
JITaHHbIe [IPY BBIOOpe TaKTUKU JIedeHuUs OOJTbHBIX.

KiroueBble ciioBa: KpacHasl KaliMa ry6, oTeHIIMaJIbHO 3JI0Ka4yeCTBEeHHbIe
3abosneBanus ry6, UCILUIA3Usl, MUKPOLUPKYJISIINSL, XeHITUTHIL.
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m INTRODUCTION

heilitis is a significant issue in modern dentistry that

encompasses not only medical but also social aspects.
There are few studies dedicated to cheilitis in the scientific
literature, and the data presented in them are contradictory.
According to medical periodicals, the prevalence of specific
types of cheilitis among various population groups varies
widely, ranging from 6.8% to 25.0%. The incidence of
cheilitis ranges from 6 to 15 cases per 10,000 population.
The prevalence of inflammatory diseases of the lip vermilion
border among the adult population is notably high. Thus,
atopic cheilitis is seen mostly in women (54.05%) aged 20—
44, angular cheilitis in 7.8% of elderly women; in men of
advanced age, meteorological cheilitis is seen in 6.4% cases,
and angular cheilitis, in 9.6% cases [1].

The vermilion border of the lips is constantly exposed
to external and internal factors and frequently undergoes
inflammatory processes (cheilitis), experiencing various
morphological transformations. Any tissue damage is
accompanied by an inflammatory response manifested as
a complex of vascular-stromal and intracellular changes
aimed at forming a new cellular microenvironment
for repair purposes. This process initiates a cascade of
molecular events that, under unfavorable conditions, may
lead to oncogenesis [2-5].

An important feature of epithelial structural organization
is the arrangement of its cells on the basement membrane.
Any damage to the basement membrane, particularly
chronic damage, increases the likelihood of dysregenerative
changes and the potential risk of neoplastic transformation
of epithelial cells [6]. The mechanisms controlling the
heterogeneous differentiation pattern of the regenerating
epithelium of the lip vermilion border remain insufficiently
studied. It is suggested that the maturation degree of
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epithelial cells is regulated by humoral factors secreted by
cells of the underlying connective tissue lamina propria.
When considering factors modulating intercellular
interactions, the characteristics of hemocirculation should
be taken into account.

Cheilites do not have specific clinical manifestations
but demonstrate variable morphological changes, often
with different neoplastic potential. Therefore, the diagnosis
of ‘cheilitis’ is to be seen as a clinical and anatomical
one. This results in substantial complications in the
clinical diagnosis. The basis of the clinical diagnostics
of the vermilion border of the lip lies in the visual and
instrumental examination. The final verification of the
pathological process is only possible by antemortem
pathology study (biopsy).

The lack of clinical guidelines for the diagnosis and
treatment of chronic cheilitis, coupled with the limited
diagnostic value of cytological examination, often leads
clinicians to opt for surgical treatment. This approach
aims to completely remove the pathologically altered
tissue area followed by histological examination [7].
Thus, the morphologist’s conclusion is decisive for the
clinician (dentist, maxillofacial surgeon, oncologist)
in the diagnosis and treatment of diseases, particularly
oncological ones.

Professional medical literature describes angular,
contact (allergic), actinic, atopic, abrasive, glandular,
granulomatous, exfoliative, and plasma cell cheilitis,
some of which are classified as obligate or facultative
precancerous conditions [8, 9]. Thus, abrasive cheilitis
(Manganotti’s type) is classified as an obligate precancerous
condition, while actinic cheilitis is considered a facultative
precancerous condition [10, 11]. The diversity of
clinical and morphological forms, the lack of a unified
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clinicopathological classification, and prognostic criteria
regarding cheilitis malignancy reflect insufficient synthesis
of accumulated data, a disconnect between clinicians
and pathologists, and underscore the importance of
clinicopathological correlation and systematic analysis of
clinical observations.

Manganotti’s cheilitis usually localizes on the lower
lip [9]. On morphological examination, the epithelial
layer is thinned and atrophic, with erosion. At margins of
the erosion, stratified squamous epithelium forms wide
acanthotic epithelial projections deeply penetrating the
underlying stroma. Within the proliferating epithelial
projections, against a background of disrupted
stratification, there is nuclear hyperchromasia in spinous
layer cells with varying degrees of atypia manifested
by increased size and number of nucleoli. The stroma
contains a diffuse infiltrate composed of lymphocytes,
plasma cells, and histiocytes.

Actinic cheilitis most commonly affects the lower lip
and is characterized by acanthosis, the presence of ‘empty’
cells in the spinous layer, parakeratosis and hyperkeratosis
with loss of connection between spinous and horny layer
cells, and features of cellular atypia [9]. The connective
tissue layer shows increased glycogen content with
accumulation of abnormal elastic fibers that impart a
disorganized appearance to the tissue, along with infiltration
by lymphocytes and plasma cells. An elevated number of
mast cells (labrocytes) is also observed.

Among modern trends in oncomorphology, particularly
for head and neck tumors, special attention is focused
on studying signaling pathways in neoplastic epithelial
transformation, tumor cell metabolism features, and
the search for informative molecular-genetic and
immunohistochemical differential diagnostic criteria
[12, 13]. The role of hypoxia as a factor stimulating
dysplastic and neoplastic processes in epithelial tissue
has been proven. According to literature data, dysplastic
changes in stratified squamous epithelium, as well as
the progression rate of dysplasia into epithelial tumors,
are often associated with alterations in subepithelial
tissue vascularization. Moreover, high expression of
angiogenesis factors is accompanied by early malignancy
and active invasion of atypical cells [14, 15]. However,
morphological descriptions of vascularization features in
the subepithelial stroma in chronic cheilitis are lacking in
the medical literature.

m AIM

To evaluate morphological changes of the lip mucosa
in chronic cheilitis: the condition of the epithelium, the
microcirculation and the inflammatory infiltration of the
intrinsic lamina of the mucosa.

m MATERIAL AND METHODS

A retrospective study was conducted analyzing medical
records, antemortem pathological examination reports,
and archival histological specimens from patients of the
Tver Regional Clinical Oncology Center who underwent
lip resection with a diagnosis of “chronic cheilitis”. The
study was conducted in compliance with the “Regulations
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of Clinical Practices in the Russian Federation” approved
by the Order of the Ministry of Health of the Russian
Federation No. 266 dated 19.06.2003. The study was
approved by the resolution of the Ethics Committee of the
Tver State Medical University of the Ministry of Health of
Russia on 28.01.2025.

The sample was 46 patients aged 34—72 including
19 women and 27 men. The disease history varied from 4
to 12 months. Morphological assessment of the surgical
material was performed according to the 5th Edition of
the World Health Organization Classification of Head
and Neck Tumors (2022) [16,17]. Following microscopic
examination of hematoxylin and eosin-stained histological
specimens, clinical cases were divided into two groups.
Group A comprised cases of chronic lip inflammation
without signs of covering epithelial dysplasia (24 cases),
while Group B included cases with low- and high-grade
dysplastic changes in the stratified squamous epithelium
(22 cases). To verify dystrophic changes in the covering
epithelium and visualize the basement membrane,
additional sections were prepared from paraffin blocks
and stained with periodic acid-Schiff (PAS). During
morphological examination, the following were evaluated:
alterations in the epithelial layer, characteristics of
the inflammatory infiltrate, and vascularization of
the lamina propria; in the covering epithelium - the
degree of hyperplasia, cellular composition, maturation
stage of epithelial cells, and karyopyknotic index.
Microscopic examination was performed using an
Olympus CX-41 light microscope equipped with a
digital camera. Using the specialized software “Video
Test Morphology 5.2”, each specimen was examined
in 10 fields of vision of the microscope (x40 lens, x10
eyepiece) with measurements of diameter, quantity,
numeric density of vessels and ratio of stromal and
angiomatous components calculated for 1 ym? of area.
The data were statistically processed using SPSS software,
version 22.0. Descriptive statistics, the Shapiro-Wilk test,
and Wilks’ lambda criterion (n<50) were used to determine
the distribution type of quantitative data. The data are
presented as arithmetic mean (Sx) and standard deviation
(o). Student’s t-test and one-way ANOVA were applied to
compare means between independent groups. The critical
level of statistical significance was set at 0.05 (p).

m RESULTS AND DISCUSSION

The results of light microscopic evaluation revealed focal
hyperplasia of stratified squamous keratinized epithelium
with signs of acanthosis, parakeratosis, and hyperkeratosis
of varying degrees in all cases (Fig. 1).

The severity of reactive changes decreased toward the
resection line. In the epithelium of the affected lip area in
Group A patients, alterations predominantly involved the
spinous and granular layers. Some specimens contained
balloon-shaped cells resembling koilocytes, with excessive
optically clear cytoplasm due to glycogen accumulation. The
submucosa exhibited uniformly distributed capillaries with
ectatic loops; mild perivascular edema of the interstitium
with either no inflammation or focal lymphocytic infiltration
of minimal severity.
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Figure 1. Changes of the lip mucosa in a patient of Group A.
Focal hyperplasia with acanthosis and hyperorthoceratosis of the
squamous epithelium. Staining with hematoxylin and eosin, x100.

PucyHok 1. ViameHeHus ciuzucmoll 060104Ku 2y6bl B 04aze
nospexdeHus y nayueHma epynnsl A. O4azoBasi cunepnniasus
MHO020C/10(H020 NJIOCKO20 3nuMesusi C akaHmo3oM U

2unepopmokepamo3omMm. OKpaCKa 2eMamoKCUJTUHOM U 303UHOM,
x100

In Group B patients, the hyperplastic epithelium
demonstrated focal proliferation of epithelial cells with
hyperchromatic polymorphic nuclei against a background
of acanthotic, papillomatous, and dystrophic features.
These changes included loss of polarity, partial disruption
of epithelial stratification starting from the basal layer
and extending to upper layers, involving areas of varying
size and epithelial thickness. Low-grade dysplasia was
diagnosed in 6 patients, high-grade dysplasia in 16
patients, among which 5 cases (31.3%) showed combined
foci of low- and high-grade dysplasia, and 6 cases (37.5%)
revealed areas of covering epithelium ulceration with

Figure 2. Changes in the lip mucosa at the lesion site in Group B
patients. Hyperplasic squamous epithelium has high-grade dysplasia
with intra- and subepithelial lymphocytic infiltration. Staining with
hematoxylin and eosin. x200.

PucyHok 2. ViameHeHus cnusucmol 060/104KU 2y6bl B 04aze
nospexoeHust y nayueHmos 2pynnbl 5. B 2unepnnasupoBaHHOM
MHO020C/10(IHOM NJI0CKOM 3numesiuu ducniasusi BbICOKoU cmeneHu
msxecmu ¢ uHmpa- u cybanumenuansHoll numgoyumapHoi
uHpunbmpayuetl. Okpacka 2eMamoKCWIUHOM U 303uHoM. x200.
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marked reactive inflammation in the subepithelial stroma
manifested by diffuse infiltration of segmented leukocytes,
lymphocytes, and histiocytes along with occasional
eosinophilic granulocytes and macrophages. In specimens
with intact epithelial lining, mixed inflammatory cell
infiltration of the lamina propria was also observed,
varying in intensity and cellular composition. The
epithelial changes characteristic of Group B patients are
illustrated in Figures 2 and 3.

The comparative analysis data of microscopic changes
in the covering epithelium in histological specimens from
patients of Groups A and B are presented in Table 1.

When assessing vascularization features in lip lesion
areas, the density of blood vessels per unit area in the
submucosa was higher in Group B patients than in Group
A patients (Table 2). Vascular structures were unevenly
distributed across the affected area and varied in size and
morphology. Small capillaries with thickened, partially
hyalinized walls predominated. Some capillaries showed
signs of basement membrane sclerosis. The endothelial
lining appeared either normal or flattened. In the peripheral
zone of the lesion, vascularization was significantly
reduced. Small-caliber capillaries were surrounded by
clusters of spindle-shaped histiocytic cells and bundles
of collagen fibers. In some vessels, the lumen was
absent due to endothelial cell proliferation. The stroma
exhibited unevenly distributed diffuse polymorphous
inflammatory infiltration, consisting of lymphocytes,
histiocytes, segmented leukocytes, occasional eosinophilic
granulocytes, and macrophages.

A comparative morphometric analysis revealed a
statistically significant increase in vessel density per unit
area of the lamina propria in Group B patients compared
to Group A patients.

Figure 3. Changes in the submucosa in the lesions of the lip in
patients of Group B. There is a high degree of dysplasia in the
stratified squamous epithelium. In the proper plate of the mucosa,
capillaries of various sizes with ectatized free lumens, pronounced
diffuse lyrgghoplasmocytic infiltration. Staining with hematoxylin and
eosin. x100.

PucyHok 3. Vi3ameHeHus nodcnusucmoll 0CHOBbI B 04azax
nospexoeHus 2ybbl y nayueHmos epynnbl 5. B MHo2ocnolHoOM
NI0CKOM 3numenuu oucnniasus BblIcCokol cmeneHu. B co6cmaeHHoU
nnacmuHke cnuducmol pasHokanubepHble Kanunnspbl ¢
3KMa3upoBaHHLIMU CBOBOOHbLIMU NPOCBEMAaMU, BbipaXXeHHas!
oucpgpysHas numeponnasmMoyumapHas uHgpunbmpayusi. Okpacka
2eMamoKCWIUHOM U 303uHoM. x100.
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.. Comparison groups
Criteria A (n=24)
Group A (n=24) Group B (n=22) Parameter

Hyperkeratosis Severe Moderate Number of vessels per 1 mm2 * 14+1 16+3
Parakeratosis Severe Severe Average vessel diameter, um* 7016 9,8+3,2
Acanthosis Mild Moderate / severe
Max vessel diameter, um 11,1+1,6 140+ 3,2
Balloon-shaped cells + ++/+++
helial g Min vessel diameter, um 56+1,2 42+16
Epithelial maturation index, %
’ 0/86/10,5/3,5 8/76/14/2
(average) Number of monocyte cells per 1 mm?2 329 48 + 17
Kariopicnotic index (%) 1 4 Note: - Student’s t-test was used; * - differences significant at p=0.05.
Table 1. Morphometric and semi-quantitative indices of microscopic TlpumevaHus; — ucnonbsosany t -mecm Cmal0eHMA; * — PasiuMUS SHEHUME!
changes in the integumentary epithelium in chronic cheilitis npup = 0,05. ' . .
Ta6nuya 1. MophomMempuyeckue U noayKoNUYecmBeHHble Table 2. Morphometric parameters in comparison groups, (Sx+ ¢)
nokasamesnu MUKpPOCKONUYeCKUX uaMeHeHull NOKpOBHO20 Ta6nuuya 2. Mopcpomempuyeckue napaMmempsl B 2pynnax
3anumenus npu XpoHU4YeCKux xelinumax cpaBHeHusl, (Sx+ o)

compartments forming a mutually modulating system and

The results of discriminant function statistical analysis  represents the key pathogenetic factor in the development
using Wilks’ lambda criterion (A = 0.0000011, approximate  of basal epithelial dysplastic changes.

F(15.254) = 2157.1, p < 0.00001) are graphically presented During regeneration, the epithelial layer and underlying
in Figure 4. tissue structures act as mutual short-range modulators of cell

In ulcerated areas of stratified squamous epithelium differentiation, as well as fibrillogenesis and angiogenesis
within pathological foci, the subepithelial stroma processes. Consequently, there is impaired production of
exhibited ectatic congested capillaries and polymorphous inflammatory mediators and dysregulation of inflammatory
inflammatory infiltration of varying intensity. In regions  signaling cascades; moreover, a spectrum of molecular
of lip vermilion border mucosa with epithelial dysplastic  processes is initiated that under unfavorable conditions
changes, vascular distribution demonstrated marked may lead to proliferative, hyperplastic, and oncoplastic
variability, alternating between hypovascularized zones of =~ processes. This occurs because many biologically active
the lamina propria and angiomatosis fields characterized molecules possess both pro-inflammatory (mitogenic)
by clusters of tightly packed small capillaries surrounded and anti-inflammatory (anti-mitogenic) properties
by pericytes and fibroblast-like cells. simultaneously, resulting in mutagenic potential.

The uneven density of the angiomatosis component Thus, microscopic examination of biopsy material from
indicates the presence of stromal hypovascularization patients clinically diagnosed with chronic cheilitis, as the
foci, which causes relative or absolute tissue hypoxia. severity of dysplasia of the epithelium progresses in the
Microcirculatory impairment in cheilitis is accompanied  mucosa of the lip vermilion border, the microstructural
by shifts in vascular-platelet and coagulation hemostasis  changes become more manifested as well as the inflammatory
parameters mediated by local tissue coagulation factors. infiltration in the lamina propria of the mucosa.
Microcirculatory hemostasis disturbances are not
specifically isolated but rather reflect to some extent the = CONCLUSION
nature of inflammatory and destructive tissue processes. The It should be acknowledged that cheilitis conditions are
chronic course of the inflammatory process is accompanied ~ diverse in their morphological manifestations, require
by dysregenerative disorders of stromal and epithelial thorough differential diagnosis, and present challenges

9 7
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No. of observations
Upper boundaries (x<=boundary)

Figure 4. Histograms of the results of the analysis of discriminant functions of vascularization features in histological samples of Groups A (a)
and B (b).

PucyHoOK 4. fucmozpamMMbl pe3yibmamoB aHanu3a dUCKpUMUHaHMHbLIX GyHKYuli oco6eHHocmedll BacKynspu3ayuu B 2UCMOI02Uudeckux
obpasuax epynn A (a) u b (6).
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in histopathological verification. Each pathological variant
is characterized by distinct structural features and varying
predisposition to dysplasia development and malignant
transformation. During human ontogeny, the regenerative
capacity of epithelium significantly declines. The results
of this study demonstrate a predominance of elderly male
patients among those with chronic cheilitis exhibiting
dysplastic changes in the covering epithelium.

In their everyday work, clinical practitioners take into
account the morphological signs of pre-tumor pathology
of the examined biopsy material that might justify the
subsequent tactics and amount of treatment in each
specific case. In the differential diagnosis of lip diseases,
pathologists must document in histological reports the
presence and degree of stratified squamous epithelial
dysplasia, the nature and severity of microcirculatory

changes, and inflammatory infiltration in the mucosa.
Clinicians should consider these morphological findings
when determining treatment strategies. Dentists, in turn,
should maintain oncological vigilance when managing
elderly male patients. Studies of microhemodynamics
and blood flow velocity in various chronic inflammatory
processes, such as lip diseases (cheilitis), hold diagnostic
and prognostic value for clinical practice.

In chronic cheilitis with epithelial dysplasia, focal
increased vascularization of the lamina propria is observed
due to increased numbers of small capillaries (as reactive
changes to hypoxia), along with uneven distribution of
vascular loops alternating with hypovascularized stromal
areas. These features may serve as morphological indicators
of an unfavorable prognosis for the inflammatory process
in the lip vermilion border. »=
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Multifactorial prediction of adverse outcome of acute
coronary syndrome combined with post-COVID syndrome

Valentina A. Kozik, Lyubov A. Shpagina, llya S. Shpagin
Novosibirsk State Medical University (Novosibirsk, Russian Federation)

Abstract

Aim — to build a multivariate model for predicting adverse outcomes of acute
coronary syndrome with and without ST segment elevation in patients with
post-COVID syndrome.

Material and methods. The study included 118 patients (61 men and
57 women) with acute coronary syndrome and post-COVID syndrome. All
patients underwent medical history review, clinical examination, laboratory
tests, coronary angiography, echocardiography, electrocardiography, and
molecular genetic marker testing. The influence of each factor on the
probability of developing a combined endpoint, including the total number of
cardiovascular complications and fatal outcomes, was assessed using logistic
regression analysis. The statistical significance of the model was determined
by the ¥? test. The sensitivity and specificity of the model were assessed using
ROC analysis.

Results. The constructed multivariate regression model showed that the
development of an unfavorable outcome in patients with acute coronary
syndrome in combination with PCS is associated with the presence of chronic
heart failure, elevated soluble fms-like tyrosine kinase-1, hypokinesis zones on
echocardiography, carrier status of the TT/AA genotype of the genetic marker
12285666 of the ACE2 gene (5 = 38.416, p <0.001). The sensitivity of the
model is 93.5%, and the specificity is 21.8%, the accuracy is 76.6%, the area
under the curve (AUC) = 0.8.

Conclusion. A multivariate regression model was constructed and tested to
predict, with high accuracy, the development of an unfavorable outcome of
acute coronary syndrome in combination with post-COVID syndrome.
Keywords: acute coronary syndrome, multivariate regression model, genetic
markers, post-COVID syndrome.
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MHorocakTopHoe nNporHo3npoBaHue HebraronpusiTHOro
ncxoaa OCTPOro KOPOHapHOro CUHApPOMa
B COYeTaHUN C NOCTKOBUAHbLIM CUHAPOMOM

B.A. Ko3uk, J1.A. lWUnarnHa, U.C. lLnaruH

Prb0Y BO «HoBOoCMBUPCKMIA rOCyaapCTBEHHbIA MeOUUMHCKUIA yHMBepcuTeT» MunHagpasa Poccum
(HoBocubupck, Poccust)

AHHOTaumA

Iens — nocTpouTh MHOrOGaKTOPHYIO MOJiefIb JIJIsk TPOTHO3UPOBAHUS He-
6/1aroIpUSTHOTO UCXOIa OCTPOT0 KOPOHAPHOTO CHHIPOMA C IOJIbeMOoM | 6e3
noxbeMa cermenTa ST y HalMeHTOB C IIOCTKOBU/HBIM CHH/IPOMOM.
Marepuan u Metonbl. B nccienosanue Bonuu 118 nmarnueHToB, U3 HUX
61 My>X4rHa ¥ 57 KeHIIMH C OCTPbIM KOPOHAPHBIM CHH/IDOMOM B COYeTa-
HHH C TIOCTKOBU/IHBIM CHH/IPOMOM. BceM manmeHTaMm IpoBOIMIUCh COH0p
aHaMHe3a, KJIMHUYeCKUi 0CMOTp, 3a60p 71abopaTOpHBIX aHAIM30B, KOPOHA-
poanruorpadus, d3XoKapauorpadus, aneKTpokapArorpadus, JUarHoCTHKa
MOJIEKYJISIPHO-TeHeTHYeCKUX MapkepoB. OIIeHMBAIOCh BIMSHUE KaXK/I0TO U3
¢akTOpOB Ha BEPOSITHOCTb Pa3BUTHsl KOMOMHUPOBAHHON KOHEYHOM TOYKH,
BKJIIOYAIOIIel CyMMapHOe KOJIMYeCTBO KapJHOBACKY/SIPHBIX OCIIOKHEHHUH
1 JIeTaJbHbIX UCXOJ0B, C TIOMOIIIBIO IPUMEHEHHs! JIOTUCTHYeCKOro perpec-
CHOHHOTO aHanu3a. CTaTUCTHYeCKasi 3HAYUMOCTb MOJIENIH OIpelesiiach
KpuTepreM 2. UyBCTBUTENILHOCTb ¥ CIIeUPUIHOCTh MOJIe/Ii OlleHHBaIkCh
c nomoIipio ROC-ananusa.

www.innoscience.ru

Pesynwrarsl. [locTpoeHHass MHOrodakTopHasi perpecCUOHHasi MOfiesb I10-
Kasaja, 4TO C pa3BUTHeM HeOIarompHUsTHOTO UCXOJia y MAIMeHTOB C OCTPbIM
KOPOHApHBIM CUHPOMOM B COYeTaHHUH C IOCTKOBUIHBIM CUH/IDOMOM CBSI3aHbI
HajIMuve XPOHUYeCKOM CepledHOM HeJoCTaTOYHOCTH, Hallndve paCTBOPUMOM
fms-nono6HO#M THPO3MHKUHA3KI- 1, 30HBI THITOKKMHEe3a 0 3XOKapAxuorpaduu,
HocHTeNbCTBO reHoTuna TT/AA reHerrdeckoro Mapkepa 12285666 rena ACE2
(x* = 38,416, p<0,001). YyBcTBUTENBHOCTH MOJIENM cOCTaBUIa 93,5%, crieny-
¢$uunocTh — 21,8%, TouHOCTB — 76,6%, MI0mIank nox kpusoi (AUC) = 0,8.
BeiBoasl. [Tonydena v anpo6rpoBaHa MHOTOdaKTOpHasi perpecCUOHHAs MO-
Iieflb, IPOTHO3HPYIOIast C BBICOKOM TOYHOCTBIO Pa3BUTHe HeOIaronpusTHO-
r'O UCXOZIa OCTPOTr0 KOPOHAPHOTO CHHJPOMa B COYeTaHHHU C ITOCTKOBUIHBIM
CHHJIPOMOM.

KimroueBble c10Ba: 0CTpbIi KOPOHAPHBIN CHHIPOM, MHOI'OGAKTOPHAs! perpec-
CHOHHAsI MOJleflb, FeHeTHUeCcKUe MapKephl, I0OCTKOBUIHBIM CHHIPOM.
KoHQnuKT MHTEpecoB: He 3asBJIeH.
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m INTRODUCTION

ccording to global registries, acute coronary syndrome

(ACS), including both ST-segment elevation and non-ST-
segment elevation myocardial infarction, represents the leading
cause of morbidity and mortality in Russia and worldwide [1].
Various prognostic risk stratification tools for adverse outcomes
in ACS are currently available. The GRACE risk model is
among the most widely recognized. In addition to predicting
in-hospital complications of ACS, it enables assessment of long-
term adverse outcomes. Furthermore, the discriminant power
of the GRACE model significantly surpasses that of models
based on randomized clinical trial data. However, emerging
evidence highlights important limitations of the GRACE
model, particularly its failure to incorporate biochemical blood
markers, electrocardiographic (ECG) and echocardiographic
(EchoCG) parameters, and genetic indicators being a significant
shortcoming that diminishes its alignment with contemporary
scientific and clinical practice standards [2]. In particular, the
COVID-19 pandemic has adversely impacted the course and
outcomes of cardiovascular diseases [3]. The World Health
Organization has classified post-COVID syndrome (PCS) as a
distinct clinical entity - a condition characterized by signs and
symptoms that emerge during or following COVID-19 infection,
persist for over 12 weeks, and cannot be attributed to alternative
diagnoses [3]. The development and implementation of a
multifactorial risk assessment model is clinically imperative, as
even highly experienced practitioners often focus solely on PCS
diagnosis. In contrast, a comprehensive risk stratification model
incorporates numerous predictive factors and should therefore
become an essential clinical tool for all physicians, enabling
routine identification of patients at risk for adverse outcomes.

Thus, patients with ACS and concomitant PCS require a

comprehensive prognostic model for assessing ACS-related
adverse outcomes to guide targeted prevention strategies and
personalized rehabilitation programs.

m AIM

To build a multivariate model for predicting adverse
outcomes of acute coronary syndrome with and without ST
segment elevation in patients with post-COVID syndrome.

m MATERIAL AND METHODS
The prospective cohort study included 118 patients (61 men,
57 women). The average age of women was 57.5+6.2 years;

the average age of men was 53.7+8.3 years. The comparison
group included 121 patients (62 men, 59 women) with ACS,
without PCS (the history had no diagnosis of the COVID-19
infection confirmed by a PCR test from a swab or identification
of A, M, G immunoglobulins (IgA, IgM, IgG) for SARS-
CoV-2 by immunochemical assay.

The patients were matched by sex and age. All were
emergently transported to the regional vascular center by
emergency medical services. Upon admission, all patients were
diagnosed with ACS. The diagnosis was established based on
current clinical guidelines “Acute coronary syndrome with
ECG ST segment elevation”! and “Acute coronary syndrome
without ECG ST segment elevation”?, approved by the
Scientific Practical Council of the Ministry of Health of the
Russian Federation.

Inclusion criteria: history of COVID-19 meeting the
criteria of the “Post-COVID syndrome” diagnosis as per the
recommendations of the Methodological recommendations
“Features of long-COVID infection clinical course.
Therapeutic and rehabilitation measures” [4]. According to
the updated International Classification of Diseases (ICD-
10), post-COVID syndrome (PCS) develops in individuals
with confirmed SARS-CoV-2 infection three months after
COVID-19 onset. For study participants, prior COVID-19
diagnosis was confirmed using laboratory diagnostic methods
specified in the provisional clinical guidelines “Prevention,
Diagnosis, and Treatment of COVID-19” (Version 18,
26.10.2023) approved by the Scientific and Practical Council
of the Ministry of Health of the Russian Federation?.

To predict the risk of adverse ACS outcomes, logistic
regression analysis was employed. The logistic regression
model was constructed using the following equation (1)

P=1/(1+ev), 1)

where P is the probability of development of the index event; e
is the base of natural logarithms (Euler’s number, 2.718), and
y represents the standard regression equation.

The standard regression equation is presented as follows (2)

y =a+ blXI + b2X2+...+bnXn, 2

where a is the constant; b are regression factors; X are initial
variables.

1 Acute coronary syndrome without ECG ST segment elevation. Clinical guidelines. 2024. Available online: https://scardio.ru/content/Guidelines/2024_09_26.pdf
2 Acute myocardial infarction with ECG ST segment elevation. Clinical guidelines. 2024. Available online: https://russjcardiol.elpub.ru/jour/article/view/6306

3 Provisional clinical guidelines “Prevention, Diagnosis, and Treatment of the new coronavirus infection COVID-19” (Version 18, 26.10.2023). Available online:
https://static-0.minzdrav.gov.ru/system/attachments/attaches/000/064/6 10/original/%D0%92%D0%9C%D0%A0_COVID-19_V18.pdf
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The X value was represented with quantitative or qualitative
variables. The qualitative variables were taken as binary values,
where 1 means the presence of the factor and 0, its absence.

A prognostic model was developed using stepwise logistic
regression analysis incorporating statistically significant
factors (variables).

The statistical significance of the model was assessed
using the y* test. With p < 0.05, the null hypothesis of
model insignificance was rejected. A cutoff threshold of 0.5
was established for predicting the index event after model
development. The model's sensitivity and specificity were
evaluated through ROC analysis. Results were interpreted by
constructing ROC curves with calculation of the area under
the ROC curve (AUC).

The study was approved by the Local Ethics Committee of
Novosibirsk State Medical University (Protocol No. 155 dated
November 29, 2023) and by the Problem Commission (Protocol
No. 1 “Current Issues in Prevention, Diagnosis and Treatment
of Internal Diseases” dated October 25, 2023). All patients
provided written informed consent to participate in the study.

m RESULTS

The analysis included the following baseline variables:
clinical and anamnestic parameters (sex, age, weight, obesity
grade (if any), duration, localization and character of pain,
presence of arterial hypertension, coronary artery disease,
chronic heart failure, presence/absence of prior COVID-19
infection, disease severity, variant wave (Alpha, Delta,
Omicron), treatment modality, smoking status, severity
of prior cardiovascular events); instrumental parameters:
electrocardiogram (ECG), Holter ECG monitoring, 24-
hour blood pressure monitoring (BP), findings of coronary
angiography (CAG (multi-vessel or single-vessel involvement,
post-catheterization complications)), echocardiography
(hypokinesis/akinesis areas, left ventricular ejection fraction
(quantitative and qualitative assessment); laboratory
parameters: cholesterol fractions (total cholesterol, high-
density lipoproteins, low-density lipoproteins, triglycerides),
endothelial dysfunction factors (Soluble fms-like tyrosine
kinase-1 and anti-endothelial antibodies), biochemical
markers (C-reactive protein, lactate dehydrogenase, ferritin,
blood glucose, high-sensitivity troponin I); molecular-genetic
markers (ACE2 gene variant rs2285666, ACE gene variant
rs1799752, TMPRSS2 gene variant rs12329760).

The prognostic model was developed using stepwise
logistic regression incorporating statistically significant factors
(variables). Model significance was assessed using the ¥ test,

with the null hypothesis of model insignificance rejected at p
< 0.05. A cutoff threshold of 0.5 was established for predicting
the index event following model development.

Based on the Wald criterion, the most statistically significant
predictors were the degree of hypokinesis and the combination
of ACS with PCS (Table 1). These were followed by tyrosine
kinase levels, presence of the ACE2 TT/AA genotype, and
presence of chronic heart failure in terms of predictive strength.

Thus, the predicted probability of developing the combined
endpoint encompassing the total number of cardiovascular
complications and fatal outcomes was expressed by the
following formula (3):

P=1/ (1 + 2 718-(13,153-1,689>< X1 +0,039% X2 + 0,870 X3 +
7
0,082 X4 -1,286 x X5)7 (3)

where X1 means belonging to the “ACS with PCS” group,
X1 = 0 — patient with ACS without PCS, X1 = 1 — patient
having ACS and PCS, X2 — soluble fms-like tyrosine kinase-1
(X2), pg/mL, X3 — belonging to the “CHF” group, X3 =0 —
patient without signs of CHF, X3 = 1 — patient with signs of
CHF, X4 — hypokinesis, X5 — presence of ACE2 TT/AA gene
polymorphism, X5 = 0 — patient does not have this gene, X5 =
1 — patient has this gene.

For clarity of interpretation, the final result is multiplied by
100%.

The Hosmer-Lemeshow goodness-of-fit test for this
predictive model yielded 4? = 38.416, p = 0.0000, indicating
extremely high statistical significance.

Subsequently, a ROC curve was constructed. Based on
the ROC curve analysis, the area under the ROC curve was
0.8 (Figure 1), indicating good model quality - an acceptable
model. The model's sensitivity (proportion of correctly classified
patients with adverse ACS outcomes) was 93.5%, while
specificity (proportion of correctly classified patients without
adverse ACS outcomes) was 21.8%. The overall accuracy for
predicting complications was 76.6%. Thus, the developed model
demonstrates excellent predictive capability for adverse ACS
occurrence but poor performance for predicting its absence.

m DISCUSSION

To date, the literature describes only a few prognostic models
designed to assess ACS outcomes [5].

One of the earliest prognostic models was a scoring system
proposed in 1962 [6]. It was based on calculating a prognostic
index using characteristics of the acute phase of ACS. The
resulting data predicted the likelihood of adverse disease
progression within 28 days of symptom onset.

Predictor B MSE Wald P
(regression factor) (mean square error) (Wald criterion, X?) (significance level)

ACS/PCS group (X1) -1.689 0.48
Soluble fms-like tyrosine kinase-1

(X2), pg/ml 0.039 0.01
Chronic heart failure (X3) 0.870 0.39
Hypokynesia (X4), damage of

segments of myocardium 0.082 0.02
Polymorphism of the ACE 2 TT/AA 1.286 051

gene (X5)

12.362 0.0004 0.185
8.237 0.004 1.04
4.894 0.027 2.388
17.983 0.00002 1.085
6.419 0.011 0.276

Table 1. Main results of the analysis of binary logistic regression of the prognosis of the development of unfavorable ACS
Ta6nuua 1. OcHoBHble pe3ynbmamsbl aHanu3a buHapHoll nozucmuyeckoll pegpeccuu NpogHo3a passumusi HebnazonpusimHoz2o OKC
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Figure 1. ROC curve graph for predicting the development
of adverse ACS in patients with PCS.

PucyHok 1. pagpuk ROC-kpuBoli npo2HO3upoBaHusl pa3sumusi
HebnazonpusmHozo OKC y nayueHmos B covemaruu c KC.

Modern prognostic models include one developed through
regression analysis using data from the GRACE IM registry [6,
7]. This model incorporates eight parameters identified through
registry data analysis: patient age, Killip classification of heart
failure, systolic blood pressure level, heart rate, creatinine
level, diagnostic levels of myocardial necrosis biomarkers,
ST-segment changes, and presence of at least one cardiac arrest
episode [3].

The TIMI (Thrombolysis In Myocardial Infarction) risk
score, developed through clinical trials, incorporates seven
variables: age over 65; presence of at least three risk factors of
coronary artery disease (CAD) (hypercholesterolemia, family
history of CAD, diabetes mellitus, hypertension); previously
documented 50%+ stenosis of the coronary artery; ST-segment
deviation; at least two angina episodes within 24 hours; aspirin
use within the past week; elevated serum cardiac biomarkers.
TIMI predicts the 14-day risk of mortality and myocardial
infarction [9] and has demonstrated high efficacy in assessing
30-day and 1-year mortality rates in ACS patients.

The PREDICT score (Predicting Risk of Death in Cardiac
Disease Tool) is based on a retrospective analysis of MI/
unstable angina patients that included the following parameters:
age, 24-hour arterial blood pressure (BP), heart rate (HR), ECG
data, signs of heart failure, serum urea level, and accounted for
comorbidities [10]. This model has demonstrated prognostic
efficacy in assessing 6-year mortality post-hospitalization.

The PURSUIT (Platelet Glycoprotein IIb/IlIa in Unstable
Angina: Receptor Suppression Using Integrilin Therapy) risk
model enables assessment of 30-day mortality risk, as well as
the likelihood of primary or recurrent myocardial infarction,

using the following parameters: age, heart rate, systolic blood
pressure, status of ST-segment elevation, heart failure status,
and serum cardiac biomarkers [11, 12].

Russian medical literature has also described several
prognostic models [13-15]. These models evaluated one-
year outcomes in acute coronary syndrome using the
following criteria: status of diabetes mellitus in the case
history, C-reactive protein level, left ventricular ejection
fraction, rs1376251 SNP of the TASZR50 gene. The approach
demonstrated 82% sensitivity for predicting adverse outcomes,
and 80% sensitivity for predicting favorable outcomes.

A prognostic model exists for assessing in-hospital
mortality risk in patients with acute coronary syndrome [15].
This model incorporates parameters recorded at hospital
admission: urea level, Killip class, age, ST-segment elevation
in lateral leads, diagnostic elevation of CK/CK-MB, systolic
blood pressure level, and others. Using this model, patients
can be stratified into risk groups during hospitalization, from
minimal (mortality <1%) to very high (mortality >40%).

Another Russian prognostic model for assessing adverse
outcomes in patients with ST-segment elevation myocardial
infarction incorporates renal function parameters [8].
According to the authors, renal dysfunction represents one
of the key factors determining poor prognosis in myocardial
infarction.

Among the first registries established in the Russian
Federation were RECORD, RECORD-2, and RECORD-3 [16-
18]. These registries served as the foundation for developing a
prognostic risk scale assessing adverse ACS outcomes within
6 months post-discharge. The registries enabled evaluation of
treatment efficacy and identification of key patient clusters.
The 7-point scoring system included hemoglobin levels below
100 g/1, presence of diabetes mellitus, age over 65, Killip class
III-1V heart failure, blood pressure below 100 mmHg, ST
segment elevation over 1 mm above the baseline. It reliably
predicts 6-month mortality following ACS onset [16-18].

At the same time, none of the existing prognostic models for
assessing adverse outcomes in ACS account for post-COVID
syndrome in patients: a critical limitation that distinguishes
our multifactorial regression model.

m CONCLUSION

We have developed a multifactorial predictive model for
assessing the risk of adverse outcomes in ACS patients (both
with and without ST segment elevation) with post-COVID
syndrome. The inclusion of the post-COVID syndrome status
as a variable significantly differentiates this model from
existing risk scores and previously developed prognostic
systems. P
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An increase of the left atrium sphericity index
can serve as a marker of paroxysmal atrial fibrillation
in patients with hypertension

Vera V. Mazur, Oksana V. Nilova, Tatyana O. Nikolaeva, Nikolai D. Bazhenov, Evgenii S. Mazur
Tver State Medical University (Tver, Russian Federation)

Abstract

Aim - to study the possibility of using the left atrium sphericity index
(SI), calculated by echocardiography (EchoCG), to identify patients with
hypertension with paroxysmal atrial fibrillation (AF).

Material and methods. The study included 298 patients with hypertension, of
whom 77 (25.8%) showed paroxysmal AF during 24-hour electrocardiogram
monitoring. The control group included 58 patients without cardiovascular
diseases. The left atrium volume was determined and the maximum left atrium
length was measured. The SI was calculated as the ratio of the left atrium
volume to the volume of a sphere whose diameter is equal to the maximum
left atrium length.

Results. The average values of SI (presented as the median and 95%
confidence interval) increased from the control group to the group of patients
with hypertension without AF and to the group of patients with hypertension
and AF: 0.68 (0.64-0.72), 0.71 (0.69-0.72) and 0.92 (0.91-0.94), p <0.0001.

Multiple linear regression analysis showed that 1-year increase of the age
is associated with increase in SI by 0.0015 units, the presence of obesity
is accompanied by an increase of SI by 0.0241 units, and the presence of
paroxysmal AF leads to an increase in SI by 0.2031 units. All patients included
in the study were randomly divided into derivation and validation cohorts (238
and 118 patients). In the derivation cohort, the AUC for SI, as a predictor of
AF, was 0.955 (0.920-0.977), and cut-off point was 0.82. In the validation
cohort, the ‘SI>0.82’ criterion, a sign of AF, demonstrated sensitivity of 100
(86.8-100.0) % and specificity of 93.5 (86.3-97.6) %.

Conclusion. The SI calculated by EchoCG has a high discriminating ability
in relation to paroxysmal AF in patients with hypertension.

Keywords: arterial hypertension, atrial fibrillation, echocardiography, left
atrium, left atrium sphericity index.
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YBenunyeHme nHaekca cepuyHOCTU NeBoro npeacepauvs
MOXXET CNY)XUTb MapKepoOM NapoKCU3MasibHOM
doubpunnauum npeacepamn y 6onbHbIX
apTepuasnibHOU rMnepTeH3nen

B.B. Masyp, O.B. Hunosa, T.0. Hukonaesa, H.[l. BaxeHos, E.C. Ma3yp

®IrE0Y BO «TBepckor rocynapcTBeHHbI MegmumMHCKUA yHuBepeuteT» MuHsgpasa Poccun
(Teepb, Poccuitckas denepaums)

AHHOTauus

enb — U3yynTh BO3MOXXHOCTb UCIIOJIb30BaHuUs UHAeKca cdepuunoctu (MC)
JIeBOTO TIpeficep/iusl, PACCYIUTAHHOTO T10 JJaHHBIM 3X0KapArorpadun (9xoKI),
JUIsl BBISIBIIEHNS! OOJIBHBIX apTepuarbHOM runepreHsueit (Al') ¢ mapokcuamaib-
HoWt Gubpusuisiumeit npencepauit (PIT).

Marepuain u Merofbl. B rccienoBanye BritoueHsl 298 6onbHbIx Al U3 KoTO-
pbix y 77 (25,8%) npy CyTOYHOM MOHUTOPHUPOBAHUU 3/1eKTPOKapAXOrPaMMBl
6bl1a BbIsiBIIeHa napokcusMaiibHast PI1. KonTponeHyto rpynmy cocraBunu 58
nanueHToB 6e3 3aboneBaHKi cepieuHO-coCcyucToi cucTembl. [1pn OxoKI®

112

onpeesuiCs 06beM JIeBOro MPeCepiys K U3Mepsilach er0 MaKCUMaJTbHasl JIjTH-
Ha. MC paccuuTbIBascst Kak OTHOLIeHHe 06beMa JIeBOTO Ipeficepius K 06beMy
cdepsl, [aMeTp KOTOPOii paBeH MaKCUMAJIbHOM JTHE JIBOTO MPEeCepusl.

Pesynbrarsl. Cpennue 3Hauenust UC (npeficrapiieHbl B BUle Me[JUaHbl U
95% noBepuTeNIbHOIO MHTepBajla) BO3PACTalN OT KOHTPOJILHOW IPYIIIBI K
rpynie 6onpHbIX Al' 6e3 ®II u nanee k rpynmne 6onbHeix Al ¢ @II: 0,68
(0,64-0,72), 0,71 (0,69-0,72) 1 0,92 (0,91-0,94), p<0,0001. AHanu3 MHOXKe-
CTBEHHOH JIMHeHHOM perpecCHy II0Ka3aJl, YTO YBeJIMUIeHHe BO3pacTa IaljeHTa
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Ha 1 rog accommupyetcs ¢ Bo3pactanueM MC Ha 0,0015 enuuuiie!, Hanuuue
oxupeHue corpoBoxkaercs BozpacranvieM UC Ha 0,024 1 equHUIIbL, @ HATTH-
are mapokcuamansHoi PI1 Beset k Bozpacranuro MIC Ha 0,2031 equHuIbL.
I u3yuyenus nuckpuMuHupytorei crocobHoct MC B otHomenvnu PI1
BCe BKJIIOUEHHLIE B UCCIIeJIOBaHHUe TAIlMeHThl ObUIH CITyYalHBIM 06pa3oM
PpasziesieHs! Ha «00YyJaronIyioy» U «3K3aMeHYIOIyIo» KOoropThl (238 u 118 ma-
nreHToB). Ha «obyuaromeii» koropre Iionajb 1oj KpUBOM OMMOOK It
UC, xak npenuikropa PII, okazanack pasa 0,955 (0,920-0,977), a oTpe3nas
touka — 0,82. Ha «ak3amenyrormeii» koropre kputepuit «C >0,82», kak npu-

3HaK napokxcu3mManbHoi PII, nporeMoHCTpHUpPOBaN 9yBCTBUTEILHOCTL 100
(86,8-100,0) % u cietuduuanocts 93,5 (86,3-97,6) %.

3axunrouenue. MC, paccunranublii o janHeiM JxoKI, obiaiaet BHICOKOM
IVICKPHMUHVPYIOIIEH CIIOCOOHOCTBHIO B OTHOLIEHHWH NTapoKCU3MabHOH PII
y 6onbHbIX Al

KiroueBrle ciioBa: aprepyasbHas TUnepToHus, GuOpHILISALNUS Tpeficep-
Jii, sxokapauorpadus, jieBoe npeficepane, UHIeKC CHepUuIHOCTH JIeBOTO
Tipeficepausl.
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m INTRODUCTION
Early identification of paroxysmal atrial fibrillation (AF) is
crucial for prevention of thromboembolic complications,
facilitating timely prescription of anticoagulant treatment
to persons with risk factors of cerebral stroke [1, 2]. In the
opinion of European experts, predictors of AF may include
signs of atrial cardiomyopathy, or a combination of structural,
functional and electrophysiological changes of atrial myocardia
capable of bringing about the clinically significant symptoms,
specifically, atrial fibrillation [3, 4].

One of the early pre-clinical signs of atrial cardiomyopathy
is the change of shale of the left atrium, from the relatively
elongated (ellipsoid) to globe-shaped (spherical). The
sphericity of the left atrium allows evaluation of the
Sphericity Index (SI), i.e. the ratio of the actual volume of
the left atrium to the volume of the sphere whose diameter
is equal to that of the maximum diameter of the left atrium.
In their study, S. Nakamori et al. [5] showed that SI over
0.84 might serve as a predictor of late recurrent AF after
radio-frequency isolation of pulmonary veins (sensitivity
88%, specificity 59%).

To calculate the SI, magnetic resonance imaging data is
used, however, it can be calculated using the transthoracic
echocardiography. According to literature data, this approach
has not been used before, making a study of its prognostic
value especially important.

m AIM

To study the possibility of using the left atrium sphericity
index, calculated by echocardiography, to identify patients
with hypertension with paroxysmal atrial fibrillation.

m MATERIAL AND METHODS

Between 01.07.2020 and 30.06.2023, 298 patients with
previously diagnosed arterial hypertension were consecutively
enrolled in the study. All participants underwent evaluation for
palpitations, dyspnea, or chest pain. Exclusion criteria included:
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confirmed or newly detected coronary artery disease, persistent/
permanent atrial fibrillation (AF), valvular pathology, or left
ventricular systolic dysfunction (ejection fraction <50%). On
24-hour ECG monitoring, paroxysmal AF was diagnosed in 77
patients (25.8%), with arrhythmia episodes lasting >30 seconds
serving as the diagnostic criterion.

The control group comprised 58 patients with no prior
cardiovascular disease (CVD) diagnosis and no ECG or
echocardiographic evidence of CVD. While rhythm monitoring
to exclude paroxysmal AF was not performed, patients with
historical episodes of palpitations were excluded.

Echocardiography was performed using a Vivid S70
system (GE, USA). Left ventricular (LV) structural-functional
assessment included LV myocardial mass index (LVMI), E/e’
ratio (early mitral inflow velocity to mitral annular tissue
Doppler velocity), reflecting LV filling pressure. Left atrial
volume (LAV) was measured by disk summation in apical 4-
and 2-chamber views; in the same positions, the length of the
left atrium was measured. The greater of the two values (D) was
used for sphericity index calculation: SI = LAV/(nD/6), where
niD/6 represents the volume of the sphere with diameter D.

Two-dimensional echocardiography with speckle-tracking
and subsequent analysis was performed on ultrasonic images
with at least 50 frames per second. The curves of deformation
of the left atrium were re-created by manual tracking of the
endocardial border in the apical 4-chamber view in the end
of the diastole according to the R-R algorithm (deformation
level zero was aligned with R wave). The global longitudinal
deformation of the left atrium (reservoir strain) was calculated
as the average of peak values of longitudinal deformation
in the six segments of the left atrium [6, 7]. Mechanical
dispersion of the left atrium (MDLA) was calculated as
percentage ratio of the standard deviation of reservoir strain
timing in the longitudinal deformation of the myocardium in
segments of the left atrium to cardiac cycle duration [8, 9].

The statistical analysis was performed in the MedCalc®
Statistical Software suite, version 20.218 (MedCalc Software
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HayKa n MHHoOBauun B MmeguuunHe

Age, years 50.5 (45.0-54.0)2. 3 61.0 (60.0-63.0)1. 3 66.0 (64.0-67.0)1. 2 <0.0001
Women, n (%) 32 (55.2)3 147 (66.5) 58 (75.3)1 0.0488
Obesity, n (%) 8(13.8)2. 3 115 (52.0)1 42 (54.5)1 <0.0001
LVMI, g/m2 86.5 (82.1-90.9)2. 3 117.0 (116.0-120.0)1 120.0 (117.0-126.1)1 <0.0001
Ele’ 8.0 (7.1-8.6)2. 3 10.0 (9.6-10.5)1 10.2 (9.5-10.6)1 <0.0001
LAVI, m/m2 25.0 (24.0-27.0)2. 3 29.0 (27.3 30.0)1. 3 37.0 (34.2-40.0)1. 2 <0.0001
LA strain, % 32.0 (28.0-33.0)2. 3 22.0 (21.0-22.4)1. 3 20.0 (19.0-20.7)1. 2 <0.0001
MDLA, % 0.89 (0.72-1.01)2. 3 1.00 (0.95-1.14)1. 3 3.02 (2.87-3.28)1. 2 <0.0001
sl 0.68 (0.64-0.72)2. 3 0.71 (0.69-0.72)1. 3 0.92 (0.91-0.94)1. 2 <0.0001

Notes: p — statistical significance of the grouping factor’s effect on the variable; the upper index means the number of the group, in which the post-hoc analysis
revealed statistically significant difference in values (p <0.05). LVMI — left ventricle myocardial mass index, E/e’ ratio — the ratio of early mitral inflow velocity (E) to
mitral annular tissue Doppler velocity (e’), LAVI — left atrium volume index, LA — left atrium, MDLA — mechanical dispersion of the left atrium, S| — sphericity index.

Table 1. Characteristics of the examined patients
Ta6nuuya 1. Xapakmepucmuka 06cedoBaHHbIX NauueHmoB

Ltd, Ostend, Belgium). As most numerical variables deviated
from normal distribution, data are presented as medians with
95% confidence intervals (95% CI). The Kruskal-Wallis
test assessed groupwise differences, with post-hoc Conover
analysis for pairwise comparisons. Median differences are
reported with 95% Cls.

Chi-square test assessed the impact of grouping factor
on the distribution of categorical variables, Bonferroni-
adjusted Chi-square test for post-hoc comparison of
groupwise comparisons. Multiple linear regression
involving consecutive exclusion of independent variables
is used to identify the factors providing independent
influence on the structural and functional parameters of
the left atrium. The predictive utility of left atrial structural-
functional parameters for paroxysmal atrial fibrillation (AF)
and hypertension-mediated left ventricular changes was
evaluated using receiver operating characteristic (ROC)
curve analysis in a training cohort (n=238). Areas under

the curve (AUC) and inter-curve differences are reported
with 95% ClIs. Predictive performance was validated in a
testing cohort (n=118). Statistical significance was set at
p<0.05 for all analyses with a null hypothesis probability
threshold <5%.

m RESULTS

The results of examination of 58 patients of the control
group (Group 1), 221 patients with hypertension without
paroxysmal AF (Group 2) and 77 patients with hypertension
and paroxysmal AF (Group 3) are shown in Table 1.

Regardless of atrial fibrillation (AF) status, hypertensive
patients were older than controls, had a higher proportion
of women and individuals with obesity, and showed
significantly higher mean left ventricular mass index (LVMI)
and E/e’ ratios. No statistically significant differences in
left ventricular status were observed between hypertensive
patients with and without AF.

NON, mn/m?
65
60
55
50
45
40 &

30
25
20
15

M Kontpone [ Tonbko AT [l AT w N

LAVI, mU/m?
Main
Control AHonly AH and AF

MAN, %
7
6 - °
5
L ]
4
o
4 $
8
2
1 o
L
0
B Koutpone M Tonsko AT [l AT w &
MDLA, %
Main
Control AH only AH and AF

Figure 1. Left atrium volume index (LAVI) in patients without
cardiovascular disease (Control) and patients with arterial
hypertension without rhythm disturbances (AH only) and with
paroxysmal atrial fibrillation (AH+AF).

PucyHok 1. ViHoekc ob6bema nesozo npedcepoust (MOJIM) y
nayueHmoB 6e3 3aboneBaHusi cepde4yHo-cocyoucmoli cucmemsl
(KoHmponb) u 605bHbIX apmepuanbHol 2unepmeHsuel

6e3 HapyweHul pumma (Tonbko Al) u ¢ napokcuamasnbHol
cpubpunnayuel npedcepoust (Al u @I1).

114

Figure 2. Mechanical dispersion of the left atrium (MDLA) in patients
without cardiovascular disease (Control) and patients with arterial
hypertension without rhythm disturbances (AH only) and with
paroxysmal atrial fibrillation (AH+AF).

PucyHok 2. MexaHuyeckasi oucnepcusi 1eBozo npedcepousi
(MAJ1) y nayueHmoB 6e3 3aboneBaHusi cepdeqyHo-cocyoucmou
cucmemsbi (KoHmpornb) u 601bHbIX apmepuanbHol aunepmeHsuell
6e3 HapyweHul pumma (Tonbko Al') u ¢ napokcuamasbHol
¢pubpunnayuel npedcepoust (Al u @I1).
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Figure 3. Left atrium sphericity index in patients without
cardiovascular disease (Control) and patients with arterial
hypertension without rhythm disturbances (AH only) and with
paroxysmal atrial fibrillation (AH+AF).

PucyHok 3. VHOekc ccpepudHocmu neBozo npedcepoust y
nayueHmoB 6e3 3a6osieBaHusi cepdeyHo-cocyoucmoul cucmemal
(KoHmpornb) u 60nbHbIX apmepuasbHol eunepmeHsuel

6e3 HapyweHuli pumma (Tonbko Al) u ¢ napokcudmasbHol
¢ubpunnayuel npedcepoust (Al" u ®r).

The parameters of the left atrium were statistically different
in all the three groups, but the groupwise differences were
manifested to various extent. Thus, the difference in the median
left atrium volume index (LAVI) between Group 1 and Group
2 was twice as low as that between Group 2 and Group 3: 4.0
(2.0-5.6) and 8.0 (6.0-9.6) ml/m2. The difference in the median
mechanical dispersion of the left atrium (MDLA) between Group
1 and Group 2 was by one order of magnitude less than between
Group 2 and Group 3: 0.18 (0.02-0.33) and 1.99 (1.80-2.18)
percentage points. In the same way, the similar differences of
SI medians were varied: 0.04 (0.01-0.06) and 0.22 (0.21-0.24).
The reservoir strain in Group 2 was lower, on average, than in
Group 1, and in Group 3, lower than in Group 2, at the same
time, the difference between Group 1 and Group 2 was 2.5 times
lower than the difference between Group 2 and Group 3: 7.0
(9.0-5.0) and 2.9 (4.0-2.0) percentage points.

Dependent Independent variable
H Constant
variable Age, ;

years E Obesity “n

Strain, % -0,2018 -2,1290 -4,5478 -2,0624 41,254
Y i 0,1636 = = 3,0849 6,6060 17,309
MDLA, % 0,0160 - - - 1,8193 0,1893
SI 0,0015 - 0,0241 - 0,2031 0,6099

Notes: LAVI — left atrium volume index, MDLA — mechanical dispersion of left
atrium, Sl — sphericity index, AH — arterial hypertension, AF — atrial fibrillation.

Table 2. Factors in multiple linear regression equations reflecting the
dependence of the characteristics of the left atrium on the clinical
characteristics of the patient

Tabnuuya 2. KoagpcpuyueHmsl B ypaBHeHUSIX MHOXeCcmBeHHOoU
nuHeliHOU pezpeccuu, ompakarowux 3aBUCUMOCMb
Xapakmepucmuk f1eBo2o npedcepousi 0m KIUHUYEeCKUX
ocobeHHocmel nayueHma

www.innoscience.ru

Figure 4. Strain of the left atrium in the reservoir phase in patients
without cardiovascular disease (Control) and patients with arterial
hypertension without rhythm disturbances (AH only) and with
paroxysmal atrial fibrillation (AH+AF).

PucyHok 4. CmpeliH neBozo npedcepdus B ¢hasy pesepyapa y
nayueHmoB 6e3 3aboneBaHusi cepdeqyHo-cocyoucmoli cucmemsi
(KoHmpornb) u 6onbHbIX apmepuanbHol eunepmeHsuel

6e3 HapyweHul pumma (Tonbko Al) u c napokcuamanbHol
¢ubpunnsayuel npedcepoust (Al u ®).

Thus, paroxysmal AF affects LAVI, MDLA and SI in
a stronger way than hypertension-mediated structural and
functional changes of the left ventricle; the condition of the
left ventricle, not the AF, affects the reservoir strain in a
stronger way (Fig. 1-4). The same conclusions follow the
results of multivariate linear regression that studies the
relation between the parameters of the left atrium and the
patient’s age and sex, obesity, hypertension and paroxysmal
AF status (Table 2).

It follows from the table that the patient’s age has an
independent statistically significant positively manifested
effect on all studied parameters of the left atrium. With every
decade of life, the reservoir strain decreases by 2 percentage
points (on average), the LAVI increases by 1.6 ml/m2,
MDLA, by 0.16 percentage points, and the SI by 0.015 units.
The patient’s sex demonstrated no independent effect on the
parameters of the left atrium, and was not included in any of
the created models. The obesity status has no significant effect
on the LAVI and MDLA, but is associated with decrease of
the reservoir strain and increase of sphericity index. Atrial
fibrillation affects all studies parameters of the left atrium,
and the arterial hypertension, only on the reservoir strain
and left atrium volume index. It is to be noted that arterial
hypertension affects the reservoir strain more than does the
atrial fibrillation, while the latter has a more pronounced
effect on the volume index.

To study the possibilities of using the parameters of the
left atrium as predictors of paroxysmal atrial fibrillation, all
the patients included in the study were randomly divided
into the training and testing cohorts by the factor of 2:1 (238
and 118 patients). The training cohort included 39 (16.4%)
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Figure 5. Receiver operating characteristic curves for the sphericity
index (Sl), left atrium mechanical dispersion (LAMD), left atrium
volume index (LAVI), and reservoir strain as predictors of atrial
fibrillation (derivation cohort).

PucyHok 5. Kpusble owubok 0nst uHoekca cpepuyHocmu (MC),
MexaHu4Yeckol oucnepcuu nesozo npedcepoust (MAJ1), uHoekca
obbema neBozo npedcepous (MOJII) u cmpeliHa pe3epByapa
Kak npedukmopoB ¢ubpunnsyuu npedcepoull («obyvarowias»
Kozopma).

patients of the control group, 148 (62.2%) patients with
hypertension but without AF, and 51 (21.4%) patients with
arterial hypertension and paroxysmal AF. For the testing
cohort, the respective numbers were 19 (16.1%), 73 (61.9%)
and 26 (22.0%) patients.

The receiver operating curves obtained on the training
cohort for the parameters of the left atrium as predictors of
paroxysmal AF are shown in Fig. 5.

The areas under curves (AUC) for SI and MDLA were
similar, and were significantly more than the AUC for the
LAVI and reservoir strain (Table 2). The paroxysmal AF
prediction criteria obtained on the training cohort for the SI
and MDLA showed a high discriminating performance in the
testing cohort (Table 3). At the same time, the discriminating
performance of LAVTI and reservoir strain with respect to
paroxysmal AF was rather low.

The receiver operating curves obtained on the testing
cohort for the parameters of the left atrium as hypertension
predictors, or hypertension-mediated changes in the structural
and functional condition of the left ventricle, are shown in Fig. 6.
In this case, the greatest discriminating performance was found
in the reservoir strain, and the lowest, in the MDLA (Table 4).

Figure 6. Receiver operating characteristic curves for the
sphericity index (Sl), left atrium mechanical dispersion (LAMD), left
atrium volume Index (LAVI), and reservoir strain as predictors of
hypertension (validation cohorts).

PucyHok 6. Kpusble owubok 0ns uHdekca cpepuyHocmu (MC),
MexaHu4yeckoU ducnepcuu nesozo npedcepoust (MAJI), uHoekca
obbema neBozo npedcepdus (MOJII) u cmpeliHa pe3epByapa Kak
npedukmopoB apmepuasnbHol 2unepmeH3uU («3K3aMeHyrwas»
Kozopma).

Thus, the ST and MDLA demonstrated considerably high
discrimination performance with respect to paroxysmal atrial
fibrillation, and low performance with respect to arterial
hypertension; therefore, these indicators may be used to
identify individuals with high probability of non-diagnosed
atrial fibrillation among persons with arterial hypertension
and persons without cardiovascular pathologies.

m DISCUSSION

This study investigated the utility of echocardiography-
derived sphericity index (SI) for detecting paroxysmal atrial
fibrillation (AF) in hypertensive patients. The rationale
stemmed from prior evidence demonstrating that increased
SI measured by computed tomography (CT) or magnetic
resonance imaging (MRI) correlates with higher risks of
late AF recurrence after ablative pulmonary vein isolation
(PV]) [5, 10, 11].

The discriminative performance of SI with respect to
AF status in hypertensive patients was compared with the
discriminating performance of another three indicators of
remodeling of the left atrium: volume index, reservoir strain,
and mechanical dispersion. The discriminative performance

T n2 Testing cohort (n = 118)

AUC (95% Cl)

Sl, units 0.955 (0.920-0.977)
MDLA, % 0.937 (0.899-0.965)
LAVI, mU/m2 0.791 (0.734-0.841)
Strain, % 0.732 (0.671-0.787)

Criterion Se Sp +LR -LR
>0.82 100.0 0s15) 15.33 0.00
>1.91 92.3 85.9 6.53 0.090
>32.0 76.9 71.7 2.72 0.32
<20.3 61.5 80.4 3.15 0.48

Note: AUC — area under the curve, Se — sensitivity, Sp — specificity, +LR — positive likelihood ratio, -LR — negative likelihood ratio, Cl — confidence interval, SI —
sphericity index, MDLA — mechanical dispersion of the left atrium, LAVI — left atrium volume index.

Table 3. Characteristics of the structural and functional state of the left atrium as predictors of paroxysmal atrial fibrillation
Tabnuua 3. Xapakmepucmuku nokasamesneli cmpyKkmypHO-gyHKUUOHA/IbHO20 COCMOSIHUS 1eB020 npedcepousi Kak NpeduKmoposB

napokcuamanbHol ¢ubpunnsyuu npedcepouli
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Training cohort (n = 238) Testing cohort (n = 118)

AUC (95% CI) Criterion

SI, units 0.875 (0.826-0.914) <225
MOLA, % 0.787 (0.730-0.837) >29

LAVI, mUm? 0.709 (0.647—0.766) >0.65
Strain, % 0.690 (0.627-0.748) >1.05

Se Sp +LR -LR
59.6 84.2 3.77 0.48
53.5 89.5 5.09 0.52
82.8 42.1 1.43 0.41
63.6 52.6 1.34 0.69

Note: AUC — area under the curve, Se — sensitivity, Sp — specificity, +LR — positive likelihood ratio, -LR — negative likelihood ratio, Cl — confidence interval, SI —
sphericity index, MDLA — mechanical dispersion of the left atrium, LAVI — left atrium volume index.

Table 4. Characteristics of indicators of the structural and functional state of the left atrium as predictors of arterial hypertension
Tabnuuya 4. Xapakmepucmuku nokasameseli CmpyKmypHO-gyHKUUOHaIbHO20 COCMOSIHUS 1eB020 npedcepdusi Kak NpedUKMopoB

apmepuasbHoll cunepmeH3uu

of SI was comparable with that of the MDLA (AUC = 0.955
and 0.937) and was significantly higher than the LAVI and
reservoir strain properties (AUC = 0.791 and 0.732). The
reason for such manifested differences is that the values
of volume index and reservoir strain depend not only on
paroxysmal AF, but hypertension-mediated structural and
functional changes of the left ventricle. Thus, following the
multivariate linear regression analysis, the atrial fibrillation
is associated with an increase of volume index by approx. 6.6
ml/m2 and a decrease of reservoir strain by 2.1 percentage
points; the hypertensive status is associated with an increase
of volume index by 3.1 ml/m?and a decrease of the reservoir
strain by 4.5 percentage points. The hypertensive status of
patients had no statistically significant effect on sphericity
index and mechanical dispersion of left atrium, while the
atrial fibrillation results in an increase of SI by 0.2 units
and an increase of mechanical dispersion by 1.8 percentage
points. Thus, SI and MDLA reflect the specific features of
remodeling of the left atrium related to atrial fibrillation,
whereas the volume index and reservoir strain do not
demonstrate such specificity.

The findings of this study find acceptable explanation
within the concept of atrial cardiomyopathy, or a combination
of structural, functional and electrophysiological changes of
the atrial myocardia of different origin [3]. The reasons for
the development of atrial cardiomyopathy might lie in the
increased load on the atria in the event of disruption of the
diastolic function of the ventricles or in the structural heart
defects, persistent tachy-arrhythmias, and some extracardiac
factors including old age, general and epicardial fat, diabetes
mellitus, and genetic predisposition. The most prevalent
clinical manifestations of atrial cardiomyopathy are atrial
fibrillation [4] and, probably, non-AF-mediated left atrial
appendage thrombus [12].

Depending on the prevalent histological changes in
the myocardium, four classes of atrial cardiomyopathy
are identified. Class I is characterized with changes in the
cardiac myocytes (hypertrophy and myocytolysis), Class
II, mainly with fibrous changes, Class III, with combined
changes in the cardiac myocytes and fibrosis, Class IV, with
extracellular infiltration with amyloid (IVa), fat (IVf) or
inflammatory cells (IVi) without manifested accumulation
of collagen fibers. Classification boundaries remain arbitrary,
as cardiomyopathy progression alters histological patterns.
Moreover, regional heterogeneity in atrial myocardial
histology may simultaneously exhibit features of distinct
cardiomyopathy classes [3].

www.innoscience.ru

Arterial hypertension leads to left ventricle hypertrophy
and disorder of its diastolic function, increasing the strain
on the left atrium and promoting development of Class I
cardiomyopathy. The findings of this study indicate that a
manifestation of such cardiomyopathy is the increase of the
volume index and the decrease of the reservoir strain. The
morphologic substrate of atrial fibrillation is myocardial
fibrosis, i.e. Class II atrial cardiomyopathy. Some studies
show that mechanical dispersion of the left atrium allows a
more accurate evaluation of the degree of atrial fibrosis than
the results of magnetic resonance imaging [13, 14]. We believe
that this accounts for the high discriminating performance of
MDLA with respect to atrial fibrillation. Sphericity index (SI)
demonstrated similarly high discrimination performance in
this study, which allows regarding the ‘spherification’ of the
left atrium as a sign of atrial fibrosis.

Unlike mechanical dispersion of the left atrium, a
parameter whose calculation requires speckle-tracking
echocardiography, the sphericity index is calculated using
the findings of regular echo-CG. This facilitates the use of
Sl in broad clinical practice to identify hypertensive patients
with high probability of non-diagnosed paroxysmal AF.

Limitations of this study

In this study, Sphericity Index demonstrated high
discrimitating performance with respect to paroxysmal
AF in hypertensive patients with left atrial hypertrophy.
The possibility of using this parameter to identify isolated
AF, as well as AF in individuals with left ventricle systolic
dysfunction remains an open question requiring further
research [15]. The threshold value of SI, the exceeding of
which indicates high probability of paroxysmal AF, needs to
be clarified as well. This is all the more important since the
SI values depend on the method of measurement of the left
atrium volume. The ‘area-length’ method usually provides
higher values of the left atrium volume than the disk method;
therefore, the SI values calculated using the ‘area-length’
method are generally higher than those calculated using the
disk method.

m CONCLUSION

Sphericity Index calculated using echo-CG data manifests
high discriminating performance with respect to paroxysmal
AF in hypertensive patients. The sensitivity of the parameter
‘SI>0.82’ as a predictor of paroxysmal AF reaches 100%
(95% CI 86.8-100.0), and its specificity is 93.5% (65% CI
86.3-97.6). =
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Prediction of adverse outcomes in the long-term
follow-up period in patients with chronic heart
failure who have suffered a myocardial infarction

Yurii A. Trusov, Yurii V. Shchukin, Larisa V. Limareva
Samara State Medical University (Samara, Russian Federation)

Abstract

Aim - to determine the prognostic significance of global longitudinal strain
of the left ventricle (GLS) and soluble stimulating growth factor (sSTZ2) in
patients with chronic heart failure (CHF) after myocardial infarction (MI) in
the annual follow-up period.

Material and methods. The study included 96 patients with CHF who
were hospitalized with acute MI. All subjects underwent speckle-tracking
echocardiography and determination of concentrations of sST2, vascular
endothelial growth factor (VEGF), N-terminal pro-brain natriuretic peptide
(NT-proBNP) and C-reactive protein (CRP). After 12 months patients were
assessed for cases of stroke, recurrent myocardial infarction, hospitalization
for unstable angina or decompensation of CHF, and cardiovascular death,
forming a combined endpoint (CEP).

Results. The development of CEP was registered in 44 (45.8%) patients
with initially lower left ventricular ejection fraction and GLS, higher left
ventricular myocardial mass index, index of impaired local contractility, basal

diameter of the excretory tract, as well as a higher score on the Syntax scale
and concentrations of CRP, NT-proBNP and sST2. During the ROC-analysis
for the development of CEP, optimal thresholds for sST2 and NT proBNP
were determined, which were 36.1 ng/ml and 427 pg/ml, respectively. The
multifactorial analysis made it possible to develop a mathematical model for
predicting adverse outcomes within 12 months after M1, which included such
indicators as GLS — odds ratio (OR) 0.51 (0.39; 0.72), the number of points
on the Syntax scale — OR 3.05 (2.2; 6.8), concentrations of NTproBNP — OR
2.9 (1.45; 5.1) and sST2 - OR 3.3 (1.65; 7.51).

Conclusion. The developed prognostic model includes factors reflecting
various links in the pathogenesis of CHF, which provides an integrated
approach to assessing the risks of recurrent cardiovascular events after MI.
Keywords: chronic heart failure, myocardial infarction, global longitudinal
strain (GLS), soluble stimulating growth factor (sST2), prognostic model.
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NMporHo3upoBaHue HebnaronpUATHbIX UCXOA0B
B OTAANIEHHOM nepuoae HabnwaeHus y naumMeHToB
C XPOHUYECKON cepaevyHoOn HeaoCTaTO4YHOCTbIO,
nepeHecwnx MHapKT MUOKapAa

H0.A. Tpycos, 10.B. LLykuH, J1.B. Jlumapesa

dIre0Y BO «Camapckuin rocyaapCTBEHHbIV MeAUUMHCKUIA YHMBepCUTeT» Munsgpasa Poccun
(Camapa, Poccuiickas depepauust)

AHHOTaumA

et — ONpenenyTh IPOrHOCTUYECKYHO 3HAYMMOCTD [TI0BaIbHOM IPOJOIIBHOM
nedopmaruu JieBoro xenygodka (GLS) u pactBopumoro penenropa CTUMy-
npytoniero ¢akropa pocra (sST2) y nanueHToB ¢ XpOHUYeCKOH cep/ledyHoM
HenocrarouHocThio (XCH), nepenecinx nHapkt Muokapaa (MM), B romo-
BOM IIeproyie HaOIIOeH sl

Marepuan u Merofbl. B rcciienopanye BxirodeHo 96 marpenTos ¢ XCH, ro-
CIUTAIM3UPOBAHHBIX C ocTprIM UM. BeeM o6ciiestyeMbIM ITpoBejieHa CIeKII-

www.innoscience.ru

TPEKHUHT dXOKapAxorpadus 1 onpeserneHye KoHeHTpanui sST2, ¢paxropa
pocra supiorenus cocynioB (VEGF), N-koHIeBoro npeiiiecTBeHHIKa MO3ro-
Boro Harpuityperudeckoro nentuzia (NT-proBNP) u C-peaxkruBHoro 6eska
(CPB). Yepes 12 mecsieB oLleHeHbI CJIy4ay Pa3BUTHsI OCTPOTO HapyIIEHHUs
MO3roBOro KpoBoobpareHus, moBropHoro UM, rocruranmsanyii o moBogy
HeCTabWIbHOM cTeHOKapuu WK fekomneHcanru XCH u cepieuno-cocy-
JIUCTOM CMEpTH, COCTaBUBLIMX KOMOWHUPOBAHHYIO KoHeuHYIo Touky (KKT).
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KAPONONOIrn4

Tom 10 (2) 2025

Hayka n UHHOBauUuK B MeauLuHe

Pesynbrarel. Pazsutie KKT 3apeructpupoano y 44 (45,8%) manueHToB,
VMEBIINX UCXONHO OoJlee HU3KHUe IOKa3aTesy (paKiyy BEIGpoca JIeBOro JXe-
nynouka (JIXK) u GLS, 6osee BbICOKMe MOKa3aTeJTM UHIEKCA MaCChl MUOKap/a
JI’K, nHpexca HapyIIeHVs JIOKAJILHOM COKPAaTUMOCTH, 6a3albHOrO AuaMeTpa
BBIBOJTHOTO TPAKTa, a Takxke Oosiee BBICOKME 6ayuI 1Mo MmiKaje SyntaX ¥ KOH-
nentpanuii CPB, NT-proBNP u sST2. I1pu nposenennu ROC-anamiza B oT-
HOIIIEHWH Pa3BUTHsI KOMOMHMPOBAHHON KOHEYHOM TOUYKY OBUTH OIpesiesieHb!
onTtuUMabHble oporosuie 3HadeHus st SST2 u NTproBNP, cocraBusIimx
36,1 Hr/Mn u 427 nr/min cooTBeTCTBeHHO. [1poBeieHHbIN MHOTOGAKTOPHBIH
aHa/IM3 [T03BOJIWIT Pa3paboTaTh MaTeMaTHYeCcKyIo MofielIb IPOTHO3UPOBAHMS
HeOJIaronprUsATHBIX UCXOJIOB B TedeHre 12 MecsieB mociie nepeHecenHoro UM,

B KOTOPYIO BOIIUTH TaK¥e IT0Ka3aTelIH, Kak BerarHa GLS — oTHOIeHue prckoB
(OP) 0,51 (0,39; 0,72), konmuyecTBo 6awIoB MO miKane Syntax — OP 3,05 (2,2;
6,8), xonnentpanuu NTproBNP - 2,9 (1,45; 5,1) usST2 - OP 3,3 (1,65; 7,51).
BriBopbl. PaspaboranHas IpOrHOCTHYECKAs] MOJIeNIb BKJIIOYaeT GaKTOPEL,
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m INTRODUCTION

ver the past twenty years, chronic heart failure (CHF)

has acquired the character of an “epidemic”. CHF is
widespread throughout the world and affects more than 60
million people, and, according to experts, the number of people
with this pathology will increase [1]. Despite the impressive
body of scientific data on the pathophysiology of heart failure
(HF) and the possibilities of surgical and drug treatment and
prevention, this pathology is associated with significant
morbidity and mortality, especially among older people [2-3].

Left ventricular ejection fraction (LVEF) is a
fundamental factor for risk stratification in patients
with coronary artery disease (CAD), in particular after
myocardial infarction (MI). However, being within the
normal range, it does not allow a full recognition of the
degree of deformation changes in the myocardium. Today,
there is compelling evidence for the prognostic value
of LV global longitudinal strain (GLS), which is more
valuable than LVEF, in stratifying the risks of adverse
clinical outcomes in different groups of patients with
cardiovascular diseases. Although GLS is an independent
predictor of death, left ventricular remodeling and
hospitalization of HF patients with aortic stenosis, acute
MI, congestive HF, this indicator is not used in clinical
practice widely enough [4-6].

Numerous studies on post-infarction remodeling of
the myocardium confirm the close connection between
the biological markers (BM) of endothelial dysfunction,
fibrosis and inflammation, and development and
progression of HF [7-8]. At the same time, despite the
processes underlying heart failure being widely known,
the studies of prognostic value of biomarkers showing
the undergoing structural and functional changes of the
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cardiovascular system, particularly in the development
of MI, with respect to the progression of adverse
cardiovascular events both in the short-term and long-term
perspective remain a priority in modern cardiology [9].

The most commonly used B-type natriuretic peptides in
clinical practice, in particular the N-terminal precursor of
brain natriuretic peptide (NT-proBNP), are very useful in
diagnosis, risk stratification and determination of optimal
treatment; however, they have well-known limitations,
since their level is dependent on such factors as renal
dysfunction, age, obesity, atrial fibrillation, and some
other cardiologic and non-cardiologic diseases [10].

The ST2 growth-stimulating factor is a member of the
superfamily of interleukin-1 (IL-1) receptors that exists
in two forms: transmembrane receptor (ST2L) and the
soluble receptor (sST2). The natural ligand of the ST2
is the IL-33. Due to a complex action that IL-33 causes
to tissue damage and inflammation, it is involved in the
pathogenesis of some diseases (e.g., allergy, autoimmune
diseases, cancer, atherosclerosis, and diabetes). It is
most important that IL-33 plays a cardio-protective role
preventing fibrosis and hypertrophy of the myocardium as
a response to mechanical load with the help of ST2L. The
damage of the myocardium or mechanical stress stimulate
release of the sST2 that competes with ST2L for binding
the IL-33, thus inhibiting the positive effects caused by
the interaction of ST2L/IL-33, so, the excess of sST2 may
assist development of myocardial fibrosis and ventricular
remodeling [11].

It was proven that the sST2 provides important
information about the prognosis in heart failure (both
acute and chronic), and it is less affected by the renal
function, age, body mass index, and disease etiology
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than the natriuretic peptides. Although the sST2 is not
yet widely used, it can be easily measured multiple times
in emergencies and daily clinical practice [11].

m AIM

To determine the prognostic significance of GLS and
sST2 in patients with CHF after myocardial infarction in
the annual follow-up period.

m MATERIAL AND METHODS

The study was carried out in the Cardiology Departments
No. 1 and No. 2 of the Clinics of the Samara State Medical
University in the period from 2021 to 2022. In included
96 patients with CHF urgently hospitalized for in-patient
treatment in the acute period of MI not more than 24 hours
after the event.

Inclusion criteria: age over 18; signing of voluntary
informed consent for participation in the study; previous
diagnosis of ‘chronic heart failure’ of I, IT and III functional
classes; established diagnosis of ‘myocardial infarction’ at
the moment of signing of the informed consent; availability
of coronary angiography (CAG).

Exclusion criteria: decompensated diabetes mellitus;
confirmed autoimmune diseases; aggravated oncological
history; decompensated renal or hepatic failure; diseases
of the blood system; history of coronary artery bypass
grafting (CABG); other factors of myocardium geometry
change (refractory hypertension, hemodynamically
significant congenital and acquired cardiac defects,
dilatation and ischemic cardiomyopathy).

Myocardial infarction and CHF were diagnosed in
compliance with the effective clinical recommendations
[12-14].

The clinical and anamnestic characteristics of patients
are shown in Table 1. Among the participants included
in the study, male patients prevailed, and the median
age was 64.5 (57.0; 72.3) years. In the vast majority
of patients, there was a history of arterial hypertension
(AH), and CHF of NYHA II functional class. History of
previous MI was known in 25 (26%) patients, and that of
acute cerebrovascular event, in 7 (7.3%). The diagnosed
diabetes mellitus was present in 18 (18.8%) individuals.
In most cases (61.6%), nob Q-wave myocardial infarction
was found, the incidence rate of the anterior localization
of MI was 46.9%. Signs of acute heart failure as per Killip
II-1IT were found in 14.6% patients. In 10 patients, atrial
fibrillation (AT) rhythm was found, in eight of those, as
a complication of the infarction in progress. The median
score of patients with CHF on the Rating scale of clinical
state (RSCS) was 5 (3; 6).

In-patient treatment was also compliant with the
current clinical recommendations [12—-14]. In accordance
therewith, the medication therapy as of the moment of
patients’ inclusion in the study contained antiaggregants,
anticoagulants (as needed), beta-blockers (BB), statins,
inhibitors of angiotensin converting enzyme (ACEI) or
sartans, mineralocorticoid receptor agonists (AMR), loop
diuretics, calcium channel blockers (CBB) (Table 1). All
patients with AF received oral anticoagulants.

www.innoscience.ru

Characteristics Abs. Value %

Sex

female 31 32.3
male 65 67.7
PICS 25 26
Smoking 3 3.1
AH 90 93.8
DM 18 18.8
ACVA 7 7.3
AF 10 10.4
CHF, functional class (NYHA)

Il 88 91.7
1] 8 8.3
Severity of AHF (Killip)

| 82 85.4
Il 8 8.3
11l 6 6.3
IM type

without Q wave 59 61.5
with Q wave 37 38.5
IM localization

anterior LV wall 45 46.9
posterior LV wall 51 53.1
Prescribed therapy

DAAT 94 97.9
Statins 93 96.9
ACEl/sartans 87 90.6
BB 90 93.8
AMR 70 72.9
Loop diuretics 52 54.2
CBB 33 34.4
Results of angiographic investigation

PCI performed at the hospital 61 63.5
Surgical tactics on discharge

Indicated for CABG 24 25
Indicated for second-stage PCI 34 35.4
Conservative therapy 38 39.6

Notes: PICS: post-infarction cardiosclerosis; DAAT: double anti-aggregate
therapy.

Table 1. Clinical and anamnestic characteristics of the patients
included in the study (n=96)

Ta6nuuya 1. KnuHuko-aHaMHecmu4eckas xapakmepucmuka
nayueHmoB, BKJIO4eHHbIX B ucciiedoBaHue (n=96)

Based on CAG data, the current condition of the
coronary bed was assessed: lesions of the trunk of the
left coronary artery (LCA), left anterior descending artery
(ADA), circumflex artery (CX), and right coronary artery
(RCA). Afterwards, the severity of coronary bed lesion was
evaluated using the Syntax scale. In the event a stenosis
over 70% was found, the lesion of the coronary artery
was deemed significant. In cases of RCA and trunk of
LCA, stenosis over 50% was considered hemodynamically
significant. Considering the clinical and angiographic
picture, and with the patient’s consent, the surgical tactics
and time frame of intervention were identified (CABG
and/or stenting of the symptom-dependent artery).

Following the results of CAG, in 58 (60.4%) patients
triple-vessel disease of the coronary bed was found, in
24 (25%) patients, there was found hemodynamically
significant lesion of two coronary arteries, in 20
(20.8%), lesion of the LCA trunk. Percutaneous coronary
intervention (PCI) was performed in more than 60% cases.
Further surgical tactics (CABG) was identified for 24
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Tom 10 (2) 2025

Hayka n UHHOBauUuK B MeauLuHe

Onset of

e roco s it | s | 7

Median age,

s 61.5(56.5; 72) 66 (59.5;73) 1.02(0.98;1.07) 0.257
Male sex, n (%) 35(67.3)  30(68.2) 1.04(0.44;2.46) 0.927
DM, n (%) 10 (19.2) 8(18.2)  1.08(0.4;2.95) 0.881
AF, n (%) 7 (13.5) 3(6.8)  0.47(0.11;1.94) 0.288
Ei(?,gry of ACVA, 3(5.8) 4(9.1)  1.63(0.357.73) 0.533
ﬁi(suf)”’ of M1, 12 (23.1) 13(29.5)  1.4(0.56;3.49) 0.472
AH, n (%) 50(96.2)  40(90.9)  0.4(0.07;2.3)  0.29
n""};;’;th Qawave; 17 (32.7) 20(455) 1.72(0.74;3.93) 0.2
Anterior MI, n (%) 24 (46.2) 21(47.7) 1.07(0.48;2.38) 0.878
Killip 11111, n (%) 5(9.6) 9(20.5) 2.42(0.75,7.85) 0.134
PCI during

34 (65.4) 27 (61.4) 0.84(0.37;1.94) 0.683

hospitalization,
n (%)

Table 2. Clinical and anamnestic factors influencing the development
of adverse cardiovascular events within 1 year

Tabnuua 2. KnuHuko-aHaMHecmu4yeckue akmopsl, Bausiiowjue Ha
pasBumue HebnazonpusimHbIX cepoe4yHO-cocyoucmablix cobbimul B
meyeHue 1 2o00a

(25%) patients; second-stage PCI for 34 (35.4%) patients;
conservative therapy, for 38 (39.6%) patients (Table 1).

On the third day of hospitalization, patients’ venous
blood was sampled to identify concentrations of such
biomarkers as sST2 (“Presage ST2 Assay” test system,
“Critical Diagnostics”, USA), vascular endothelial
growth factor (VEGF) (“Human VEGF-A ELISA Kit,
Bender MedSystems GmbH”, Austria) and NTproBNP
(“NT-proBNP” test system, “Biomedica”, Austria). The
assessments of the total and biochemical blood count,
as well as blood coagulation, lipid, and CRP tests were
performed within the routine clinical practice.

The ECG was registered on the “CardiovitAT 2”
apparatus (“Schiller”, Switzerland) in twelve standard
leads.

Echocardiography (EchoCG) and 2D mode EchoCG
speckle tracking were performed on the “Philips EPIQ
5” ultrasound machine (USA) in accordance with the
Guidelines of the American Society of Echocardiography
and the European Association for Cardiovascular Imaging
[15].

During the hospital period, all patients underwent
laser Doppler flowmetry (LDF) in order to determine
microcirculation disorders using the general practitioner’s
laser blood microcirculation analyzer “LAKK-OP”
(“Lazma” LLC, Russia).

In the course of the first phase of the study, no cases
of hospital death were registered. In the second phase,
telephone inquiry was used to assess the disease progress
and clinical outcomes within 12 months. The combined
end point (CEP) in this study is represented by cases of
mortality due to cardiovascular pathology and recurrent
cardiovascular events: ACVA, new incidences of IM,
unstable angina (UA), and hospitalization for in-patient
treatment of CHF decompensation.

Statistical processing of data was performed in the
statistical calculation software suite R 4.3.2 (R Foundation
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for Statistical Computing, Austria). Descriptive statistics
are represented as absolute and relative frequencies for
qualitative variables, and medians (Me) with interquartile
range (Q1; Q3) for quantitative variables. Intergroup
differences for quantitative variables were assessed
using the Mann—Whitney test between two independent
samples; for categorical variables, the Fisher’s exact test.
The determination of prognostic factors for the occurrence
of recurrent events was performed using univariate
regression analysis with calculation of the odds ratio (OR)
and determination of its 95% confidence interval (CI).
The prediction of the study criteria was also assessed by
performing ROC (receiver operating characteristics) curve
analysis, in which the area under the curve (AUC) values
were calculated.

m RESULTS

Within the 12 months of observation, the onset of CEP
was registered in 44 (45.8%) participants of the study:
cardiovascular death took place in 2 (2.1%) cases, 8 (8.3%)
patients were hospitalized due to UA and the same number,
due to development of recurrent IM, 24 (25%) people were
hospitalized due to CHR decompensation, and 2 (2.1%),
due to development of ACVA. Based on that, groups of
patients were identified with favorable and unfavorable
progress in the long term-post-infarction period.

The assessment of effect of clinical and anamnestic
characteristics on the probability of development of
recurrent cardiovascular events within 12 months from
the moment of patients’ inclusion in the study revealed
no statistically significant associations with sex, age, MI
localization, AHF severity as per Killip scale, PCI in the
period of hospitalization, history of MI, DM, AH, ACVA,
and the presence of AF and NYHA functional class CHF
(p>0.05 in all cases) (Table 2).

At the same time, the patients with an adverse clinical
outcome in the year-long follow-up, a statistically
significant higher score of RSCS was registered, (5 (4; 7)
vs. 4 (3; 5) in patients with a favorable progress of post-
MI period, p<0.001). The regression analysis revealed
that high RSCS scores were significant predictors of
development of recurrent cardiovascular events in CHF
patients within one year after MI (OR=1.44 (95% CI: 1.17;
1.82), p=0.001).

The comparative analysis of basic EchoCG findings
and CAG results (Table 3) revealed that in the event of
development of adverse cardiovascular events the patients
originally had statistically significant lower values of left
ventricle ejection fraction (LVEF) and global longitudinal
strain (GLS), and statistically significant higher values
of end-systolic length (ESL) and end-diastolic length
(EDL) of the left ventricle, end-systolic volume of the
left ventricle (ESV), myocardial mass index of the left
ventricle (LV MMI), wall motion score index (WMSI),
basal diameter of the LV outflow tract (LV OT), and
higher scores as per Syntax scale. Besides, patients with
an adverse long-term outcome demonstrated diastolic
dysfunction of the left ventricle (LV DD) significantly
more often (70.5%). The groups with favorable and
unfavorable clinical prognoses did not differ in the value
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LV EF*, % 54 (49.5; 57.7) 48 (39; 54) <0.001 0.9 (0.84; 0.95) <0.001
EDR*, mm 48 (44.5; 50) 51 (48; 53.5) 0.002 1.11 (1.02; 1.21) 0.018
ESR*, mm 33 (30; 37) 36 (32; 42) 0.004 1.09 (1.02; 1.17) 0.013
ESV* ml 118.5 (106.5; 139) 129 (114; 151.5) 0.15 1.01 (0.99; 1.02) 0.261
EDV*, ml 55 (45.5; 70.5) 65.5 (56; 86.5) 0.003 1.03(1.01; 1.05) 0.013
LV OT dia., mm

proximal* 28.5 (27; 31) 30 (27; 32) 0.416 1.06 (0.95; 1.19) 0.273
distal* 25 (25; 26.5) 25 (24; 26.5) 0.732 0.98 (0.86; 1.11) 0.748
basal* 35 (32; 38) 38 (35; 40) 0.01 1.08 (1;1.18) 0.045
median* 29.5(27; 31) 30 (27; 32) 0.744 1.02 (0.92; 1.14) 0.699
GLS*, % 19.8 (18.45; 20.3) 16.65 (15.1;17.65) <0.001 0.37 (0.26; 0.54) <0.001
LI @t 100 (80.5; 110.35) 107 (97.5; 124) 0.013 1.02 (1; 1.04) 0.018
WMCI* 1.19 (1; 1.4) 1.41(1.1; 1.8) 0.008 4.6 (1.55; 15.4) 0.009
LA vol.¥, ml 62 (53.5; 68) 65.5 (57; 79.5) 0.089 1.02 (0.99; 1.04) 0.202
PPAsyst.*, Hgmm 30.5 (27; 35.5) 32.5 (27.5; 40.5) 0.145 1.05 (1; 1.1) 0.073
DL it 334 (28; 40) 335 (30.75; 42.33) 0.264 1.0 (0.98; 1.01) 0.526
Y/ 2 25.2 (22; 28) 26.6 (22.8; 30.55) 0.197 1.01 (0.96; 1.07) 0.639
Vitr¥, m/s 2.39(2.22; 2.6) 2.53(2.25; 2.8) 0.094 3.27 (1.09; 9.82) 0.033
LV DD, n (%) 26 (50) 31 (70.5) 0.042 2.39 (1.02; 5.55) 0.042
Syntax*, pts. 15.5 (8.5; 21.25) 38 (31; 41) <0.001 1.2(1.13; 1.29) <0.001
Number of affected coronary arteries

Single-vessel, n (%) 11 (21.2) 3(6.8)

Two-vessel, n (%) 12 (23.1) 12 (27.3) 0.14 1.58 (0.96; 2.74) 0.081
Three-vessel, n (%) 29 (55.8) 29 (65.9)

LCA trunk disease, n (%) 11 (21.2) 9 (20.5) 0.933 0.96 (0.35; 2.58) 0.933

Notes: * values are represented as Me (Q1; Q3); IV LA: indexed volume of left atrium; IV RA: indexed volume of right atrium.
Table 3. Comparative analysis of echocardiographic parameters and coronary angiography results depending on the development of CEP
Tabnuuya 3. CpaBHUmMerbHbIU aHanu3 axokapouozpaguyeckux nokazamernel u peaynsmamos KAI' B 3aBucumocmu om passumusi KKT

of the end-diastolic volume of LV (EDV), proximal, distal
and median diameter of the LV OT, volumetric values
of the left atrium (LA) and right atrium (RA), value of
systolic pressure in the pulmonary artery (PPAsyst), and
the number of affected coronary arteries and presence of
LCA trunk lesion. The statistically significant predictors
of development of recurrent cardiovascular events were as
follows: LV EF (OR (95% CI) - 0.9 (0.84; 0.95), p<0.001),
EDR, ESR, ESV, basal diameter of LV OT (OR (95%
CI) -1.08 (1; 1.18), p=0.045), GLS (OR (95% CI) - 0.37
(0.26; 0.54), p<0.001), LV MMI (OR (95% CI) — 1.02
(1; 1.04), p=0.018), WMCI (OR (95% CI) — 4.6 (1.55;
15.4), p=0.009), triscupid regurgitation velocity (Vtr)
(OR (95% CI) — 3.27 (1.09; 9.82), p=0.033), presence of
LV DD (OR (95% CI) — 2.39 (1.02; 5.55), p=0.042), and
the score on the Syntax scale (OR (95% CI) - 1.2 (1.13;
1.29), p<0.001) (Table 4). It is noteworthy that neither the
number of affected coronary arteries nor the presence of
hemodynamically significant damage to the left coronary
artery trunk had a significant impact on the long-term
prognosis of patients after MI.

When analyzing the microcirculation parameters
obtained during LDF, it was found that patients who
developed repeated adverse cardiovascular events
during 12 months of follow-up, initially had statistically
significantly lower values of the microcirculation index
(MI), the amplitudes of blood flow oscillations in the
myogenic (Am), neurogenic (An) and endothelial (Ae)
frequency ranges, the respiratory test index (RTI) and the
Hurst exponent (R/S), as well as statistically significantly
higher capillary blood flow reserve (CBFR) (Table 4). The
groups did not differ in the value of variation coefficient
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(Kv), values of relative perfusion saturation of blood
flow with oxygen (Sm), specific consumption of oxygen
in the tissues (I), relative entropy (HO), and correlation
dimensions of phase pattern (D2). The obtained data
indicate that patients with an unfavorable prognosis
had more manifested disturbances of microvascular
hemodynamics during the year, as well as a decrease in the
amplitude-frequency spectrum of perfusion oscillations.

The odds of development of recurrent cardiovascular
events within one year were statistically significantly
associated with values of RTI (OR (95% CI) — 0.81 (0.66;
0.97), p=0.025) and CBFR) (OR (95% CI) — 1.15 (1.05;
1.27), p=0.005). Besides, with the Ae value growing by 0.1
the odds ratio of adverse outcome development reached
0.58 (95% CI: 0.37; 0.88), An - 0.32 (95% CI: 0.14; 0.67),
Am-0.52 (95% CI: 0.32; 0.8), R/S - 0.62 (95% CI: 0.39;
0.96) and D2 - 0.68 (95% CI: 0.46; 0.97).

The analysis of levels of general laboratory parameters
depending on the development of adverse cardiovascular
events within one year after an index MI showed that the
patients with adverse outcomes had significantly higher
levels of CRP, NTproBNP and sST2, and the calculated
glomerular filtration rate (GFR) was significantly lower
than the patients with a favorable progression of the
remote follow-up period (Table 5). The groups did not
differ in the levels of troponin, creatine phosphokinase
(CPK) and its MB isoform (CPKMB), total cholesterol
(TC), low-density lipoproteins (LDL) and VEGF, although
there was a tendency towards higher values of glycemia
in patients with unfavorable prognosis (p=0.06). The
statistically significant predictors of recurrent events were
the value of GFR calculated using the CKD-EPI formula
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| Fator |  NoCERn=52 |  OnsetofCERn=44 | P | OR(@5%C)
MI, pf. u. 15.3 (14.4; 16.3) 145 (13.7; 15.9) 0.042 0.76 (0.57; 1) 0.055
Kv, % 6.93 (5.06; 8.51) 6.18 (4.73; 7.81) 0.194 0.89 (0.75; 1.06) 0.205
Ae, pf. u. 0.58 (0.52; 0.64) 0.52 (0.44; 0.61) 0.007 0.58 (0.37; 0.88) 0.013
An, pf. u. 0.57 (0.54; 0.61) 0.54 (0.48; 0.57) 0.002 0.32 (0.14; 0.67) 0.004
Am, pf. u. 0.51 (0.44; 0.55) 0.42 (0.37; 0.51) 0.002 0.52 (0.32; 0.8) 0.004
RTI, % 35.5 (34.2; 37) 34.2 (32.6; 38.7) 0.038 0.81 (0.66; 0.97) 0.025
CBFR, % 127 (124; 129) 130 (125; 133) 0.008 1.15 (1.05; 1.27) 0.005
Sm, c. u. 4.35 (4.03; 4.6) 4.08 (3.87; 4.65) 0.175 0.58 (0.22; 1.46) 0.249
I c. u. 33.7 (30.8; 36) 32.1(29.8; 34.7) 0.229 0.95 (0.85; 1.05) 0.282
R/S 0.47 (0.4; 0.52) 0.4 (0.32; 0.48) 0.02 0.62 (0.39; 0.96) 0.036
HO 0.34 (0.31; 0.38) 0.34 (0.3; 0.36) 0.197 0.58 (0.24; 1.39) 0.23
D2 1.43 (1.36; 1.5) 1.39 (1.25; 1.49) 0.063 0.68 (0.46; 0.97) 0.039
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Note: the factor values are gives as medians Me (Q1; Q3).

Table 4. Comparative analysis of microcirculation parameters depending on the development of CEP
Tabnuua 4. CpaBHUmMenbHbIl aHanu3 napamMempoB MUKPOUUPKYnsiyuu B 3aBucuMocmu om passumusi KKT

(OR (95% CI) - 0.95 (0.92; 0.98), p=0.006), glucose levels
(OR (95% CI) - 1.17 (1.01; 1.36), p=0.029), CRP (OR
(95% CI) - 1.06 (1.02; 1.11), p=0.004), NT-proBNP (OR
(95% CI) — 1.03 (1.02; 1.08), p<0.001), and sST2 (OR
(95% CI) - 1.13 (1.07; 1.2), p<0.001).

Thus, development of adverse cardiovascular events in
CHEF patients after MI is associated within the following
year with decrease of global deformation of the left
ventricle, severity of coronary atherosclerosis, disruption
of microcirculation, presence of kidney dysfunction,
hyperglycemia and elevation of levels of such biomarkers
as CRP, NTproBNP and sST2. At the same time, the
clinical and anamnestic characteristics as predictors of
long-term adverse outcomes become secondary.

To predict the risk of development of recurrent
cardiovascular events, a mathematical model was
developed with step-by-step selection of predictors that
showed their significance in the development of combined
endpoint in the single factor analysis, as well as predictors
that have wide evidence with respect to riskometry, with
exclusions based on the Akaike’s information criterion
(AIC). The analysis included criteria that showed their
prognostic value in a univariate analysis, and the generally
accepted risk factors with a vast body of evidence: patient’s
age and sex, history of DM, history of MI, type of MI and
severity of CHF in the Killip class, score on the RSCS
and Syntax scales, number of involved coronary arteries,
values of LV EF, GLS, LV MMI, RCII, ESL, EDL, ESV,
basal diameter of the LV OT and Vtr, presence of LV DD,

RTI and CFBR, Hurst exponent, correlation dimensions
of the phase pattern and amplitude-frequency spectrum
of perfusion oscillations, as well as concentrations of
glucose, CRP, NT-proBNP, sST2, TC and LDL, and CKD-
EPI calculated GFR.

Following the results of the analysis, the final model
(Table 6) included such factors as GLS value, points on
the Syntax scale, levels of NTproBNP and sST?2. The risk
ratio (RR) for NTproBNP was 2.9 (1.45; 5.1), for the
Syntax scale, 3.05 (2.2; 6.8), for sST2, 3.3 (1.65; 7.51),
and for GLS, 0.51 (0.39; 0.72).

The resulting model was characterized by a Nagelkerke
pseudo R? value of 0.7 (adjusted value — 0.66), Sommers
DXY rank correlation of 0.89 (adjusted value — 0.86) and
AUC of 0.94 (95% CI: 0.89-0.97) (adjusted value — 0.93)
(Fig. 1).

Following the results of the multivariate regression
analysis, we derived the regression equation using the
following mathematical formula:

P: 1/ (1 +ef(Bo + B1*x1 + B2¥x2 + B3*x3 + B4*x4)), Where:

e — base of natural logarithm (2.718); Bo — constant
(1.32); B, — coefficient for NTproBNP (0.012); B, -
coefficient for GLS (-0.74); B, — coefficient for Syntax
scale points (0.13); B, — coefficient for sST2 (0,15); x, —
concentration of NTproBNP, pg/ml; x, — GLS value, %;
X, — number of Syntax scale points; x, — concentration of
sST2, ng/ml.

Thus, the equation can be written as follows:
P: 1/ (1 +ef(1,32 +0,012%x1 - 0,74*x2 + 0,13%x3 + 0,15*)(4).

Glucose, mmol/l 6.0 (5.3; 7.3) 6.6 (5.6; 8.4) 0.06 1.17 (1.01; 1.36) 0.029
Troponin, pg/ml 708.5 (174; 2283.1) 616.4 (89.8; 3205.5) 0.953 1.0 (1.0; 1.0) 0.146
CPK, U/l 306.9 (120; 778.2) 315.5 (143.5; 796.8) 0.678 1.0 (1.0; 1.0) 0.707
CPKMB, U/L 31.1(21.3; 70.6) 47.5(21.3; 77.8) 0.617 0.99 (0.82; 1.0) 0.439
CKD-EPI GFR, ml/min/1.73m2 77 (74; 80) 67 (61; 77) 0.003 0.95 (0.92; 0.98) 0.006
TC, mmoll 5.1 (4.4; 5.65) 5.05 (4.75; 5.4) 0.8 0.86 (0.58; 1.22) 0.396
LDL, mmoll 3.07 (2.58; 3.9) 3.28 (2.74; 3.32) 0.376 0.94 (0.61; 1.42) 0.759
CRP, mg/l 14.9(7.9; 21.1) 22.3(12.5; 31.9) 0.004 1.06 (1.02; 1.11) 0.004
NT-proBNP, pg/ml 192.4 (111.2; 517.8) 1339.7 (605.4; 1886.9) <0.001 1.03(1.02; 1.08) <0.001
sST2, ng/ml 27.2 (21.3; 34.8) 45.8 (37; 63.4) <0.001 1.13(1.07;1.2) <0.001
VEGF, pg/ml 387 (187.5; 461.6) 249.7 (153.8; 370) 0.116 0.79 (0.53; 1.17) 0.248

Note: the factor values are gives as medians Me (Q1; Q3).
Table 5. Levels of the main laboratory parameters depending on the development of CEP
Tabnuua 5. YpoBHU 0CHOBHbIX TabopamopHbIX nokazamesel B 3aBucuMocmu om passumusi KKT
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Predictor B(SE) RR 95% CI p VIF

1.32 = = = =
NTproBNP, ng/ml 0.012 29 1.45;5.1 0.018 1.34
GLS, % -0.74 0.51 0.39;0.72  0.032 1.27

Syntax, points 0.13 3.05 2.2,6.8 0.002 1.05
sST2, ng/ml 0.15 3.3 1.65; 7.51 0.041 1.08

Constant

Table 6. Coefficients in the model for predicting the risk of recurrent
cardiovascular events

Tabnuya 6. KoagppuyueHmsl B nony4eHHolU Modenu
NPO2HO3UPOBaHUS PUCKa Pa3BUMUSI NOBMOPHbIX
cepoe4Ho-cocyoucmsix cobeimull

To ensure the ease of use of this formula, a calculator
for calculating the probability of development of recurrent
cardiovascular events in patients with CHF within a year
after a previous MI was designed on its basis. After the
required parameters are filled in (NTproBNP and sST2
levels, Syntax scale points and GLS value), the program
provides the result of probability of development of
recurrent cardiovascular events within 12 months in
percent (Fig. 2).

Using a predicted event probability of 60% as a
threshold, the resulting model had an accuracy of 87.5%
(95% CI: 84.2; 91.3), a sensitivity of 81.8% (95% CI:
72.6; 90.8), and a specificity of 92.3% (95% CI: 87.8;
98.1). The positive predictive value was 92.3% (95% CI:
83.9; 96.4).

m DISCUSSION

Heart failure is a complex clinical syndrome that
occurs in various diseases, including MI, characterized
by pathological changes in the structure and/or function
of the heart [16].

Currently, there are many studies confirming the
prognostic significance of various predictors of adverse
outcome in patients with HF. These include EchoCG
data, results of effort tests, and levels of such biomarkers
as NTproBNP, galectin-3, hs-T-troponin, and CRP. At the
same time, despite the identification of many prognostic
markers, clinical decision-making in CHF is still based
primarily on parameters such as the presence of HF
symptoms (NYHA class), LVEF, QRS duration and
morphology [17].

Although LVEF is an important indicator in the
diagnosis and monitoring of patients with CHF, in some
cases, LVEF assessment may not be informative enough
and may not reflect the severity of the clinical condition,
particularly at the onset of HF. Recent studies suggest
that myocardial strain is a more sensitive parameter
for assessing cardiac function than LVEF. Thus, P.
Janwetchasil et al. (2024) studied the prognostic value of
GLS using the MRI of the heart in patients with known or
suspected coronary heart disease with preserved systolic
function of the left ventricle. The multivariate analysis
showed that patients with GLS less than 14.4% had a
significantly higher risk of adverse cardiovascular events
compared with patients with GLS greater than 14.4%
[6]. L. Caunite et al. (2024) showed that GLS improves
stratification of risk based on LVEF in patients after MI
with elevation of the ST segment (STEMI). The study
included 1909 STEMI patients, the average follow-up
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Figure 1. ROC-curve for predictions obtained using the model.

being 69 months. The cumulative 10-year survival rate
was 91% in patients with improvement or slight decline
in GLS compared with 85% in patients with a GLS
decline of >7% within one year after the index event.
In a multivariate regression analysis, a decrease in GLS
>7% from baseline remained independently associated
with the development of the endpoint after adjustment
for clinical and echocardiographic parameters of left
and right ventricular function. Thus, speckle tracking
strain echocardiography has the potential to improve risk
stratification in patients with STEMI, even with preserved
or moderately reduced LVEF at baseline and in follow-up
[4]. The correlation between the GLS value and level of
BNP with the development of pathological remodeling
after the MI was demonstrated earlier by V.E. Oleinikov
et al. (2022). Patients with pathological LV remodeling on
days 7-9 of MI had statistically significantly lower GLS
values, and within 6 months the proportion of patients
with low and intermediate LVEF was 24.4% and 60%,
respectively. A decrease in GLS of less than 11.7% was a

NTproBNP, ur/ma 5w ¢
GLS, % 200 < Hosep xapTel nanmenTa
Syntax, GaLsl T o
ST2, ar/ma 820 = DHO

Ada

Jara poxaenns

01.01.1961
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11
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PaccuuTars 64,70% p= 0647028 | BLITOARAETCH HCCIEI0BAHME

HpOl'HOCTH‘leCKaﬂ BepOATHOCTE BRICOKAS
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Hara 01.01.2025 2

Figure 2. Example of using a calculator for riskometry
in patients with CHF who had M|

PucyHok 2. lpumep ucnonb30BaHus KanbKynsmopa
ans puckomempuu y nayueHmos ¢ XCH, nepeHecwiux VIM.
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highly sensitive and specific predictor of the development
of post-infarction pathological LV dilation [18]. In the
present study, a dynamic assessment of the GLS value
was not performed, but only the effect of GLS on the
development of late adverse cardiovascular events was
assessed. At the same time, the prognostic significance of
GLS was demonstrated by both univariate and multivariate
analyses, which makes this indicator a valuable marker for
early risk stratification in patients with CHF who have had
an MI, regardless of its dynamics.

Recently, the prognostic significance of ST2 and
its advantages over natriuretic peptides gained much
attention. The clinical effectiveness of assessing the
level of sST2 in HF was confirmed by numerous studies
conducted over the past 20 years. A meta-analysis of 2016
studied 7 clinical trials with more than 6372 participants
and confirmed the prognostic value of sST2 with respect
to adverse outcomes in CHF patients [19]. It is known
that an increase in sST2 levels after MI has a long-term
prognostic value for the development of CHF. According
to clinical observations, patients with elevated sST2 levels
after MI were more susceptible to subsequent maladaptive
myocardial remodeling and progression of HF [20]. sST2
has also been shown to be a powerful predictor of adverse
clinical events in AHF. Xue-Qing Guan et al. (2024)
increased the predictive value for risk stratification in
patients with AHF over a three-year follow-up period by
assessing the incidence of major adverse cardiovascular
events, defined as re-hospitalization for HF and/or all-
cause mortality. The authors found that the optimum
threshold value for sST2 was 34 ng/ml. Patients above
this threshold had higher rates of re-hospitalization and
mortality, which emphasized the prognostic importance
of elevated sST2 levels in the study population. The
diagnostic value of sST2 varied across different HF
patient groups, particularly in patients with a history of
MI, indicating the importance of considering prognostic
differences between patient groups when monitoring sST2
levels in clinical practice [21].

To assess the risks of developing adverse outcomes
within a year for the studied cohort of patients, we
proposed a mathematical model for determining the
risk of developing recurrent cardiovascular events and
death within 12 months in patients with CHF after MI.
The multivariate regression analysis established the
following as independent predictors of development
of adverse clinical outcomes: GLS value, score on the
Syntax scale, and concentration of sST2 and NTproBNP
identified not later than two days after the development
of MI. It is to be noted that in this study, the NTproBNP
did not lose its prognostic value. It was proven that the
inclusion of new biomarkers in the multi-parametric
models, in addition to the widely known natriuretic
peptides, significantly improves the risk stratification,
and the highly sensitive troponins and the sST2 seem
to be more reliable biomarkers for the stratification of
risk [22-23].

m CONCLUSION

The assessment of levels of GLS and sST2 in patients
with IM, along with the assessment of the severity of the
coronary atherosclerosis and the level of NTproBNP is a
promising tool that can improve early stratification of risk
and diagnostic and therapeutic management of patients
admitted for emergency care. The increase of sST2 levels
in plasma is likely associated with significant activation of
both neurohormonal and profibrotic mechanisms, which
may help identify patients at high risk of early adverse LV
remodeling after M1.

The use of the proposed prognostic model in clinical
practice, in particular at the hospital stage, will allow
not only to stratify the risk of developing recurrent
cardiovascular events in patients with CHF after a
previous MI and promptly identify individuals with a high
probability of developing adverse clinical events within
the next year, but also to provide a more personalized
approach to treatment and preventive measures for a
specific patient. »=
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Role of mini-invasive technologies in the treatment
of colon cancer in the aged patient population
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Abstract

Aim - to evaluate the effectiveness of surgical treatment for colorectal cancer
in patients aged 75-90 years (WHO, 2002) in the early postoperative period
after laparoscopic and open surgeries. The primary outcome was the total
length of hospital stay (bed-days). Secondary outcomes included intraoperative
blood loss, C-reactive protein (CRP) levels, postoperative pain (VAS), and
the incidence of general and surgical complications.

Material and methods. The study included colorectal cancer (CRC) patients
(75-90 years old) who underwent laparoscopic (LS) or laparotomic (LT)
surgery. A comparative analysis of demographic, clinical-laboratory, and
surgical data was performed.

Results. The LS group demonstrated a shorter hospital stay (10 (3) vs. 10
(7) days, p<0.001) and lower intraoperative blood loss (50 (20) vs. 150 (150)
ml, p<0.001) compared to the LT group. The LT group had significantly

higher CRP levels on days 3 and 5 (p<0.001) and a higher incidence of
complications (pneumonia, anemia, acute urinary retention), 18 (33.9%) vs.
6 (7.2%), p<0.001. Operative time (p=0.002) and postoperative complications
significantly influenced hospital stay duration.

Conclusion. Laparoscopic surgery results in a shorter hospital stay, reduced
intraoperative blood loss, lower inflammatory response, and decreased
postoperative pain and complication rates. These advantages make it the
preferred method for treating elderly patients with colorectal cancer, especially
in the presence of comorbidities.

Keywords: colon cancer, laparoscopy, hospital stay duration, blood loss
volume, operative time.
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AHHOTauus

Lens — oneHUTh 3G PEKTUBHOCTL XUPYPriIeCcKOro JiedeHHs KOJIOPeKTalbHO-
ro paka y narnuenroB 75-90 sier (BO3, 2002) B paHHeM 110Cj1eonepaltioHHOM
IIeprozie NOoCJIe JIANnapoCKOIMYeCKUX M OTKPBITHIX omepanuii. OCHOBHOM
I0Ka3aTesib — 00MIas IPOJOJDKUTEIBHOCTD FOCIIUTAIN3AINH (KOHKO-IHH),
KOTOpast SIBJISIeTCS] IIEPBIUYHOM KOHEYHOM TOUKOM UCCejoBaHusI. Bropuyunble
[I0Ka3aTeJIi: HHTPaoNepallioHHasl KPOBOIIOTepsl, ypoBeHb C-peakTUBHOTO
6eJka, IoCIeonepanuoHHas 60JIb, YaCTOTa OOIINX U XUPYPrUYECKUX OC-
JIO)KHEHWH.

Marepuan u Metoasl. B nccienoanue BritoueHsl naruenTsl ¢ KPP 75-90
JieT, nepeHectiye janapockonuyeckue (JIC) u manaporomusle (JIT) oneparyu.
[TpoBesieH CpaBHUTENLHBIN aHAIM3 ieMorpadrIecKux, KITMHUKO-JIabopaTop-
HBIX U XHUPYPrU4eCKHUX JIaHHBIX.

Pesynwrarsl. I'pynmna JIC noka3asna KOpOTKHe CPOKHU OOIIIe#H ITPOJIOIKUTEIIb-
Hoctu rocnutanu3anuu (10 (3) nportus 10 (7) nueit, p<0,001) 1 MeHbIIME
1udps! MHTpaonepaonHon kposonorepu (50 (20) nporus 150 (150) mu1,

p<0,001) o cpaBrenwuto ¢ rpynmnoi JIT. B rpymme JIT ormeden 6osiee BBICOKHI
ypoBeHb CPE Ha 3-1 u 5-e cytku (p<0,001), yacTble ociioKHeHUs (ITHEBMOHUS,
aHeMus, ocTpas 3aziepxkka Mmoun) B rpymie JIT — 18 (33,9%) nporus 6 (7,2%),
p<0,001. CymiecTBeHHO BIIMSUIM Ha NPOJIOJDKUTENIBHOCTb FOCIUTAIN3aMN
obmras Bpems oneparuu (p=0,002) u mocseornepanioHHbIe 0CI0XKHEHHSI.
3axmoyenue. Jlanapockonuyeckuii JoCTyn obecriednBaet 6ojiee KOPOTKYIO
TIPOZIOJKUTENIBHOCTD FOCIIMTAIM3AINH, CHIDKAeT HHTPAOIIePal[IOHHYIO KPO-
BOIIOTEPIO, YMEeHbIIIaeT BLIPAXKEeHHOCTh BOCIIAIUTEIILHOTO OTBETa ¥ 60J1eBOro
CHHJIPDOMa, a TaKXKe COKpAIAeT YaCTOTy PAaHHUX I10CJIeONepanMoOHHBIX OC-
JIOKHEHHUH. DTU NPEeMMYINeCTBa AeNaloT ee IPeAOYTHTEIbHBIM MEeTOI0M
B JIeYeHHH IAIIeHTOB CTapYecKoW BO3PACTHOMW IPYIIIBI KOJIOPEKTAIbHBIM
pakoM, 0COGEHHO NP HAJIMYUK KOMOPOHU/IHOTO ¢oHa.

KirroueBsbie ¢10Ba: pak 0060I0YHOM KHIIIKH, JIATAPOCKOITHSI, TIPOJIOJIKUTEIIb-
HOCTb I'OCIHTAIU3AIMH, 00heM KPOBOIIOTEPH, TIPOJIOJDKUTEIbHOCTh ONepaIyH.
KondaukT HHTepecoB: He 3asBIleH.
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m INTRODUCTION

olorectal cancer (CRC) is one of the most common

malignant neoplasms in the world, ranking third in
incidence among both sexes after breast cancer and lung
cancer. In terms of mortality, CRC ranks second in the
structure of all malignant neoplasms, second only to lung
cancer [1, 2]. The main method of radical treatment of
CRC remains surgical intervention, while improvements in
surgical technologies have significantly improved patient
outcomes. Traditionally, open laparotomy (LT) has been and
remains the standard surgical procedure for colon resection.
However, with the advent of minimally invasive technologies
such as laparoscopy (LS), surgical practice has improved
significantly over the past few decades.

Laparoscopic surgery offers several potential advantages
over LT, including smaller incisions, reduced postoperative
pain, faster recovery, and shorter hospital stay [3-5]. A study by
Chinese scientists has demonstrated the superiority in efficacy
and safety of laparoscopic techniques over open laparotomy
operations in the surgical treatment of colorectal cancer in the
elderly, namely in terms of accelerated recovery and fewer
complications in the early postoperative period [4]. Despite
the above advantages, the use of laparoscopic techniques is
not yet the method of absolute choice and mainly depends
on the patient selection criteria, available surgical skill, and
availability of equipment in the medical institution.

An important indicator of postoperative recovery and the
effectiveness of healthcare management is the length of a
patient's stay in hospital [6]. In addition, reduction of hospital

www.innoscience.ru

days is one of the effective results noted in LS surgery [7].
Although existing studies show that LS methods reduce the
length of hospital stay compared with LT, the extent of this
benefit and the factors influencing it continue to be investigated
in different populations and real-world clinical practice [7].

m AIM

To compare early postoperative outcomes in elderly patients
undergoing laparoscopic and open surgery for CRC [8] and
to evaluate the recovery benefits of LS surgery within our
clinical context.

m MATERIAL AND METHODS

Study design and conditions

This retrospective cohort study included 140 patients
diagnosed with colon cancer who underwent LS and traditional
LT surgeries. The data for the study were retrospectively
collected from medical records of patients who underwent
surgery at the Oncology Center No. 1 of the S.S. Yudin City
Clinical Hospital over a five-year period (from October 2019
to October 2024). Ethical approval for the study was obtained
from the local ethics committee of the Sechenov University
on 16.11.23, and confidentiality of patient data was respected
throughout the study.

Study population and inclusion criteria

The study included 140 patients aged 75-90 years with
histologically confirmed colon cancer. Random simple
sampling was used to include patients in the study. Inclusion
criteria: histologically confirmed CRC, planned surgical
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treatment using LS or LT approaches, availability of
complete medical records and discharge summaries, including
preoperative, intraoperative and early postoperative data (up
to 9 days after surgery). Patients undergoing emergency
intervention, with primary multiple malignancies and with
stage IV disease were excluded.

Data collection and characteristics

The patient data was taken from electronic patient records
using a standardized data collection form. Demographic
characteristics such as age, gender and body mass index (BMI)
were recorded as well as the following clinical data: clinical
diagnosis, tumor stage, concomitant diseases and perioperative
laboratory findings, namely, hemoglobin (Hb) and C-reactive
protein (CRP) levels. To determine the tumor stage, the TNM-
8 (2017) classification was used [9]. The general functional
status of patients was assessed using the Karnofsky score [10].
Perioperative surgical risk was assessed using the American
Society of Anesthesiologists scale (ASA) [10].

The anamnesis included preoperative intestinal obstruction,
as well as previous surgical operations on the abdominal organs
and pelvic organs. Intraoperative data included total operative
time in minutes and intraoperative blood loss in milliliters.

Postoperative outcomes included total length of hospital
stay and postoperative Hb and CRP levels, general and
abdominal postoperative complications. In addition, the total
length of hospital stay was chosen as the primary endpoint,
while intraoperative blood loss, inflammatory response,
severity of postoperative pain and postoperative complications
were considered as secondary endpoints.

Statistical analysis

Quantitative variables are presented as mean and standard
deviation (M+SD) for normally distributed data. In cases
where the normality assumption was violated, the values
were described by the median and interquartile range (Me
(Q1-Q3)). Normality of distribution was tested using the
Shapiro—Wilk test.

For qualitative variables, absolute frequencies and
percentages were used (n (%)). The t-test or nonparametric
Mann—-Whitney test were used to compare baseline
demographic, clinical, and perioperative characteristics
depending on the data distribution. The categorical variables
were compared using the 42 test or Fisher’s exact test depending
on expected frequencies.

Comparison of quantitative variables before and after
surgery was performed using the paired t-test or Wilcoxon test,
depending on normality. For the analysis of paired categorical
data before and after surgery, the McNemar test was used.

To identify the factors related to the total duration of
hospitalization and to assess their independent effect, the
multivariate linear regression analysis (MLR) was used.
Variables that showed statistical significance in the univariate
analysis, as well as variables of clinical significance, were
included in the model as predictors.

The accuracy of the constructed model was assessed using
the model specificity analysis (linktest) and the Nagelkerke’s
determination coefficient R2. The criterion of statistical
significance were p-values below 0.05 and 95% confidence
interval.

The calculations were performed in the Stata software suite,
ver. 16.1 (StataCorp, Texac, USA).
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m RESULTS

Descriptive statistics and comparative analysis of basic
demographic and clinical data

The patients were grouped depending on the method of
surgical treatment; therefore, the comparative analysis was
performed in the LS and LT groups. Due to urgency of the
operations and lack of clear histological confirmation, two
patients from the LS group and two patients from the LT group
were excluded from the study. The final cohort included 53
patients in the LT group and 83 patients in the LS group who
met the criteria. The groups were comparable in age (p=0.53)
and sex (p=0.85). The median age was 83 (6) years, and women
prevailed (61.1%) in the total population. BMI categories were
also equally distributed across groups (p=0.91). The majority
of patients had a normal BMI value (n=59, 43.7%). The results
are shown in Table 1.

The classification as per TNM-8 (2017) before the operation
showed the prevalence of stage III in the total cohort (64
(47%)), the distribution is comparable in the groups (p=0.26).
Despite the prevalence of patients with tumors of the right half
of the colon in the overall cohort 71 (52.2%) over patients with
tumors of the left half of the colon, 54 (39.7%), no statistical
difference was found (p=0.53). According to the Karnofsky’s
functional performance scale, the groups are comparable
(p=0.10), the score of the majority patients being 90...100
points (94 (69%)). The overall baseline status of the patients
did not show significant differences between the groups, with
the majority of patients being in satisfactory or moderate
condition (p=0.24).

Practically all patients had at least one concomitant disease
(99.2%). Among the comorbidities, arterial hypertension,
coronary heart disease (CHD) and chronic heart failure (CHF)
were prevalent (116 (85.9%), 73 (53.6%) and 71 (52.2%),
respectively).

As shown in Table 1, most of the comorbidities were
related to atherosclerosis and cardiovascular diseases.
Comparative analysis of various comorbidities showed that
the groups were comparable without statistically significant
differences (p>0.05). Only the CHD was more frequent in
the LT group than in the LS group ((67.9%) vs. 37 (44.5%)
cases, respectively, p=0.009). Mild anemia was found in 89
(65.4%) patients, and severe anemia in 22 (16.1%), with no
significant differences (p=0.23). Chronic comorbidities of the
gastrointestinal tract were found in 41 (30.1%) patients, the
distribution between groups not being different (p=0.70).

Overall, before the operation, 71 (52%) patients were
found to have complications of the colon cancer such as toxic
anemic syndrome, tumor lysis syndrome, or cachexy, the
complications being distributed evenly between the groups
(p=0.06). Complications requiring surgical intervention,
such as intestinal obstruction, tumor stenosis, or perifocal
inflammation, were also found. The surgeries done on the
abdominal organs and pelvic organs were performed equally
in both groups (p=0.21).

Descriptive statistics and comparative analysis of surgical,
laboratory and early postoperative data

Similar to the TNM-8 (2017) classification before
surgery, the groups showed no significant differences in the
pathological stage of the disease according to the TNM-8
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Age, years 83 (79-85) 83 (78-85) 83 (79-85)
Sex, %
Male 53 (38.9) 33 (39.7) 20 (37.7) 0.85
Female 83 (61.1) 50 (60.3) 33 (62.3)
BMI, %
Norm 59 (43.7) 37 (45.1) 22 (41.5) 0.91
Excess weight 47 (34.8) 28 (34.1) 19 (35.8)

Obesity 29 (21.5) 17 (20.8) 12 (22.7)
Tumor localization 0.53
Right half 71 (52.2) 45 (54.2) 26 (49)
Left half 54 (39.7) 33 (39.7) 21 (39.6)
Transverse 11 (8.1) 5(6.1) 6 (11.4)
Stage before operation TNM
| 15 (11) 12 (14.5) 3(5.8) 0.26
I 57 (41.9) 32 (38.5) 25 (47.1)
1 64 (47.1) 39 (47) 25 (47.1)
Karnofsky’s score, %

100 94 (69.1) 62 (74.7) 32 (60.4) 0.10

70-80 38 (27.9) 20 (24.1) 18 (34)
60-70 4(2.9) 1(1.2) 3(5.6)
Pre-operative CUD, %
10 31 (22.7) 15 (18) 16 (30.1) 0.06
TAS 15(11) 7 (8.4) 8 (15)
CAS 12 (8.8) 9(10.8) 3(5.6)
Cachexy 6 (4.4) 5 (6.0) 1(1.9)
PFI 3(2.2) 1(1.2) 2(3.8)
Apostasis 2(1.4) 0 2(3.8)
Hemorrhage 1(0.7) 0 1(1.9)
TLS 1(0.7) 1(1.2) 0
Preoperative severity of patient condition, %
Satisfactory 56 (41.1) 36 (43.3) 20 (37.7) 0.24
Medium 67 (49.2) 37 (44.5) 30 (56.6)
Severe 13(9.5) 10(12) 3(5.6)
AH, % 116 (85.9) 69 (84.1) 47 (88.6) 0.61
DM, % 25 (18.3) 17 (20.4) 8 (15) 0.50
CKD, % 13 (9.6) 8(9.6) 5(9.4) 0.60
CHD, % 73 (53.6) 37 (44.5) 36 (67.9) 0.009
c/a AMI, % 18(3.2) 8(9.6) 10(18.8) 0.13
CCVA, % 40 (29.4) 26 (31.3) 14 (26.4) 0.54
c/a ACVA, % 12 (8.8) 8(9.6) 4 (7.5) 0.76
CHF, % 71 (52.2) 43 (51.8) 28 (52.8) 0.90
HRD, % 41 (30.1) 27 (32.5) 14 (26.4) 0.44
GC, % 41 (30.1) 26 (31.3) 15 (28.3) 0.70
Anemia, % 0.23
Minor 89 (65.4) 51 (61.4) 38 (71.7)
Moderate 22 (16.1) 13 (15.6) 9(16.9)
History of AO, % 57 (42.2) 31 (37.8) 26 (49) 0.21

AH — arterial hypertension. AO — abdominal operations. GD — gastrointestinal diseases. CHF — congestive heart failure. BMI — body mass index. CHD —

coronary heart disease. 10 — intestinal obstruction. KPS — Karnofsky performance s

cale. HRD — heart rhythm disturbances. CUD — complications of the

underlying disease. PF| — perifocal inflammation. CAS — cancer associated stenosis. DM — diabetes mellitus. c/a AMI — condition after acute myocardial
infarction. c/a ACVA — condition after acute cerebrovascular accident. TLS — tumor lysis syndrome. TAS — toxic anemic syndrome. CKD — chronic kidney

disease. CCVA — chronic cerebrovascular accidents.

Table 1. Comparative analysis of baseline demographic and clinical characteristics of patients with colorectal cancer (CRC)
Ta6nuua 1. CpaBHUMenbHbIU aHanu3 ucxooHbIX 0emMozpacpudeckux U KIUHUYEeCKUX Xapakmepucmuk 2pynn nayueHmoB C pakoM

060004Hol Kuwku (POK)

(2017) classification (p=0.58). However, most patients had
stage II disease. Histopathological analysis revealed
adenocarcinoma in 118 (90.7%) patients, as well as rare cases
of mucinous adenocarcinoma and carcinoma. The results are
shown in Tables 2 and 3.

According to the ASA anesthetic and surgical risks, class
IT was found in 112 (82.3%) cases, followed by class III (21
(15.4%)).

The results of operative data and their analysis is shown
in Table 4.

Despite similar operative time values for both groups
(p=0.19), intraoperative blood loss was significantly higher
in the LT group than in the LS group (p<0.001) (Fig. 1).
The overall postoperative status was comparable between
the groups, the majority of patients being in satisfactory
condition (p=0.15). Both the total hospitalization time and
the postoperative hospitalization time were significantly
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ASA Class, %
|

1(0.74)
Il 112 (82.35)
1l 21 (15.44)
I\ 2 (1.47)
Non-surgical postoperative complications, %
Acute urinary retention 5(3.85)
Hemorrhagic anemia 4 (3.08)
Pneumonia 4 (3.08)
Pulmonary thromboembolism 2 (1.54)
Encephalopathy 2 (1.54)
Mesenteric thrombosis 1(0.77)
Hypoglycemia 1(0.77)
Pancreatitis 1(0.77)
Fever 1(0.77)
Histopathological landscape
Adenocarcinoma (AC) 118 (90.7)
Mucinous AC 5(3.8)
AC with mucinous component 4 (3.0)
Carcinoma 3(2.3)

Table 2. Descriptive results of perioperative data

Tabnuuya 2. OnucamerbHble pe3ynbmamsl NnepuonepayuUoHHbIX
OaHHbIX
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Toat 1150 5 oy T | puae

TNM stage after surgery
|

29 (21.3)
1l 63 (46.3)
LI} 44 (32.3)
Hb level before surgery, mg/dl 107.2+18.3
Hb level after surgery, mg/dl 102.5+13.3
CRP on day 3 after surgery, mg/dl 106 (73-147)
CRP on day 5 after surgery, mg/dl 64 (35-89)
TOT, min. 145 (122-182)
IBL, ml 60 (50-150)
Severity of condition after surgery, %
Satisfactory 67 (49.2)
Moderate 50 (36.7)
Severe 19 (13.9)
Postsurgical pain syndrome, %
Mild 94 (69.1)
Moderate 41 (30.1)
Severe 1(0.7)
PNSC, % 24 (17.6)
Wound infections, % 13 (9.5)
Anastomotic bleeding, % 2(1.4)
Anastomotic leakage 4(2.9)
Post-operative peritonitis 6 (4.4)
Abdominal abscess 6 (4.4)
Adhesive intestinal obstruction 1(0.73)
THT, days 11 (9-13)
PHT, days 7 (7-10)
Postoperative mortality 4(2.94)

20 (24.1) 9 (16.9) 0.58
36 (43.3) 27 (50.9)

27 (32.5) 17 (32)

107.7+18.2 106.3+18.5 0.68
102.9+13.1 101.9+13.7 0.66
93 (68-136) 127 (98-183) <0.001
51 (25-75) 81 (50-103 <0.001
150 (125-180) 135 (115-190) 0.19
50 (30-50) 150 (100—250) <0.001
46 (55.4) 21 (39.6) 0.15
28 (33.7) 22 (41.5)

9 (10.8) 10 (18.8)

80 (96.3) 14 (26.4) <0.001
2 (2.4) 39 (73.5)

1(1.2) 0

6(7.2) 18 (33.9) <0.001
5 () 8 (15) 0.13

0 2(3.7) 0.15
1(1.2) 3(5.6) 0.16
3(3.6) 3(5.6) 0.1

2 (2.4) 4(75) 0.25

0 1(1.8) 0.16
10 (9-12) 13 (10-17) <0.001
7 (6-8) 9 (7-13) <0.001
3(3.6) 1(1.8) 1.0

Hg — ypoBeHb 2emoznobuHa, TOT — total operating time, IBL — intraoperative blood loss, THT — total hospitalization time, PNSC — postoperative non-surgical
complications, PSC — postoperative surgical complications, PHT — postoperative hospitalization time, CRP — C-reactive protein.

Table 3. Comparative analysis of surgical, laboratory, and early postoperative outcomes
Tabnuua 3. CpaBHUMeNbHbIU aHanu3 xupypau4eckux, 1abopamopHbIX U paHHUX Noc/ieonepayUoHHbIX pe3y/ibmamos

longer in the LT group (p<0.001) (Fig. 2). Median values and
interquartile ranges for the duration of hospital stay are shown
in Table 3.

Pre- and post-operative hemoglobin values did not differ
between groups (p=0.68 and p=0.66, respectively). At the same
time, the CRP levels both on the third and fifth day after the
surgery differed significantly between the groups and were
higher in the LT group (p<0.001 for both measurements). Mild
postsurgical pain was found in 94 (69.1%) patients, moderate
pain in 41 (30.1%) patients; the patients of LT group suffered
more from moderate pain as compared to the patients of the
LS group (39 (73.5%) vs. 2 (2.4%), p<0.001). Overall, 67
(49.2%) patients were in satisfactory, 50 (36.7%), in moderate,
and 19 (13.9%), in severe condition. Comparative analysis of
the groups by general condition showed similar results without
statistically significant differences (p=0.15). The comparative
results are presented in Table 3.

A total of 24 (17.6%) non-surgical complications and
8 (5.8%) surgical complications were reported (Table 2).
The majority of non-surgical complications were urinary
retention, posthemorrhagic anemia and pneumonia, as well
as isolated cases of pulmonary embolism, pancreatitis and

Parameter Before the surgery After the
(n=136) surgery (n=136)

Severe patients 13(9.5) 19 (13.9) 0.25

Intestinal obstruction 32 (27.1) 1(0.7) <0.001
Hemoglobin 107.2+18.3 102.5+13.3 <0.001
C-reactive protein 106 (73-147)* 64 (35-89)** <0.001

*day 3, *day 5

Table 4. Comparative analysis of clinical, laboratory, and surgical
characteristics before and after surgery

Tabnuuya 4. CpaBHumesbHbIll aHanu3 KINUuHUYeCcKux, 1abopamopHbIX
U Xupypau4eckux xapakmepucmuk 00 U nocse onepayuu
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hypoglycemia (Table 2). No severe complications, such as
sepsis and multiple organ failure were reported. Non-surgical
complications were found mainly in patients in the RT group
(p<0.001). Major surgical complications such as anastomotic
leakage, postoperative peritonitis, and complications related
to wound infection and abdominal abscesses were recorded
without statistically significant differences between groups
(p>0.05).

After surgery, slightly more patients were recorded
with severe condition, but no significant differences were
observed (p=0.25). In contrast, laboratory parameters changed
significantly depending on the period: the level of Hb in the
blood decreased significantly after surgery (107.2+18.3 vs.
102.5+13.3 mg/dL, respectively, p<0.001), while the level of

400

p<0.001

Intra-op_bleed
300
L

200
L

—

laparoscopy

100
1

0
1

laparotomy

Figure 1. The total intraoperative blood loss was higher in the LT group.

PucyHok 1. Obwasi uHmpaonepayuoHHasl KpoBonomeps bbina
Bbiwe B 2pynne JIT.

www.innoscience.ru


http://www.innoscience.ru

Science & Innovations in Medicine

Vol.10 (2) 2025

ONCOLOGY AND RADIOTHERAPY

60

40
L
L]

. <0.001

LOHS

=

laparotomy

20

laparoscopy

Figure 2. The duration of postoperative hospital stay (DPHS) was
shorter in the LS group than in the LT group.

PucyHok 2. [lnumenbHOCMb nocieonepayuoHHo20 npebbiBaHust
B cmayuoHape (AMINC) 6bina kopo4e B epynne J1C, yem B 2pynne JIT

CRP decreased significantly from the third to the fifth day
(p<0.001).

Postoperative mortality in the main group was 3.61% (3/83),
while in the control group it was 1.89% (1/53). The statistical
analysis of the frequency of deaths between the groups did not
reveal any significant differences (p=1.0). This indicates the
absence of a statistically significant effect of the studied factor
on postoperative mortality.

Results of multivariate linear regression analysis (MLR)

Multivariate linear regression analysis was performed to
identify factors that influence the overall length of hospital
stay, other than surgical approaches. In addition to surgical
approach, variables that showed statistical significance in
univariate analysis were selected as independent variables: sex,
age, presence of chronic kidney disease (CKD), total operative
time, CRP, and presence of non-surgical postoperative
complications (Table 5).

The regression model demonstrated acceptable accuracy:
the hat value was p=0.96, and the hatsq value was p=0.007
in the linearity test (linktest). The level of explainability of
the model, estimated through the Nagelkerke R? coefficient,
was 0.42. Among the independent variables, the following
were statistically significant factors: method of laparoscopy
(B =-2.62; p = 0.03; 95% CI: -4.999 — -0.250), CRP level on
the third day (f = 0.03; p = 0.002; 95% CI: 0.016 - 0.063),
total operating time ( = 0.03; p = 0.002; 95% CI: 0.011 -
0.050), and postoperative complications, including pneumonia
(B =0.01; p=0.001; 95% CI: 1.205 — 11.328), mesenteric
thrombosis (p = 22.49; p < 0.001; 95% CI: 13.843 — 31.146),
and hemorrhagic anemia (f = 6.69; p = 0.01; 95% CI: 1.439 —
11.952). Postoperative hypoglycemia and pancreatitis showed
borderline statistical significance (p=0.05). At the same time,
such variables as sex, age and presence of CKD did not
demonstrate significant interaction with the total duration
of hospitalization within this model (p>0.05). The data are
presented in Table 6.

m DISCUSSION
The results of our study showed that the groups of patients
operated by laparoscopic and laparotomic methods were
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Age Quantitative

Sex Qualitative Male
Female

CKD Qualitative No
Yes

Surgical approach Qualitative LS
LT

TOT Quantitative

CRP-3 Quantitative -

PSC Qualitative No complications
Pneumonia
MT
Hypoglycemia
Pancreatitis
Fever
HA

HA — hemorrhagic anemia, LS — laparoscopy, LT — laparotomy, MT —
mesenteric thrombosis, TOT — total operating time, PSC — postsurgical
complications, CKD — chronic kidney disease, CRP-3 — C-reactive protein on
the third day

Table 5. Characteristics and coding of independent variables
in the selected multiple logistic regression model

Tabnuya 5. Xapakmepucmuka u KOOUPOBKa He3aBUCUMbIX
nepemeHHbIX BblibpaHHoU modenu MJIP

comparable in key parameters, which allowed us to conduct
a comparative assessment of the impact of surgical access
on early postoperative outcomes. The absence of significant
differences in such parameters as age, sex, BMI, functional
status and comorbidities confirms the balance of the initial
data between the groups.

The histopathological analysis confirmed the predominance
of adenocarcinoma in both groups, which is consistent with the
literature data on CRC [1, 11, 12]. At the same time, despite
similar demographic characteristics, the LS and LT groups
differed significantly in a number of operative and early
postoperative factors. One of the most significant differences
was the difference in the volume of blood loss, which was
significantly higher in the LT group.

This fact confirms the advantages of the laparoscopic
method known for its lower trauma and better visualization
due to optical magnification. This allows for less intraoperative
blood loss, which also contributes to faster recovery of patients
[3, 13, 14].

Besides, the patients of the LT group showed longer
hospital stay periods and higher CRP levels on the third and
fifth days after the operation, which shows a demonstrated
inflammatory response and prolonged recovery [15-17]. The
patients in the LT group reported moderate postoperative pain
more frequently, which might be related to a more traumatic
character of surgical access. These differences highlight
not only the advantages of laparoscopic surgery in terms of
minimizing trauma, but also a more comfortable recovery in
a complex category of patients with multiple comorbidities
[14, 18].

Regarding complications, non-surgical complications
such as urinary retention, anemia and pneumonia were
more prevalent in the LT group, which is associated with
the more traumatic nature of this approach and an increased
inflammatory response [13, 18]. At the same time, no serious
complications such as sepsis or multiple organ failure were
registered, indicating the high safety of both techniques. In
addition, isolated complications were noted without significant
differences between the groups, indicating the safety of both
types of surgical approaches.
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e Lo Lo [l o 1 [ o

0.14 0.14 0.99 0.32 -0.142 - 0.426
Male sex -0.07 1.16 -0.07 0.94 -2.396 —2.240
CKD 3.23 1.87 1.73 0.08 -0.475-6.953
LC -4.18 -2.62 1.19 -2.19 0.03 -4.999 —-0.250
TOT 0.03 0.01 3.40 0.001 0.016-0.063
Pneumonia 598 6.26 2.55 2.45 0.01 1.205-11.328
MT 245 2249 4.36 5.15 <0.001 13.843—31.146
Hypoglycemia  15.5 11.64 6.06 1.92 0.05 -0.379-23.670
Pancreatitis 10.5 8.28 4.32 1.92 0.05 -0.286 —16.847
HA 11.2 6.69 265 2.53 0.01 1.439-11.952
Fever 595 6.01 0.99 0.32 -5.96-17.864
CRP-3 0.04 0.03 0.009 3.19 0.002 0.011 —0.050

HA — hemorrhagic anemia, LS — laparoscopy, MT — mesenteric thrombosis,
TOT - total operating time, CRP-3 — C-reactive protein on the third day,

CKD - chronic kidney disease; ncp — non-corrected beta, cp — corrected beta,
SE — standard error, Cl — confidence interval, Z/T — Z/T test.

Table 6. Multiple logistic regression (MLR) results showed significant
outcomes

Tabnuuya 6. Pesynbmamel MJIP nokasanu 3Ha4uMbie pesynbmamai

The obtained results of postoperative mortality show that
mortality in both groups remains low and does not demonstrate
significant differences.

Laboratory data, such as a decrease in Hb levels and CRP
dynamics, demonstrate typical physiological responses of the
body to surgical intervention [15]. Despite the increase in the
number of patients with decompensation in the postoperative
period, this indicator did not reach statistical significance,
which highlights the importance of further research to
understand the impact of the surgical method on the overall
status of the patient in a better way.

The results of our study support the hypothesis that
laparoscopic surgery has significant advantages over
laparotomy in elderly patients. We also successfully
achieved the primary endpoint of overall hospital stay, which

differed significantly between groups, as well as secondary
endpoints such as intraoperative blood loss, postoperative
complications, inflammatory response, and postoperative
pain severity. Multivariate linear regression confirmed the
importance of factors such as surgical method, CRP on day
3, intraoperative blood loss and postoperative complications
in determining the total length of hospital stay, which further
strengthens the conclusion about the advantages of the
laparoscopic method in the context of rapid recovery and
minimization of complications in a complex category of
patients.

Shortcomings

The limitations of our study include the limited sample
size and lack of randomization, which reduces the validity
of generalizations and the ability to control of all influencing
variables. The study is also limited by early postoperative
outcomes and the lack of long-term outcome databases.

m CONCLUSION

The conclusions of this study confirm that laparoscopic
access shows considerable advantages as compared to
conventional laparotomy in the surgical treatment of
colon cancer, especially in patients above 75 years of age.
Laparoscopic surgery is associated with less intraoperative
blood loss, which confirms its lower trauma. The patients who
underwent a laparoscopic surgery showed better outcomes
in postoperative recovery with lower levels of C-reactive
protein and lower indicators of inflammatory process. Post-
surgery complications were seen mainly in the laparotomy
group. These data emphasize the importance of choosing a
laparoscopic approach to improve postoperative recovery
and reduce the risk of complications in elderly patients with
colonic malignancies. #=
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Abstract

Aim - to retrospectively analyze the results of surgical treatment of delayed
reconstruction of pharyngeal defects in patients with advanced laryngeal and
laryngopharyngeal cancer after laryngectomy.

Material and methods. We performed a retrospective analysis of 437 case
histories of patients treated in Samara Regional Clinical Oncology Center in
the period from 2015 to 2019 with malignant neoplasms of the larynx and
laryngeal pharynx, who had previously undergone combined and extended-
combined laryngectomies. In the retrospective analysis, we studied the
structure of complications after delayed reconstructive surgeries of type 0-11
pharyngeal and pharyngo-esophageal defects. Local tissue, pectoral flap,
and deltopectoral flap were used as plastic material. Complications in the
postoperative period were observed in all types of plasty.

Results. The most frequent complications included inflammation of the
postoperative wound, anastomosis failure with subsequent formation of
fistulas or secondary faryngostomas. In type 0 pharyngeal defects, plastic

surgery with the use of local tissues showed a good result, postoperative
complications occurred in 11% of cases. In I type pharyngeal defects, fistulas
and secondary stomas in the postoperative period were formed in 83% of
cases when local tissues were used, in 45.8% when pectoral flap was used
and in 66.5% when deltopectoral flap was used. In type II of the defect, the
percentage of postoperative complications when using a pectoral flap was
75% and deltopectoral flap — 100%.

Conclusion. Complications in the postoperative period were observed in all
types of plasty. The study of risk factors and creation of the algorithm for
selection of patients for delayed plasty will allow to determine the terms and
indications for delayed reconstructive-reconstructive surgery, as well as to
reasonably reduce the risk of postoperative complications.

Keywords: laryngeal cancer, laryngopharyngeal cancer, pectoral flap,
deltopectoral flap, plastic material.
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PeTpocnekTUBHbI aHann3 pe3ynbLTaToB XUPYPru4eckoro
Nle4eHUsi OTCPOYEHHbIX PEKOHCTPYKLUMI AedeKTOB rMOTKU
Yy NaLlUeHTOB C pacnpoCTPaHEHHbIM PAaKOM FrOpTaHU
U rOPTaHOINMOTKU Nocsie IJapUHI3KTOMUn

O.U. KaraHoB' 2, A.O. CupopeHko!, A.E. OpnogB! 2, A.A. MaxoHuH! 2, A.T. Fa6puensiH! 2
1IPIrBQOY BO «Camapckuin rocyaapCTBEHHbIN MeAUUNHCKUIA yHUBEepcuTeT» MuHsgpasa Poccuu
(Camapa, Poccuiickasg depepaums)
2'bY3 «Camapckuit 06r1acTHOM KIMHMYECKMIA oHKonormydeckmin aucnaxcep» (Camapa, Poccuiickas ®epgepaums)

AHHOTaumA

Ilens — IpOBeCTH PETPOCIIEKTUBHbIN aHAIM3 Pe3Y/IbTaTOB XUPYPrUIeCKOro
JIeYeHHsI OTCPOIEHHBIX PEKOHCTPYKIHE 1eheKTOB [TIOTKHU Y HAIIeHTOB C pac-
MPOCTPAHEHHBIM PAKOM FOPTAHH U TOPTAHOMIOTKH MOCIIE JIAPHHTIKTOMHH.
Marepuan u Meronbl. [IpoBesieH peTpOCIeKTUBHBIN aHamu3 437 UCTOpPHI
6omne3nu manueHToB, npomenumux jgedeHre B COKO/] B nepron 2015-2019
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IT. CO 3/I0Ka4eCTBeHHbIMUA HOBOOOPA30BaHMSIMH FOPTAaHH M TOPTAHHOTO OT/elIa
IJIOTKH, KOTOPHIM paHee ObUIH BBIOJIHEHb! KOMOMHHUPOBAaHHBIE U PaCIIMPEHHO-
KOMOMHHUPOBaHHbIE JIAPUHIIKTOMUHM. [Ipy peTpOCIIeKTHBHOM aHai3e HaMU
OblIa M3y4eHa CTPYKTypa OCJIOKHEHHU# TI0C/Ie OTCPOYEHHBIX PEKOHCTPYKTHB-
HBIX Omepanuii GapuHrea’abHbIX U GaprHros3odareanbHbix gedekton 0-11
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THUIOB. B KauecTBe I1aCTUYeCKOro MaTeprara PUMeHsUIUCh MeCTHbIe TKaHH,
TIeKTOpaJIbHBIM JIOCKYT, [IeITOIeKTOpasIbHbIN JIOCKYT. I1py Bcex Busiax I1acTu-
K HabIMIOfa/IMCh OCTI0)KHEHHs! B TI0CIIe0NepalliOHHOM IIepHoJie.

Pesynbrarsl. Hanbosee 4acTbIMU OCIIOXKHEHUSIMU SIBJISIIUCH BOCIaJleHHe
TI0C/Ie0NepallMOHHON PaHbl, HeCOCTOATEIbHOCTh aHaCTOMO3a C MOC/IeyIo-
muM popmMupoBaHueM cBUILel Wi pedapurrocrom. [pu 0 tune nedexra
IJIOTKY XOPOIIMI pe3ysbTaT [10Ka3asa IJIaCTUKa C UCIOJIb30BaHUN MECTHBIX
TKaHeH, [0C/IeoNepanioHHbIe 0CIIOKHeHHsT BO3HUKIIH B 11% cirydaes. [1pu
I Tune nedexTa IOTKM CBUILU U PeCTOMBI B IIOCJIEOIIePAlIIOHHOM IIeprofie
chopmupoBanuch B 83% cilydaeB IIPU MCIOIb30BAaHUHM MECTHBIX TKaHeH, B
45,8% — TIpY UCIIONIB30BAaHUY [IEKTOPAJILHOTO JIOCKyTa U B 66,5% — 1ipu nc-

T10JIb30BaHUH JIEJIBTOIIEKTOPAJIbHOTO JIocKyTa. [Ipu 11 Trre nedekra npomeHt
MOCJIeONePAITMOHHBIX OCIOKHEHHH MPY PUMEHEHHH MTeKTOPAIbHOTO JIOCKYTa
cocraBun 75% ¥ [AeNBTONeKTOpaIbHOTO JocKyTa — 100%.

3axsmrouenne. [Ipy Bcex BUIaX IIACTHKY HAOTIONAIMCH OCJIOXKHEHHUS B TI0CIIe-
ornepanyvoHHOM nepuofie. M3ydeHue pakTopoB prcKa ¥ CO3[JaHHe aJITOPUTMa
0TOOpa MAIMeHTOB MO3BOJIUT ONIPEIEJIUTL CPOKH U ITOKA3aHHSI K OTCPOYEeHHOM
PEKOHCTPYKTHUBHO-BOCCTAHOBUTEJILHOM OIlepallvy, a Takke 060CHOBAaHHO
CHHU3WTh PUCK TIOCIEONEePAIHOHHBIX OCIIOKHEHWH.

KirroueBble cJ10Ba: pak rOPTaHK, PaK TOPTAHOITIOTKH, TEKTOPATBHBIM JIOCKYT,
JIeJIbTOTIeKTOPAJIbHBIN JIOCKYT, IACTHIeCKHUI MaTepHai.
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m INTRODUCTION
Laryngeal cancer and cancer of the hypopharynx are the
most common diseases among malignant neoplasms of
the head and neck. The incidence of malignant neoplasms of
the larynx and the laryngeal part of the pharynx in Russia has
been increasing over the years; in 2021, it reached 29.1 and
12.8 per 100 thousand people, respectively [1]. As many as
83% patients have stage III or IV of cancer of the larynx and
the laryngeal part of the pharynx at the moment of diagnostics,
and the overall 5-year survival is from 15% to 45% [1, 2].
Malignant neoplasms of the larynx and laryngopharynx are
most often observed in men aged 50 to 65 years [2]. Patients
with a locally advanced stage and complications in the form
of stenosis and dysphagia receive surgical treatment at the first
stage, which often leads to disability, namely, to disruption of
the integrity of the alimentary tract, and requires subsequent
surgical rehabilitation, viz. delayed reconstruction [3]. The
stages of surgical rehabilitation and time of the delayed
reconstruction depend on the time of completion of specialized
treatment, usually, the radiotherapy. According to the literature,
the average period of delayed reconstruction of pharyngeal
defects is 3-4 months after completion of specialized treatment
[4]. To restore the alimentary canal and reduce complications,
it is necessary to determine the type of pharyngeal defects and
the option of delayed reconstruction [5].

One of the papers suggests the following classification of
defects: type 0 — small defects closed primarily without the
introduction of tissue; type 1 — non-circumferential defects
that preserve a viable strip of mucosa from the hypopharynx
to the cervical esophagus; type 2 — circumferential defects
extending from the vallecula, i.e. the depression between the
root of the tongue and the lingual surface of the epiglottis, to
the thoracic inlet; type 3 — circumferential defects that extend
from the level of the vallecula cranially to the oropharynx;
type 4 — extensive defects that extend below the clavicles
to the thoracic esophagus. Depending on the type, different

www.innoscience.ru

grafts are used. The following frequent complications are
seen on the stage of delayed reconstruction: inflammation of
the surgical wound, anastomotic leakage, marginal necrosis
of the tissue flap, and restomas [7]. At the same time, there is
no analysis of the treatment results for delayed reconstruction
of pharyngeal defects depending on the timing, somatic
status and a number of other factors affecting healing in
the scientific literature, although it can help determine the
indications, as well as the choice of material and method for
plastic surgery for each patient based on the principle of a
personalized approach [5, 8].

m AIM

To retrospectively analyze the results of surgical treatment
of delayed reconstruction of pharyngeal defects in patients
with advanced laryngeal and laryngopharyngeal cancer after
laryngectomy.

m MATERIAL AND METHODS

A retrospective analysis of 437 case histories of patients
treated at the head and neck tumor department of the Samara
Region Clinical Oncology Dispensary in 2015-2019 with
malignant tumors of the larynx and the laryngeal section of
the pharynx, who had undergone combined and extended
combined laryngectomies.

The group of patients (n=40) underwent delayed
reconstruction of pharyngeal and pharyngo-esophageal
defects after specialized treatment in various terms, from 3
to 6 months. Of the 40 patients, there were 38 men (95%)
and 2 women (5%). The age of patients was from 42 to 74
years. The study included patients with advanced laryngeal
(n=21) and laryngopharyngeal (n=19) cancer, T3-4N0-2M0.
In their first stage, they had a radical surgical treatment and
post-surgery radiotherapy (Table 1).

All patients underwent laryngopharyngectomy
with selective cervical dissection and formation of the
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"
Localization
n=21 (52,5%) n=19 (47,5%)

e [ % [ [ %

T3 15 37.5% 8 20%
T Symbol

T4 6 15% 1 27.5%

NO 17 42.5% 5 7.5%
N Symbol N1 i3] 7.5% 9 22.5%

N2 1 2.5% 7 17.5%

Table 1. Number of patients depending on localization
and T and N criteria

Ta6nuuya 1. Konuyecmso nayueHmoB B 3aBUCUMOCMU
om nokanusayuu u kpumepues T, N

pharyngostoma or pharyngo-esophagostoma. In 20 patients,
metastases were confirmed to the regional lymph nodes. The
patients in the incipient phases, remote metastases, severe
concomitant pathologies were not included in the study. In 9
patients, minor defects of the pharynx were found that were
of the Type 0. In 25 patients, the defects of the pharynx were
non-circumferential, preserved a viable strip of mucosa and
were of Type . In 6 patients, there were minor circumferential
defects of Type II. Patients with defects of Types III and
IV were not included in this study due to the large size of
defects that required several stages of reconstruction and use
of free microvascular flaps. The types of pharyngeal defects
depending on the tumor localization are shown in Table 2.

The patients underwent delayed reconstructions of
pharyngeal defects with the use of local tissue, delta-pectoral
and pectoral musculocutaneous flap on axial blood supply,
depending on the defect type (Fig. 1).

The repair of pharyngeal defects with local tissue was used
mainly in Type 0 and Type I defects as follows: at a distance
of 1.0-1.5 cm from the edge of the defect, a bounding incision
was made along the entire circumference of the defect with
preparation of cutaneous edges to the center of the defect. The
latter were drawn together and sewn with noose sutures with
formation of the internal lining of the pharynx. The defect
on the neck was then covered with the prepared cutaneous
flaps from the cervical area. In pharyngeal defects of Types
I and II, the reconstruction was performed with the use of
deltopectoral and pectoral flaps with axial blood supply. The
use of the deltopectoral flap involved a bounding incision
along the entire circumference of the defect with preparation
of cutaneous edges to the center of the defect. The latter were
drawn together and sewn with noose sutures with formation
of the internal lining of the pharynx. Afterwards, the defect
on the neck was covered with the deltopectoral flap on axial
blood supply from the perforating branches of the internal
thoracic artery by rotating the flap. The cutaneous edges of
the defect on the neck and the edges of the flap skin were
sewn to the skin with noose sutures. In the case of the pectoral
flap, the internal lining was also formed after a bounding
incision along the entire circumference of the defect with

R Y
8 (20%) 13 (32,5%) 0 (0%)
Laryngopharynx (n=19) 1(2,5%) 12 (30%) 6 (15%)
Table 2. Types of pharyngeal defects depending on tumor location

Tabnuuya 2. Tunbl 0echekmoB 2/10MKuU B 3aBUCUMOCMU
om flokanusayuu onyxosnu
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Localization

Larynx (n=21)

Reconstructive methods
13
g 14
o 12 9
© 10
2 8 6 6
S 6 4
Q@ 4 2
X M
=}
=z 0
Type O Type | Type Il
Type of defect
® Local tissue ® Pectoral graft
= Deltopectoral graft

Figure 1. Reconstruction methods depending on the type of
pharyngeal defect.

PucyHok 1. Memodbl pekoHCmMpyKyuu B 3aBUCUMOCMU OmM muna
decpekma 2nomku.

preparation of cutaneous edges to the center of the defect,
which were also drawn together and sewn with noose sutures.
In the next step, the defect on the neck was covered with the
pectoral musculocutaneous autogenous graft on axial blood
supply from the descending branches of acromiothoracic
vessels by rotating the flap. The cutaneous edges of the defect
on the neck and the edges of the flap skin were sewn to the
skin with noose sutures.

m RESULTS

Plastic surgery of Type 0 pharyngeal defects was
performed in 9 patients using only local tissues. Among these
patients, only in one case there was seen an inflammation
of the surgical wound, suture failure and, consequently,
development of the fistula (Fig. 2).

Plastic surgery of Type I pharyngeal defects was performed
in 25 patients. In 6 patients, the surgery involved local tissue,
where 4 out of 6 (66.7%) patients had inflammation of the
surgical wound, failure of the anastomotic suture in the early
postoperative period; this resulted in one case out of six
(16.7%) in the development of a fistula, and in three cases
out of six (50%), development of a repharyngostoma (Fig. 3).

In one case out of six, the inflammation of the surgical
wound, failure of the anastomotic suture and development of

Early complications in Type 0 defect

50 %

45 %

40 %

35 %

30% Local tissue

25 %

20 %

15% 11,11% 11,11% 11,11%

10 %

5% 0% 0%

0% A A
Inflammation Suture Edge Fistula Restoma
of the surgical failure necrosis
wound

Figure 2. Early complications in type 0 pharyngeal defect.
PucyHok 2. PaHHue ocnoxHeHust npu 0 mune degekma 21omku.
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30% 23,1%
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10%

0%

66,7%

0.8%33:3%

0%

Suture
failure

Inflammation of the
surgical wound

m Local tissue (n=6)

Early complications in Type | pharyngeal defect

7.7%
Edge necrosis

m Pectoral graft (n=13)

50%

33,3%
16.7% 15i°/° 16,7% 23

Restoma

16,7%

Fistula

u Deltopectoral graft (n=6)

Figure 3. Early complications in type | pharyngeal defect.
PucyHok 3. PaHHue ocnoxHeHusl npu | mune degexkma 2nomku.

repharyngostoma were seen on the sixth day, i.e. in the late
postoperative period (Fig. 4).

In 13 out of 25 patients, the pectoral flap was used as the
grafting material. In the early postoperative period, in 3 cases
out of 13 (23.1%), inflammation of the surgical wound was
seen, in 4/13 cases (30.8%), failure of anastomotic suture,
in 1/13 patients (7.7%), edge necrosis of the graft was
observed, in 2/13 cases (15%), fistulae developed, and in
3/13 cases (23.1%), the repharyngostoma (Fig. 3). In the late
postoperative period, in 1 patient out of 13 (7.7%) failure of
anastomotic suture with formation of the fistula was observed
(Fig. 4). In 6 out of 25 patients, the deltopectoral flap was
used as the grafting material. In the early postoperative
period, in 4 out of 6 (66.7%) patients, inflammation of

the surgical wound was seen, in 2/6 cases (33.3%), failure
of anastomotic suture, which resulted in one case in the
formation of a fistula and in another, of a repharyngostoma;
in 1 case out of 6 (16.7%), edge necrosis of the graft with
formation of a repharyngostoma was observed (Fig. 3). In the
late postoperative period, on the seventh day, in 1 case out of
6 (16.6%) the inflammation, edge necrosis of the flap, and
formation of the repharyngostoma were observed (Fig. 4).
Plastic surgery of Type II pharyngeal defects was performed
in 6 patients. In 4 cases out of 6, the pectoral flap was used as
the grafting material. In the early postoperative period, in 2
cases out of 4 (50%), failure of the surgical wound was seen,
in 1 case out of 4 (25%), the inflammation of the surgical
wound. In 1 patient out of 4 (25%), a fistula developed, and
in 1 case out of 4 (25%), a repharyngostoma (Fig. 5).

In the late postoperative period, on the seventh day, in
1 patient out of 4 (25%), the inflammation of the surgical

Late complications in type | pharyngeal defect

m Local tissue (n=6)

m Pectoral graft (n=13)

50%

40%

30%

20% - 16,7% 16,6% 16,7% 16,6% 16,7% 16,6%

10% e

()

0%
Inflammation of the Suture Edge necrosis Fistula Restoma
surgical wound failure

u Deltopectoral graft (n=6)

Figure 4. Late complications in type | pharyngeal defect.
PucyHok 4. [o30Hue ocnoxHeHusi npu | mune degekma 2nomku.
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Early complications in type Il pharyngeal defect

o
100% 100% 100%
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Inflammation of the
surgical wound

Suture Fistula Restoma

failure

Edge necrosis

= Pectoral graft (n=4) u Deltopectoral graft (n=2)

Late complications in type Il pharyngeal defect
25% 25% 25%

25%
20%
15%

10%
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0% 0 0 0 0 0 0 0

Suture Fistula Restoma

failure

Inflammation of the
surgical wound

Edge necrosis

= Pectoral graft (n=4) = Deltopectoral graft (n=2)

Figure 5. Early complications in type Il pharyngeal defect.
PucyHok 5. PaHHue ocnoxHeHusi npu || mune decpekma 2nomku.

wound, edge necrosis of the graft and formation of the
repharyngostoma were observed (Fig. 6).

In two patients out of six, the plastic surgery of the defect
used the deltopectoral flap. In all cases, inflammation of the
postoperative wound was observed in the early postoperative
period, in one patient of two (50%), failure of anastomotic
suture was observed, and in one patient of two (50%), the
edge necrosis of the flap was seen. In both these patients,
repharyngostomas formed (Fig. 5).

m DISCUSSION

Reconstruction of pharyngeal and pharyngo-esophageal
defects after laryngopharyngectomies is a complex task. The
types of reconstructive techniques and types of grafts or flaps
used can be divided into many categories depending on the
size, shape, extent and whether the underlying defect being
reconstructed is circumferential or not. Each type of plastic
surgery has its own advantages and disadvantages [9].

In case of Type 0 pharyngeal defect, plastic surgery using
local tissues showed a good functional result. The study of N.
Siislii et al. (2016) used the data of 602 patients and showed
that early that early enteral nutrition can be initiated even
when using local tissue as the graft. In these patients, early
enteral nutrition was initiated within 3 days of surgery, with
a fistula incidence of approximately 11% [10]. In our study,
during reconstruction of Type 0 pharyngeal defect with local
tissues, only 1 patient out of 9 showed failure and fistula
formation.

In type I pharyngeal defects, the best reconstructive method
in terms of low probability of fistula and repharyngostoma
formation is the use of the pectoral flap. Similar results were
observed by other authors. Among 24 cases of pectoral flap
use for non-circular pharyngeal defects described in the
literature, swallowing was achieved in most patients within 7
to 14 days, and the incidence of fistula and repharyngostoma
formation was 13% [3]. The use of the deltopectoral flap
in the reconstruction of Type I pharyngeal defects has
lower functional results. Some of the adverse postoperative

140

Figure 6. Late complications in type Il pharyngeal defect.
PucyHok 6. [o30Hue ocnoxHeHusi npu |l mune decpekma 2nomku.

complications reported in the literature are flap necrosis,
fistula formation, and stenosis, with incidences of 67%
among 12 patients who underwent pharyngeal reconstruction
using the deltopectoral flap [11]. In our study, in 66% of
cases, anastomotic suture failure and edge necrosis of the flap
were observed; as a consequence, in all these cases, fistulas
and refaryngostomas were formed.

In type II pharyngeal defects, the use of grafts on the axial
blood supply led to a high rate of postoperative complications,
resulting in the formation of fistulas and refaryngostomas.
The incidence rate of postoperative complications was 75%
with the use of the pectoral flap and 100% with the use of the
deltopectoral flap. According to modern literature, the best
options for reconstructing circular defects of the pharynx are
free flaps (radial forearm flap, anterolateral thigh flap), and
visceral flaps from fragments of intestinal tract. Complications
in these types of grafting material may develop, according to
different sources, in 7-26% cases [12, 13].

m CONCLUSION

In this retrospective analysis, we studied the structure
of complications after delayed reconstructive surgeries of
pharyngeal and pharyngoesophageal defects of Types 0-II.
Local tissue, pectoral and deltopectoral flaps were used as
grafting material. Complications in the postoperative period
were observed with all types of plastic surgery. The most
common complications included: anastomotic failure with
subsequent fistula formation and repharyngostoma. The
reasons for the occurrence of these complications, given
the viability of the grafting material, include post-radiation
changes, the presence of an inflammatory process in the
tissues in the area of the defect, the weakened nutritional
status of the patient and a number of other reasons [14].
Thus, when planning delayed reconstruction of pharyngeal
defects, in choosing the timing and type of grafting material,
a personalized approach is needed in each clinical case,
namely, determining the exact indications for delayed plastic
surgery. P
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Abstract

Aim - to assess the safety of a hand-sewn intracorporeal ileo-transverse
anastomosis.

Material and methods. The retrospective study included patients from the Omsk
Regional Cancer Registry from 2015 to 2023. It included patients with colon
cancer (ICD-10 C18), who underwent a laparoscopic right colectomy. In the study
group patients had hand-sewn intracorporeal anastomoses dene under an original
method, terminus-terminal invagination ileo-transverse anastomosis; in the control
group patients had hand-sewn ‘side-to-side’ extracorporeal anastomoses.
Results. 89 patients were enrolled: 42 in the study group and 47 in the
control group. No cases of anastomotic leakage were found in the study

group versus 2 (4.3%) in the control group (p=0.496). Grade 3 and higher
surgical morbidity was equal in both groups: 2 (4.8%) versus 5 (10.7%),
p=0.550.

Conclusion. The hand-sewn original intracorporeal anastomosis is safe and
can be considered by experienced laparoscopic surgeons. Further study is
needed for a detailed comparative analysis with established techniques.
Keywords: colon cancer, right colectomy, intracorporeal anastomosis,
laporoscopic surgery.
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CpaBHeHue 6e30MacHOCTU MHTPAKOPNOpPasibHbIX
W 3KCTpaKkopnopasibHbIX aHaCTOMO30B
NPV nanapocKkonmM4eckom NpaBoOCTOPOHHEN
reMMKoON3KTOMUMn

M.M. Canamaxun!, O.B. JleoHoB!, A.3. MunosaHoBa?, 3.3. Mamegnu?

1BY300 «KnuHuyeckunin oHkonoruyeckunin ancnaHcep» (OMck, Poccuiickaa depepaums)
2pI'bOY BO «OMckuin rocyaapCTBeHHbIN MegUMUUHCKUMIA yHMBepcuTeT» MuHsgpasa Poccum
(Omck, Poccuitckas Penepauns)
3PIbY «HMWLL oHkonorum nmenmn H.H. BnoxmnHa» Munzgpasa Poccun (Mockea, Poccuiickas ®enepauns)

AHHOTaums

Iess — onerka 6e30macHOCTH GOPMUPOBAHKSL PyIHOTO HHTPAKOPIIOPAIBHOTO
WJIEOTPAaHCBEP30aHACTOMO3A.

Marepuan u meronsl. J[anHas paboTa SBISIETCS PETPOCIeKTUBHBIM HCCITe-
JIOBAHKMEM, MaTeprasioM Jjisi KOTOPOTO MOCITY)KHI OHKOJIOTHIEeCKHUH PErucTp
Omckoit obnactu 3a nepuop ¢ 2015 no 2023 rr. B nccnenoBanue BKitodanu
BCeX MAIMeHTOB C JIMArHO30M «PaK 0OOMOIHOMN KHUIIKIY, KomoM mo MKB-X
C18, koTopbiM 6blTa BHIMOIHEHA JIAMapOCKOMMIeCKast IPABOCTOPOHHSS Te-
MUKOJISKTOMUSL. B ricciemyemoit rpyrie ¢popMUPOBaIA HHTPAKOPIIOPAIbHbIE
AHACTOMO3bI C UCIIOTb30BaHHUEM aBTOPCKOM METOJIUKY — TEPMHUHO-TEPMUHAITb-
HBII MHBAarMHAI[MOHHBIN WIE0TPAHCBEP30aHACTOMO3, B KOHTPOJILHOM IPyTITe
¢$hOpMHpPOBaITH PYYHOM 3KCTPAKOPIMOPATBHBIA AHACTOMO3 «BOK B HOK».
Pesynwrarsl. B nccnenoBanvie Bonuiu qaHHbie 89 maipieHToB: 42 — B UCCIIey-
eMoii ¥ 47 — B KOHTPOJbHOIA rpymie. CiiyuaeB pa3BUTHS HECOCTOSTETHHOCTH
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aHaCTOMO3a B MCCIIeIyeMOii rpyIiie He 0TMEYEHO, B KOHTPOJIBHOM TPYIIIe —
2 (4,3%) narpenToB (p=0,496). Ob1mast yacToTa MOCIe0Nepa¥OHHBIX OCIIOXK-
HEHMH 3 CTeleHH U BhIlle TaKXXe He pa3nudanack: y 2 (4,8%) u 5 (10,7%)
ManyeHToB cootBeTcTBeHHO (p=0,550).

BriBopsI. [IpeiokeHHbI HAMEU MeTO]] pOPMHUPOBAHYS HIIEOTPAHCBEP30aHa-
CTOMO3a 6e30MaCeH U MOXKET ObITh PACCMOTPEH JIisl IPUMEeHeHHsI XUPYPraMH,
TIPOIIEIIAMHI KPUBYIO 00y YeHHs MaJIOMHBA3UBHOM KOJIOPEKTAIbHOM XUPYP-
run. TpeGyroTcs JabHeIve HCCIIe0BaHusI IS OIIeHKH BOCIIPOM3BOJIUMO-
CTH TIOJTyYeHHBIX Pe3yJIbTaTOB U CPABHEHWS C JIPYTUMHU TEeXHUKAMH Ha Gosee
KPYITHBIX UCCIIeTyeMbIX TPYIITaX.

KurroueBbre Cj10Ba: pak 060/I09HOM KHIIKH, TPABOCTOPOHHSISI TEMUKOJIIKTO-
M¥isl, HHTPAKOPIIOPAJIbHBIM aHACTOMO3, JIAMAPOCKOMMIeCKast XUPYPrusl.
KoH}uukT HHTEpecoB: He 3asBIIeH.
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m INTRODUCTION
Anastomotic leak (AL) is the most hazardous complication
of the right colectomy (RC). The incidence of the
complication may vary significantly from clinic to clinic
and from one surgical technique to another [1]. According to
the data from the Australian and New Zealand registers, the
AL incidence rate was 2% among 13,512 patients who had
undergone right colectomy [2]. The multicenter study EAGLE,
which engaged numerous clinics from developing countries,
found that the incidence of leaks of ileo-transverse anastomosis
reached 12.2% at the initial evaluation of complications
incidence prior to training of surgeons [3].

Laparoscopic surgery provided a new approach towards
performance of the resection stage of surgery; it provided a
better cosmetic effect and improved patient rehabilitation. It
became, therefore, a preferred method of treatment in clinical
recommendations [4]. At the same time, the first studies
did not modify the method of anastomosis formation vs.
methods of open surgery [5]. Formation of an intracorporal
anastomosis provides a potential of a fuller implementation
of minimally invasive surgery based on a free choice of the
zone of minilaparotomy incision or removal of the preparation
through natural orifices. The meta-analysis of 7 randomized
clinical trials found no differences in the incidence rate of
AL development in the formation of intra- or extracorporal
anastomoses [6]. At the same time, the method of anastomosis
formation in these studies was not standardized. The classic

intracorporal anastomosis is formed mechanically. The analysis
of data of the Denmark national register shows that the use of
staplers doubles the risk of AL in right colectomies, from 2.4
to 5.4% (p=0.004).

m AIM
To evaluate safety of a hand-sewn intracorporeal ileo-
transverse anastomosis.

m MATERIAL AND METHODS

This retrospective study used the material from the
Omsk regional cancer register for the period from 2015 to
2023 including all patients diagnosed with ‘colon cancer’
(C18 in the ICD-10) who had undergone laparoscopic right
colectomy. The following patients were excluded: patients
who had laparoscopic right colectomy with mechanical
anastomosis, patients who had right colectomy not related
to cancer of the right section of the colon, and patients who
had palliative surgeries (bypass anastomosis), surgeries in
the volume of colectomy, resection of the transverse colon,
and surgeries without formation of the ileo-transverse
anastomosis.

The patients were divided into two groups. In the study
group, the anastomosis was formed using the author’s original
method (official filing receipt for the invention No.2018111234
dated 29.03.2018 “Method of formation of the intracorporal
laparoscopic terminus-terminal invagination ileo-transverse
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Figure 1. Formation of the external posterior row of ileo-transverse
anastomosis (side view).

PucyHok 1. ®opMupoBaHue Hapy»H020 3adHe20 psioa
uneompaHcBep3oaHacmomo3sa (Bud cboky).

www.innoscience.ru

Figure 2. Formation of the external posterior row of ileo-transverse
anastomosis (top view).

PucyHok 2. ®opMupoBaHue Hapy»xHo20 3a0He20 psida
uneompaHcBep30aHacmomMo3a (Bud CBepxy).

143


http://www.innoscience.ru

OHKONOIrn4A, ny4eBAA TEPANMNA

Tom 10 (2) 2025

Hayka n UHHOBauUuK B MeauLuHe

.
\ g\ - %
o "

i

Y

Figure 3. Final appearance of the anastomosis formed with the use
of the author's technique.

PucyHok 3. OkoH4yamenbHbil BUG aHaCmMoMo3a, ChopMUPOBaAHHO20
no aBmopckoli Memoduke.

anastomosis”). Complete mobilization of the right colon
was performed laparoscopically. At the operating surgeon’s
discretion, the middle colic vessels were transsected at the
base or only the fight branch of the meddle colic artery was
transsected. D3 or D3 lymphadenectomy was also performed
at the operating surgeon’s discretion. After transsecting the
mesentery, the ileum and the colon were transsected at the line
of adequate vascular supply using the linear stapler. Following
that, the exterior posterior wall of the anastomosis was formed
with barbed absorbable sutures; at the same time, to ensure
adaptation of diameters, the interval between the punctures
was made larger than on the ileum (Fig. 1, 2).

After that, the lines of staples of the transverse colon
and the ileum were sheared opening the lumens to form the
interior wall of the anastomosis. The continuous intracorporal
seam was formed with a polyfilament thread: the anterior
curve with the Multanovsky suture, the posterior, with the
Schmieden suture. The anterior curve of the exterior wall of
the anastomosis was formed with barbed absorbable sutures,
similar to the posterior wall. In this way, the invagination ileo-
transverse ‘end-to-end’ anastomosis was formed (Fig. 3, 4).
The choice of the area for the minilaparotomic access was at
the operating surgeon’s discretion.

In the control group, the resection phase of the surgery was
performed in the same way as that in the study group; however,
the transverse colon and the ileum were not transsected. After
mobilization, a minilapatoromic incision was made, through
which the resected section of the colon was removed from the
abdominal cavity. The preparation was removed, and a hand-
sewn extracorporal ileo-transverse ‘side-to-side’ anastomosis
was formed.

The main assessed parameter was the incidence rate of the
anastomotic leak. Additionally, the general incidence of post-
surgery complications using the Clavien — Dindo was assessed
[7], time of the operation, intraoperative blood loss, time of
hospitalization.

Statistical processing of material was performed in the IBM
SPSS v.23 software suite. To compare categorical variables,
2x2 tables and the Chi-square test were used. To compare
continuous variables, the medians were compared and the
Mann-Whitney test was used.
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Figure 4. Final appearance of the anastomosis formed with the use
of the author’s technique (schematic image).

PucyHok 4. OkoH4amenbHbIlU BUO aHacmomo3a, ChopMUpPOBaHHO20
no aBmopckol Memooduke (cxeMamu4Hoe U30bpaxxeHue).

m RESULTS

The search query in the archive for the specified period
returned 2114 entries. After removal of duplicating records
(cases of readmission of the same patient), 1991 records
remained. After removal of information on palliative surgeries
and data of patients not diagnosed with colon cancer, 1729
records remained. 1050 patients were excluded due to
localization of the tumor in the left sections of the colon. 493
patients were excluded due to open surgery performed on them.
14 patients were excluded, for a mechanical intracorporal
anastomosis was formed for them. 9 patients were excluded
because they had undergone colectomies, 74 patients were
excluded due to resections of the colon. Thus, our study
included the data of 89 patients: 42 in the study group, and 47
in the control group.

The general characteristics of the observed groups are
shown in Table 1.

It follows from Table 1, there were less patients with the
tumor localized in the hepatic flexure of the colon in the study
group, 6 (14.3%) vs. 19 (40.4%) in the control group and there

-

Study group
N=42 (100%)

Control group
N=47 (100%)

Male 16 (34.0%) 13 (31.0%) 0.823
Female 31 (66.0%) 29 (69.0%)
Age
Under 65 15 (35.7%) 14 (29.8%) 0.652
65 and older 27 (64.3%) 33 (70.2%)
Tumor localization

Cecum 15 (35.7%) 11 (23.4%) 0.023
Ascending colon 21 (50%) 17 (36.2%)

Eg.lgﬁtic flexure of the 6 (14.3%) 19 (40.4%)

Stage (UICC TNM. 7th revision)

| 7 (16.7%) 6 (13.0%) 0.191
I 15 (35.7%) 26 (56.5%)

LI} 18 (42.9%) 11 (23.9%)

\Y 2 (4.8%) 3 (6.5%)

Residence
Rural area 15 (31.9%) 11 (26.2%) 0.643
City 32 (68.1%) 31 (73.8%)
Body mass index (BMI)
Below 30 kg/m? 24 (57.1%) 36 (76.6%) 0.070

30 kg/m? and higher 18 (42.9%) 11 (23.4%)

Table 1. Characteristics of the study groups
Tabnuuya 1. Xapakmepucmuka ucciedyembix epynn
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Study group N=42
(100%)

Surgery time, min.

Control group
N=47 (100%)

-

Median 120 105 0.580
Min. and max. 75-205 40-270
Q1-Q3 90-140 80-152

Blood loss
Median 50 50 0.132
Min. and max. 10-150 50-200
Q1-Q3 50-100 50-100

Bed days
Median 9 10 0.013
Min. and max. 4-20 6-21
Q1-Q3 7-11 9-11

Table 2. Characteristics of the operations performed
Tabnuua 2. Xapakmepucmuka BbInoIHeHHbIX onepayull

were more patients with BMI 30 kg/m2 and higher, 18 (42.9%)
vs. 11 (23.4%). In other criteria, the studied groups did not
show significant differences. The intraoperative characteristics
are shown in Table 2.

No postoperative lethality was found in the studied groups.
The general rate of complications and incidence rate of
development of anastomotic leak did not differ between the
groups. In the study group, no cases of anastomotic leak were
registered. One patient in the study group had an iatrogenic
damage of the small intestine that resulted in the development
of peritonitis and a recurrent operation. In another patient,
the seroma of the abdominal cavity developed that required
drainage under X-ray control. In the control group, there were
four recurrent operations: two related to anastomotic leak, one,
to postoperative hemorrhage, and one, to eventration of the
minilaparotomic wound.

m DISCUSSION

Within this retrospective study, we demonstrated the safety
of hand-sewn intracorporal ileo-transverse anastomosis using
the original method suggested by us. It is to be noted also, that
42.9% patients in the study group were obese, which shows the
feasibility of the operation in a difficult category of patients.

In the study group, no cases of development of anastomotic
leak were registered, which was the most significant parameters
we assessed. We did not find significant differences in the main
postoperative parameters in comparison to the extracorporal
anastomosis group, except reduction of the number of post-
operative bed-days by one day. Earlier, M. Widmar et al.
(2020) in their single-center retrospective study also reported
reduction of the number of post-operative bed-days by one
day after formation of intracorporal anastomoses, also with no
effect on the risk of postoperative complications [8]. Similar
data was obtained by R. Cleary et al. (2018) in a larger study
with pseudo-randomization, where the majority of surgeries
were performed using robotic surgery [9]. In both these studies,
the intracorporal anastomosis was formed ‘side-to-side’
using linear staplers, and in them, like in our study, no cases
of development of anastomotic leak were registered. E.M.
Romanova et al. (2024) performed a randomized study that
compared safety of intracorporal mechanical and extracorporal
hand-sewn anastomosis in right colectomy in 79 patients. One
case (2.6%) of anastomotic leak was registered, the general

www.innoscience.ru

Control group
N=47 (100%)

Study group
fat (100%)
)

Clavien — Dindo 3a 1(2.4% 1(2.1%)
Clavien — Dindo 3b 0 2 (4.3%) 0.550
Clavien — Dindo 4a 1 (2.4%) 2 (4.3%)
Anastomotic leak 0 2 (4.3%) 0.496

Table 3. Postoperative complications
Ta6nuuya 3. [MociieonepayUoHHbIE OCIOKHEHUS!

rate of incidence of complications between groups not being
different [10].

The most convincing evidence was obtained in the
meta-analysis of 21 retrospective studies performed by A.
Squillaro et al. (2023). The formation of the intracorporal
anastomosis did not influence the risk of postoperative
complications. Differences were identified between the groups
of robot-assisted intracorporal anastomosis and laparoscopic
extracorporal anastomosis: they were in the duration of
postoperative period and amounted to one day [11].

Manual sowing of the intracorporal anastomosis is only
rarely implemented in clinical practice. All studies included
in the meta-analysis of A. Squillaro et al. used the mechanical
method of ‘side-to-side’ anastomosis formation. An alternative
method was suggested by H. Su et al. (2019): in their
retrospective study of 36 patients they described the technique
of delta-shaped formation of ileo-transverse anastomosis
using three linear staplers, no cases of anastomotic leak were
registered [12]. No randomized studies compared various
techniques of formation of intracorporal anastomosis. Manual
formation of the anastomosis is technically simpler and is
more frequently performed in using robot-assisted techniques.
However, the meta-analysis of 30 studies that focused on the
results of robot-assisted right colectomies, no differences were
shown in the rate of development of complications following
the manual and mechanical sowing of the anastomosis [13].
Regardless of the surgical method used, the mechanical
formation of the ileo-transverse anastomosis was related in
the Cochrane systematic review (2011) with a reliably lower
risk of development of the leak, OR 0.48 [95%CI 0.24; 0.95]
p=0.03 [14].

The advantage of our study is the analysis of a new and
novel method of formation of ileo-transverse anastomosis in
a representative population of patients. Its limitations are its
retrospective character, lack of standardization of techniques of
anastomosis formation in the control group, some differences
in the clinical characteristics of patients. It is to be remembered
that intracorporal anastomosis was formed, in all cases, by one
surgeon completing the training curve in minimally invasive
surgery. In the control group, this parameter was not taken
into account.

m CONCLUSION

Thus, the method of formation of ileo-transverse
anastomosis proposed by us is safe and may be regarded for
use by surgeons completing the training curve in minimally
invasive colorectal surgery. To assess the reproducibility of
obtained results and comparison with other techniques in larger
studied groups, further research is needed. »=
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Development and risk factors of chronic pain
due to trauma to the anterior cruciate ligament and/or
meniscus of the knee joint
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Abstract

Aim - to evaluate the incidence and risk factors of chronic post-traumatic
pain in patients who suffered an anterior cruciate ligament (ACL) and/or knee
joint meniscus (CC) injury.

Material and methods. The study group consisted of 148 patients (48.0%
women, 37.9 + 13.1 years old) who had suffered an injury to the PC and/
or meniscus of the CS, confirmed by magnetic resonance imaging (MRI).
The inclusion criterion was moderate/severe pain (>4 on the numerical rating
scale, NRS 0-10) 1 month after the injury. Patients were examined after 3,
6, and 12 months with an assessment of pain (NRS) and the KOOS index,
signs of neuropathic pain (painDETECT), anxiety and depression (HADS
a and HADS d), central sensitization index (CSI), pain catastrophization
(PCS), fibromyalgia symptoms (FiRST), fatigue (FACIT). An MRI scan was
performed after 6 and 12 months. The plasma concentrations of a number of
biomarkers (HCRP, NTX, ADAMTS-5, COMP, MMP3, MMP9, MMP13,
substance P) were studied.

Results. After 3 months, pain with movement >4 NRS was observed in 58
(39.2%) patients. These patients formed the group with chronic post-traumatic
pain (CPTP+), patients with lower pain intensity or absence (<4 NRS) formed
the control group (CPTP-). In patients with CPTP+, compared with the
CPTP- group, pain at rest and at night was significantly higher (p <0.001). A
significant difference in pain during movement, at rest, and at night, as well as

all KOOS scales, remained between the CPTP+ and CPTP- groups after 6 and
12 months. In the CPTP+ group, there was a tendency to a higher frequency of
signs of neuropathic pain, anxiety and depression, central sensitization index,
pain catastrophization scale and fatigue, however, the difference with the
CPTP- group was unreliable. The concentration of biomarkers in the CPTP+
and CPTP- groups did not differ. There was a significant association between
CPTP and the female sex (odds ratio = 3.18; 95% confidence interval 1.606-
6.297, p<0.001), meniscus injury (OR = 2.132; 95% CI 1.07-4.252, p=0.03),
osteitis (OR = 5.734; 95% CI 2.106-15.609, p<0.001) and synovitis (OR =
2.35; 95% CI 1.186-4.656, p=0.013) according to MRI, surgery (reduced the
risk of CPTP, OR = 0.385; 95% CI 0.195-0.759, p<0.005), initially severe
pain (>7 NRS, OR = 5.553; 95% CI 1.696-18.179, p=0.002), signs of highly
probable CS (CSI >40, OR = 3.915; 95% CI 1.147-13.368, p=0.021) and
severe depression (HADS > 11, OR = 4.12; 95% CI 1.672-21.983, p=0.05).
Conclusion. CPTP occurs in almost 40% of patients after knee joint meniscus
injury. Risk factors for CPTP are female gender, meniscus injury, osteitis
and synovitis (MRI data), initially severe pain, central sensitization, and
depression.

Keywords: anterior cruciate ligament/meniscus injury, chronic post-traumatic
pain.
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PasButue n cpbaktopbl pucka XpoHu4eckom 6onu nocne
TpaBMbl NepeaHen Kpectoobpa3sHon CBA3KKU n/mnum
MEHUCKa KOJIeHHOro cyctaBa

A.A. banuk!, A.E. KaparteeB!, C.A. Makapos!, E.1. Bsanuk! 2, B.E. banuk?,
B.A. HectepeHko!, [1.M. KyanHckuia!

IOIBHY «Hay4Ho-nccnegoBatenbCknii MIHCTUTYT peBmatosiorum nmexdm B.A. HacoHoBow»
(Mockea, Poccuiickas Pepepauns)
20MBOY ANO «Poccwiickas MeavumHCcKas akageMus HenpepbiBHOTO NPodeccMoHaibHOro ob6pasoBaHmay
MuH3sgpasa Poccun (Mockea, Poccuiickas ®epepauusi)

AHHOTaUuA

Iensb — oneHUTh YacToTy pa3BuTHs U dakrTops! pucka XIITH y namueHTos,
NepeHeCIIMX TPaBMY IlepesiHei kpecroobpasHoi cBsi3ku (ITKC) n/nnu menu-
cka koneHHoro cyctasa (KC).

Marepuan u Metonsl. Mccienyemyio rpynmy cocraBuiu 148 manueHnToB
(xenmuns! 48,0%, 37,9 + 13,1 rona), nepenecumx tpasmy I[IKC w/nnu me-
nucka KC, noarBeprxieHHy0 MarHUTHO-pe30HaHCHOU ToMorpadueit (MPT).
Kpureprem Brimodenust Gblla yMepeHHast/BbIpakeHHast 6071b (>4 110 4HCII0BOM
pelitunroso# mkase, YPIII 0-10) yepe3 1 Mecsn nociie TpaBMblL. IlanyeHTs!
obcieoBanuck yepes 3, 6 1 12 mecsies c onenkou 6omu (YPII) u nnpexca
KOQOS, npusnakoB Hepponaruyeckoit 6o (PainDETECT), TpeBoru u nie-
npeccun (HADS a u HADS d), nenrpansHoit cencutnzanuy, LIC (CSI), ka-
Tacrpodusanuu 6oy, Kb (PCS), cumnromos pubpomuanruu, PM (FiRST),
yromisiemoctH (FACIT). Yepes 6 u 12 mecsues nposoaunace MPT. Bruta
HCCIIefloBaHa IUIa3MeHHas KOHIleHTpalus psifia 6uomapkepos (BuCPB, NTX,
ADAMTS-5, COMP, MMII3, MMII9, MMII13, cy6cranmus P).
Pesynbrarsl. Uepes 3 Mecsinia 60116 nipu iBrokennd >4 YPIII ormedena y 58
(39,2%) nanuenToB. 3Ty nanuenTs cocrauwiy rpynny ¢ XIITB (XIITE+),
TAL[MIeHTHI C MeHbIIIei THTEeHCUBHOCTBIO WK OTCYTCTBHeM 6oy (<4 YPIII) —
kxoHTpoib (XIITB-). ¥ nanuentoB XIITH+ B cpaBHenuu c rpynmoi XI1Th-
6bU1a I0CTOBEpHO BhIlIe 60k B IIoKoe 1 Houbto (p <0,001). [JocToBepHOE
pazyyre GO IIPH JIBIKEHHH, B IIOKOe X HOYbIO, @ TAK)XKe BCeMH IIKalaMH

KOOS coxpansinoce mexay rpynnamu XI1TBb+ u XPTB- uepe3 6 u 12 me-
cseB. B rpynmne XIITB+ 6bi1a TeHOeHIus K Gouiblielf yacToTe IPU3HAKOB
HeBpoIaThyeckoi 6omnu, Tpesoru u nenpeccuu, LIC, Kb u ycranocry, on-
Hako pasnuuue c rpynnoi XIITB- 6su10 HenocroBepHbIM. KoHlleHTpanys
6uomapkepos B rpynmnax XI1TB+ u XIITE- He paznuuanack. OTMedeHa 10-
croBepHasi cBsi3b Mexay XIITD u skeHCKUM 110JI0M (OTHOILEHKe IIaHCOB,
OII = 3,18; 95% nosepurensHblil uaTepsain, U 1,606-6,297, p<0,001),
TpaBMoit Menucka (OLI = 2,132; 95% U 1,07-4,252, p=0,03), ocrentom
(OMI = 5,734; 95% 11 2,106-15,609, p<0,001) u curosuTomMm (OIII = 2,35;
95% 11 1,186-4,656, p=0,013) mo MPT, npoBenenHo# oneparyeit (CHU-
skana puck XITTB, OII = 0,385; 95% U 0,195-0,759, p<0,005), ucxopHo
cunbHOM 6oipio (>7 YPII, OII = 5,553; 95% IH 1,696-18,179, p=0,002),
npusHakamu Beicoko BepositHou 1[C (CSI >40, O = 3,915; 95% J1U 1,147-
13,368, p=0,021) u BepaskenHoi nenpeccueit (HADS > 11, O = 4,12;
95% I 1,672-21,983, p=0,05).

3axurrouenne. XI1TH Bo3Hukaet y noutu 40% naruenTos nocse tpasMel KC.
®akropsl pucka XIITE — jxeHCKuii 11071, TpaBMa MEHHUCKA, OCTEUT U CHHOBUT
(mannble MPT), ucxoziHo cunbHas 60mb, 1C 1 nenpeccust.

KoroueBble ciioBa: TpaBMa IepefiHeil KpeCTOOGpa3HON CBsI3KH/MEHHUCKA,
XPOHHUYeCKasi TOCTTpaBMaTH4eckast 6011b
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m INTRODUCTION
Injuries are a serious medical and social problem, one of

the main reasons of death, disablement, and considerable
decrease of quality of life in the modern world [1]. According
to official statistics, the ‘external causes’ (including injuries)
in the Russian Federation in 2020 ranked fourth among causes
of death (139,600), after cardiovascular diseases (938,500),
neoplastic diseases (295,900), and COVID-19 (144,700). The
absolute number of injuries was 8.92 million cases, of which
6.17 were injuries of upper and lower extremities [2].

In the structure of injuries of the lower extremities, the
injuries to the knee joint (KJ) and ankle joint prevail, whose
cumulative incidence rate is over 50% from the total number
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of injuries to the skeletomuscular system [3]. The most
frequent traumatic injuries of the knee joint are the meniscal
tear and the anterior cruciate ligament tear (ACL) [4, 5].

Notwithstanding the wide range of conservative and
surgical methods of treatment of injuries, their sequelae are
often adverse. Injury complications may present themselves
as a permanent loss of capacity, neurological and infectious
complications, post-traumatic osteoarthritis (PTOA), and
chronic post-traumatic pain (CPTP) [6-10].

Chronic post-traumatic pain is a syndrome characterized
by moderate or significant pain in the area of the sustained
injury that persist for three or more months after the injury
[11]. This is a frequent complication: after injuries of the knee
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joint, depending on their severity, CPTP sets on in 10-50%
patients. CPTP significantly affects the general well-being,
affects physical and social activity, affects quality of life, and
incurs significant expenses on treatment and rehabilitation
[6-101].

Besides, the CPTP may be regarded as the first
manifestation of the emerging PTOA. The international
experts’ council Optimizing Knee Health after Injury
(OPTIKNEE) identified the PTOA of the knee joint thus:
“structural or symptomatic osteoarthritis developing after a
traumatic injury of the knee joint”. PTOA of the knee joint
is considered symptomatic in the presence of a clinic picture
matching the criteria of at least one professional associations
working on osteoarthritis, e.g., ACR (American College of
Rheumatology), but excludes age limitations regardless of
the presence of structural changes identified by instrumental
methods [12].

This shows that the CPTP and PTOA are serious
challenges of modern medicine that require adequate
approaches to prevention and treatment. At the same time,
proper management of PTOA is not possible without a
clear understanding of the mechanism of its development
and without identification of risk factors of the pathology.
Therefore, the fundamental task in studying CPTP is the
creation of a prognostic model that will analyze a complex
of symptoms and assess the probability of development of
the pathology, its pathway and phenotypic features.

m AIM

To evaluate the incidence rate and risk factors of chronic
post-traumatic pain in patients who suffered an anterior
cruciate ligament and/or knee joint meniscus injury.

m MATERIAL AND METHODS

This study is a part of a prospective scientific study
“PHOBOS” (“Factors Defining Chronization of Pain:
Evaluation and Systematization”) performed from 2022
to 2024 at the V.A. Nasonova Research Institute of
Rheumatology. The study group included 148 patients
compliant with the inclusion criteria: age from 18 to 50;
traumatic injury of the anterior cruciate ligament and/or
knee joint meniscus confirmed by the magnetic resonance
tomography findings (MRI); moderate or significant pain
in the knee joint area (>4 on the 0-10 numeric rating scale
(NRS), where 0 stands for no pain and 10 for unbearable
pain) for >1 month after the injury; availability of the
patient’s informed consent. The exclusion criteria were as
follows: fracture of the bony structures in the knee joint area
(diagnosed as per X-ray data), availability of reliable signs
of a rheumatic disease (including earlier diagnosed OA and
fibromyalgia), functional disorders of the skeletomuscular
system and comorbid conditions precluding regular check-
ups required by the study protocol.

All patients included in the study were recommended to
wear orthoses, exercise regularly and use non-steroid anti-
inflammatory drugs either systemically or locally (ointments
and gels) to stop the pain as needed.

The patients were divided into the main group (moderate/
severe pain in the knee joint) and the control group (mild pain
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or no pain in the knee joint) during their second visit, three
months after the start of observation.

The criterion for inclusion in the CPTP group (main
group) was persistence of moderate or severe pain in the
knee joint on activity or at rest (>4 NRS) that persisted for the
majority of days within the past 3 months. The studied group
consisted mainly of young people with comparable number
of males and females who sustained an injury of the ACL,
the meniscus, or a combination thereof. Among patients
engaged in the study, 48.6% had undergone surgery (ACL
restoration, meniscal suture), 51.4% of patients received only
conservative treatment. The consolidated initial parameters
of patients included in the study follow in Table 1.

According to the plan of the work, all patients, at the
time of inclusion in the study, underwent a comprehensive
examination to identify a group of promising clinical
parameters that can be considered subsequently as risk factors
for the development of CPTP.

Studies of clinical manifestations of each patients were
performed during the first admission, and 3, 6 and 12 months
after the injury. To that end, the following indicators were
used: pain severity on the NRS in motion, at rest and at

e e e

Sex (F/M, %) 48.0/52.0
Age, years; M+o 379+13.1
Body mass index, kg/m?; Mo 25.8+5.1

ACL: 40.0, meniscus: 58.7,
combined ACL + meniscus injury:
16.7, ACL + other condition
(tendinitis, cysts, ligament strain,
etc.): 26.0

Damage of knee joint structures
as per MRl data, %

Surgery (ACL restoration,
meniscal suture, meniscus resection,

combined surgeries), % 488
Conservative methods of treatment, % 51.4
EA%ITESC:Q ?g'tfl‘vgljtgfcentiles] 5.0/[4.0;7.0]
Pains at rest; Me [25"; 75t percentiles] 2.0[0.75; 3.0]
e e e 200030
Mo [25m 75" percanties] 40[3.0:6.0]
KOOS total; M+o 489+ 175
KOOS symptoms; Mto 59.1+19.6
KOOS pain; M+o 58.5 + 16.8
KOOS activity; M+o 65.0 + 20.1
KOOS sports; Mo 33.1+18.7
KOOS quality of life; Mto 39.8+19.8
PainDETECT; Me [25%; 75t percentiles] 6.0[3.0; 9.0]
PainDETECT >12, % 10.0

Me 125+ 75n percenties] 40[1.0; 6.0]
HADS depression >11, % 4.7
HADS anxiety; Me [25%; 75" percentiles] 5.0[2.0; 7.0]
HADS anxiety >11, % 4.0

CSI; Me [25%; 75t percentiles] 22.5[14.75; 32.25]
CSl 2 40, % 8.6

PCS; Me [25th; 75th percentiles] 12.5[7.0; 21.0]
PCS >30, % 14.0
FiRST; Me [25%"; 75" percentiles] 1.0[0.5; 2.0]
FiRST >5, % 1.3
FACIT; Me [25%; 75" percentiles] 11.0[5.0; 19.25]
FACIT 0-13, % 57.3
HAQ; Me [25%; 75t percentiles] 0.375[0.0; 0.75]

Table 1. Characteristics of the initial data of patients included
in the PHOBOS study (n=148)

Tabnuya 1. Xapakmepucmuka UCX0OHbIX OaHHbIX NAUUEHMOB,
BKJTHO4EHHbIX B ucciedoBaHue @OBOC (n=148)
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nighttime; symptom intensity and functional disorders on
the Knee Injury and Osteoarthritis Outcome Score — KOOS
(‘symptoms’, ‘pain’, ‘daily activities’, ‘sports’, ‘quality of
life’, ‘total’ scores); symptoms of neuropathic pain as per the
PainDETECT questionnaire; psycho-emotional disorders as
per Hospital scale of Anxiety and Depression (HAD); central
sensitization (CS) as per the Central Sensitization Inventory
(CSI); pain catastrophizing as per the Pain Catastrophizing
Scale (PCS); fibromyalgia symptoms as per the Fibromyalgia
Rapid Screening Tool (FiRST); fatigue and tiredness as
per the Functional Assessment of Chronic Illness Therapy
(FACIT).

During the study process, the following laboratory indicators
were evaluated in dynamics (as of the moment of inclusion and
3 months later): hemoglobin level (Hb, g/1), ESR (mm/h), CRP
(mg/1), hsCRP (ME/l), NTX, ADAMTS-5, COMP, MMP3 (ng/
ml), MMP9 (ng/ml), MMP13 (ng/ml), substance P (pg/ml).

Besides, in 6 and 12 months, MRI of the knee joint was
performed to visualize the damage to the meniscus and the
ACL, the cartilage, the subchondral bone, presence of effluent
to the joint cavity and their objective assessment (degree of
synovitis, severity of damage to the ACL and the meniscus,
presence of osteitis, etc.). In the course of the study, the MRI
scans of the knee joint were compared at the outset, in 6 and
12 months.

Statistical analysis of results of this study was performed
in the IBM SPSS Statistics 23 software suite. Quantitative
values are presented as averages with the respective standard
deviation (M+0), and in the vase of the lack of the normal
distribution within the group, as medians with inter-quartile
range Me [25th; 75th percentiles]. Qualitative variables were
described with absolute values and respective percentages. In
order to analyze the data, statistical tests were used: Pearson’s
x2-test (contingency table analysis), unpaired Student’s t-test,
for the comparison of quantitative values, Wilcoxon test (x2)
for related samples, Mann—Whitney test for independent
samples, Spearman’s rank correlation coefficient. To assess
the impact of various factors on the outcome of therapy, odds
ratio (OR) calculation with the corresponding 95% confidence
interval (CI) was used. Differences were considered statistically
significant at p <0.05.

The study was carried out in compliance with the provisions
of the Helsinki Declaration of Human Rights. All patients
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Figure 1. Pain dynamics in patients with and without CPTP from 3 to
12 months of follow-up.

PucyHok 1. [lJuHamuka 6osu y nayueHmos ¢ XITB u 6e3 XINTE ¢ 3
no 12 mecsay HabnodeHus.

signed informed consent to participate in this work. The
study was approved by the local ethics committee of the V.A.
Nasonova Research Institute of Rheumatology (Protocol No.
23 dated 23.11.2022).

m RESULTS

Three months after the inclusion, moderate and severe pain
in motion (>4 NRS) was registered in 58 (39.2%) patients.
Pursuant to the aim of the study, these patients formed the
CPTP group (CPTP+), and patients experiencing less or no
pain (<4 NRS) formed the control group (CPTP-). Besides
more intense pain in motion, the CPTP+ patients had reliably
more intense pain at rest and in the nighttime as compared
to the CPTP- group (p<0.001). The reliable difference in the
pain intensity in motion, at rest and in the nighttime remained
between the CPTP+ and CPTP- groups in the follow-ups after
6 and 12 months (Fig. 1).

Manifestations of neuropathic pain, central sensitization
and fibromyalgia were found in a minor share of patients at
the outset of the study: PainDETECT >12 in 9.8%, CSI >40
in 8.7%, FiRST >5 in 1.4%; manifested psycho-emotional
disorders, in individual patients: HADS depression >11 in
4.6%, HADS anxiety >11 in 3.9%.

Statistically reliable difference between the CPTP+ and
CPTP- groups was found 3, 6 and 9 months in all scores
of the KOOS scale. Other quantitative parameters measured
with PainDETECT, HADS, CSI, PSC, FIRST and FACIT

Parameters CPTP+ CPTP- CPTP+ CPTP- CPTP+ CPTP-
M+§. Me [25th; 75th percentiles] (3 mos.) (3 mos.) (6 mos.) (6 mos.) (12 mos.) (12 mos.)

KOOS total* 57.8+18.2 77.3+20.2
KOOS symptoms* 57.5+19.4 79.4+16.7
KOOS pain* 54.0+13.3 785+ 17.4
KOOS activity* 58.9+15.6 82.3+16.7
KOOS sports* 39.2+12.4 62.2 +18.7
KOOS quality of life* 45.7+11.0 68.1+18.1
PD 8.0[6.0: 10.0] 4.5[3.0; 5.5]
HADS d 4.5[3.0; 5.5] 2.0[1.0; 3.0
HADS a 6.0 [4.0; 8.0] 3.0[2.0; 4.0
csl 26.0[14.0; 35.0] 16.0[12.0; 18.0]
PCS 17.0 [14.0; 19.0] 8.0[6.0; 9.9]
FiRST 1.0[0.0; 2.0] 0.5[0.0; 1.0]
FACIT 13.0[11.0; 17.0] 9.0[7.0; 11.0]

60.9 + 16.7 85.3 +21.4 79.0 + 18.4 88.5 + 18.8
62.8 +15.2 85.3+17.4 72.9+19.0 90.4 +22.1
63.6 £ 17.2 82.3 +20.1 71.9+18.6 90.6 + 18.5
63.8 + 20.1 85.1+19.4 71.9+18.2 90.6 + 21.6
45.1+19.3 69.3 + 20.3 52.8+17.3 78.6 +19.1
52.3+14.8 70.0 +19.7 67.5+ 18.4 85.1+22.2
7.0 [5.0; 8.0] 2.0 [3.0; 4.5] 6.0 [4.0; 7.0] 1.0[0.0; 2.5]
5.0 [3.0; 6.5] 2.5[2.0; 4.0] 4.0 [5.0; 6.0] 2.0 [1.0; 3.0]
7.0 [6.0; 8.0] 3.5[3.0; 4.5] 6.0 [4.0; 7.0] 2.5[1.0; 3.0]
21.0[13.0;25.5] 9.0[6.0;12.0] 15.0[10.0;19.0] 4.0 [3.0; 5.0]
13.0[11.0;150]  5.0[3.0;6.5]  10.0[7.0;12.0]  15[0.0; 2.5]
1.0 [0.0; 2.0] 0.5 [0.0; 1.0] 1.0[0.0; 1.5] 0.5[0.0; 1.0]
11.0[9.0; 135]  6.0[4.0;8.0]  10.0[8.0;12.0]  3.5[2.0;55]

Note. * The difference between the CPTP+ and CPTP- groups after 3, 6 and 12 months is statistically reliable in all KOOS parameters (p <0.05).
Table 2. Dynamics of clinical parameters in the CPTP+ and CPTP- groups after 3.6 and 12 months
Tabnuua 2. [lJuHamuka KnuHu4eckux nokasamenel B epynnax XINTb+ u XIMTB- yepes 3, 6 u 12 mecsaueB
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questionnaires, also differed between the compared groups
in the follow-ups after 3, 6 and 12 months, but this difference
was not statistically reliable (Table 2).

A correlation between the MRI-indicated signs of synovitis
and osteoitis showing the persistent joint inflammation and the
presence of CPTP was found. The data and the outcomes of
recurrent MRI scans after 6 and 12 months showed statistically
significant differences in the frequency of synovitis and
osteoitis finding in the CPT+ group versus the CPTP- group
(Fig. 2).

The incidence rate pf MRI signs of synovitis in CPTP
patients decreased significantly within the follow-up period:
initially, the parameter was found in 67.8% patients, and in 12
months, in 40.7% (p=0.0308). According to the MRI data, the
incidence rate of osteisis did not statistically decrease within
the tear of follow-up: 28.6% at the outset and 20.3% (p=0.107)
by the end of the study.

A credible correlation was found between the development
of CPTP and the female gender (OR = 3.18 (95% CI 1.606-
6.297), p<0.001),injury of the meniscus (OR = 2.132 (95% CI
1.07-4.252), p=0.03), presence of osteitis (OR = 5.734 (95%
CI 2.106-15.609), p<0.001) and synovitis (OR = 2.35 (95%
CI 1.186-4.656), p=0.013) as per the MRI data, past surgery
(decreasing the risk of CPTP development, OR = 0.385 (95%
CI 0.195-0.759), p<0.005), initial severe pain in motion (>7
NRS, OR = 5.553 (95% CI 1.696-18.179), p=0.002), signs of
highly likely central sensitization (CSI >40, OR = 3.915 (95%
CI 1.147-13.368), p=0.021) and manifested depression (HADS
>11, OR = 4.12 (95% CI 1.672-21.983), p=0.05).

No credible differences between the groups of patients
with and without CPTP were found when comparisons were
made in the values of BMI, ALC injury, signs of tendinitis,
concentration of CRP (standard analysis), initial pain at
rest (=7 NRS) and in the nighttime (=5 NRS), severity of
functional disorder (=7 NRS), signs of neuropathic pain
(PainDETECT questionnaire), anxiety (HADS questionnaire),
catastrophization (PCS questionnaire), signs of fibromyalgia
(FIRST questionnaire), and fatigue (FACIT questionnaire).

We saw no statistically significant differences in the plasma
concentrations of the biomarkers (hsCRP, NTX, ADAMTS-5,
COMP, MMP-3, MMP-9, MMP-13 and substance P) in patients
with and without CPTP after 3 and 12 months of follow-up.
There was no statistically credible correlation between the
severity of CPTP and the level of the studies substances.

m DISCUSSION

CPTP was identified in 39.3% patients who suffered ACL
and/or meniscus rupture. In CPTP patients, throughout the
entire follow-up period, greater manifestation of clinical
symptoms was seen that were related to the consequences of
the injury of the knee joint: pain in motion, at rest and in the
nighttime, functional disorders. In each follow-up, credible
differences were seen in all sections of the KOOS scale
(total score, symptoms, pain, activity, sport, quality of life).
Even though after 6 and 12 months the severity of symptoms
decreased in many CPTP patients, their numerical value (both
in the NRS and KOOS) remained statistically credibly high
that those of the patients in the control group.

Despite the fact that the signs of the ‘central constituent’ of
chronic pain were seen only in a minor quantity of patients,
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Figure 2. Dynamics of synovitis and osteitis according to MRI data
depending on the presence or absence of CPTP.

PucyHok 2. [JuHamMuka cuHoBuma u ocmeuma no oaHHsiM MPT
B 3aBUCUMOCMU om Hanuyusi unu omecymemsusi XI1TB.

the numerical values of anxiety and depression (HADS),
neuropathic pain (PainDETECT), central sensitization (CSI),
catastrophization (PCS), fatigue (FACIT) and fibromyalgia
(FIRST) were higher on all stages of follow-up in patients
with CPTP.

The results obtained by us show that CPTP is a
pathophysiological phenomenon related to the specifics of the
‘response’ of the macro-organism to the injury and associated
damage, inflammation and reparative process. At the same
time, the formation and the persistence of CPTP may indicate
development of PTOA.

The high incidence rate of CPTP in this study may be
related to criteria of patient selection for the study. It included
only those patients in whom one month after the injury of the
knee joint at lease moderately severe pain persisted, which
was the reason for seeking medical attention. Our data is
close to the results of foreign research of similar topics. Thus,
L. Lohmander et al. performed a cohort study of 121 young
athletes (average age of 26 years) suffering a rupture of ACL
and showed dissatisfaction of 1/3 of respondents with their
condition (PASS “-*) [13]. S. Van der Graaff et al. followed
up 82 patients with ACL rupture and delayed operation; in 29
(35.4%) of which the pain level 3-6 months after the injury
was >3 NRS points [14]. C. Anthony et al. assessed the need
in opioid analgesics in 4946 patients suffering a knee joint
injury and requiring surgical reconstruction of the ACL [15].
Three months before the surgery, 35% of patients had to take
opioid analgesics on a regular basis, because they were in
intense pain.

We identified a correlation between CPTP and female
sex. Higher risk of development of chronic pain in women
is confirmed by a meta-analysis of 71 studies performed by
H.Andreoletti et al. [16]. This work focused on risk factors
of post-surgery pain. One of the main factors was the female
sex, OR = 1.34. In the review of S. Mills et al. on the problem
of chronic pain it is reported that CPTP is seen more often in
women because they describe the sensation of pain in a more
pronounced, emotional manner [17].

We also found a correlation between the development of
CPTP and structural changes, such as damage to the meniscus,
osteitis and synovitis. The contribution of meniscal damage
to the development of chronic pain was mentioned earlier in
other studies. E.g., C. Maia et al. compared the progress of the
primary OA (n=641) and PTOA (n=104) and showed that the
presence of meniscal injury is associated with severe pain and
disrupts its function [18]. The contribution of meniscal damage
to the development of symptomatic PTOA is confirmed in
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the study of Y. Lu et al. [19]. The authors followed up 974
patients with injuries of the ACL and meniscus and subsequent
reconstruction of the ligament and treatment of the meniscus
averagely 7.5 years after the first surgery. They found
development of PTOA in 22.1% of the cases. The conclusions
of this study confirm that the meniscal damage was a risk
factor of development of post-traumatic osteoarthritis.

Effusion to the knee joint and synovitis (proliferative and/
or exudative) are widely spread visual symptoms identified in
patients both immediately after the joint injury and long after
it. The relation of synovitis and clinical symptoms remains a
controversial question. Thus, T. Perry et al. studied 174 patients
with OA for three years and saw no correlation between the
pain as per WOMAC index and thickening of the synovium
[20]. At the same time, synovitis of specific areas, viz.
Infrapatellar, was associated with severe pain: OR 5.96 (95%
CI 1.22-10.7). On the contrary, in the study of G.Wallace et al.
found a strong correlation between the synovitis identified by
MRI findings and pain in 104 patients with OA [21]. According
to the data of a meta-analysis of 18 studies (n=5907 patients),
E. Alaia et al. established a relation between clinical and MRI
symptoms of OA [22]. Among the latter, synovitis and bone
marrow edema were identified as manifestations of osteitis.

In the study of J. Driban et al., who evaluated the MRI data
of 121 young patients with injuries of the ALC, found bone
marrow edema in 96% patients, but there was no correlation of
this MRI-identified symptom with severity of pain: p = -0.09,
P = 0.25 [23]. Persistence of the bone marrow edema or its
augmentation (increase of area or strengthening of signal from
the existing edema without the increase of the osteitis area)
according to the MRI data for a long period of time may point
at progression of osteodestructive and inflammatory changes,
which shows in the persistence or increase of paint in such
patients. The study of K. Moradi et al. is demonstrative in this
respect: for a period of 4 years, 2430 patients with OA who
underwent MRI were followed up. In 1106 patients, the bone
marrow edema was found to increase, which was associated
with elevated risks of progression of OA as compared to
patients in which the intensity of the edema remained the same
or decreased: OR 1.3; P<0.001 [24].

Development of CPTP is related to initially intense pain
(=7 NRS). In such patients, the level of pain in 6 months
credibly correlated with the level of pain at the outset and
with functional disorder. Based on this is can be suggested
that severe pain and functional disorders point at development
of structural disorders, persistence of inflammation and
dysfunction of nociceptive system. The significance of initial
pain as a risk factor of CPTP development was confirmed in
the meta-analysis of 18 studies (n=5372 patients) presented in
the article by O. Alkassabi et al. [25].

Another factor influencing progression of CPTP was the
presence of depression (HADS >11) and highly probable CS
(CSI=40). The severity of CPTP correlated with the numerical
value of the central sensitization index (CSI), number of
patients with CSI>40 and number of patients with HADS >11.

Despite the absence of the statistically reliable correlation
between the progression of CPTP and BMI, severity of
neuropathic pain (PainDETECT), anxiety (HADS) and
catastrophization (PCS), numeric values of these factors were
higher in patients with CPTP in comparison with patients
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without CPTP. Lack of reliable differences is likely accounted
for by the low prevalence of these manifestations in the group
generally.

The importance of psycho-emotional disorders, CS and
catastrophization in the progression of CPTP was shown in
several articles [26-28]. Specifically, the work of S. Heijbel
et al. evaluated outcomes of total replacement of the knee
joint (TKR) in 8745 patients and found that dissatisfaction
with the surgery depended on the presence of depression and
anxiety: before the surgery, OR 1.23 (95% CI 1.09-1.40), after
the surgery, OR 2.65 (95% CI 2.33-3.00) [26]. The meta-
analysis of 32 studies (n=18792) by J. Li et al. concentrated
on risk factors of postoperative pain in patients after TKR,
and showed the significant contribution of CS, anxiety, and
moderate depression [27]. The data of a meta-analysis of 29
studies (n=10360) by U. Olsen et al. demonstrated a correlation
between pain progression one year after the surgery and
catastrophization: r=0.36 (95% CI 0.24-0.47; p<0.0001) [28].

The influence of psycho-emotional disorders,
catastrophization and CS on the development of CPTP is
caused by a decrease in the pain threshold, hyperalgesia,
increased pain afferentation, the development of neuroplastic
changes and dysfunction of the nociceptive system, which
determine an excessive and emotionally charged reaction to
pain [29, 30].

We were not able to find a reliable correlation between
the level of biochemical markers, namely hsCRP, NTX,
ADAMTS-5, COMP, MMP-3, MMP-9, MMP-13 and
substance P and progression of CPTP. In some papers, these
biomarkers had some correlations with structural changes in
the joints in OA (C-terminal telopeptide of type II collagen
(CTx-1I), COMP, MMP-3) [31, 32]. Some inflammatory
cytokines may elevate immediately following the injury and
remain in the synovial fluid of the injured joint and plasma
of the blood for many months and years (IL-1p, IL-17, IL-
6, TNF-a, macrophage inflammatory protein (MIP)-1, MMP,
tissue inhibitor of metalloproteinase, TIMP), which may point
at chronization of the inflammatory process and progression
of PTOA [33]. The meta-analysis of L.Batty et al. showed the
predictive value of IL-6, MMP-3, CTx-II in the evaluation
of progression of adverse changes after the injury to and
reconstruction of the ALC [34]. The article of H. Higuchi et
al. reports that elevated concentrations of IL-6, MMP-3 and
TIMP-1 in the synovial fluid persisted in persons with ALC
injury for six months [35]. The study of K. Elsaid et al. found
that in 30 cases of injury of ALC, one year after the injury the
synovial fluid still had elevated levels of IL-1p, IL-6, TNF-a,
neutrophilic elastase and sulfated glycosaminoglycan. At the
same time, the synovial fluid of the opposite non-injured joint
did not shoe biomarker levels different from the norm [36].

Biomarker concentration may correlate with signs of joint
inflammation identified on MRI scans. In the article of Z. Zhu
et al., biomarkers of 193 patients with active OA were studied.
It was found that the increase of concentration of IL-6, IL-17
and IL-23 correlated with bone marrow edema [37].

However, some studies do not confirm data on the
correlation between the level of biomarkers and progression
of CPTP. For example, C. Lisee et al. studied the correlation
between development of symptoms after the injury to and
restoration of ACL and levels of MCP-1, COMP, MMP-3 and
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CTx-II in 30 patients. After six months of the study, there was
no correlation between the symptoms and concentration of
biomarkers [38]. The systematic review of O. O'Sullivan et
al. presented the data of 8 studies (n=879 patients), in which
the correlation between concentration of IL-1, IL-6, TNF-a,
COMP and some other biomarkers with clinical and structural
changes in PTOA was not confirmed. The authors concluded
that the differences in methods do not allow comparison of the
results of different studies, and the overall weak connection
between laboratory and clinical data [39].

The absence of correlations between biomarkers and clinical
manifestations in our study may indicate both methodological
problems with the analysis of biomarkers (a small number
of observations, a heterogeneous group), and a true absence
of differences in their concentrations associated with the
peculiarities of the choice of the study cohort (all patients
initially had severe pain and a similar spectrum of structural
changes in the knee joint).

m CONCLUSION

Thus, some of the main risk factors for the development
of CPTP are intense pain, as well as the presence of structural
changes: meniscus damage, synovitis and osteitis according to
MRI data. There is no doubt that in the early stages of the post-
traumatic process, it is such objective factors, indicating the
presence of damage and inflammation, that play a leading role in
the development of chronic post-traumatic pain. Later, they are
joined by elements of dysfunction of the nociceptive system and
psycho-emotional disorders. Although we were unable to detect
statistical significance of the influence of catastrophization,
fibromyalgia symptoms, depression and anxiety, there is an
obvious tendency for these parameters to be more frequent
in patients with CPTP. Therefore, it makes sense to take into
account the signs of dysfunction of the nociceptive system
and psycho-emotional disorders, which can be considered an
important element in predicting the negative trajectory of the
course of PTP and the development of PTOA. =
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Kinematic analysis of gait in children with rigid flatfoot
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Abstract

Aim - to study the kinematics and kinetics of walking in children with rigid
flatfoot by comparing data before and after surgical operations.

Material and methods. The study included 51 patients (42 boys, 9 girls) with
rigid flatfoot, with a mean age of 10.5 + 1.4 years. They were stratified by
disease stage and underwent surgical treatment using the author’s technique:
‘transposition of the m. peroneus longus tendon medially, shortening of the
m. tibialis posterior tendon, and arthrodesis of the cuneo-navicular joint’.
Results. It was found that higher disease stages correlated with increased step
time and support time, and decreased swing time, average walking speed,
and step frequency (<0.01 to <0.001). Disease progression also exacerbated
pathomorphological changes in the foot, driven by biomechanical dysfunction

of the lower leg’s pronator and supinator muscles, alongside reduced gait
energy efficiency.

Conclusion. Gait kinematic assessment, when combined with standard
diagnostic tools for rigid flatfoot (e.g., radiography and podometry),
enhances the identification of effective and precise treatment strategies.
The proposed disease stage-adjusted corrective approach addresses all
components of rigid flatfoot: it eliminates pathological pronation, restores
supination and plantar flexion function, and achieves adequate foot arch
reconstruction.

Keywords: flatfoot, muscle rigidity, kinematics, children.
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UccnepoBaHue KMHEMaTUKKU Xxoabbbl aeten
C PUrMaHbLIM NJIOCKOCTONUEM A0 U nocne
XUPYPru4ecKoro ne4yeHums

N.10. XomxaHoB!, X.U. YMapoB?, LLL.K. Xakumog3, A.l. Mup3aeB!

II'Y «PecnybnumkaHck1il cneumnanmanpoBaHHblil Hay4YHO-NPaKTUYECKUIA MEOULVHCKUIA LEHTP
TpaBMaTonorum n optoneammy (TawkeHT, Pecnybnuka Y36ekucTaH)
2AHOWKAHCKMIA roCyapCTBEHHbIA MEAMUMHCKUIA UHCTUTYT (AHawkaH, Pecnybnuka Y3bekuncraH)
3Byxapckuit rocyaapCTBEHHbIA MEANUUHCKUIA MHCTUTYT uMeHn ABy Ann nbH CuHa
(Byxapa, Pecnybnuka Y36ekucTaH)

AHHOTauusa

Ilenb — U3y4nTh KUHEMATHKY U KUHETHKY XO[IbOBI y eTell C PUTH/IHBIM I1JIO-
CKOCTOIIMeM IIyTeM CpaBHEHMs JIaHHBIX /10 U 110CJIe IPOBeJIeHHBbIX XUPYPrH-
YeCKUX OIleparui.

Marepuai u Merofbl. B nccienosanye BrmodeH 51 manuenT (42 Mansauka
1 9 IeBoYeK) C pUTHAHBIM IUIOCKocTonueM. CpeHuUit BO3PACT TAlMeHTOB CO-

www.innoscience.ru

craBwi 10,5 + 1,4 ropa. [TanyeHTHI pa3neneHbl Ha FPYIIIBL C YYeTOM CTauu
3abosieBaHus. BceM narueHTam IpoBeieHO XUPYPrudecKoe jiedeHue C Ipu-
MeHeHHeM aBTOPCKOW MeTO[IMKH — «TPAHCIIO3ULUSI CyXOXKUJIUS M. Peroneus
longus B MefpanbHYI0 CTOPOHY CTOIIBI, YKOpOUeHHe CyXOXKIIvs m. tibialis
posterior ¥ apTpojie3UpOBaHue KJIMHOJIaIbeBUHOTO CyCTaBay.
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Pesynbrarsl. OmpesiesieHo, 9TO 4eM BHIIIe CTafus 3abojeBaHus, TeM 60-
Jlee YBeJIMYeHE! TTI0Ka3aTelll «BpeMsl [I1ara», «BpeMsl OIOPbI» ¥ YMeHbIIeHb
[I0KA3aTeJll «BpeMs IIepeHoCay, «CPeIHssI CKOPOCTh XOALOBI» U «4acToTa
maroBy» (<0,01-0,001). Takke oT cTaguu 3a00IeBaHUS 3aBUCAT CTEIEHb
1aToMopOIOrHIeCKUX U3MeHeHHH B 06/IacTH CTOIbI Ha GOHe HapyIIeHus
6roMexaHNIeCKON 0COOEHHOCTH MBIIII-IPOHATOPOB U MBIIIII-CYyITMHATOPOB
00JIaCTH TOJIEHH U TIOTePs BLICOKOX SHEPTUH TIPU Xozbhe.

3axumouenne. OneHKa KMHEMaTHKH XOL0b! B OIIOJITHEHHE K TAKUM MeTo-
JlaM JUarHOCTHKY PUTMIHOTO INIOCKOCTONHS, KaK peHTreHorpadus U I1o-

JIOMeTpus, IoJle3Ha i onpefiesieHUs 3pGeKTUBHBIX U TOUHBIX MeTOJ0B
JedeHus 3abosneBanusl. [IpeniokeHHBIN MeTOZ KOPPEKIUU C y4eTOM CTailul
3ab0J1eBaHUs MTO3BOJISIET YCTPAHUTh BCe KOMIIOHEHTH! PUTUAHON GOPMBI
IJIOCKOCTOIMS, JIMKBUUPOBATh [1aTOJIOTUYeCKYIO NIPOHAIUIO, YIy4IIUTh
GYHKIUIO CYITMHALMY U TIOJOLIBEHHOTO CrubaHus C afleKBaTHBIM BOCCTa-
HOBJIEHHEM CBOZIa CTOIIBI.

KinoueBnble cj10Ba: IJIOCKOCTOIMe, MblllIeYHasl pUTHIHOCTb, KUHEMaTHKa,
JIeTH.

KoH}auKT HHTEpecoB: He 3asiBJleH.
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m INTRODUCTION

igid flatfoot represents the most prevalent form of foot

dysfunction [1]. It is characterized by a lowered longitudinal
foot arch, but in fact represents a three-dimensional deformity
comprising hind-foot valgus, forefoot abduction, and pronation
due to the severity of foot pathology [2, 3]. Rigid flatfoot disrupts
the normal gait pattern and establishes a new pathological
walking type. Analysis of these abnormal movement patterns
enables diagnosis of disease etiology and pathogenesis, while
identifying individual and clinical variants [4, 5].

The treatment of rigid flatfoot differs significantly from
the mobile form of this pathology and often requires invasive
surgical interventions [6]. Surgical correction of rigid flatfoot
varies in technique and scope, from soft tissue procedures
involving talar bone reshaping with tendon/muscle transfers
to osseous methods utilizing various metal fixation devices
[7]. However, long-term postoperative outcomes remain
unpredictable and often prove unsatisfactory for patients,
their parents and orthopedic surgeons, particularly due to the
need for permanent orthotic use to manage clinical symptoms
[8]. This stems from insufficient data on pathogenetic features
of rigid flatfoot, biomechanical impairment of lower leg/foot
neuromuscular structures across disease stages and severity
levels, and the disregard of these factors when selecting
corrective procedures for rigid flatfoot patients [9].

A current priority is investigation of rigid flatfoot kinetics
and kinematics using advanced methods such as gait
videography and 3D motion capture in gait laboratories.

m AIM

To study the kinematics and kinetics of walking in children
with rigid flatfoot by comparing data before and after surgical
operations.

m MATERIAL AND METHODS

The study group included 51 patients (42 boys and 9 girls)
with rigid flatfoot, who were observed and treated in the
Andizhan Children’s Multi-disciplinary Clinic in 2019-2024.
The mean age of patients was 10.5 years (from 7 to 16).

Based on the classification of M.S. Myerson (1997), we
developed a new algorithm for classification of children with
rigid flatfoot!. Unlike the Myerson classification, we included
the spastic contracture of the tendon of m. peroneus longus,
which has a special role in the pathomorphological changes of
the lower leg and foot in rigid flatfoot (Table 1).

It is seen from Table 1 that among clinical forms the acquired
form was most prevalent, in 41 (80.5%) vs. 10 (19.5%) cases
of congenital form of the disease. Most frequently, patients
were registered with stage III, in 22 (43.1%) cases, and there
were also cases with spastic contracture of the tendon of m.
peroneus longus, in 13 (25.5%) cases (subgroup III B) among
patients with stage III, and in 8 (15.7%) cases (subgroup IV
B) among patients with stage IV of the disease.

The functional condition of the m. peroneus longus is
principal in the transformation of the mobile flatfoot into rigid
flatfoot. Tendon reposition to the supinator side is also critical
for surgical correction.

All patients (n=51) underwent surgical treatment using
following technique: ‘transposition of the m. peroneus longus
tendon medially, shortening of the m. tibialis posterior tendon,
and arthrodesis of the cuneo-navicular joint’2.

The technique involves the following steps: wedge
resection of the navicular and cuneiform articular surfaces
(wedge angle oriented plantarly), creating a cuneiform bone
tunnel; reinserting the m. tibialis posterior tendon attachment,
shortening its tendon via tensioning and embedding into the
formed tunnel of the cuneiform bone; transferring the m.
peroneus longus tendon medially to attach to the m. tibialis
posterior tendon; and triangular pin fixation of the cuneo-
navicular joint to reconstruct the foot arch.

It is to be remembered that in rigid flatfoot, even after its
restoration, the patients’ gait will vary. To distinguish between
these variations of gait, we analyzed it in the gait laboratory.
Our study considered the severity of the disease, age of patients
and their anthropometric data. The study involved 13 patients
with stage II of disease, 22 patients with stage III, and 16
patients with stage IV. The mean height of patients was 126.5
cm (126-162 c¢m) for boys and 138.6 cm (133-146 cm) for

1 The Algorithm is registered in the Agency for Intellectual Property of the Republic of Uzbekistan (No. DGU42326, 2024).
2 Invention patent No.FAP 2416 (2024), registered in the Agency for Intellectual Property of the Republic of Uzbekistan.
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Congenital, n=10 (19.5%)
Acquired, n=41 (80.5%) 0

2 (3.9%)
11 (21.6%)

Table 1. Distribution of patients by clinical form and stage of rigid flatfoot

2 (3.9%)
7 (13.7%)

2 (3.9%)
11 (21.6%)

3 (5.9%)
5 (9.9%)

1(1.9%)
7 (13.7%)

Tabnuua 1. PacnpedeneHue 60/bHbIX NO KnuHU4eckol popMe u cmaduu puaudHo20 niocKkocmonust

girls. The mean weight of patients was 32.5 + 2.4 kg (21-
62 kg) among boys, and 28.2 + 3.1 kg (26-41 kg) among girls,
respectively.

Gait analysis was performed using video recording
and 3D motion capture at the Gait Laboratory of the
Republican Specialized Scientific-Practical Medical Center
of Traumatology and Orthopedics.

Range of motion for each joint was measured using a
goniometer, including ankle plantarflexion and dorsiflexion.
During dorsiflexion measurement, the foot was slightly everted
to stabilize the subtalar joint and prevent compensatory motion.

For 3D motion capture, passive reflective markers were
placed according to the Helen Hayes protocol. Marker
trajectories were recorded using the BTS Bioengineering
system (Italy, 2023) with eight digital infrared cameras.

The participants’ gait was recorded during multiple trials
on a 12-meter walkway at self-selected speed, with motion
capture at 120 frames per second (120 Hz).

Ground reaction force (GRF) was measured using four force
plates embedded in the midpoint of the walkway. GRF between
the limb and surface during stance phase was quantified by
the force platforms.

The coordinate system of Euler angles for measuring GRF
was placed as shown in Fig. 1.

m RESULTS

In the gait laboratory, we tested such parameters as step time
(sec), stance time (sec), swing time (sec), stance phase (%),
swing phase (%), single-limb support phase (%), double-limb
support phase (%), average velocity (m/s), and cadence (steps/

A B

Figure 1. A — appearance of the patient under study;
B — coordinate system of Euler angles for measuring GRF.

PucyHok 1. A — BHewHull BUO ucciedyemMozo nayueHma;
B — cucmema koopduHam yznos 3linepa ons usmepeHusi GRF.

min). The obtained results were compared with normative
values. Step time, the key gait parameter, was calculated as
the sum of ‘stance time’ and ‘swing time’.

The analysis of data of 13 patients with stage II of the
disease showed that the step time of both lower limbs were
43% above normative values (p=0.001). The values of such
parameters as stance time and swing time were 52% and 31%
higher than the normative values, respectively. Statistical
significance was found between the results (p=0.001).

Analysis of pre-operative gait data (videography and 3D
motion capture) in stage II rigid flatfoot revealed minimal

1.33+0.07

1.33+0.04

. 0.93 + 0.04
Step ti 0.001
ep time (s) 0.98 + 0.05 0.97 + 0.04 )
0.82+0.04 0.80 + 0.03
Stance time (s) 0.54 + 0.05 <0.001
0.60 + 0.02 0.56 + 0.05
0.51 + 0.03 0.53+0.01
Swing time (s) 0.39 + 0.03 0.01
0.38 + 0.02 0.41 +0.02
61.2+2.88 61.2+3.4
Stance phase (%) 57.97 +1.93 <0.05
60.2+2.1 60.1+1.4
386+24 388+21
Swing phase (%) 42.03 +1.93 <0.001
40.5+2.6 41.8+25
37.3+29 405+1.4
Single-limb support phase (%) 39.28£0.25 <0.05
38.3+29 40.1+1.1
10.75+ 2.4 85+23
Double-limb support phase (%) 124£2.21 >0.05
115+22 119+21
0.86+0.1
Average velocity (m/s) 1,2+0,2 1.2+0.2
1.16+0.3
. 86.3£56 1296+ 8,4 129.6 + 8.4
Cadence (steps/min) 1255+ 45

Table 2. Comparative analysis of results of 13 patients with stage Il of the disease before and after surgery
Ta6nuua 2. CpaBHumenbHsbIl aHanu3 peaynbmamos 13 6onbHbIx co || cmaduel 3aboneBaHusi 0o U noce onepayuu
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1.39 £ 0.07 1.40 £ 0.04
Step time (s) 0.93 + 0.04 <0.001
1.15+0.05 1.16 £0.03
) 0.83 + 0.04 0.87 + 0.02
Stance time (s) 0.54 + 0.05 0.01
0.61 + 0.03 0.60 + 0.02
0.56 + 0.03 0.53 + 0.02
Swing time (s) 0.39 £ 0.03 0.01
0.54 + 0.02 0.56 + 0.01
61.6+3.6 61.8+28
Stance phase (%) 57.97 +£1.93 0.01
59.6 £ 4.4 59.8+1.8
S - - 38.4+19 38.2+22 Lo 6
wing phase (%) 39.1+29 403+3.1 oES '
. . 37.4+27 409+17 39.28 + 0.25
- h % o= .01
Single-limb support phase (%) 386435 39.9+1.1 0.0
10.75+ 2.4 9.7+26
Double-limb support phase (%) 124+221 <0.05
116+16 11.8 +1.04
. 0.79+0.1
Average velocity (m/s) 1,2+0,2 1.2+02
1.12+0.2
) 82.7+5.2
Cadence (steps/min) 129,6 + 8,4 129.6 +8.4
1249+ 3.1

Table 3. Comparative analysis of results of 22 patients with stage of the disease before and after the surgery
Tabnuua 3. CpaBHumenbHsbIl aHanu3 pesynbmamoB 22 6onbHbix ¢ Il cmaduell 3aboneBaHus 0o U nocne onepayuu

energy loss during walking, attributable to the following:
absence of rigid contracture or spasm of the m. peroneus
longus tendon, and preserved foot arch mobility with minimal
degenerative changes in tarsometatarsal joints. Fibrous
coalition between metatarsals was also diagnosed in patients
with stage II of the disease.

The preoperative values of such parameters as step time,
stance time, and swing time significantly influenced the
average velocity and cadence, which were below the norm.
The average velocity was 0.86 + 0.1 m/s (norm: 1.2 + 0.2
m/s), cadence, 86.3 + 5.6 steps per minute (norm: 129.6 +
8.4). The obtained results demonstrated statistical significance
(p=0.001) (Table 2).

The surgical interventions created optimal conditions for
improving foot spring function with minimal energy loss
during gait, eliminating the need for metatarsal coalition
resection. Postoperative correction in stage II patients
demonstrated statistically significant improvements: step time

bilaterally reached 0.93 + 0.05 sec (p<0.01-0.001), stance time
0.60 £ 0.02 sec (all p=0.001), and swing time 0.38 + 0.02 sec
(p=0.001). The enhancements of parameters of step increased
average walking velocity from 0.86 + 0.1 m/s to 1.16 + 0.3
m/s (normal range: 1.2 + 0.2; p=0.001) and cadence from 86.3
+ 5.6 to 125.5 + 4.5 steps/min (norm: 129.6 + 8.4; p=0.001).

In 22 patients in stage III of the disease, the step time, stance
time and swing time parameters were significantly above the
norm, by 49%, 54% and 43% respectively (p=0.001). The
parameters of the step significantly influenced the average
velocity and cadence. The average velocity in the preoperative
period was 0.79 + 0.1 m/s, which is significantly lower than
the normative value of 1.2 + 0.2 m/s. The cadence was 82.7
+ 5.2 steps per minute, also significantly below the norm of
129.6 + 8.4. The results demonstrated statistical significance
(p=0.001) (Table 3).

In stage III rigid flatfoot, prolonged arch collapse and the
rigid spasm of the m. peroneus longus tendon induce severe

1.43+0.04 1.44 £ 0.05
Step time (s) 0.93 + 0.04 <0.001
1.18 +£0.06 1.19 £+ 0.06
0.86 + 0.02 0.86 + 0.03
Stance time (s) 0.54 + 0.05 <0.001
0.63 +0.02 0.62 + 0.03
0.57 + 0.02 0.58 + 0.02
Swing time (s) 0.39 +0.03 <0.001
0.55 + 0.04 0.57 + 0.03
63.1 + 4.6 63.5 + 4.6
Stance phase (%) 57.97 +£1.93 <0.05
60.8 + 4.5 60.9 + 4.6
Swing phase (%) 359253 392%51 42.03+1.93 <0.001
WI d * 1. Y
=l ! 382+23 38.8+6.1
Single-limb support phase (%) 356£4.7 386+ 4.9 39.28 + 0.25 <0.05
= Gt i 38.4+22 38.9+0.35 B '
Double-limb rt phase (% - S 124221 0.05
- 4t 2. <0.
ouble-imb support phase (%) 1079+ 3.9 1089+ 1.85
0.73+0.30
Average velocity (m/s) 1,2+0,2 1.2+0.2
1.05+0.05
. 76.2+9.1
Cadence (steps/min) 129,6 + 8,4 129.6 +8.4
1152+ 7.4

Table 4. Comparative analysis of results of 16 patients with stage IV of disease before and after the surgery
Tabnuuya 4. CpaBHumenbHbIlU aHanu3 peadynbmamos 16 6onbHbix ¢ 1V cmaduell 3aboneBaHusi 00 U nocae onepayuu
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degenerative changes, producing fibrous or cartilaginous
tarsometatarsal coalitions. Concomitant dysfunction of the
m. tibialis posterior tendon further compromises the spring
function of the foot, resulting in excessive energy expenditure
during gait.

In stage III of the disease, priority is given to coalition
resection that yields limited intermetatarsal joint mobility.
This step is followed by the transfer of the m. peroneus longus
tendon to the supinator side and shortening of the m. tibialis
posterior tendon. This converts rigid flatfoot to a mobile form,
significantly improving muscle function supporting lower leg
and foot spring mechanics while minimizing gait energy loss.
Postoperative outcomes demonstrated near-normal improvement
of parameters (p=0.001).

In 16 patients with stage IV of the disease, the values of
step time, stance time and swing time were significantly
increased versus the norm by 54%, 59% and 46% respectively
(p<0.001). The values of average velocity and cadence were
also significantly lower: in the preoperative period, the average
velocity was 0.73 £ 0.03 m/s, statistically significantly lower
than the norm of 1.2 + 0.2 m/s, and the cadence was decreased
to 76.2 £ 9.1 steps per minute versus the normative value of
129.6+8.4 steps per minute (p=0.001) (Table 4).

Stage IV patients exhibit bony or cartilaginous tarsometatarsal
coalitions with severe rigid spasm of the m. peroneus longus
tendon, indicating profound arch spring dysfunction and
talocalcaneal osteoarthritis. The energy-absorbing capacity of
the foot is markedly impaired, resulting in excessive energy loss
even during short-distance walking.

We first resected the bony or cartilaginous coalition, then
performed medial transfer of the m. peroneus longus tendon
with shortening of the m. tibialis posterior tendon, thus
achieving essential mobilization of the foot arch.

Postoperative supinator muscle function and foot spring
mechanics were adequately restored, though ankle pain persisted
due to tarsometatarsal osteoarthritis. Postoperative values of the
step time, stance time and swing time parameters significantly
decreased to 1.18 = 0.06 from 1.43 = 0.04 sec, to 0.63 + 0.02
from 0.86 + 0.02 sec, and to 0.55 + 0.04 from 0.57 + 0.02 sec,
respectively (p<0.001). The average velocity increased in the
postoperative period to 1.05 + 0.05 m/s (norm: 1.2+0.2 m/s).
The cadence value also increased to 115.2 + 7.4 steps per
minute, which is significantly closer to the norm (129.6 + 8.4

steps per minute). The obtained results demonstrated statistical
significance (p<0.001).

m DISCUSSION

Rigid flatfoot is characterized with lever arm shortening due
to forefoot abduction and heel valgus, reducing lever strength
and mid-foot flexibility, respectively [10]. This impairs
kinetic lever function, causing loss of kinetic energy. From
the standpoint of clinical symptoms, this manifests as muscle
fatigue after prolonged walking, discomfort or pain the in foot,
leg, or knee [11,12].

Studies revealed comparable reductions in both
plantarflexion and dorsiflexion range of motion at the ankle
joint in these patients. Flatfoot was associated with an increased
angle between the talar and navicular bones. Consequently,
greater energy expenditure was required for supination and
inversion to achieve foot stabilization during gait [13,14].

Podiatric practice recognizes over 100 surgical techniques
for the correction of the planovalgus deformity, yet no optimal
treatment protocol exists. Pediatric surgical interventions are
categorized as follows: soft-tissue procedures, extra-articular
bony operations, and intra-articular surgeries [15,16]. Combined
approaches yield superior outcomes in most cases [17,18].

At the same time, the incidence rate of various complications
and relapses is rather high reaching 23.7%. Given the
multicomponent nature of the morphological changes of the
foot joint and the multifactorial etiology of the flatfoot, each
case requires individual indications and corrective method
selection [19-22].

m CONCLUSIONS

1. Gait kinematic analysis complements standard rigid
flatfoot diagnostics (radiography, podometry) to optimize
treatment precision.

2. The analysis included measurements of the degree of
kinetic energy loss in the gait of flatfoot patients and identified
a biomechanical correlation between the degree of energy loss
and the stage of rigid flatfoot.

3. The suggested method of correction, taking into
account the disease stage, allows immediate elimination
of all components of the rigid form of flat foot, eliminate
pathological pronation, improve supination and plantar flexion
of the foot, and adequate restoration of the foot arch. #=
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Comparative analysis of accuracy and time of calculation
of wound surface area using mobile applications

Nikolai O. Mikhailov?, Aleksandr A. Glukhov?, Aleksandr A. Andreev?, Anastasiya Yu. Laptieval,
Oleg V. Sudakov?, Vladimir Yu. lvashkov?, Aleksandr S. Denisenko?

\Joronezh State Medical University named after N.N. Burdenko (Voronezh, Russian Federation)
2Samara State Medical University (Samara, Russian Federation)

Abstract

Aim - to carry out a comparative assessment of the accuracy and time of
calculating the area of the wound surface using mobile applications.
Material and methods. Wound areas were measured using mobile
applications +WoundDesk, ImitoWound and V2F in four blocks of the
study: schematic 2D image of soft tissue wounds (block I), volumetric
(8D) models of wounds in fractures of the shoulder and leg (block II),
experimental wounds in laboratory animals (block IIIT) and assessment of
combined wound defects upper and lower jaws in patients (IV block). In
the first block, four groups were identified: the 1st group was measured
by the area of schematic wounds on a flat surface; in the 2nd, 3rd and 4th
groups, by the area of schematic wounds painted on cylindrical surfaces
with a diameter of 7, 10 and 20 cm, imitating the surfaces of the forearm,
shoulder and head, respectively.

Results. In block I, there is a direct relationship between the curvature of
the examined wound surface and the accuracy of determining its area. In

the second block, the measurements obtained using the ImitoWound mobile
application turned out to be the most accurate, 96.22+3.41% and 97.80+2.37%.
In the III block of the study conducted on laboratory rats of the Wistar line,
the average deviation when using +WoundDesk was 90.84+7.51%, V2F —
88.96+9.52%, ImitoWound — 92.51+2.54%. In the IV block of the study, when
analyzing the accuracy of determining the area of defects of superficial soft
tissues in patients with facial defects, the ImitoWound mobile application and
the Autoplan complex showed similar results.

Conclusion. Most wounds encountered in medical practice have a complex
configuration that changes during treatment, changing from one form to
another, which calls into question the expediency of using the presented mobile
applications as the main method of conducting planimetric studies in medicine.
Keywords: wounds, wound area, planimetry, mobile applications, Autoplan,
reconstruction of facial defects.
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CpaBHUTesNbHbIA aHaNN3 TOYHOCTU U BPEeMeHU pacyeTa
nJowanm paHeBo NOBEPXHOCTU C UCMNOJSIb30BaHUEM
MOOUNbHbIX NPUNOXEHUN

H.O. Muxaitnos!, A.A. Nyxos?, A.A. Auppees!, A.10. JlanTtuésa’,
0.B. CynakoB!?, B.HO. UBawkoB?, A.C. [leHuceHko?

1 PIBOY BO «BopoHexckuin rocyaapCTBeHHbIN MeauuMHCKUA yHusepeuteT numenn H.H. BypaeHko»
MuHsgpasa Poccun (BopoHex, Poccuitickas ®enepaums)
2 dIrbOY BO «CaMapckuii rocygapCTBeHHbI MeAULMHCKMIA yHUuBepcuTeT» MuHsgpasa Poccum
(Camapa, Poccuiickas depepauust)

AHHOTaums

Lens — IPOBECTH CPAaBHUTENBHYIO OIIEHKY TOYHOCTH W BpEeMeHH pacdeTa Iio-
1I1a/TA PaHeBO# TIOBEPXHOCTH C UCIIOIb30BAHUEM MOOMITbHBIX TIPHIIOXKEHHH.
Marepuai u MeTonbl. BrinosHeHO W3MepeHue IWIONazei paH C UCIOJb30-
BaHMeM MOOWIbHBIX puiioxeHui +WoundDesk, ImitoWound u V2F B ye-

www.innoscience.ru

Thipex cepusix uccienosanusi. Cepus I — cxemarndeckoe 2D nzobpakenue
paH Msrkux TkaHeid. Cepus 11 — o6bemHble (3D) MyJsDKU paH Ipu riepesyiomMe
wieda 1 Horu. Cepust [1I — skcrieprMeHTanbHbIe paHbl Y 1Ta60PAaTOPHBIX JKU-
BoTHBIX. Cepust IV — oneHka KOMOMHMPOBAaHHBIX PAaHEBbIX Je(peKTOB BepxHeit
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Y HIKHel YeJTF0CTel y MaIlMeHTOB C IOMOIIbI0 IIPOrPAMMHOTO KOMIUIEKCA
«ABroriany. B cepuu | Bbieniim 4eTsipe TPyMNIbL: B IIEPBOM IPYIIIe TIPO-
BOJIWJIM M3MEepeHHe IUIOIIA/IA CXeMaTUIeCKUX PaH Ha IUI0CKOM IIOBEPXHOCTH;
BO BTOPOM, TPETBEM, YeTBEPTOM IPYIIIAaX U3MEPSUIMCh CXeMaTHYeCKHe PaHbl,
HApHMCOBAHHBIE HA [IWJIMH/PUYECKUX [IOBEPXHOCTSX quameTpoM 7, 10 u 20 cmM,
MMUTHPYIOLIUX IOBEPXHOCTH MPE/IJIedbs, IJIeYa ¥ FoJIOBbI COOTBETCTBEHHO.
Pesysbrarel. B cepuu I npocnexxuBaercs npsiMasi CBSI3b My KPUBHU3HOM
WCCIIeTyeMOU PaHEeBOI TOBEPXHOCTH U TOYHOCTBIO OIIPeIeNIeHus] ee TUIOIAIH.
B cepun 11 HanGosee TOYHBIME OKA3aJTCh U3MepeHHs, ITOTyYeHHbIEe C TIOMO-
b0 MOOWILHOTO npuiIokeHust ImitoWound — 96,22+3,41% u 97,80+2,37%.
B cepun 111 nccnenoBanusi, npoBeieHHOT0 Ha TabOPaTOPHBIX KPbICAX JIMHUU
Wistar, cpenHee oTKJIOHeHHe NP Ucrionb3oBaHuy +WoundDesk cocraBuiio
90,84+7,51%, V2F — 88,96+9,52%, ImitoWound — 92,51+2,54%. B cepun

IV uccnenoBanus py aHajiM3e TOYHOCTH OIpeJieleHus oAy 1edekToB
TTOBEpPXHOCTHBIX MSATKUX TKaHEH y MalyeHToB C AedeKTaMH 1A MOOUIIb-
Hoe nipuiioxkenue ImitoWound 1 komriekc « ABTOIIIaH» [TOKA3ajld CXOXKHUE
PpesyJIbTaThHl.

BeiBoabl. BosIbIIMHCTBO paH, BCTPEYAONIMXCS BO BpayeOHOI IpaKTHKe,
HMMEIOT CJIOXKHYIO, U3MeHsIeMyI0 B ITpoIiecce JieueHHst KOHQUTyparuio, repe-
XOJISIIYIO U3 OAHOM GOPMBI B IPYT'YIO, YTO CTaBUT II0J] COMHEHHe I1eyleco-
00pa3HOCTb UCIIOJIb30BaHUS MPECTABIeHHBIX MOOWIBHBIX MPUIIOXKEHUH
KaK OCHOBHOT'O METO/ia IIPOBeieHus [IJIaHUMeTPHUUeCKUX UCCIIeIoBaHUM B
MeITUITHe.

KurioueBsbIe cJI0Ba: paHbl, IUIONA/Ib PaH, INIAHUMETpPHsl, MOOWJIbHbIE TTPU-
JIOXKeHUs1, « ABTOIIIAaH», PEKOHCTPYKIIHS 1epeKTOB JIMIa.
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Cnucok cokpalueHuin
CP — cxeMaTuyeckas paHa.

m INTRODUCTION

Treatment of soft tissue wounds is one of the costliest
items of surgical care worldwide that increases greatly in
case of complications [1-3]. The cost of care of patients with
this kind of pathology comprises expenses on medications,
patient’s stay in the hospital, treatment itself, medical
manipulations, rehabilitation, etc. [4]. These facts, as well
as high rate of incidence of onset of surgical site infections
indicate a necessity of development of new methods of
treatment of this condition.

Studies of effectiveness of various methods of treating
soft tissue wounds increases the need for an objective
assessment of the wound surface area and monitoring the
dynamics of defect closure [5-6]. This data is necessary
for clinical work, experimental and scientific practice.
The calculation of the area of soft tissue defect makes it
possible to calculate the amount of dressing material or
medications needed to treat the wound surface, which
may assist standardization of various surgical procedures
or monitor economic efficiency of different methods of
treatment [7-9]. Considering the difficulty of planning
the reconstructive stage for patients with combined facial
defects, this data can be used to calculate the required area
of the flap skin paddle to repair defects of skin cover [10,
11]. Given the rapid development of modern technology,
there are many IT approaches to the task that are gaining
momentum: applications for mobile devices and computer
programs including laser grids and three-dimensional

scanning [12-16]. The mobile applications generate much
interest: patients and doctors have mobile phones, which
facilitates remote monitoring of regenerative processes of
the wounds [17]. According to the website of the developer
of the mobile application ImitoWound, their product is used
in more than 30 clinics worldwide!.

m AIM

To carry out a comparative assessment of accuracy and
time of calculating the area of the wound surface using
mobile applications.

m MATERIAL AND METHODS

We measured wound surface areas using mobile
applications +WoundDesk, ImitoWound and V2F most
frequently mentioned in scientific literature [18-22]. To
calculate the area, a special target is required that is placed
next to the wound, after which a photo is taken with the aid
of the application (Fig. 1). In the +WoundDesk application,
the target is a 2x2 cm black square on a white background
with a centimeter scale on the sides; ImitoWound uses a
target sized 1.5x1.5 cm; V2F uses a 1x1 cm white square
within a 3x3 cm black square. After capturing the image, the
user confirms the contours of the wound defect recognized
automatically or makes manual adjustments. After this, the
area is calculated, and the data is saved in the patient’s
profile or in the history of measurements depending on the
functionality of the app.

! Available online: https://imito.io/en/references-and-partners#clinicalresearch
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Figure 1. Measurement of wound surface area using the mobile applications under inquiry.
PucyHok 1. ViamepeHue niowadu paHeBoll noBepXHOCMU C UCNOJIb30BaHUEM ucciedyeMblix MOBWIbHbIX NpuiokeHul.

The study did not include measurements of the depth and
the volume of wounds due to the lack of such functions in
the apps under inquiry.

When taking photos for subsequent processing with
mobile apps, the same distance of 25 cm from the lens to
the wound surface was observed, the same positioning of
targets to determine scale relative to the wound surface,
the defect contours were manually adjusted in all cases,
and any foreign objects were removed from the frame. The
photos were taken using the Google Pixel 7 mobile phone
with Android 14 operating system. The main camera was
50+12 megapixels.

The study was performed in four blocks: schematic 2D
image of soft tissue wounds (Block I), three-dimensional
(3D) wound models of arm and leg fracture (Block II),
experimental wounds in laboratory animals (Block III), and
evaluation of combined wound defects of the maxilla and
mandible of patients (Block IV).

Block I of the study was performed in four groups. In the
first group, areas of wound schemes (WS) on flat surface
were measured; in groups two, three and four, the WS were
measured drawn on cylindrical surfaces with diameters of
7, 10 and 20 cm simulating the surfaces of the forearm,
shoulder and head, respectively.

In each group, subgroups were made which studied the
round, oval, square, rectangular, triangular and trapezoidal
WS of soft tissues with known area drawn on paper.

The WS area was calculated using L.N. Popova’s method,
using the mobile apps +WoundDesk, ImitoWound, V2F. The
obtained data were compared with the base area calculated
using standard geometric equations: round, 12.5+0.003
cm?, oval, 39.2£0.007 cm?, square, 4.8£0.002 cm?,
rectangular, 12.3+0.004 cm?, triangular, 13.7+0.006 cm?,
and trapezoidal, 14.9+0.004 cm?.

Among the obtained areas of WS, the average area
values were taken as 100% to be used as reference values;

Figure 2. Models of arm fracture wounds and leg wounds used in the second series of the study.
PucyHok 2. Mynsu paH nepesioMa njeda U paHbl Ha Hoee, Ucnosib3yeMbix Bo Il cepuu uccnedoBaHus.
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after which measurements were performed using mobile
apps.

Block II of the study was performed at the
multidisciplinary accreditation and simulation center of
the N.N. Burdenko Voronezh State Medical University.
This block included models of wounds of shoulder
fracture (Simulaids compound fracture humerus) and leg
amputation wound for accident simulation kit, fragment
(Fig. 2).

Block III of the study (experimental wounds in
laboratory animals) was performed in the Experimental
Biology and Medicine Research Institute of the N.N.
Burdenko Voronezh State Medical University. For the
purposes of the experiment, Wistar line rats were used.
The experiment is an addition to the scientific research
in various fields whose objectives did not include
measurement of wound area; e.g. studies of wounds after
laparotomy or thoracotomy access to allow main stages of
surgeries. The length of laparotomy wounds was 9.7+1.4
cm, and the length of thoracotomy wound was 4.7+0.5
cm. After the linear incision was made, the edges of the
wound were spread out, forming the wound contour of
a complex arbitrary shape, and the obtained defect was
measured using L.N. Popova’s method, and then using
the mobile apps.

Block IV of the study was performed in the Clinics
of the Samara State medical University. It involved an
analysis of precision of the apps under consideration in
the measurement of defects of cover tissues of the head.
The range of defects analyzed with the above mentioned
apps and the “Autoplan” software suite included defects
of the cover tissues of the head of post-traumatic and
post-cancer treatment type, and defects of the skin due
to post-surgery cicatrical deformations. Some defects had
an end-to-end component that was not regarded due to
the lack of the respective functionality of the programs.
Intra-oral defects of the mucosa were not accounted.
Clinical data of 100 patients with combined wound
defects of the head were used, including post-cancer
treatment (70) and post-traumatic (30) defects of the
maxilla and the mandible.

The study is implemented in accordance with the
plan of research work of the N.N. Burdenko Voronezh
State Medical University within the complex topic
“Vital Problems of Prevention and Treatment of Surgical
Diseases” (State registration No. 121060700037-3) in
compliance with the effective regulations of work with
laboratory animals.

The method of L.N. Popova was chosen as the gold
standard to evaluate the efficiency of using mobile apps
in Blocks II, IIT and IV of the study due to the high
precision of the former not depending on the curvature of
the surface [23]. At first, measurements were taken using
L.N. Popova’s method, the results of which were taken
as 100%, afterwards, the results obtained with mobile
apps were compared. The measurement of the wound
surface area by L.N. Popova’s method included covering
the wound with a transparent sterile millimeter-squared
plastic sheet, making an outline of the defect, and manual
calculation of its area [24-26].

164

Block IV of the study used the “Autoplan” software
suite, since it is the base of a three-stage algorithm of
performance if reconstructive plastic surgeries for patients
with combined facial defects.

Statistic processing of obtained data. Methods of
descriptive statistics with preliminary assessment of
normality of distribution were used both for the accuracy
of measurement of wound surfaces using the proposed
methods, and for the time required to perform the study:
graphical, numerical and quantitative tests (Kolmogorov-
Smirnov, Shapiro-Wilk). Calculations were performed
of the average value of the obtained results, mean root
square deviation, standard error of mean within the studied
groups. The first stage included one-way ANOVA. After
the differences were identified, the Student’s t-test was
applied to identify significance of differences in the
samples. The level of validity of obtained result difference
was taken to be 5% (p<0.05).

The data processing was performed in the Statictica
10.0 and Microsoft Office Excel 2010 software suites.

The total number of measurements using all suggested
methods was 4480 in the four blocks of the study: Block
I, 960; Block II, 80; Block III, 1440; Block IV, 2000,
respectively. Each wound defect was measured with the
mobile apps under inquiry and with the L..N. Popova’s
method (Blocks II, III and IV). The obtained results are
presented as percent ratios for the following reasons:
in the course of the study, we were interested in the
accuracy of measurement of the wound surface area
with the suggested methods with respect to the original
area and to the L.N. Popova’s method, which is the most
important factor from the standpoint of looking into the
posiibility of using these apps in clinical practice. In
Blocks IIT and 1V, 3440 measurements were performed
(190 unique wounds). The use of other methods would
result is a significant increase of amount of results; the
numerical expression of area measurements prevents
their graphic interpretation.

m RESULTS AND DISCUSSION

Group 1 of Block I of the study included measurements
of WS of soft tissues on a flat surface using the methods
under consideration (Table 1).

In the measurement of area of round and oval WS, the
+WoundDesk app showed the highest accuracy as compared
to other apps, 98.92+6.55% and 98.57+8.32% from the
base area, respectively. In the calculation of area of square
and rectangular WS, V2F and ImitoWound demonstrated
accuracy above 95%. The use of +WoundDesk in the
calculation of the area of triangular WS results in a
significant overestimation of area, 158.78+4.71% from the
base value. The V2F app shows the lowest accuracy, 70%,
in the measurement of area of triangular and trapezoidal
WS.

In the second group of the study, WS were placed on a
cylinder with a diameter of 10 cm to simulate wounds of
the shoulder (Table 2).

We see a decrease in accuracy in all of the apps used.
At the same time, ImitoWound yielded the average
accuracy value above 85% in all subgroups, the use of

www.innoscience.ru
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Mobile apps used to measure WS area

WS Type

98.92+6.55 72.05+15.34 92.43+8.82
Round (p1=0.068) (p1=0.024) (p1=0.041)
(p3-0.038) (p2-0.038) (02-0.048)
(p4=0.048) (p4=0.045) (p3=0.045)
98.57+8.32 71.97+13.92 92.5+9.41
oval (p1=0.071) (p1=0.019) (p1=0.034)
(p3=0.032) (p2=0.032) (p2=0.041)
(p4=0.041) (p4=0.024) (p3=0.024)
79.25+5.17 97.81+9.12 96.25+6.47
Square (p1=0.045) (p1=0.053) (p1=0.026)
q (p3=0.028) (p2=0.028) (p2=0.031)
(p4=0.031) (p4=0.074) (p3=0.074)
o0 oi0038) 0078

p1=0. p1=0. p1=0.
Rectangular (03=0.039) (p2=0.039) (02=0.042)
(04=0.042) (p4=0.055) (p3=0.055)
A0s)  (oicoor (0120042

. p =U. p =U. p =U.!
Triangular (p3=0.015) (p2=0.015) (p2=0.024)
(p4=0.024) (p4=0.026) (p3=0.026)
(P320.643) Oo0.070) Grobigy

A pl=0. pl=0. pl=0.
Trapezoidal (p3-0.019) (p2=0.019) (p2=0.045)
(p4=0.045) (p4=0.023) (p2=0.023)

Notes: p! — significance of differences vs. L.N. Popova’s method;
p2 — significance of differences vs. WoundDesk app; p? — significance of
differences vs. V2F app; p* — significance of differences vs. ImitoWound app.

Table 1. Accuracy of WS measurement on a flat surface in the 1st
group of the 1st block of the study in relation to the initial area, %

Tabnuya 1. TouHocmb uamepeHust CP Ha nnockol noBepxHocmu
B 1-U epynne | cepuu uccnedoBaHusi N0 OMHOWEHUI K UCXOOHOU
niowaodu, %

+WoundDesk in the measurement of square and rectangular
WS produces accuracy of 67.51% to 85.13%, and still
gives overestimation of the area of triangular defects. V2F
demonstrated the greatest mean square root deviation in
all groups of the study, and accuracy above 85% was only
obtained to square and rectangular WS.

In the third group, WS were placed on a cylinder with
the diameter of 7 cm to simulate wounds of the forearm
(Table 3).

With a further decrease in the diameter of the cylindrical
surface and an increase in the curvature of the object, the
measurement accuracy of the proposed methods continues
to decrease. The greatest accuracy in the measurement of
WS area is still shown by +WoundDesk for round, oval
and trapezoidal WS, V2F for square and rectangular
WS, ImitoWound for all types, the average accuracy was
91.73+8.58%.

In the fourth group, WS were placed on a cylinder with
the diameter of 20 cm, simulating the surface of the head
(Table 4).

We observe an increase in the accuracy of measurement
results in this group in comparison with the first and third
groups of Block I of the study; this relates to a lower
curvature of the object. In comparison with the third
group, we see a minor increase in accuracy of the value
in question. Therefore, there is a direct correlation between
the curvature of the examined wound and the accuracy
of measurement of its area. It follows from the obtained
results that the ImitoWound app is the all-purpose tool
to perform planimetry measurements of wound schemes
thanks to its high accuracy, which is 92.81+6.52%, on
average.

www.innoscience.ru

Mobile apps used to measure WS area
WS Type
+WoundDesk | ___v2F | ImitoWound |

97.2148.44 70.15£16.26 90.17+13.55
Round (p1=0.059) (p1=0.020) (p1=0.018)
(p3=0.039) (p2=0.039) (p2=0.047)

(p4=0.047) (p4=0.031) (p3=0.031)

96.83+5.31 69.34+26.81 89.58+14.73

oval (p1=0.055) (p1=0.024) (p1=0.015)
(p3=0.026) (p2=0.026) (p2=0.045)

(p4=0.045) (p4=0.036) (p3=0.036)

76.32+8.81 93.34+9.48 97.3245.63

Square (p1=0.034) (pl= 0.017) (p1=0.027)
q (p3=0.041) (p2=0.041) (p2=0.028)
(p4=0.028) (p4=0.056) (p3=0.056)

74.27+4.63 89.77+7.29 96.31+7.85

(p1=0.029) (p1=0.023) (p1=0.033)

Rectangular (03=0.048) (02=0.048) (02=0.023)
(p4=0.023) (p4=0.054) (p3=0.054)

161.78+11.52 64.53+28.25 89.44+14.48

. (p1=0.021) (p1=0.028) (p1=0.035)
Triangular (p3=0.008) (p2=0.008) (p2=0.015)
(p4=0.015) (p4=0.039) (p3=0.039)

e | G | o

. p1=0. p1=0. pl=0.

Trapezoidal (p3=0.012) (p2=0.012) (p2=0.019)
(p4=0.019) (p4=0.017) (p3=0.017)

Notes: p! — significance of differences vs. L.N. Popova’s method;
p? — significance of differences vs. WoundDesk app; p3 — significance of
differences vs. V2F app; p* — significance of differences vs. ImitoWound app.

Table 2. Accuracy of WS measurement on cylindrical surfaces with
a diameter of 10 cm, simulating the surface of the shoulder, %

Tabnuua 2. TouHocmb u3mepeHust CP Ha yunuHOpu4yecKkux
nosepxHocmsix duamempom 10 cM, uMUMUpPYOWUX NOBEPXHOCMb
nneva, %

Block II of the study is performed on wound models of
shoulder and leg fractures. Using L.N. Popova’s method
to measure the area of the soft tissue defects, we obtained
the following measurement results 34.7+1.2 cm? and

Mobile apps used to measure WS area

96.21+4.14 70.15+19.48 90.17+11.38
Round (p1=0.036) (p1=0.024) (p1=0.031)
(p3=0.015) (p2=0.015) (p2=0.047)
(p4=0.047) (p4=0.033) (p3=0.033)
97.145.48 69.34:+21.22 89.58+8.29
- (p1=0.047) (p1=0.037) (p1=0.022)
(p3=0.011) (p2=0.011) (p2=0.042)
(p4=0.042) (p4=0.026) (p3=0.026)
76.32+4.51 93.34+9.27 97.3247.15
Square (p1=0.029) (p1=0.023) (p1=0.026)
q (p3=0.022) (p2=0.022) (p2=0.044)
(p4=0.044) (p4=0.064) (p3=0.064)
G0 (eilooi ei0.0i)

p1=0. pl=0. p1=0.
Rectangular (p3=0.040) (p2=0.040) (2=0.037)
(p4=0.037) (p4=0.039) (p3=0.039)
1(58.781(-)9.85)2 6(4.533%4.5)1 8(9.446_%1.7)3
, p1=0.01 p1=0.041 p1=0.037
Triangular (03=0.016) (p2=0.016) (02=0.034)
(p4=0.034) (p4=0.025) (p3=0.025)
103+6.18 68.71+31.16 87.58+8.30
, (p1=0.045) (p1=0.033) (p1=0.043)
Trapezoidal (03=0.019) (p2=0.019) (02=0.045)
(p4=0.045) (p4=0.018) (p3=0.018)

Notes: p! — significance of differences vs. L.N. Popova’s method;
p? — significance of differences vs. WoundDesk app; p3 — significance of
differences vs. V2F app; p* — significance of differences vs. ImitoWound app.

Table 3. Accuracy of WS measurement on cylindrical surfaces
with a diameter of 7 cm, simulating the surface of the forearm, %

Tabnuya 3. ToyHocmb usmepeHust CP Ha yunuHopuyeckux
noBepxHoCcMsix duaMempomM 7 CM, UMUMUPYHOWUX NOBEPXHOCMb
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HayKa n MHHoOBauun B MmeguuunHe

XUPYPIUs
WS Type Mobile apps used to measure WS area
96.47+4.59 71.05+17.34 91.55+9.19
Round (p1=0.065) (p1=0.029) (p1=0.038)
(p3=0.023) (p2=0.023) (p2=0.047)
(p4=0.047) (p4=0.034) (p3=0.034)
95.14+8.74 70.72+21.44 90.3446.11
. (p1=0.063) (p1=0.027) (p1=0.031)
(p3=0.025) (p2=0.025) (p2=0.051)
(p4=0.051) (p4=0.031) (p3=0.031)
76.326.04 95.78+7.15 98.034.32
S (p1=0.028) (p1=0.081) (p1=0.062)
q (p3=0.021) (p2=0.021) (p2=0.039)
(p4=0.039) (p4=0.054) (p3=0.054)
Z4.8%¢gé4% s(ao.w(;):gé%s; ?8.6%18.%4;
p1=0.021 pl=0. p1=0.05
Rectangular (03=0.028) (02=0.028) (02=0.033)
(p4=0.033) (p4=0.041) (p3=0.041)
158.7845.12 65.56+28.42 90.76+9.01
) (p1=0.016) (p1=0.035) (p1=0.027)
Triangular (p3=0.014) (p2=0.014) (p2=0.042)
(p4=0.042) (p4=0.025) (p3=0.025)
PI0072)  (plo0058  (vic00%)
) pl1=0. p1=0. pl=0.
Trapezoidal (03=0.020) (02=0.020) (02=0.047)
(p4=0.047) (p4=0.039) (p3=0.039)

Notes: p! — significance of differences vs. L.N. Popova’s method;
p? — significance of differences vs. WoundDesk app; p? — significance of
differences vs. V2F app; p* — significance of differences vs. ImitoWound app.

Table 4. Accuracy of WS measurement on a spherical surface with
a diameter of 20 cm, simulating the surface of the head, %

Tabnuuya 4. TovHocmb usMmepeHusi CP Ha cgepuyeckol
nosepxHocmu duamempom 20 cM, UMUMUPYUWUX NOBEPXHOCMb
20n08Bbl, %

9.5+0.8 cm?, respectively. After this, measurements were
taken using other methods (Table 5).

In both models, the measurements taken with the
ImitoWound app had the highest accuracy: 96.22+8.05%
and 97.80+7.46%. +WoundDesk and V2F yielded the
accuracy of 86.83+12.74% and 70.86+18.11% for the
model of the shoulder fracture wound and 85.26+9.13%
and 82.21+£15.62% for the model of the leg wound,
respectively.

In Block IIT of the study performed on Wistar line
laboratory rats, the average deviation when using
+WoundDesk was 90.84+9.48%, V2F, 88.96+13.41%,
and ImitoWound, 92.51+£6.94% (Table 6). Another
important parameter was the time required to perform the
measurements: the +WoundDesk app required the least time,
because manual adjustment of outlines requires matching of
a lower number of defect boundary to identify it.

In Block IV of the study, the following average
deviations were registered in the analysis of accuracy
of the measurement of the area of superficial defects of

Mobile apps used to measure WS area

LN.
Popova’s

, 86.83t12.74  70.86:18.11 96.22:8.05
B - (p1=0039)  (pl=0.022) (pl=0.061)
shoulde (p3=0.045)  (p2=0.045) (p2=0.041)
(p4=0.041)  (p4=0.027) (pl=0.027)
_—r

p1=0. p1=0. p1=0.
Legwound  100% (03=0.057)  (p2=0.057) (p2=0.044)
(p4=0.044)  (p4=0.043) (p3=0.043)

Notes: p! — significance of differences vs. L.N. Popova’s method; p2 —
significance of differences vs. WoundDesk app; p® — significance of differences
vs. V2F app; p* — significance of differences vs. ImitoWound app.

Table 5. Accuracy of determining the area of wound models for
shoulder and leg fractures, %

Tabnuuya 5. TouHocmb onpedeneHus nnowadel Mynsxel paH npu
nepernome nneya u Ha Hoee, %

facial soft tissue using the mobile apps and the “Autoplan”
software suite: +WoundDesk, 89.86+10.31%, V2F,
86.56+18.94%, ImitoWound 91.34+9/52%, Autoplan,
91.48+10.14% (Table 7).

m CONCLUSIONS

The results of measuring the area of wounds using the
studied mobile applications in conditions close to ideal in
terms of illumination, distance from the object and camera
fixation, which is not always feasible in clinical conditions,
often differ significantly from the actual sizes of defects
and depend on their shape and degree of curvature of the
surfaces.

In Block I of the study, the +WoundDesk app showed
the lowest accuracy in the measurement of area of square,
rectangular and triangular wound schemes; the V2F
app showed low accuracy in round, oval, triangular and
trapezoidal wound schemes. The most accurate average
results in measurements of different wounds were produced
in the ImitoWound app.

The analysis of accuracy of measurement of wound
areas on models showed that the +WoundDesk app yielded
better results than V2F, however, they reliably differ from
the values obtained by the L.N. Popova’s method, by
14.27+7.51% and 21.85+13.85% on average, respectively.

The most accurate app to measure wound area in
laboratory animals was ImitoWound showing 92.51+5.93%
from the values obtained by the L.N. Popova’s method.
The +WoundDesk and V2F apps measure the wound area
with the accuracy of 90.84+12.77% and 88.96+15.36%,
respectively.

_ o Popova’s etos FHOHnEBESK m

Accuracy of mound area measurement, % 100%
. ) 3.05
Time required for measurement, min +0.22

90.84:9.48 88.96+13.41 92.51+6.94
(p1=0.041) (p1=0.023) (p1=0.021)
(p3=0.066) (p2=0.066) (p2=0.053)
(p4=0.053) (p4=0.081) (p3=0.081)
0.67 0.98 1.11
+0.07 +0.15 £0.12

Notes: p! — significance of differences vs. L.N. Popova’s method; p? — significance of differences vs. WoundDesk app; p® — significance of differences vs. V2F app;

p* — significance of differences vs. ImitoWound app.

Table 6. Accuracy and time of measuring wound areas using L.N. Popova’s method and mobile applications in Wistar laboratory rats in the IlI

block of the study, %

Tabnuua 6. ToyHocmb U BpeMsi usaMepeHusi niowadel paH MemoooM J1.H. [MonoBoll u ¢ ucnosb3oBaHUEeM MObWIbHbIX npunoxeHul y

nabopamopHbix Kpbic nuHuu Wistar B Il cepuu uccnedosaHusi, %
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?9.86%1823% ?6.561613.9? (91.346:%.255) &(31.481618.211);
pl = 0.025 pl = 0.031 pl =0. pl = 0.025
Defects of the maxilla and mandible 100% (p3 = 0.062) (p2 = 0.062) (p2 = 0.054) (p2 = 0.081)
(p4=0.054) (p4 = 0.055) (p3 = 0.055) (p3 = 0.073)
(p5=0.081) (p5 = 0.073) (p5 = 0.063) (p4 = 0.063)

Notes: p! — significance of differences vs. L.N. Popova’s method;
p? — significance of differences vs. WoundDesk app;

p? — significance of differences vs. V2F app;

p* — significance of differences vs. ImitoWound app;

p® — significance of differences vs. Autoplan software suite..

Table 7. Accuracy of determining the area of defects in superficial soft tissues in patients with facial defects using mobile applications and the

Autoplan software, %

Ta6nuua 7. TouHocmb onpedeneHus nnowadu deekmoB NOBePXHOCMHbLIX Msi2kux mKaHell y nayueHmoB ¢ degpekmamu nuya ¢
ucnoJ1b30BaHUEM MOBUWILHLIX NPUWIOKeHUl U NpozpaMMHO20 KoMniiekca «AsmonnaH», %

It has been proven that most of the results we obtained
differ significantly from the known initial area (Block I) and
the area measured by the L.N. Popova’s method (Blocks I,
IIT and IV), which calls into question the appropriateness
of using the presented mobile apps as the main method
of conducting planimetric studies in medicine, since most
wounds encountered in medical practice have a complex
configuration that changes during treatment, changing from
one shape to another.

In calculating the area of wound surfaces in patients
with defects of the upper and lower jaws, the ImitoWound
mobile app shows a similar result to the Autoplan software

suite, however, the latter has significantly greater potential
in planning and performing reconstructive plastic surgeries
in patients with head defects, and therefore it can be
recommended for use in assessing these defects.

Based on the conducted research, it is obvious that
both the development of new methods or applications for
calculating the area of the wound defect and the refinement
of existing algorithms are required. A possible alternative
to the studied mobile apps could be the laser grid and 3D
scanning; however, these methods are complicated for use
in practical healthcare, which leaves the L.N. Popova’s
method the main tool for planimetric studies. »=
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Analysis of clinical effectiveness of complex
treatment of limited border burns

Anatolii V. Tolstov, Aleksandr V. Kolsanov, losif V. Novikov, Evgenii S. Milyudin
Samara State Medical University (Samara, Russian Federation)

Abstract

Aim - to evaluate the effectiveness of the developed method for local
treatment of limited border burns.

Material and methods. The results of treatment of 39 patients with limited
first- and second-degree burns were studied. In patients of the main group
(19 people), during the changing of the gel with silver ions, the wound was
irradiated with ultraviolet light, followed by exposure to a low-frequency
pulsating magnetic field. Patients in the comparison group (20 patients)
received conservative treatment using the gel with silver ions only, without
physiotherapy. Monitoring of the healing of burn wounds was carried out
using the “Complex automated system for assessing the area of burn wounds”
(certificate of state registration of the computer program No. 2015660700
dated 10/06/2015). The effectiveness of the proposed method was assessed
by clinical results, as well as by the time patients spent in the hospital. The
obtained data were analyzed using clinical statistics methods.

Results. The developed method for treating local I-II degree burn wounds,
which consists of covering the wound with gel with silver plus ultraviolet
irradiation of the wound and magnetic therapy, turned out to be more
effective compared to the method of wound coating with gel with silver,
which was previously introduced into the clinic, without physiotherapeutic
treatment.

Conclusions. The use of the proposed method in the treatment of burn
wounds statistically significantly reduces the likelihood of the development
of suppuration and accelerates the cleansing of wounds, and leads to a faster
recovery.

Keywords: conservative treatment of burn wounds; wound coverings;
documentation of wounds.
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AHann3 KnuHU4Yeckou aPPeKTUBHOCTU KOMMNJIEKCHOro
Ne4yeHns orpaHMyYeHHbIX NOrpaHUYHbIX 0XXOroB

A.B. ToncTtoB, A.B. KoncaHos, U.B. HoBukos, E.C. MunioguHx

Pre0Y BO «Camapckuii rocyaapCTBEHHbIM MeauUMHCKUA yHuBepcuTe™» MuHsgpasa Poccuu
(Camapa, Poccuiickas Pepepauus)

AHHOTauus

IMens — orenka 3¢ pexTMBHOCTH pa3paboTaHHOTO CIIOCO6A MECTHOTO JIeYeHHs!
OTrpaHUYEHHBIX TOIPAaHUYHBIX 0XKOTOB.

Marepuain u MeTofbl. HM3ydeHsl pe3ynbrarel jedeHust 39 60IBHBIX C OTpaHU-
yeHHbIMU O)xoramu I u II creneneit. [lanmenTam ocHoBHOM rpymiel (19 yeno-
BeK) IIPY CMeHe I'eJIsi C MIOHaMU cepebpa paHa obirydasnack yasTpadHoIeTOBbIM
CBETOM C IIOCJIe[[yIOIIMM BO3/IedCTBUEM HU3KOYaCTOTHBIM IYJIbCUPYIOLIIMM
MarHUTHBIM nosieM. [lanuenTs! rpynnsl cpaBHeHUs (20 manueHTOB) 10ITy-
YaJii KOHCepBaTUBHOe JleueHre C UCIOIb30BaHMeM Iells C MOHaMU cepebpa

www.innoscience.ru

6e3 pU3roTEpaNIeBTHIECKOTO BO3eUCTBHsL. KOHTPOIIb 3a5KUBJIEHHS 0)KOTOBOM
PaHBI BHITOJIHSUICS C CIIOJIb30BaHHeM « KOMIIJIEKCHOM aBTOMAaTHU3UPOBAHHOM
CHCTEeMBI OIIeHKH IIIOIIA/IM 0)KOTOBBIX PaH» (CBUIETEILCTBO O TOCYAAPCTBEH-
HOM pervcrpanuu rporpammel it OBM Ne 2015660700 ot 06.10.2015 r.).
I PeKTUBHOCTD NPeAJIOKeHHOTO CII0c06a OIeHUBAIU 10 KITMHUYEeCKUM
pe3ysibTaTaM, a TakXKe II0 BpeMeHH HaXO)XIeHUs IaI[MeHTOB B CTal[IOHape.
[Tony4yeHHbIe faHHBIe aHATU3UPOBAIIICE C IOMOLIBI0 METONOB KIIMHUYECKOH
CTaTUCTHKH.
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Pesynbrarel. PazpaboTaHHbIN CIOCO6 JIeueHHs JTOKAIbHBIX 0XXOTOBBIX
paH I u II cTenenei, 3axkIroualonuiics B MOKPLITUU TejieM C cepe6poM B
KOMOUHAIVH C yIbTPadHONIeTOBEIM 06TydYeHneM paHbl 1 MarHUTOTepalt-
e, oka3zascs 6oiee 3¢bdeKTUBHBIM 110 CPaBHEHUIO C PaHee BHe[IpEHHBIM B
KJIMHUKY TIOKPBITHEM C rejieM U cepe6poM, HO 6e3 GpU3H0TepaneBTHIeCKOTo
Bo3zeiicTBUS. [IpensioxkeHHBIN CIIOCO6 TIpY JIeYeHUH OXKOTOBBIX PaH CTa-

TUCTUYECKH I0CTOBEPHO yMeHblllaeT BepOATHOCTb Pa3BUTHs HarHOEHUH
Y yCKOpseT O4MIeHHe paH, a TakXe IPUBOAUT K Ooilee OBICTPOMY BBI-
3[I0POBJIEHHUIO.

KirroueBble cj10Ba: KOHCEPBaTUBHOe JledeHHe OXKOTOBBIX paH; paHeBble II0-
KPBITHS; JOKYMeHTaLusl PaH.
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m INTRODUCTION
In Russia, more than 315 thousand cases of burn injury are
registered annually, or 220.6+6.5 burns per 100 thousand
people of the country's population [1, 2]. Burn injury usually
leads to long-term or permanent disability. Since about
75% of burn victims are of working age (16-59 years old),
the development of modern methods of burn treatment is
especially urgent [3]. Given that a skin burn area of less
than 10% of the body surface area is reported in 52.2% of
adult trauma patients and 65.2% of children, respectively,
it is important to personalize the treatment method for the
most common limited borderline burns [3-5]. With the right
choice of treatment method and its timely implementation,
healing of the burn wound occurs without the development
of complications and without the need for surgical treatment
[6-8].

The basis of first aid and subsequent treatment, especially
in patients with limited burns of I and II degrees are modern
wound coatings of “Activtex” and “APPOLO” series, as well
as aerosol preparations, such as “Hitopran”, “Amprovisol”,
“Olazol”, “Panthenol” [8-10].

Despite the effectiveness of wound coatings that activate
the regeneration of superficial skin layers, preparations are
required that have the ability to resist the development of
infectious complications in the wound and simultaneously
improve tissue repair.

According to many authors and scientists who have
studied the processes of regeneration of wounds of various
etiologies in experimental conditions, the advantages of
using drugs with antimicrobial action have been proved.
In particular, the inclusion of silver nanoparticles in the
composition leads to a less pronounced inflammatory
process in the site, which promotes faster development
of granulation and subsequent epithelialization of the
damaged area of the skin surface. Silver has a wide range
of antimicrobial activity against aerobic and anaerobic
microflora, including antibiotic-resistant, exhibits virucidal
and fungicidal activity, and has anti-inflammatory effect
[11-14]. We developed a complex of therapy measures to

treat burn injuries using gels with silver nanoparticles and
physiotherapeutic effect on the damaged area'.

m AIM
To evaluate the effectiveness of the developed method for
local treatment of limited border burns.

m MATERIAL AND METHODS

Evaluation of the effectiveness of the developed method
of local treatment of limited border burns with the use of gel
with silver ions and physiotherapeutic effect was performed
on the results of treatment of 39 patients with limited burns
of I and II degrees. The patients were divided into two
groups. The primary (main) group included patients aged 19
to 67 years (mean age 44), with 17 men and 2 women. The
comparison group comprised 20 patients aged 21 to 69 years
(mean age 45), including 16 men and 4 women. The study
participants were comparable in age, body mass index, and
comorbidities. All patients had thermal burns. The primary
etiological factors of burns were hot water, steam, and contact
burns. The groups were matched in terms of burn severity,
location, and affected surface area.

In the main group, during silver-ion gel dressing changes,
the wound was irradiated with ultraviolet (UV) light at a dose
of 50 pyW-min/cm? for 30 seconds. The exposure duration was
increased daily by 30 seconds. This was followed by low-
frequency pulsed magnetic field therapy (50 Hz, 30 mT) for
5 minutes, with daily 1-minute increments in duration. A total
of 7-10 sessions were performed.

The comparison group received conventional treatment
using silver-ion gel without physiotherapy.

The monitoring of the burn wound healing was performed
using the “Complex automated system for assessing the
area of burn wounds” (certificate of state registration of the
computer program No. 2015660700 dated 10/06/2015). The
technology involves computer-assisted processing of wound
area photographs. A wound surface image is uploaded to a
computer system, where specialized software determines
the wound boundaries and calculates its area. Additionally,

1 Tolstov A.V., Novikov I.V. Method of treatment of localized burn wounds of II-11l A degree. Patent: RU 2648869 C1. Available online: https://patentimages.storage.googleapis.com/70/63/

3/77f51f89052568/RU2648869C1.pdf
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Figure 1. Photograph of the wound of patient I. (main group), loaded into the computer program.
PucyHok 1. @omoepagus paHbl 601bH020 U. (ocHOBHas epynna), BBedeHHasi B npoepammy SBM.

the software analyzes healing progression through dynamic
assessment of color gradient changes across the wound
surface.

The efficacy of the proposed method was evaluated based
on the following: wound epithelization time, suppurate
development and wound cleansing time, length of hospital
stay. Data were analyzed using descriptive statistics and
Student’s t-test. Statistical processing was performed with
Microsoft Office Excel 2010, with additional clinical statistical
methods applied to the dataset.

m RESULTS

The treatment method for localized borderline burns,
involving silver gel dressing combined with ultraviolet wound
irradiation and magnetotherapy, was evaluated based on wound
epithelialization time, wound cleansing duration, and length
of hospital stay.

The assessment of topical treatment efficacy proved highly
informative and evidence-based when performed using our
custom-developed computer program (Figure 1).

After uploading the patient’s wound photograph to the
computer program, the boundaries of relevant wound process
parameters were marked with color-coded markers, and the
program displayed the initial results (Figure 2).

The monitoring of the progress of the wound process was
performed in the computer program on days three, five, and
six (Figures 3, 4).

The obtained parameters were assessed using descriptive
statistics and Student's t-test (Table 1). Analysis of the
main group’s parameters over the 5-day observation period,
acquired through the developed computer program, revealed
the following findings: the burn wound area decreased by
2.3-fold; the granulation area decreased by 2.6-fold; and the
wound epithelialization area increased by 1.8-fold.

Similarly, wound surfaces were examined in the control
group receiving silver-ion gel alone without physiotherapy.

www.innoscience.ru

Evaluation of computer-program-analyzed data in the control
group over the 13-day observation period demonstrated: the
burn wound area decreased by 1.4-fold; the granulation area
decreased by 1.6-fold; and the wound epithelialization area
increased by 1.5-fold.

The mean wound cleansing time was 5.65 + 0.86 days in
the main group versus 8.87 + 1.23 days in the control group.
The average hospital stay duration was 13.24 + 0.83 days for
the main group compared to 16.87 + 1.25 days for the control
group (p=0.02).

To confirm the clinical significance of the obtained results
from the proposed topical treatment method for localized
borderline burns using silver nanoparticle gel combined with
physiotherapy, we performed a treatment outcomes assessment
through calculation of clinical statistical measures.

Main Group
Patient I.
15.06.10.16

Area: 193 cm2

Granulation 86 ke.cm  (44,4%)
Epithelization 106.6 ke.cm  (55.1%)
Necrosis xs.cm  (0.5%)
Fibrin Oke.cM  (0%)

New area Oxecm  (0%)

ERCERON

Derma 0«xscm  (0%)

- |+ DoSasws |- YaanuTs

ol

Figure 2. Parameters of the wound of patient I. on the 1st day.
PucyHok 2. [Napamempbl paHbl 6051b6HO20 V1. Ha nepBbie cymku.
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Figure 3. Indicators of the wound of patient I. (main group) on the 3rd day.
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Figure 4. Wound parameters of patient I. (main group) on the 5th day.

PucyHok 4. Mapamemps! paHbl 60/1bHO20 M. (OCHOBHAs 2pynna) Ha nsimble CymKu.

: Comparison
MEngﬁrp group t-test <p
(n=19)Mim [\ _30) Mtm
Wound cleansing 0.447
time (days) 5.65 + 0.86 8.87+1.23 s p<0.05
Hospital stay 0.447
time (days) 13.24 +0.83 16.87 +£1.25 1<1.990 p<0.05

Table 1. Efficiency of using of wound dressings combined with
physiotherapeutic interventions

Tabnuua 1. 3cpcpekmuBHOCMb NPUMEHeHUsI paHeB020 NOKPbIMuUsl
B KOMBUHayuu ¢ pusuomepanesmu4eckum Bo3delicmaueM
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The treatment success rate in the main group is represented
as TSM = A / (A + B), where A is the onset of an adverse
outcome (incidence rate of wound suppuration) in the study
group, B is the absence of adverse outcomes. TSM = 3/ 19
= 0.158.

The treatment success rate in the control group is
represented as TSC = C / (C + D), where C is the onset of an
adverse outcome (incidence rate of wound suppuration), D is
the absence thereof. TSC = 5/ 20 = 0.25.

www.innoscience.ru
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RRD (relative risk decrease) = (TSM — TSC) / TSC. RRD
=-0.38 = 38%, which meets a clinically significant effect.

ARD (absolute risk decrease) = (TSM — TSC). ARD =
-0.094.

NPT, or the number of patients to be treated with this
method over a specified period to prevent adverse outcomes
per one patient is calculated as -1 / ARD. NPT = 10.76.

The odds ratio (OR) is calculated as (A / B) / (C/ D). OR
= 0.437.

m DISCUSSION

The search for effective burn wound infection treatments
has been ongoing for decades. Certain milestones in
addressing this challenge were marked by remarkable
achievements, when many issues of purulent surgery
appeared resolved as surgeons gained access to promising
antibacterial agents (antibiotics) and physical treatment
modalities, e.g. laser therapy, ultrasound, and hyperbaric
oxygenation [3,4,7]. However, subsequent experience
revealed that all these methods, despite demonstrating
positive outcomes, exhibited biological, technical, and
economic limitations. None provided universal efficacy
across all wound healing stages, thus the clinical challenges
of burn wound management and wound infection treatment
remain unresolved, necessitating further therapeutic
development.

The application of various pharmaceutical agents and
conservative burn treatment methods ultimately aims to
establish conditions that suppress local wound infection and
promote accelerated healing of burn injuries. Collectively,
these interventions constitute a system of topical
pharmacological burn therapy. Grounded in evidence-based
evaluation of different conservative treatment modalities,
this system is now becoming the standard of care [7].

Numerous modern methods exist for treating thermal
burns of varying degrees, primarily involving dressings
with different wound coverings. A key limitation of these
approaches is that the applied coverings target only one
phase of the wound healing process, resulting in persistent
microbial contamination, prolonged debridement of necrotic
tissue, delayed regeneration, insufficient stimulation
of reparative processes in affected tissues, requirement
for daily dressing changes (2-3 times per day), and high
consumption of medical supplies and wound care materials.

Most publications on the use of wound dressings report
the efficacy of only specific types of bandages, many
of which are essentially similar. Furthermore, reviews
discussing the applications of these dressings are largely
promotional in nature.

It should be noted that contemporary wound treatment must
be strictly tailored to the specific phase and characteristics
of the wound healing process. The cornerstone of local burn
wound therapy lies in comprehensive, appropriate treatment

www.innoscience.ru

combining pharmacological intervention, antimicrobial-
impregnated wound dressings, and physiotherapy [8].
However, the scope and methods of therapeutic intervention
must create optimal conditions for the wound healing
process, while accounting for individual wound biology
considering existing comorbidities, treatment setting
(inpatient, outpatient, treatment by general practitioner), and
cost effectiveness. These principles guided the development
of our burn wound treatment method.

Analysis of outcomes from the developed topical
treatment protocol for localized borderline burns (using
silver-ion gel combined with physiotherapy) revealed
insufficient efficacy in preventing infectious complications
in 3 patients (15.78%) of 19 in the main group, and 5
patients (25.0%) of 20 in the comparison group. However,
the topical treatment protocol for localized borderline
burns combining silver-ion gel with physiotherapy
demonstrated significantly greater efficacy compared to
silver-ion gel treatment without physiotherapy. Statistical
analysis confirmed that this combined approach reduces
complication rates and enhances rehabilitation effectiveness
in patients with this condition.

The antimicrobial effect of ultraviolet irradiation
during early stages of skin defect regeneration prevents
suppurative complications. Gradual increase in both UV
exposure dosage and duration of magnetic field application
promotes proper differentiation of newly formed cellular
structures and facilitates development of specialized
connective tissue in the wound area. The combined use of
physiotherapy and silver-ion gel significantly accelerates
wound epithelialization compared to dressings without
ultraviolet irradiation and magnetotherapy. The efficacy
of our proposed dressings combined with physiotherapy
enables complete wound epithelialization within 13-14 days,
whereas conventional dressings (Chitopran, Amprovizol,
Olazol, Panthenol) require 18-20 days for epithelialization
of borderline dermal burns, with additional dressing changes
needed for further burn wound management [8-10].

m CONCLUSION

Thus, the clinical trial of this topical treatment protocol
for localized borderline burns, combining silver-ion gel with
physiotherapy, demonstrates statistically significant reductions
in suppuration risk and accelerated wound cleansing and
epithelialization.

The addition of physiotherapy to burn wound management
ensures proper progression through all phases of wound
healing, with timely transition between regenerative stages and
prevention of suppurative complications in patients admitted
to hospital within 24 hours after the injury. Therefore, the
combined use of ultraviolet irradiation and magnetotherapy
can be recommended for widespread clinical implementation
in burn treatment protocols. #=
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