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Abstract

The study of the morphofunctional features of various structures of the head
and the neck, as well as their congenital and acquired changes, enables a
better understanding of conditions that influence performance of endotracheal
intubation. Knowledge of the patient’s individual anatomy enables one to
forecast and to minimize incidence of intubation failure that might lead to
adverse consequences, including dental trauma, damage to respiratory tract,
hypoxic brain damage, and even death. As early as on the stage of collecting the
patient’s history, the anesthesiologist has to anticipate possible complications
and identify the factors that might lead to complicated intubation and provision
of anesthetic support.

This study analyzes the functional peculiarities of the anatomical structures
influencing the process of endotracheal intubation, that are considered in the
scales for the assessment of difficult airways and that cause complications
for the visibility of the glottis. The article also dwells on various diseases
that could cause difficult intubation of the trachea. The generalized results of
these studies may be instrumental in the development of new methods and
approaches towards the tracheal intubation procedure.

Keywords: endotracheal intubation, determination of patency of airways,
head tilt, opening of the mouth, obstruction of airways.
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AHHOTauus

H3zyuenne MopdpodyHKIMOHATIBHBIX 0COOEHHOCTEN Pa3InYHbIX CTPYKTYP
TOJIOBBI U IIIeH, a TaKXXe UX BPOXXJeHHBbIX U HpI/IO6peTeHHbIX H3MeHeHUuH
no3BoisieT 6osiee 1yOOKO MOHSATH YCJIOBUS, KOTOPble OKa3bIBAIOT BIIMSHUE
Ha IpoBezieHHe BHHOTaneaHBHOﬁ I/IHTyﬁaL[I/II/[. 3HaHue HWHAWBHUAYAJIbHBIX
aHATOMHYECKHX 0COOeHHOCTeMH TalnyeHTa I103BOJIseT CIIPOrHO3UPOBATh U
MHWHHUMU3HNPOBATH KOJIMYECTBO CilydaeB Heynaqur?I I/IHTyﬁaLU/II/I, IIpUBOIS-
H.[eﬁ K Cepbe3HbIM II0C/IeICTBUAM, BKIIIOYas TPaBMYy 3y60B, IIOBpeXX/eHue
JAbIXaTeJIbHbIX HyTeﬁ, TUIIOKCHUYeCKOe ITOBPeXXJieHre I'OJIOBHOI'O MO3ra U Jake
CMepTh NalpeHTa. AHeCTe3UoJIoT yXe Ha 3Tare cbopa aHaMHe3a JI0JDKeH
IpeyCMOTpeTb BO3MOXXHbIe OCJIO’KHeHUS U paClIO3HATh C])aKTOpLI, KOTOpbIe
MOTI'yT IIpUBECTH K prlIHOfI I/[HTyﬁaLII/IH U OCJIOXKHHUTH OKd3daHHe aHeCTe3uo-
JIOTUYeCKOTO TIOCOOHS.

B Hacrosiem o630pe npoBesieH aHaIM3 QYHKIIMOHAJIBHBIX 0COOEHHOCTeN
AQHATOMUYECKUX CTPYKTYP, BIUSIONIMX HA IPOIeCC 3HAOTPAXeabHOW HUH-
TyOaluy, yYTeHHbIX B IIKaIaX IS OL[eHKH TPYAHBIX IbIXaTeJIbHBIX yTed U
SIBJIFOLIMXCS TIPUYMHOM 3aTPyHEHUs] BUAUMOCTH ToylocoBoi meinu. Taxoke
B CTaThe PaCCMAaTPHUBAIOTCS PA3/IMYHbIE HO30JIOTMH, KOTOPbIe MOTYT OBITH
MIPUYMHOM TPyHOM HTYOanuu Tpaxed. O606IeHHbIE Pe3ysIbTaThl 3THX UC-
CJIeZIOBAHUI MOTYT IIOMOYb B pPa3paboTKe HOBBIX METOZIOB U IIOJXOIOB K IIPO-
Le/lype UHTyDalMK Tpaxeu.

KoroueBBble c10Ba: HIOTpaxeasbHasi MHTYOAIMsl, OlfeHKa IIPOXOAUMOCTH
IBIXaTeJIbHBIX ITyTel, 3allpOKUAbIBAHMe IIed, OTKpPBIBAaHUe PTa, 0OCTPYKIHs
IIbIXaTeJIbHBIX ITyTeH.
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m INTRODUCTION
In the practical anesthesiology, the incidence of difficult
airways is 2-5% from the total number of cases of tracheal
intubation. Difficult airways might cause complications
hazardous to the patient’s life [1]. This situation occurs in the
event the visibility of the glottis is obstructed. As early as on
the stage of collecting the patient’s history, the anesthesiologist
has to anticipate possible complications and identify the factors
that might lead to complicated intubation and provision of
anesthetic support.

The study of the morphofunctional features of various
structures of the head and the neck, as well as their congenital
and acquired changes, enables a better understanding of
conditions that influence performance of endotracheal
intubation.

This study analyzes the functional peculiarities of the
anatomical structures influencing the process of endotracheal
intubation, that are considered in the scales for the assessment
of difficult airways and that cause complications for the
visibility of the glottis.

m SCALES USED TO EVALUATE

AIRWAY PATENCY

The following scales for the airway patency assessment are
used in clinical practice: LEMON, El-Ganzouri, and Intubation
Difficulty Score (IDS).

The LEMON score includes evaluation of the facial injuries,
large incisors, mustache or beard, large tongue [1, 2]. In 2018,
S. Ji confirmed the efficacy of the LEMON score having
shown that it correlated with intubation difficulties in 114 adult
patients with injuries who underwent urgent operation under
general anesthesia. This means that the LEMON score may

www.innoscience.ru

be instrumental in the prediction of difficulty of intubation of
patients [3].

Mallampati described 4 classes of visualization of mouth
cavity structures that can be used to predict difficult intubation.
In Class I patients, the soft palate, the uvula, the palatoglossal
and the palatopharyngeal are completely visible; in Class II,
palatal arches and the soft palate are visible, but the uvula is
obstructed by the tongue; in Class III, only the frontal section
of the soft palate is visible; and in Class IV, the soft palate is
not visible at all [4].

According to the El-Ganzouri index, the risk of difficult
intubation increases if the oral opening expands by less than 4
cm between the lips, the thyromental distance is less than 6.5
cm, Mallampati Class II or III, amplitude of the neck mobility
is below 90°, the jaw thrust is not possible, the body weight is
over 90 kg, and there is a history of difficult intubation.

In contrast to the El-Ganzouri risk index, the LEMON
scale primarily assesses the patient’s appearance and the
geniohyoid and thyrohyoid distances, and the presence of
airway obstruction and protrusion of the lower jaw are taken
into account, which is not considered in other scales.

The IDS distinguishes such criteria as sternomental distance
and short neck [5]. Using the stereotopometric method, the
location of the anatomical structures of the thyroid cartilage
relative to three mutually perpendicular planes was determined,
taking into account sexual dimorphism and the body type of
the subjects. Using the data obtained, it is possible to predict
the width of the glottis [6].

It is also worth considering the upper lip bite test developed
by Z.H. Khan in 2003 to replace the Mallampati scale. To
perform the test, the patient is asked to protrude the jaw
and bit the upper lip with lower incisors. The test allows
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evaluation of the movement range of the jaw and the work
of the temporomandibular joint. The specificity of the upper
lip bite test is considered to be considerably higher than the
measurement of the tiromental, sternomental, and the inter-
incisal distance separately [2, 7].

All three scales consider such factors as degree of mobility
of the neck, mobility of the jaw: the degree of oral opening
directly depends on these. In the process of tracheal intubation,
the patient’s head tilted back, and any problems of neck
mobility might complicate the intubation. The sternomental
distance, i.e. distance between the chin and the episternim,
that is the indicator of the mobility of the head and the neck,
is also to be taken into consideration: according to the IDS, it
has to be at least 12.5 cm. If this value is below 12.5 cm, it is
a case of difficult intubation [8].

m CAUSES OF MOBILITY DISORDERS

OF THE CERVICAL SPINE

We shall now look into the causes that impede normal
back tilting of the head: the short neck, disruption of the
biomechanics of the atlanto-occipital and atlanto-axial
joints, hernias and injuries, and other diseases of the cervical
section of the spine. The abnormally short neck is one of
the causes of difficult intubation. The shorn neck may be
seen in the Klippel-Feil deformity (congenital fusion of the
cervical vertebrae) characterized by the distortion of the
segmentation and differentiation of the cervical somite in
the embryogenesis, where the second and third, fifth and
sixth cervical segments are most frequently involved [9].
Usually people with dolichomorphic body type have a long
and narrow neck, and people with brachymorphic body
type, a short and broad neck [10]. The shape of the neck is
identified individually by the specific features of the structure
of cervical vertebrae, specific features of the upper aperture
of the thorax and the external base of skull [11]. There are
no national or international standards of the neck length. In
their study, P.V. Mahajan, B.A. Bharucha (1994) attempted at
compiling standards and percentile diagrams and calculate the
correlations of the neck length with linear dimensions such
as height in the standing and seating position that would be
independent from the age. The neck length was, on average,
12.7+4.58% of the height and 20.1+6.73%, respectively. The
linear regression equations independent from the age: neck
length = 10 + (0.035 x height) and neck length = 9.65 + (0.07
x height in the seated position), were highly significant (p
< 0.001) [12].

The range of flexion of the atlanto-occipital joint is
approx. 13°. If the range is below this value, there may occur
difficulties in the back tilting of the head, which, in its turn,
may obstruct the visibility of the glottis [13].

Stability disorders in the cervical region of the spine may
be caused by degenerative disk diseases, which result in the
replacement of the fibrous ring tissue with scar tissue with
much lower strength; therefore, the intervertebral disk becomes
weak, and, with increased pressure, the fibrous ring might
rupture. The mobility of the neck may be affected by the
invagination (indrawal) of the odontoid [14]. In the operations
in the region of the medial atlanto-axial articulation there may
occur difficulties in choosing the intubation method due to
close passage of the upper respiratory tract [15, 16].

6

Bekhterev’s disease (ankylosing spondylitis of the neck)
that involves both the vertebral body and the anular epiphysis
and is characterized with progressive pathological kyphosis and
scoliosis, presence of tendonitis, tendovaginitis and enthesitis,
leads to a complete ankylosing of the joints, also affects the
biomechanics of the cervical region of the spine [17]. The
difficulty in the back tilting of the head may be accounted for
by the rigidity of the occipitalis muscle in meningitis [18].

The mobility of the neck depends directly on the fractures
of the cervical spine. Tracheal intubation for this category of
patients is reasonably difficult due to a high probability of
iatrogenic damage during the manipulation [19].

The hernias in the cervical spine are characterized with
clinical polymorphism and lead to disorders in the static
condition of this region, to displacement of the vertebral
pulp, and pinching of the spinal nerves. The rate of incidence
of herniation of the cervical disk increases with age and
comprises up to 60% of cases, among patients of either sex
it was diagnosed most frequently in the age group of 51-60
years [20]. The damage of the cervical region of the spine is
seen in patients with rheumatoid arthritis in 86% of cases [21].

Limited mobility of the neck is seen in cases of obesity that
created additional burden on the cervical spine [22].

This emphasizes the necessity of taking into account of the
individual features of the patient, their somatotype and length
of the neck in order to choose the best approach and ensure
safety of the procedure.

m DEGREE OF ORAL OPENING

The degree of oral opening directly depends on the
mobility of the jaw and the proper biomechanics of the
temporomandibular joint. The average value and the range of
maximum oral opening was identified at 50.3+6.26 mm for
men and 49.94+6.74 mm for women, which correlated to the
width of three fingers. The maximum average oral opening
was registered in the younger age group, and the minimum in
the senior age group of either sex [23].

Micrognathia and abnormal bite directly affect the mobility
of the mandible. Micrognathia may be the cause of the short
tiromental distance, which is considered an indicator of the
mandibular space. It was found that successful intubation
needs more than 6.5 cm of tiromental distance. If this distance
is less than 6.5 cm, it is a case of difficult intubation [1].
Micrognathia may be congenital and acquired. Congenital
micrognathia is rooted in disorders of the embryogenesis
(first arch syndrome), damage of the growth plate of the
mandible, lack of or damage of primordia of the primary
and secondary teeth, Down’s syndrome and Pierre Robin
syndrome [24]. Micrognathia may be the cause of abnormal
bite. The formation of the abnormal bite may also be based
on the infants’ habit of suckling (long-term breast-feeding,
bottle feeding, habit of sucking a pacifier or a finger), as well
as on night-time open-mouth breathing [25].

Another reason of poor oral opening may be the pathology
of the temporomandibular articulation. According to results
of epidemiological studies, muscle and joint dysfunction of
this articulation is found in 5-12% of the population, much
more frequently in women (70-82%), than in men [26]. The
pathologies of the organ may include several conditions:
arthritis, arthrosis, ankyloses, and others. The causes of
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development of the arthritis of the joint may be as follows:
local infection (paradontosis, gingivitis, stomatitis, otitis,
tonsillitis, osteomyelitis of the jaw), general infectious
diseases (acute respiratory infections, influenza, pneumonia,
dysentery, tuberculosis, syphilis), allergic diseases, outcomes
of trauma [27]. Osteoarthritis of the temporomandibular joint
is characterized with synovitis, cartilage destruction and
remodeling of the subchondral bone [28]. Ankyloses develops
due to fibrous or osseous fusion of the articular surface of the
temporomandibular joint [29]. In the case of hyperplasia of the
coronoid process, there are clinical observations of progressive
reduction of the amplitude of oral opening, usually bilateral
and painless [30]. The fracture of the condylar process causes
loss of integrity of the mandible, which results in disorders
of the joint biomechanics, ankyloses, loss of balance in the
growth of the lower jaw (in children), which is detrimental to
its function [31].

Tumors of the head and neck region may also restrict oral
opening. Radiotherapy assigned to patients with malignant
tumors of the head and the neck causes microvascular and
lymphatic changes, tissue fibrosis, edema, and reduced
salivations. It is related to an increased risk of development
of trismus, or a masticatory spasm, limiting the mobility in the
temporomandibular joint (5-38%), which directly influences
the capability of normal opening of the mouth [32].

m MACROGLOSSIA

Large tongue may also cause difficult intubation. The
length and the width of the organ are placed within the range
of 70-120 mm and 45-75 mm, respectively. Macroglossia
may be congenital and acquired. Congenital macroglossia
either had genetic background or is due to harm to the fetus
in the course of pregnancy: Beckwith-Wiedemann syndrome,
Down’s syndrome, Pompe’s disease, mucopolysaccharidosis
[33-35]. Among the causes of acquired macroglossia, there
are various injuries (mechanical, physical, or combined),
endocrine dysfunction, and tumor masses [36]. In the cases
of misplacement of the thyroid gland, tongue size was also
observed, and this may complicate the endotracheal intubation
[37]. Cancer of the tongue accounts for 65% in the incidence
rate of malignant neoplasms of the mouth cavity; it develops
from the elements of squamous epithelium. The disease
is found 5-7 times more frequently in men than in women,
usually in advanced age, after 50 [38].

m CAUSES OF OBSTRUCTION

OF RESPIRATORY TRACT

Laryngomalacia may cause obstruction of the airways
due to changes in the position of the epiglottic cartilage,
arytenoepiglottic and interarytenoid folds. The assessment of
entry into the larynx in such patients sometimes reveals the
collapse of the epiglottic cartilage, dense arytenoepiglottic
folds, omega epiglottis, retroflexed epiglottis, prolapse of the
interarytenoid fold. The distance from the laryngeal ventricle
to the vocal process of the arytenoid cartilage varied from
7.8+£0.2 to 12.4+0.33 mm [39].

In tracheomalacia, weakness is observed in tracheal rings
that perform the carcass function of the airways, which causes
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its anterior inclination. Thus, the patency of airways is impeded
and the positioning of the endotracheal tube is complicated.
Clinical practice has seen lots of cases, in which patients
with tracheomalacia developed tracheal diverticulae caused
by congenital or acquired weakness of the tracheal wall. In
emergency situations, the presence of large tracheal diverticula
can complicate the process of inserting a tube into the airway,
since diverticula are benign cystic formations that obstruct the
lumen of the airway [40].

Gastroesophageal reflux disease may cause abnormal
laryngostenosis due to the effect of chemical components
[41]. Chronic inflammation of the laryngeal mucosa leads
to its swelling and disruption of the normal structure of the
organ tissues, replacing them with scar tissue and causing a
narrowing of its lumen, which makes it difficult to visualize
the glottis [42].

Angioedema can make intubation more difficult because
the airway becomes narrower, making the glottis invisible
[43].

Descending purulent mediastinitis, which causes swelling
of the soft tissues surrounding the upper and lower airways, can
make it difficult to open the oral slit and complicate tracheal
intubation due to narrowing of the airways and a decrease in
the angle of view of the glottis [44].

Securing the airway in patients requiring surgery due to
deep infectious involvement of the neck poses a significant
challenge for anesthesiologists because of alterations in airway
anatomy, limited mouth opening, tissue edema, and restricted
range of motion of the cervical spine. It is crucial to assess
the risk of potential airway passage issues and select the most
appropriate intubation method. Studies among patients with
neck infections have shown that in cases of mucosal infections
of the oral cavity or pharynx, intubation requires more
extensive equipment preparation. The choice of intubation
method depends on the extent to which the infection affects
the airway anatomy, particularly at the level of the epiglottis
and aryepiglottic folds [45].

Epidemic parotitis can also lead to airway obstruction due
to the enlargement of the salivary glands, venous stasis, and
excessive salivation [46].

m CONCLUSION

The study of the morphofunctional characteristics of various
structures of the head and neck, as well as their congenital
and acquired changes, allows for a deeper understanding of
the conditions that affect the performance of endotracheal
intubation.

Causes of difficult intubation may include a short neck,
diseases of the cervical spine, conditions associated with
biomechanical joint disorders (atlanto-occipital, atlantoaxial,
temporomandibular), macroglossia, micrognathia,
malocclusion, as well as the presence of diseases in the patient
that lead to airway obstruction.

Understanding anatomical peculiarities and their association
with pathologies during the history-taking stage will help
anesthesiologists and resuscitation specialists prepare more
effectively for tracheal intubation and minimize potential
complications. P
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Macromicroscopic anatomy of the placenta
after in vitro fertilization

Irina V. Mitrofanova, Elena D. Lutsay
Orenburg State Medical University (Orenburg, Russian Federation)

Abstract

Aim — to obtain new data on the macromicroscopic anatomy of the placenta
in pregnancy after in vitro fertilization.

Material and methods. The work was performed on 60 placentas after in
vitro fertilization. Morphologic study was performed on 30 placentas after
IVF. Two fragments were isolated from each placenta — from the marginal
and central zone. Serial histotopograms stained according to the Van Gieson
method were made. Ultrasound examinations were performed at 20.4-21.1
weeks of gestation. The slice size of the marginal sinus and the area of the
placenta were studied.

Results. The median thickness of the choroidal lamina was 250 pm in
the central zone and 166.5 ym in the marginal zone; the median vascular
diameter was 1653 pm in the central zone and 1040 pm at the edge of the
placenta. The median basal lamina thickness was 300 pm in the central zone
and 210 pym at the margin. The median length of septa in the central and
marginal zones of the placenta was 19893.5 pm and 16007 um, respectively,

and the width of septa was 300 um in the central zone and 240 ym in the
marginal zone. At 20-22 weeks, ultrasound scans can reveal the marginal
sinus. The slice shape of the marginal sinus varied from triangular to
irregular: the frequency of triangular shape was 40%, arrow-shaped — 30%,
irregular shape — 30%.

Conclusion. Thus, it is possible to distinguish three zones in the placenta
after IVF at the macromicroscopic level: subchorionic, middle and suprabasal,
which have their own histotopographic picture.Quantitative characteristics of
placental structures are connected to the place of umbilical cord attachment
and have differences in the marginal and central zones.

The shape of the marginal sinus when assessed by ultrasound scanning is
different (triangular, arrow-shaped, irregular), with the largest area sizes noted
for the irregularly shaped marginal sinus.
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MakpoMUKpOCKonu4Yyeckass aHaTOMUSA NaueHTbl
nocJie 3KCTpakopnopanbHOro onJIo40TBOPEHUs

U.B. MutpodaHoga, E.[1. Jlyuait

Pre0Y BO «OpeHbyprckuii rocyqapCTBeHHbI MeQMUUHCKMIA yHBepcuTeT» MuHsgpasa Poccum
(Openbypr, Poccwiickas ®enepauns)

AHHOTaums

Lenb — MOMyYUTH HOBBIE JJAHHBIE IO MAKPOMHKPOCKOITUYECKOM aHATOMHUH
IUTAIeHTHl TIPH GepeMeHHOCTH MOCe S3KCTPAKOPIIOPAIbHOTO OILUIONOTBOpe-
nus (OKO).

Marepuan u Metonbl. Paborta BbinonHeHa Ha 60 mtanenrax nocie KO.
Mopdoonoruyeckoe uccienoanye nposefieHo Ha 30 mianenTtax nocie IKO.
W3 kaxxno# Bbiiensiv ABa dparMeHTa — U3 KPaeBOM M IeHTPAJIbHOW 30HBL.
M3roTaBaMBanych CepuitHbIe TUCTOTOIIOIPAMMBI, OKpAIlIeHHbIe 110 METOIY
BaH ['M30Ha. YIbTPa3ByKOBBIE MCCIIeOBAaHMS IPOBOIMIKCH B CPOKe Gepe-
menHoctH 20,4-21,1 nepenn. M3ydyanuch pa3mephl cpe3a KpaeBoro CHHyca
Y IJIOIIA/Ib [TAIIeHTHI.

Pe3ynprarel. MeayaHa TONIMHBI XOPUAIbHOW MJIACTUHKUA COCTaBHJIA
250 MKM B IleHTpajIbHO 30He U 166,5 MKM B KpaeBOH 30He; Me[liaHa Ji1a-
MeTrpa cocynoB — 1653 MkM B nenTtpanbHoit 30ue u 1040 MM y kpast wia-
meHThl. MenuaHa TOMIMHBL 6a3albHOM IIacTUHKY cocraBwia 300 MKM B
LeHTPaNbHOM 30He 1 210 MKM y Kpast. MeiuaHa IPOTsKeHHOCTH CENT B IIeH-
TpaJIbHOMW M KPaeBO¥ 30Hax IutaneHThl coctaBuia 19893,5 mxm u 16007 mxm
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COOTBETCTBEHHO, a 1mrprHa cent — 300 MKM B IIeHTpaJIbHOM 30He U 240 MKM
B KpaeBoH 30He. B cpoke 20-22 Hepeny Ipy yIIBTPa3ByKOBOM CKaHUPOBAHHUHU
MOXXHO BBISIBUTH KpaeBo# cuHyc. PopMa cpe3a KpaeBoro CHHyca BapbHpoBaja
OT TPEYTOJIbHOM [0 HellpaBMJIBHO: YaCTOTa BCTPE4aeMOCTH TPeyTroJIbHOM
¢dopmsel — 40%, crpenoBugHoi GpopMel — 30%, HenpaBHIbHOM GopMbL — 30%.
3axuouenue. B manente nocsie 9KO Ha MaKpOMHUKPOCKOIIMYECKOM YPOBHE
BO3MOXKHO BBIIIEJIUTh TPH 30HBL: [IOAIXOPHAIIbHYIO, CPEJIHIOIO U Haiba3a/IbHYI0,
KOTOpbIe UMEIOT CBOIO IMCTOTONorpadu4eckyo kaptiHy. KonnyecrseHHbie
XapaKTePUCTHKH CTPYKTYP IUIAIIeHTHI UMEIOT CBSI3b C MECTOM MPHUKPEIUIeHHst
ITYIIOBUHBI U Pa3JIM4Ms B KpaeBOH U IleHTpanbHOM 30Hax. Popma kpaeBoro
CHHYyCa IIPH OIleHKe ee MeTOIOM YJIbTPa3ByKOBOI'O CKAHMPOBAHUS Pa3IuYHA
(TpeyrosibHasi, CTPeJIOBU/IHAS, HEIIpaBUJIbHAs), IPH 3TOM HaUOOJIbIINe pa3-
MepHI IO/ OTMEY€eHB! JIs KpaeBOro CHHyCa HellpaBUJIbHOW GOPMBI.
KirroueBslIe cJ10Ba: I1aneHTa, MakKpOMHUKPOCKOIIMYeCKasi aHaTOMHs1, 9KCTpa-
KOpIIOpaJIbHOEe OILIOfIOTBOPEHKe.

KoHuiuKT HHTEpecoB: He 3asBieH.
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m INTRODUCTION

onsidering the increasing need in the in-vitro fertilization

(IVF) and the respective necessity of studying the
pregnancy and childbirth after the IVF, the formation of
the feto-placental complex in the pregnancy after in vitro
fertilization remain some of the most important questions.
The studies of the placenta structure after the IVF usually
consider its histology and pathomorphology [1-4]. It was
proven, however, that the changes in the macromicroscopic
anatomy of the placenta are instrumental in the development
of feto-placental blood circulation disorders and complications
of pregnancy (gestational toxicosis and intrauterine growth
retardation). Maintenance of such pregnancy and prenatal
care are more than a medical problem being important social
and psycho-emotional aspects of life of families expecting
childbirth against reproductive problems [5-8].

The ultrasound scanning method has made it possible to
conduct screening tests on pregnant women, which includes
diagnostics of placental development pathology'. Currently,
antenatal ultrasonic examination is used generally to study
such a pathology of the placenta as its growing into the
uterine wall [9, 10]. Given that the protocol of the second
ultrasonic screening includes descriptions of placenta position
in the uterine cavity, measurement of its thickness and study
of specifics of its structure, as well as measurement of the
blood flow velocity in the umbilical arteries and the uterine
arteries [11-13], it is important to elaborate the data on its
macromicroscopic anatomy. Starting from the second trimester
of pregnancy, it is possible to identify the marginal sinus, so
important in the utero-placental blood flow [14].

m AIM
To obtain new data on the macromicroscopic anatomy of
the placenta in pregnancy after in vitro fertilization.

m MATERIAL AND METHODS

The object of the study was 60 placentas after IVF, of which
30 were subjected to morphological examination. Inclusion
criteria: urgent delivery in case of singleton pregnancy after
IVF, absence of severe extragenital pathology and pregnancy
complications in women. Exclusion criteria: premature birth,
multiple pregnancy.

To study the macromicroscopic anatomy of the placenta,
fragments were isolated from the marginal and central zones.
After passing through alcohols of increasing concentration and
pouring into celloidin, serial histotopograms were made. The
sections were stained using the standard van Gieson method.

The histotopograms were studied under the MBS-10 and
MicroOptix MX-1150 T microscopes, digital eyepiece camera
ToupCam DCM 500 at 8%, 20%, and 30x magnification with
photographing of each specimen.

Ultrasonic examinations were performed using the Voluson
S10 unit with the RAB6-RS and Samsung HS 70 (A) probes,
and with the 5-9 MHz microconvex probe at the gestational
age of 20.4-21.1 weeks. The following criteria were studied:
longitudinal and transverse dimensions of the cross-section
of the marginal sinus, the area of the cross-section of the
placenta and the area of the cross-section of the marginal
sinus by tracing.

The obtained data were subjected to variational statistical
processing on a personal computer (operating system:
Windows XP, Microsoft Word Excel 2010 and IBM SPSS
Statistics 20.0 software suites). Descriptive statistics of
quantitative data were carried out after analyzing them for the
nature of distribution by calculating the Kolmogorov-Smirnov
criterion. All variation series had a distribution different from
normal, due to this the central tendency was described using
the median with the diversity of quantitative features using
the interquartile range, presented in the work in the Me format
[Q,-Q;]. The level of statistical significance of differences
between the compared groups was determined using the
Kruskal-Wallis test. In the statistical analysis procedures, the
level of statistical significance (p) was calculated, the critical
value of which in the study was 0.05.

The work was carried out at the Department of Human
Anatomy of the Orenburg State Medical University, in the
departments of the Orenburg Regional Clinical Hospital No. 2.
The study was approved by the local ethics committee of the
Orenburg State Medical University (protocol dated November
28, 2022, No. 308).

m RESULTS

The macromicroscopic structure of the placenta is the
chorionic plate, stained red using the van Gieson method.
Above it are the blood vessels significantly varying in diameter
from 540 pm to 1939.5 ym. From the choroidal plate, large
supporting villi extend to the depth of the placental tissue.
The cross-section of the villi below the choroidal plate varies
in the wide range from 250 ym to 1470 pym. Inside the stem
villi, numerous arterial and venous vessels are located. Close
to the center of the section, the number of large villi decreases
and the variations in their cross-section sizes diminish coming
to 70-150 pm. On the surface of the placenta adjacent to
the uterine wall, the uneven surface of the placental wall

10rder of the Ministry of Health dated October 20, 2020 No. 1130n “On approval of the Procedure for the provision of medical care in the field of obstetrics and gynecology”.

Available online: https://base.garant.ru/74840123/
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Figure 1. Transverse section of the villus. Subchorionic zone of
the placenta in the central part. Histotopogram. Photos under the
microscope MX-1150 (T). Magnification: lens 2.0, eyepiece 10. Van
Gieson staining. 1 — choroidal plate; 2 — supporting villi; 3 — villous
vessels.

PucyHok 1. [MonepeyHbil cpe3 BopcuHbl. [TodxopuasnbHas

30Ha nnaueHmsl B UeHmpasnbHol Yacmu. Flucmomonoepamma.
®omoezpacuu nod Mukpockonom MX-1150 (T). YBenuyeHue:
ob6vekmuB 2,0, okynsapl0. Okpacka no BaH [u3oHy. 1 — xopuasnbHasi
nnacmuHka; 2 — onopHasi BOPCUHa; 3 — cocyObl BOPCUHBbI.

is clearly detectable, and the boundaries between the two
placental cotyledons are seen. These cotyledons are divided
by septa. The placental septa are characterized by a manifested
polymorphism of shapes and sizes. The depth of their extension
to the placental tissue varies from 13350 pym to 30160 um.
Over the basal plate are the terminal villi with smaller cross-
sections varying between 45 to 75 pm.

The histotopographic approach towards assessment of the
structural elements of the placenta allowed for the identification
of three zones in the sections that are different in their macro-
microscopic characteristics: the subchorionic, the middle, and
the suprabasal zones.

In the subchorionic zone (Fig. 1), located below the
chorionic plate, large villi with many vessels inside are usually
located.

The majority of villi and blood vessels in this area were
circular or oval in section. Between the villi of this zone, there
were areas where the density of placental tissue was lower.

In the middle zone (Fig. 2), the number of intermediate villi
and the density of their distribution were grouped. Inside the
villi, the blood vessels could be arranged in groups or in pairs.
The section of villi and blood vessels was polymorphous, and
irregularly shaped structures prevailed.

In the suprabasal zone, located above the basal plate,
smaller villi were situated. Their number in this area was lower,
and the area of intervillary space was larger.

The macro-microscopy of placenta allows identification of
all three zones, there are no stem villi, the number of smaller
villi is higher and the area of intervillary space is larger.

The quantitative characteristics of different anatomic
structures of the placenta were assessed specifically for
placentas with different types of the umbilical cord attachment
(Fig. 3).

The quantitative characteristic of structural elements of the
placenta depending on the umbilical cord attachment location
follows in Table 1.

12

Figure 2. Group arrangement of villi. Middle zone of the placenta
in the central part. Histotopogram. Photos under the microscope
MX-1150 (T). Magnification: lens 2.0, eyepiece 10. Van Gieson
staining. 1 — intermediate villi; 2 — villous vessels.

PucyHok 2. [pynnoBoe pacnonoxeHue BopcuH. CpeodHsis 30Ha
nnaueHmsl B yeHmpasbHol Yacmu. [lucmomonozpamma.
®omozpaguu nod mMukpockonom MX-1150 (T). YBenuyeHue:
obvekmuB 2,0, okynsip 10. Okpacka no BaH [U30Hy.

1 — npoMexxymoyHble BOPCUHbI; 2 — COCYObl BOPCUHBI.

In the case of central attachment of the umbilical cord, the
quantitative characteristics of the two zones had differences.
The medians of all values in the central zone were higher than
those for the marginal zone: placenta thickness, by 23.5%;
choroidal plate thickness, by 36.4%; diameter of vessels in the
choroidal plate, by 75.8%; length of septa, by 27.2%; width of
septa, by Ha 25%; and basal plate thickness, by 42.9%.

In the case of marginal attachment of the umbilical cord,
the difference in median values for the similar indicators in
the central zone of the placenta were as follows: 28.1% for the
placenta thickness; 39.8% for the choroidal plate thickness;
51.5% for the diameter of vessels in the choroidal plate;
25.6% for the length of placental septa; 38.5% for the width
of placental septa; 20% for the basal plate thickness.

In the case of sheathed attachment of the umbilical cord,
the values tended to be higher in the central zone: 20% for the
placenta thickness; 42.9% for the choroidal plate thickness;

Figure 3. Options for attaching the umbilical cord to the placenta:
central (43%), marginal (20%), sheathed (37%) umbilical cord
attachment.

PucyHok 3. BapuaHmebi npukpensieHusi NynoBUHbI K nnayeHme:
ueHmparneHoe (43%), kpaesoe (20%), obonoyedHoe (37%)
npukpensieHue NynoBuHbI.
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Central attachment Marginal attachment Sheathed attachment “

Central zone

Me 21 000 20 500 24000 0.458
Placenta thickness, um
[Q,-Qs] 20 000-25 000 17 750-26 000 20 000-26 000
Me 300 295 303 0.128
Choroidal plate thickness, pm
[Q,-Qs] 245-300 264.8-430.5 250400
Diameter of vessels on the Me 1600 1591 1700 0.458
choroidal plate, um [Q,-Q] 1281-1919.5 1184.3-1 896.3 1500-2 151
Me 20 596 19 725 19 620 0.624
Length of septa, um
[Q,-Qs] 19 365-23 624.5 17 408.5-22 537.8 18 620-25 096
Me 300 332.5 210 0.163
Width of septa, pm
[Q,-Qs] 278-410 200-375 200-364
Me 300 270 300 0.65
Basal plate thickness, um
229-300 200-398.5 212-300
Marginal zone
Me 17 000 16 000 20 000 0.147
Placenta thickness, um
[Q,-Qs] 15 000-18 000 14 750-18 500 16 00025000
Me 220 211 212 0.31
Choroidal plate thickness, pm
[Q,-Qs] 152.5-259 207.5-234 170-300
Diameter of vessels on the Me 910 1050 1212 0.123
choroidal plate, pm [Q,-Qy] 750-1 075 920-1 370.8 900-1 400
Me 16 190 15 700 17120 0.555
Length of septa, um
[Q,-Q4] 14 737.5-17 742.5 14 247.5-17 435 14 520-20 660
Me 240 240 300 0.722
Width of septa, um
[Q;-Qs] 200-300 200-355 151-350
Me 210 225 200 0.835
Basal plate thickness, um
[Q,-Q4] 161-259.5 200-274.5 200-273

Table 1. Quantitative characterization of placenta structural elements after IVF depending on the place of umbilical cord attachment
Ta6nuua 1. KonudecmBeHHas xapakmepucmuka CmpykmypHbIx aneMeHmoB niaueHmsi nocne 3KO B 3aBucumMocmu om mMecma

npukpensieHus NynoBuUHbI

40.3% for the diameter of vessels in the choroidal plate;
14.6% for the length of placental septa, 50% for the basal plate
thickness. At the same time, the median width of placental
septa was higher in the marginal zone of the placenta by 42.9%.

Thus, the quantitative values for placentas with central and
marginal attachment of the umbilical cord have the largest
differences between the central and the marginal zones in the
vessel diameter in the choroidal plate; in the case of sheathed
attachment of the umbilical cord, the largest difference is found
in the basal plate thickness.

The comparison of quantitative characteristics of placental
elements in the central zone with different types of umbilical
cord attachment revealed the following: the median values of
the placenta thickness, choroidal and basal plate thickness,

Parameter

Longitudinal size of marginal i

sinus section, cm [Q.,-Q,] 1.3-2.0

Transversal size A 08

of marginal sinus section, cm [Q,-Q] 0.6=1.0
1 3 ° :

Area of marginal sinus M oy

H 2

section, cm [Q,-Q.] 0.4-1.0

Area of placenta Me 35.2

cross- section, cm? 28.6-35.7

diameter of the vessels of the choroidal plate tended to decrease
from the central attachment group towards the marginal
attachment, and to increase from the marginal attachment
group to the sheathed attachment group.

The median length values of placental septa decreased from
the group with central attachment to the group with marginal
attachment, and from the group with marginal attachment to
the group with sheathed attachment.

The median width of placental septa increased from the
group with central attachment to the group with marginal
attachment, and decreased from the group with marginal
attachment to the group with sheathed attachment.

In the case of the marginal zone of the placenta, similar
differences were noticed for the median values of placenta

Triangular shape Swept shape Irregular shape n
e 1.6 1.7 2.7

0.248
1.3-2.2 1.3-3.8
1.0 1.2 0.298
0.8-1.4 0.7-1.7
11 1.9 0.147
0.7-1.3 0.5-3.0
29.5 32.3 0.147
26.3-37.4 29.8-38.4

Table 2. Quantitative characterization of the size of the marginal sinus of the placenta
Ta6nuuya 2. KonudecmBeHHasi xapakmepucmuka pa3MepoB Kpaesozo CUHyca niaueHmsl
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Figure 4. Various shapes of the edge sine slice. Ultrasound scan of
the placenta in the B-mode. A — triangular, gestational age 20 weeks
6 days; B — swept, gestational age 21 weeks 1 day, C — incorrect,
gestational age 20 weeks 4 days. 1 — marginal sinus; 2 — placenta;
3 — uterine wall.

PucyHok 4. PasnudHble ¢popMbl cpesa KpaeBo2o CuHyca.
Ynbmpa3sBykoBasi CkaHogpaMMa nnayeHmsl B B-pexxume.

A — mpeyzonbHbil, 2ecmayuoHHbIll Bospacm 20 Hedenb 6 OHel;
B — cmpenoBudHbIil, 2ecmayuoHHbIl Bo3pacm 21 Hedensi 1 OeHb,
C — HenpaBubHbIU, 2ecmayuoHHbIl Bo3pacm 20 Hedenb 4 OHS.
1 — kpaesoll cuHyc; 2 — nnaueHma; 3 — CmeHKa Mamku.

thickness and choroidal plate thickness, diameter of the vessels
of the choroidal plate and the length of placental septa; at the
same time, the median width of placental septa was similar in
the groups with central and marginal attachment of the umbilical
cord, yet the same value increased from the marginal attachment
to the group with sheathed attachment. The median value of
basal plate thickness increased from the central attachment
group to the marginal attachment group, and decreased from
the marginal attachment group to the sheathed attachment group.

14

In addition, ultrasonic scanning allows for the description
of the marginal sinus at the gestational age of 20-22 weeks;
it is located on the periphery of the placenta and limits the
intervillary space.

In the ultrasonic scans, the marginal sinus is shown as a
space of varied shaped. The section form of the marginal sinus
is closer to triangular (Fig. 4A) in 40% of the cases; the swept
(Fig. 4B) and irregular (Fig. 4C) shapes being registered in
30% of the cases each, respectively (Fig. 4).

The quantitative characteristics of the dimensions of the
marginal sinus follow in Table 2.

It is seen from the table that the largest longitudinal size
is characteristic for the irregular-shaped marginal sinus, and
the smallest, for the triangular-shaped. At the same time, it
increases by 5.9 and 37% from the triangular-shaped towards
irregular shaped marginal sinus, respectively. The transversal
size of the swept-shaped marginal sinus for all studied shapes
increases from the triangular towards irregular shape by 20%
and 20%, respectively. The difference in the area between the
triangular and irregular shapes of marginal sinus is 2.7 times.

All the quantitative values of the irregular-shaped marginal
sinus prevail in the triangular and swept-shaped forms.

m DISCUSSION

According to the literature [15, 16], the fetal surface of the
placenta is smooth and glossy; it is covered with the amniotic
sac, below which branched blood vessels of various diameter
are clearly seen. This confirms the data of this study to the
effect that the diameter of vessels of the choroidal plate is
highly variable. The intervillary space on the fetal side is
formed by the choroidal plate and villi attached to it, and on
the maternal side, it is restricted by the basal plate, decidual
membrane and partitions (septa) branching from it. It is found
that the septa are of varying shape and length, which, in its
turn, depends on the location of the umbilical cord location,
and on the zone of placenta (central or marginal).

The structure of the fetal part of the placenta is represented
by numerous chorionic villi, which are united into structural
formations, i.e. cotyledons.

According to A.P. Milovanov and S.V. Savelieva (2006)
[17], the villous tree presents three levels of branching.
Supporting villi of levels 1, 2, and 3 form the fetal part of
the placenta, i.e. they are found in the subchorionic zone and
comprise the anatomical framework of the cotyledon. The
intermediate differentiated villi branch from Level 2 and 3
supporting villi and range in sizes from 75 to 150 pm, i.e. are
found in the middle zone of the placenta. The terminal villi
branch from intermediate villi, their diameter is 40-80 pm.
This data found its confirmation in the findings of this study.

Foreign researchers [18-20] note that placenta previa is
detected more often after the IVF, as is, respectively, marginal
and sheathed attachment of the umbilical cord; however,
differences in the macro-microscopic anatomy are minor and
statistically insignificant as compared to placentas after in vivo
fertilization.

According to M.V. Medvedev (2016) [14], the ultrasonic
scanning allows the detection of the marginal sinus, starting
from the second trimester. It lies on the periphery of the
placenta and has the exterior of an uneven slit sized from 0.5 to
1.5 cm. The same is supported by this study; besides, the latter
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identified the shapes of the marginal sinus (triangular, swept,
and irregular) and describes variations in its size depending
on the shape.

The fundamental research in the ‘mother-placenta-fetus’
system in the post-IVF pregnancies are quite prospective
for a variety of reasons. Firstly, the state policy focuses on
tackling the demographic situation and entails increased
financing of the number of IVF cycles. Secondly, the ‘mother-
placenta-fetus’ system has its proper morphological and
clinical peculiarities in the pregnancies achieved by assisted
reproductive technologies and requires special attention from
the obstetricians-gynecologists and neonatology physicians
in terms of maternity and neonatal care. Thirdly, numerous
studies have found that there is a regional component both in
the fetometry and in the morphology of placenta in the normal
conditions (without assisted reproductive technologies),

therefore, a promising line of research is the development
of the ‘morphological profile’ of the ‘mother-placenta-fetus’
system for women after IVF in various administrative units of
the Russian Federation.

m CONCLUSION

It is possible to identify three zones in the placenta after
the IFV: the subchorionic, middle and suprabasal zones, each
with a histotopography of its own.

The quantitative characteristics of the placental structures
are related to the location of the umbilical cord attachment,
and differences in the marginal and central zones.

The shape of the marginal sinus, as inspected by ultrasonic
scanning, is different (triangular, swept, and irregular), the
largest area sizes detected in the irregularly shaped marginal
sinus. =
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in assessing the structural variants of the bifurcation
of the common carotid artery

Andrei S. Moshkin?, Vladimir N. Nikolenko? 3, Maksud A. Khalilov?,
Liliya V. Gavryushova*, Lyubov V. Moshkinal, Zhi Li2 5

10rel State University named after |.S. Turgenev (Orel, Russian Federation)
2Sechenov First Moscow State Medical University (Moscow, Russian Federation)
SLomonosov Moscow State University (Moscow, Russian Federation)
4Saratov State Medical University named after V.I. Razumovsky (Saratov, Russian Federation)
SPetrovsky National Research Centre of Surgery (Moscow, Russian Federation)

Abstract

Aim - to identify various structural variants of the bifurcation of the common
carotid artery using the ultrasound imaging method, taking into account the
age characteristics of patients.

Material and methods. We examined 1,061 patients (the average age was
57.0+10.7 years). Using ultrasound imaging, the anatomical variant of the
bifurcation of the common carotid artery was determined, taking into account
the location of the external and internal carotid arteries at the visualization
level. The results were grouped according to the age and gender of the patients,
statistically processed.

Results. 2,122 vascular complexes were studied (1,396 in women and 726
in men). Five main types of bifurcation structure of the common carotid
artery (types A — E) were identified. Type A was the most common among all
participants (up to 42%). Type B was detected in up to 35% of men and 27% of

women. Type C accounted for 15%-19% of cases. Other options were estimated
at 4-7%. Taking into account the age, four groups were formed for men and
women. At the same time, type A was 41-43% for women, regardless of age,
and 31-40% for men. Type B in men in the age group 1 was detected in 48%.
Type C was 2-4% more common among women in the age groups 2 and 3. In
the older age group of men, type C was 31% and type E was 12% (the most
common). In other age groups, D and E types accounted for 4-7%.
Conclusion. The results obtained contribute to the development of personalized
directions in the treatment of vascular diseases and help to improve minimally
invasive surgical interventions.

Keywords: variant anatomy, carotid arteries, ultrasound imaging.
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AHHOTauus

ITens — 1CTI0NB3Ys METOJ, YJIBTPa3ByKOBOM BU3yallU3allyH, BBISIBUTh Pa3IdUMs
BapUaHTOB CTpoeHus budypkanyy ob1ell COHHOM apTepyy C y4eToM BO3-
PacTHBIX 0COOEHHOCTeH TalieHToB.

Marepuan u Mmeronbl. Hamu ob6cnenoBan 1061 nanueHT (cpegHui Bo3-
pacrt cocraBui 57,0+10,7 roga). C ucnons30BaHKUeM YIbTPa3ByKOBOM BH-
3yaJu3alliM OIIpelelisyICsl aHaTOMUYeCKU BapMaHT CTpOeHus budypxaium
obI1eli COHHOM apTepuH C yU4eTOM PacloJIO)KeHHs] HapY>KHOM Y BHYTpeHHel
COHHBIX apTepuii Ha ypoBHe Bu3yanu3anuH. [lomydeHHble pe3ysbTarTsl ObLIN
CrpyNIMpoBaHbl C yYeTOM BO3pacTa U I10j1a NallMeHTOB U CTaTUCTUYeCKU
obpaboTaHbl.

Pesynbrarsl. Beero usyuyeno 2122 cocyqucTbix komiuiekca (y xkeHiyH 1396,
y MyX4uH 726). OnpefiesieHbl 5 OCHOBHBIX THUIIOB CTPOeHMs OudypKanuu
o611eii conHoi aprepuu (tunsl A — J1). Tun A Haubosee yacTo BcTpedasncs
Cpeny BCeX y4acTHUKOB (1o 42%). Tun b BeIsBisics 10 35% y MyX4UH U

27% cpeny xenmuH. Tun B cocrasisin 15-19% citydaes. JIpyrue BapraHThl
orpenensuich B 4—7%. C ydeTom Bo3pacta 6bu1i chOpPMUPOBAHBI 110 4 IpyII-
IIBI JJIs1 MY>KYMH U KeHIIYH. IIpy 3ToM y jKeHIIMH He3aBUCHMO OT BO3pacTra
T A cocrasisint 41-43%, a mist mysxanH 31-40%. Tun B y My>4rH B riepBoit
BO3pacTHOM rpymnme BeisiBieH B 48%. Tun B Ha 2-4% onpenernsiyics daie
CpeJiy JKeHIIMH B I1epBOM — TpeThel BO3PacTHLIX Ipynnax. B crapimieil Bo3-
pacTHoii rpynmne My>xuuH tMI B cocraBmi — 31% u tun J1 - 12%. B npyrux
BO3PACTHBIX rpynnax tinsl I' u J1 cocrasisimu 4-7%.

3axmodenue. [TomyyeHHEIe pe3yIibTaThl CIIOCOOCTBYIOT Pa3BUTHIO IIEPCOHH-
$UIIMPOBaHHBIX HAlIPaBJIeHHUH B JIedeHUH COCYJJMCTEIX 3ab0/eBaHumi ¥ IOMO-
raloT COBepIIeHCTBOBATh MaJlOMHBa3UBHbIE XMPypPridecKye BMellaTesIbCTBa.
KmoueBnle ci10Ba: BapMaHTHas aHaTOMMS1, COHHbIe apTepyH, yJBTPa3ByKoBasi
BU3Yyalu3aIys.
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m INTRODUCTION
Variable anatomy of the vascular bed demonstrates
the importance of systematization of knowledge for
subsequent successful implementation of results into clinical
practice [1, 2]. The active development of methods of intra-
vital diagnostics and modern data processing technologies
make it possible to find many new features in the structure
of the vascular system [3-5]. The development of minimally
invasive surgical interventions and the expansion of
personalized approaches in medicine require a more in-depth

Normal probability graphs for age distribution, years

Expected normal values

10 20 30 40 50 60 70 BO 90 100 10 20 30 40 50 60 70 8O 90 100

Women Observed values Men

Figure 1. Graphs of the normal probability distribution of participants
by age, taking into account the gender in the observation (the
Shapiro — Wilk W test for women w=0.9674, p=0.0000; for men
w=0.9893, p=0.00004).

PucyHok 1. [pagpuku HopManbHO20 BeposimHOCMHO20
pacnpedeneHus y4aCmHUKOB NO BO3pacmy C y4emoMm nosna B
HabnodeHuu (kpumepudl LLlanupo — Yunka ons xxeHuuH w=0,9674,
p=0,0000; ons myx4uH w=0,9893, p=0,00004).
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and detailed assessment of the main vessels [6-8]. The neck
area contains the most important main arteries, which are
often the site of development of dangerous hemodynamic
disorders [9, 10]. Ultrasound diagnostics at the current stage
of its development allows not only to evaluate the structure
of the vascular wall and hemodynamic parameters, but also to
obtain extensive information about the anatomy in the field of
visualization [11], and the risk of developing cardiovascular
diseases [12-14].

m AIM

Using the ultrasound imaging method, taking into account
the age characteristics of patients, to identify various structural
variants of the bifurcation of the common carotid artery.

m MATERIAL AND METHODS

The study was conducted using the SonoAce R7 and Logiq
F6 ultrasound diagnostic systems in an outpatient setting.
Linear multifrequency sensors were used for visualization.

((err

A B Cc D E

Figure 2. Structural variants of the bifurcation region of the common
carotid artery in the observation.

PucyHok 2. BapuaHmsl cmpoeHusi obnacmu 6ugypkayuu obwed
COHHoUl apmepuu B HabooeHuuU.

www.innoscience.ru
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Normal probability graphs for age distribution, years
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Expected normal values

_4 i i " i " i A " A i " " i " i
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Type D Type E
Observed values

Figure 3. Graphs of the normal probability distribution of participants by age, taking into account the type of structure of the bifurcation of the
common carotid artery (Shapiro — Wilk W test: type A w=0.9787, p=0.0000; type B w=0.9729, p=0.0000; type C w=0.9701, p=0.0000; type D
w=0.9622, p=0.0044; type E w=0.9913, p=0.4966).

PucyHok 3. [pacbuku HopMasibHo20 BeposimHOCMHO20 pacnpedesieHusi y4aCmHUKOB N0 BO3pacmy C y4emoM muna cmpoeHusi bugypkayuu
obuwel coHHol apmepuu (kpumepul LLlanupo — Yunka: mun A w=0,9787, p=0,0000; mun b w=0,9729, p=0,0000; mun B w=0,9701,
p=0,0000; mun I w=0,9622, p=0,0044; mun ] w=0,9913, p=0,4966).

A total of 1061 people (698 women and 363 men) were
examined. The age of the study participants ranged from 18

Type of

Kolmogorov-Smirnov test with Lilliefors significance
correction

bifurcation
structure

to 88 years, with an average of 57.0+10.7 years.

867

We determined the anatomical variant of the structure of the 1.00 0.080 0.000

. . . o 2.00 0.090 626 0.000
bifurcation of the common carotid artery, taking into account AT O 375 o5
the locat1F)n of. th(—“:' external and internal caro_tld arlterle.s at the 400 0.081 105 0.089
level of visualization. The data were summarized in Microsoft 5.00 0.054 149 0.200

Excel 2007 tables. Statistical data processing was performed
in StatSoft Statistica 10 and IBM SPSS Statistics 20 software
suites.

m RESULTS

By combining data from both sides of the entire
visualization, 2122 carotid bifurcations were analyzed.
Among women, 1396 vascular structures were assessed, and
726 among men. A visual representation of the normal age
distribution among men and women in the work is presented
in Figure 1.

In our study, we used the original system of determining the
structure of the region of carotid bifurcation [3] that comprises

Type of bifurcation structure

A

B 375 251
c 266 109
D 73 32
E 96 53

Table 1. Normality tests for age with respect to the type of structure
of the bifurcation of the common carotid artery

Tabnuya 1. Kpumepuu HopmanbHocmu 0711 BO3pacma C y4emom
muna cmpoeHusi bugypkayuu obweli CoHHoU apmepuu

5 types (Fig. 2): A — median position of the external carotid
artery; B — ventral position of the internal carotid; C — lateral
position of the external carotid artery; D — divergence or
intersection of vessels in the bifurcation region; E — medial
inclination of carotid arteries.

The general data on normal distribution of participants
according to age between men and women is shown in
Fig. 3 and Table 1.

Total number of cases % among participants
[ Womer [ Wen | ol [ Women | Men | T
586 281 867 42 39 40

626 27 35 30
375 19 15 18
105 5 4 5
149 7 7 7

Table 2. Information on the prevalence of various vascular structural variants among all participants in the observation
Tabnuua 2. CsedeHusi 0 pacnpocmpaHeHHOCMU pasiu4HbIX BapuaHmMoB CMpoeHuUsi COCy00B cpedu BCeX y4acmHUKOB HabnodeHus

www.innoscience.ru
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IS N B B
207 126 63 12 12

Proportion in the group, % 49 30 15 3 3

Parameter

Number, people

Table 3. Distribution of the same structural variants of the common
carotid artery bifurcation on both sides among the participants in the
observation

Tabnuya 3. PacnpedenieHue 00UHaKOBbIX BapUAHMOB CMPOeHUSs!
bucpypkayuu obweli coHHol apmepuu ¢ ob6eux CmopoH cpedu
y4aCmHUKOB HabrooeHust

General data on the occurrence of structural variants of
bifurcation of the common carotid artery among participants
in absolute and relative values are shown in Table 2.

The most frequent structural variants of bifurcation are
types A and B. Type A comprises up to 40% of all observed
cases, reaching 42% in women and 38% in men. Type B
comprises up to one third of cases: 35% among men and 27%
among women. Type C is found in one fifth of cases: 19%
among women and 15% among men. Other variants of the
relative position of vessels (D and E), depending on the sex
of patients, were found in 4-7%.

In 420 participants of the study (164 men and 256 women)
similar structural variants of bifurcation of the common carotid
arteries on either side were identified, which comprises 39.6%
of the total data in the observation; the general data follows
in Table 3.

We then analyzed the results obtained taking into account
the gender and age of the patients. The following groups of
study participants were formed as per age periods: Group 1,

Kolmogorov-Smirnov test

_S with Lilliefors significance Shapiro-Wilk W test

® correction

g

é 2 ] ]

55 Sg = g g

53 82 S o2 S

3 B8 | % BE | %

2 av = av =

7} 7]

A 0.280 867 0.000 0.844 867 0.000
B 0.263 626 0.000 0.846 626 0.000
Cc 0.303 375 0.000 0.834 375 0.000
D 0.291 105 0.000 0.837 105 0.000
E 0.264 149 0.000 0.826 149 0.000

Table 4. Normality test for the type of structure of the bifurcation
of the common carotid artery with respect to the age group

Ta6nuuya 4. Kpumepuu HopManbHocmu 0151 muna cmpoeHust
bugypkayuu obwel coHHolU apmepuu ¢ y4emoM Bo3pacmHol
epynnei

Kolmogorov-Smirnov test

with Lilliefors significance Shapiro-Wilk W test

a correction

=

S

y 25 @5 25

¢ i 8% 8%
¥o ¥o o
av av avw

1 0.273 178 0.000 0.770 178 0.000

2 0.253 770 0.000 0.794 770 0.000

3 0.232 1010 0.000 0.818 1010 0.000

4 0.234 164 0.000 0.837 164 0.000

Table 5. Normality test for the age group with respect to the type
of structure of the bifurcation of the common carotid artery

Tabnuuya 5. Kpumepuu HopMansHocmu 0511 Bo3pacmHou epynnbl
€ y4emom muna cmpoeHus 6ugypkauuu obwell CoHHol apmepuu

Normal probability charts for structural variants of bifurcation and categories of age groups

25
20}
15}
1.0
05}
0,0
-0,5

-1,0
0

Group 1

25
20}
15¢
10t
05}
0,0}
05¢}

Expected normal values

-1,0 5 - : - ;
0 1 2 3 4 5
Group 3

60 1 2 3 4 6 6
Group 4

Figure 4. Diagram of the distribution of participants, taking into account the type of structure of the common carotid artery bifurcation and age
group (Shapiro — Wilk W test: group 1, w=0.7703, p=0.0000; group 2, w=0.794, p=0.0000; group 3, w=0.8183, p=0.0000; group 4, w=0.8368,

p=0.0000).

PucyHok 4. [luazpamma pacnpedesieHusl y4aCmHUKOB C y4emoM muna cmpoeHusi bugypkayuu obwell coHHol apmepuu u Bo3pacmHol
epynnbi (kpumepudl LLlanupo — Yunka: nepsasi epynna w=0,7703, p=0,0000; Bmopas epynna w=0,794, p=0,0000; mpemsbsi epynna w=0,8183,

p=0,0000; yemepmas epynna w=0,8368, p=0,0000).
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Type of relative position

Gl G2 G5 G6 7 G8
n=100 n=372 n=78 n=398 n=208 n=42
44 159 279 5 28 157 83 3

of vessels

A 7 1 1
(44%) (43%) (41%) (43%) (36%) (39%) (40%) (31%)

B 39 106 172 22 37 140 64 10
(39%) (28%) (26%) (18%) (48%) (35%) (31%) (24%)

c 12 60 137 31 7 50 39 13
(12%) (16%) (20%) (25%) (9%) (13%) (18%) (31%)

D B 19 32 10 5 16 10 1

(5%) (6%) (8%) (6%) (4%) (5%) (2%)

E ) 28 42 7 1 55 12 5

(5%) (8%) (7%) (6%) (1%) (9%) (6%) (12%)

Table 6. Distribution of structural variants of the bifurcation of the common carotid artery, taking into account gender and age group
Tabnuuya 6. PacnpedeneHue BapuaHmoB cmpoeHus bugypkayuu obujell coHHol apmepuu € y4emom nosa u BospacmHol gpynnsbl

youth and I adult period (men and women aged below 35);
Group 2, 1T adult period (men over 35 and below 60, and
women below 55 years of age); Group 3, elderly people (men
over 60 years of age and women over 55 and below 74 years
of age); Group 4, old people (above 75 years of age).

The distribution of structural variants of main vessels in
the region of the common carotid artery bifurcation among
participants from various age groups regardless of their sex is
shown in Fig. 4 and Tables 4 and 5.

The data on the number of identified types of relative
position of vessels in the region of the common carotid artery
bifurcation among women and men are shown in Table 6.

Most frequently, Type A was found among women,
comprising 41-43% of the cases in all age groups. Among
men, this type of relative position of vessels was found least
frequently, in 31% of the cases, in Group 4.

In the male group, Type B was identified more frequently
than in the female group. The largest number of cases was
found in Group 1 of men (48%), and the least number in Group
4 (24%). Among women, this variant of relative position of
vessels in the region of the common carotid artery bifurcation
was 39% of the cases in Group 1, whereas the least number
of cases, 18%, was found in age Group 4.

Type C in Groups 1, 2 and 3 was mound 2-4% more
frequently in women. In Group 4 among men, Type C was
found most frequently comprising 31%.

The remaining types of relative position of vessels (D and E)
made up to 4-7% of the cases across the age groups. The greatest
value for Type E was found in the among men reaching 12%
in Group 4. Type D was not found in women in age Group 1.

m DISCUSSION

The study of the variable anatomy of the main arteries
of the neck is performed by different teams of specialists.
Morphological studies based on pathological examinations
are of special interest. P.A. Samptesov et al. (2012) report
the data of morphological examination of the main arteries
considering individual specifics of the shape of the neck
based on examination of bodies of 97 men [15]. F. Hojaij et
al. (2019) uses the data of 50 pathological examination to
study anatomic peculiarities in the relative position of the
carotid arteries, jugular vein and the vagal nerve [16]. The
undisputed advantage of pathological examination is its
unbiased nature, the possibility of detailed documentation of
the study process, and the possibility of append the results of
studies with histological specimens. Unfortunately, autopsy

www.innoscience.ru

data do not always allow for a full assessment of the functional
relationships that are most relevant in clinical practice.

Great attention is paid to descriptions of dimensional
characteristics of the main arteries of the neck [1]. Many
clinical studies dwell, in much detail, on questions of
diagnosing [2] or specifics of surgical treatment [4, 6].
The variable anatomy of the main arteries is of particular
importance when planning high-tech and minimally invasive
surgical interventions [17-19].

The classification of relative position of vessels, presented
by us, was originally developed to assess the variability
of the main arteries when studying images obtained by
magnetic resonance tomography [3], however, in the process
of practical work it proved well in performing ultrasonic
visualization.

In vascular surgery, the area of intravascular interventions
is rapidly developing [9], allowing for the individual
characteristics of the anatomy of the main arteries to be
taken into account directly at the operating table. Methods
of minimally invasive surgery require refined knowledge of
individual variability of the bloodstream. The region of the
bifurcation of the common carotid artery includes one of the
most important reflexogenic zones of vegetative innervation,
and is the location of the most frequent diagnostic of
significant atherosclerotic changes at the level of the vessel
wall. Contemporary methods of processing of diagnostic
information using computers enable the use of methods of
computer analysis, create realistic three-dimensional models
facilitating surgery planning [20, 21].

The data on age and sex factors associated with varying
anatomy of the main arteries in the region of bifurcation
presented in this paper, combined with ultrasonic
visualization, enable improvement of personalized approach
in medicine [11].

Our study demonstrates the possibility of practical
implementation if a simple, straightforward and effective
method to determine anatomic variants of the structure of the
common carotid artery bifurcation. The relatively large scope
of research allowed for a precise identification of the rare types
(D and E) and formation of participant groups with respect to
their age.

m CONCLUSION

Our study presents the possibilities of ultrasonic
visualization of the anatomical variations in the structure of the
common carotid artery bifurcation. The considerable size of
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our sampling allowed showing the correlations of prevalence
of the different anatomic variants among men and women, and
taking into account the factor of the patients’ age.

In general, typical variants of relative position of the vessels
(types A and B) are most frequent with Type A being prevalent
among women. Type B variant of the vessel relative position
is seen more often in young men. Type C, in its turn, is more
often identified in both men and women, as the age progresses.

Rare types of vessel position (D and E) are identified in 4-7% of
the cases; and only in men of II adult period type E comprised
12% cases.

The presented data are relevant for assessing the
variable anatomy of the main arteries of the neck, allowing
development of personalized directions in the treatment of
vascular diseases and improvement of minimally invasive
surgical interventions. P
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Abstract

Aim - to study the correlations between age, disease duration, concomitant
chronic non-infectious pathology and the risk of developing hypoglycemia
in patients with type 2 diabetes mellitus (T2ZDM).

Material and methods. The study involved 90 elderly women (mean age
70.5 + 6.2 years) with T2DM. The medical history of all study participants
collected during the interviews was supported by the following analysis of
their medical documentation. Additionally, we analyzed the results of clinical
and biochemical blood tests and calculated the Charlson comorbidity index
for all participants.

Results. The prevalence of hypoglycemia among patients with T2DM was:
47% in patients aged 65-74 years, and 75% in older patients (75-85 years).
The significant correlation was found between the indicators “Patient’s age”
and “Presence of hypoglycemia” r = 0.2489 (p = 0.018). When calculating x*
(chi-square), the value obtained was X2 = 5.513 (p = 0.018). One-way analysis
of variance of these values resulted in F-ratio = 5.811 at the significance
level p = 0.018, which confirmed a significant relationship between the two
variables. The significant correlation was found for the indicators “Existing

cases of hypoglycemia” and “Duration of diabetes mellitus” (r = 0.3512 with
a significance level of p = 0.0007). The data allowed us to draw a conclusion
about the statistical dependence of these values. The result of the y? test for
the trend was ¥ (trend) = 10.982 (p = 0.0009). The data obtained might
indicate the relationship between these variables. The correlation between
the indicators “Existing cases of hypoglycemia” and “Charlson Comorbidity
Index score” was confirmed by the value r = 0.4020 (p = 0.0001). The
relationship between these variables was revealed by calculating x*= 16.336
(p = 0.0059). Based on the ? test for the trend, the value ¥? (trend) = 14.544
(p = 0.0001) was obtained. One-way analysis of variance for these indicators
presented F-ratio = 3.734 (p = 0.004).

Conclusion. The patient's age, duration of T2DM and multimorbidity were
significantly associated with the risk of hypoglycemia in patients with T2DM.
Keywords: type 2 diabetes mellitus, hypoglycemia, risk factors of
hypoglycemia, multimorbidity, Charlson Comorbidity Index, CCI,
gerontology.
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AHHOTauus

IIens — U3y4nTh B3aMMOCBSI3b BO3PACTa, JUIMTENIbHOCTH 3ab0J1eBaHusI U COITyT-
CTBYIOLIEH XPOHUYECKOM HeMHpeKIIMOHHOM 11aTolIOTMU C PUCKOM Pa3BUTHUS
TUIIOIVIMKEMUH Y SKeHIIMH € caxapHbIM Araberom 2 tuna (C2).
Marepuan u Metofbl. B uccienosanuu ydacrsosany 90 narnueHToK Io-
SKWJIOTO M CTapyecKoro Bo3pacrta (cpemnuit Bodpact 70,5 + 6,2 roga) ¢ CI2.
Y Bcex y4aCTHMKOB MCCJIefloBaHUs coOpaH aHaMHe3 3abo0jleBaHHUsl, U3yueHa
MeJMIIMHCKas JoKyMeHTanus. MccieoBaHbl IokasaTely KIIMHUYeCcKoro aHa-
JIM3a KPOBU U OMOXMMHYECKOT0 aHajIu3a KPOBH, a TaKXKe BBIYUCIIEH UHJIEKC
koMopbuanocTtu Charlson.

Pesynbrarhl. PactipocrpaHeHHOCTb T'MIIONIMKEMUH Cpefiy narnueHTok ¢ CI12
cocraBwia 47% y NOXWILIX U 75% y IAMeHTOK CTapueckoro Bo3pacra. VH-
JIeKC KOpPeJIsSIIuM MeXy MoKa3aTelssMU «BO3pacT NallMeHTa» U «Hajau4yue
CIly4asi TUIOIIMKeMym» coctaBwi I = 0,2489 (p = 0,018), uro cBunerens-
CTBYeT O CTaTUCTUYECKOM 3aBUCUMOCTH IaHHBIX BeJIMUMH. [Ipy BeruKCIIeHnn
X* (xu-xBajpar) nomy4veno snavenue X* = 5,513 (p = 0,018). Onxodakrop-
HBIM IMCIIePCUOHHBIN aHAJIM3 JAHHBIX BEJIUYHH JIEMOHCTPUPYET pe3yJibrar
F-orHomenus = 5,811 npu yposre 3HauumMoctH (p = 0,018), uto noarBepx/a-
€T 3HAUUTEJIbHYIO CBSI3b MEXX/Ty ABYMs IepeMeHHBIMH. BbUT BLIMHCIIeH MHIEeKC

KOPPEJISIIMY I10 II0KA3aTeJSIM «HAJIMYHe CIIyJaeB THIIOIIMKEMUAM» U «CTaX Ca-
xapHoro jimabera» (r = 0,3512 npu yposHe 3Hauumoctu p = 0,0007). lanHble
TI03BOJISIIOT CAEJIATh BBIBOJ] O CTATUCTUYECKON 3aBUCHMOCTH IAHHBIX BeJIMUMH.
Pesynbrar Tecra X* 11 TpeH/ia moiydeHo 3Hadenve X* (Tpenn) = 10,982 (p =
0,0009). IIpuBesieHHbIe NaHHbIE CBUIETEIBCTBYIOT O B3aUMOCBSI3U IaHHbIX
nepeMeHHBIX. KoppeJisius Mex/ry Ioka3aTessiMi «HaJIddue Cirydasi THUIIo-
IJIMKEMUW» U «MHJeKC KomopouHocTi Charlson (6asuiel)» moaTBepsxaaeTcs
3HavenueM r = 0,4020 (p=0,0001). CBsi3p MeXnay JaHHBIMU I1epeMeHHBIMU
BbIsIBTIeHa BbrunciendeM X2 = 16,336 (p = 0,0059). Ha ocnopanuu Tecra x*
1S TPeHzia ToJydeHo 3Hadenue X* (Tpenn) = 14,544 (p = 0,0001). Oxno-
¢aKTOPHBIN AUCIIEPCHOHHBIN aHAIM3 JAHHBIX IT0KA3aTeseil 1eMOHCTPUpYeT
pesyinsrar F-orHomenust = 3,734 (p = 0,004).

3axurrouenue. Bospacr nanuenra, crax C/I2 1 nonumMop6uIHOCTb I0CTOBEp-
HO CB$I3aHBI C PUCKOM THIIOIVIMKEMUH Y nanueHTok ¢ CII2.

KumioueBble c10Ba: caxapHbIi MabeT 2 TUIA, TUTIONIMKeMUs], GaKTOpBI pHCKa
TUIOIVIMKEMUH, ITOIIMMOPOUIHOCTD, MH/leKC kKoMmopbuaHoctu Charlson, CCI,
TepOHTOJIOTHSL.
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m INTRODUCTION
Diabetes Mellitus (DM) is one of the most prevalent non-
infectious pathologies and a global problem of healthcare
worldwide. Over 500 million people internationally and almost
5 million Russians have Diabetes Mellitus [1, 2]. More than
90% of all cases of the disease are Type 2 Diabetes Mellitus
(T2DM) diagnosed in 4.58 million people in Russia [2].
Vital importance of T2DM problem is related to the overall
trend of population aging resulting from combined increased
expectancy of life and decreasing birth rate [3]. More than
a half of all cases of T2DM are found in patients over 65,
and the greater prevalence of the pathology is observed in the
cohort of 65-70 years olds [4]. The pathogenesis of T2DM is
related to insulin resistance combined with dysfunction of beta
cells of the pancreas and reduced synthesis of insulin resulting
in a persistent hypoglycemia, which, in its turn, affects the
vascular endothelium and causes damage to various organs
and systems [5]. With advancing age, the tissue sensitivity to
insulin decreases on the post-receptor level. Loss of muscle
mass and development of sarcopenia result in the decreased
glucose consumption by muscles, increase of insulin resistance,
and increase of hypoglycemia [6-8]. Sedentary lifestyle,
high-calorie processed foods and intake of some medications
additionally assist increased insulin resistance. Elderly and old
patients demonstrate an involution of the pancreatic beta cells
and a decrease of their sensitivity to incretins, which leads to
insulin secretion disorder [7, 8]. Thus, the T2DM is an age-
associated disease.
Elderly patients with T2DM often take antihyperglycemic
agents of such groups as sulfonyl urea and insulin [2, 9].
Being effective and available to patients under reimbursement

www.innoscience.ru

programs, these agents are also characterized with a higher
frequency of hypoglycemia occurrence versus other groups
of antihyperglycemic agents [10, 11]. Glycaemia values of 3
to <3.9 mmol/l in DM patients receiving antihyperglycemic
therapy are predictors of hypoglycemia development and
require measures to manage this condition regardless of the
presence or absence of symptoms. The blood glucose below
3 mmol/l points at clinically significant hypoglycemia. In
cases of severe hypoglycemia, depression of consciousness
and cognitive functions is observed, the management of
which requires assistance from third persons or medical
professionals [10]. The hazard of hypoglycemia, especially for
patients of advanced age, lies in the increased risk of adverse
cardiovascular events and death [12, 13]. Hypoglycemia
initiates a cascade of reactions forming a counter-regulatory
response. One of components of this response is the activation
of the sympathoadrenal system whereby adrenalin is released;
under hypoglycemia, it reduces glucose consumption by
muscles and stimulates its production by the liver [14]. The
activation of the sympathoadrenal system result in the patient
developing adrenergic effects such as increased sweating,
tremor of the upper extremities; these symptoms allow for a
timely identification of a hypoglycemic event and prevention
of development of severe hypoglycemia by the patient.
Changes in the hemodynamics related to hypoglycemia and
reactive increased secretion of adrenaline are manifested in
an increased heart rate and systolic blood pressure, increased
myocardial contractility, stroke and ejection volume [15].
Hypoglycemia also causes changes in the hemostasis shown
in the increase of activity of platelets and blood coagulation
factors, viz. Factor VII and von Willebrand Factor. Increased
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concentration of C-reactive protein and proinflammatory
cytokines under hypoglycemia may lead to damage of
vascular endothelium [16]. The above mentioned changes in
the hemostasis and hemodynamics contribute to the ischemia
of the myocardium, especially in elderly and old patients, in the
presence of atherosclerotic coronary disease. In the structure
of mortality of T2DM patients in the Russian Federation,
cardiovascular diseases (CVDs) are leading [2]. The patient’s
age and presence of CVDs are the factors determining the
individual targets of glycemic control [10, 17]. Hypoglycemia
elevates the risk of development of dementia and, respectively,
functional dependence of advanced age patients with T2DM,
whereas the existing cognitive deficiency increases the risk of
the onset of severe hypoglycemic events [17, 18].

The primary physiological reaction to hypoglycemia
is reduction of insulin secretion by pancreatic beta cells.
Possibly, due to paracrine interrelation between the cells of the
pancreatic islets, the alpha cells then release the glucagon, an
insulin counter-regulatory hormone stimulating development
of hypoglycemia by activating breakdown of glycogen in the
liver. As the duration of DM increases, chronic hypoglycemia
leads to damage and loss of beta cells, and cross-reactions
between alpha and beta cells are disrupted as well as glucagon
secretion in response to decrease of glycaemia [19, 20]. This
results in an elevated risk of the onset of a severe hypoglycemic
event. It may be suggested that a long duration of DM may be
a risk factor of severe hypoglycemia.

Geriatric practices are closely related to the problem of
polymorbidity or two or more chronic conditions found in
the same patient [21]. Among patients aged over 65, the
prevalence of polymorbidity reaches 95.1%. Some scientists
believe that the processes of aging and development of chronic
diseases are based on similar mechanisms, and polymorbidity
may be viewed as a marker of accelerated aging [22]. To assess
stratification of patients against the level of comorbidity and
to ensure individual approaches to treatment and follow-
up various indices and scales are used [23]. One of such
widely used indices is the Charlson Comorbidity Index
(CCI) developed in 1987. It is expressed in points and allows
identification of the patient’s comorbidity and to predict the
probability of 10-year mortality [23, 24].

Considering the aforementioned adverse outcomes of
hypoglycemia on T2DM patients of advanced age groups,
the evaluation of the patient’s age, duration of T2DM and the
value on the Charlson comorbidity index as predictors of a
hypoglycemic event is of interest.

m AIM

To determine the significance of age, duration of T2DM
and polymorbidity as predictors of hypoglycemia in elderly
and old women with T2DM.

m MATERIAL AND METHODS

The cross-sectional study included 90 elderly and old
female patients. The minimum age of the participant was 60
years, the maximum was 85 years, and the average age was
70.5 + 6.2 years.

Inclusion Criteria: female sex, age of 60 and above, history
of T2DM, signing of informed voluntary consent by the patient
to participate in the study.
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Exclusion Criteria: history of T1DM, presence of diabetic
ketoacidosis at the time of examination, acute infectious
diseases, severe cognitive impairment that makes it difficult
to collect complaints and anamnesis, a history of cancer, severe
renal impairment (GFR below 15 ml/min/1.73m2 calculated
using the CKD-EPI equation), severe liver failure (increase
in liver transaminase activity by more than 5 times the upper
limit of reference values). The participants of the study were
divided into two groups. The first group were the patients who
experienced a hypoglycemic event within the past year (49
people, 54.4%), average age of 72.1 + 5.9 years. The second
group were patients without history of hypoglycemia (41
people, 45.6%), average age of 68.5 + 6.1 years.

Hypoglycemia was determined by the glucose level
in the blood below 3.9 mmol/l [10], registered within the
past year in the biochemical blood assay or in the patient’s
self-measurement of glucose in the capillary blood using a
glucometer, which is registered in the glycaemia control diary.
A detailed history of T2DM was collected from patients: age at
the onset of the disease, glycaemia and glycated hemoglobin
levels over time, adjustment of antihyperglycemic therapy,
history and frequency of hypoglycemic events. The medical
histories and electronic outpatient cards of patients in the
Unified Medical Information and Analytical System of the
Samara Region (EMIAS) were studied in detail. The following
laboratory parameters were studied: red blood cell count,
mean cell value, hemoglobin, hematocrit, white blood cell
count, platelet count, erythrocyte sedimentation rate (ESR),
glucose, glycated hemoglobin, creatinine, total protein, total
cholesterol, triglycerides, high-density lipoproteins (HDL),
low-density lipoproteins (LDL), alanine aminotransferase
(ALT) u aspartate aminotransferase (AST). The calculation
of GFR was done using the CKD-EPI and MDRD equations
widely used in medical practice (KDIGO 2012). Charlson
comorbidity index was calculated for all the patients.

The statistical analysis of the obtained data was performed
with the MedCalc 20.009 software suite (MedCalc Software Litd,
Belgium). The variables are presented as the average mean (M)
with a standard deviation (SD). The normality of the sample
distribution was checked using the Kolmogorov-Smirnov
criterion. The linear dependence between the indicators was
determined using the r-Pearson correlation coefficient. The
chi-square (x2) criterion was used to analyze the presence of a
relationship between categorical variables. One-way ANOVA was
used to determine statistically significant intergroup differences.
The results were considered statistically significant at p < 0.05.

m RESULTS

Depending on the age, the patients were divided into groups
according to the WHO classification. Out of the 90 participants
of the study, the elderly cohort (60-74 years) of patients
included 66 people, and the group of old/senile patients
(7585 years) was 24 people. Among the elderly patients, 31
(47%) people had a history of a hypoglycemic event within
the past year; in 35 (53%) patients, there was no history of
hypoglycemia. In the group of old patients, hypoglycemia was
found in 18 (75%) people, the number of patients without
hypoglycemic events was only 6 (25%) people. That is, among
old patients hypoglycemia is more prevalent than among
elderly patients (Table 1).
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Group 1 (n=49) Group 2 (n=41)

Age category Percentage from total number in Number of Percentage from total number
Number of people, abs. this category people, abs. in this category
Elderly 47% 53% 00180
oud 18 75% 6 25% '

Table 1. The prevalence of hypoglycemia in two groups of elderly patients divided by age
Tabnuua 1. CpaBHeHUe pacnpocmpaHeHHOCMU 2unoauKkeMuu cpedu nayueHmoB NOXWI020 U Cmap4eckozo Bo3pacma

Group 1 (n=49)
T2DM duration

Group 2 (n=41)

Percentage from total Number of people, Percentage from total number in this
e number in this category category

0-10 years 33.3% 66.7%
11-20 years 25 62.5% 15 37.5% 0.0007
Over 21 years 14 70% 6 30%

Table 2. The prevalence of hypoglycemia in T2DM patients depending on disease duration
Tabnuya 2. PacnpocmpaHeHHOCMb 2uno2/iuKkemMuu B 3aBucuMocmu om onumesnisHocmu C2

When calculating the correlation coefficient between the
indicators “History of a hypoglycemic event” and “Patient
age (age group)”, a direct correlation was revealed (r=0.2489;
p=0.018). These values indicate a statistical dependence of
the indicators under consideration. Based on the chi-square
criterion, the value of x2 = 5.513 (p = 0.018) was obtained.
The one-way ANOVA shows the F ratio = 5.811 (p = 0.018).
The calculations performed confirm the relationship between
two categorical variables.

Depending on the duration of the T2DM, the participants
of the study were also divided into groups shown in Table 2.
It may be pointed out that hypoglycemic events are more
frequently observed in patients with the duration of T2DM of
21 years and more (70%). The prevalence of hypoglycemia
in patients with disease duration of 11-20 years was 62.5%,
and in patients with disease duration of 0-10 years, 33.3%.

The statistic correlation between the parameters under
consideration is confirmed by the correlation index (r = 0.3512;
p = 0.0007). In the calculation of the ¥2 value, the 2 (trend) =
10.982 (p = 0.0009) value was obtained, which also confirms
a significant correlation between these variables.

We collected the history of concomitant non-infectious
pathologies (Table 3).

According to Table 3, the following chronic non-infectious
diseases were most prevalent in the patients of Group 1: arterial
hypertension (100% patients), stable angina (65.31%), chronic
heart failure (75.51%), osteoarthritis (40.82%), and carotid
artery atherosclerosis (32.65%).

In the patients of Group 2, the following picture may be
observed: arterial hypertension (100% patients), stable angina
(51.22%), chronic heart failure (51.22%), osteoarthritis
(43.9%), and carotid artery atherosclerosis (21.95%).

In the process of comparative analysis of morbidity between
patients of Groups 1 and 2, we calculated the Charlson
comorbidity index, depending on the value of which the
patients were distributed as follows (Table 4).

The correlation index for the indicators “History of
hypoglycemic events” and “Charlson comorbidity index
(points)” was r = 0.4020 (p = 0.0001), which shows the statistic
dependence of these variables.

Based on the ¥2 test, the x2 = 16.336 (p = 0.0059) was
obtained. When calculating the x2 for the trend, the x2 (trend)

.
B | e
people, abs. | No. of people, % No. of people, %

Arterial hypertension 100.00% 100.00% 1.0000
Stable angina 32 65.31% 21 51.22% 1,28 0.1801
Myocardial vascularization surgery 7 14.29% 7 17.07% 0,84 0.7200
Chronic heart failure 37 75.51% 21 51.22% 1,47 0.0163
Atrial fibrillation 5) 10.20% 0 0.00% 0,0 0.0356
Carotid artery atherosclerosis 16 32.65% 9 21.95% 1,49 0.1190
Bronchial asthma 4 8.16% 3 7.32% 1,11 0.8830
Chronic anemia 12 24.49% 3 7.32% 3,35 0.0296
Deep vein thrombosis 1 2.04% 0 0.00% 0,0 0.3633
Pulmonary artery thromboembolia 1 2.04% 0 0.00% 0,0 0.3633
Osteoarthritis 20 40.82% 18 43.90% 0,93 0.7709
Knee arthroplasty 2 4.08% 0 0.00% 0,0 0.1949
Parkinson’s disease 0 0.00% 1 2.44% 0,0 0.2768
Alzheimer's disease 0 0.00% 0 0.00% 0,0 1.0000
Trophic ulcers and pressure sores 2 4.08% 2 4.88% 0,84 0.8571
Gouty arthritis 1 2.04% 1 2.44% 0,84 0.8998

Table 3. Comparison of the prevalence of chronic noncommunicable diseases between patient groups
Tabnuya 3. CpaBHeHue pacnpocmpaHeHHOCMU XPOHUYECKUX HEUH(PEeKUUOHHbIX 3aboneBaHull Mexxdy 2pynnamu nayueHmos
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Charlson comorbidity index (points) Group 1 (n=49) Group 2 (n=41)
y g No. of people No. of people, % No. of people No. of people, %
1 4

3 2.04% 9.75%

4 2 4.08% 11 26.83%

5 12 24.48% 10 24.39% 0.0001
6 20 40.81% IS 31.71%

7 13 26.53% 3 7.32%

8 1 2.04% 0%

Table 4. Distribution of patients depending on the Charlson comorbidity index
Tabnuua 4. PacnpedeneHue nayueHmoB B 3aBUCUMOCMU 0m uHAekca KoMopbudHocmu Charlson

= 14.544 (p = 0.0001) value was obtained. One-way ANOVA
shows the F ratio = 3.734 (p = 0.004). The calculations performed
confirm the relationship between two categorical variables.

m DISCUSSION

In the course of the study, we analyzed the correlation between
the patient’s age, duration of the T2DM and polymorbidity
with the risk of the onset of hypoglycemia. The results show
that the age and the duration of the disease are predictors of
the onset of hypoglycemia. Old patients experienced this
condition more often than the elderly. We already mentioned
that with advancing age the insulin resistance is increasing
and the functional reserve of the pancreas is decreasing as the
number of beta cells grows lower. This leads to glycaemia
levels in elderly patients to go higher, respectively, the
antihyperglycemic treatment is intensified, which may lead to
the development of hypoglycemia. A large study demonstrated
an increase in mortality from CVDs among T2DM patients in
the group with intensive glycaemia control as compared to the
group in which individual targets of carbohydrate metabolism
were observed [25]. Besides, as the age and the duration of the
disease advance, the vegetative symptoms of hypoglycemia
appear with lower values of hypoglycemia, and the cognitive
dysfunction, with higher levels as compared to younger
patients. Thus, both the adrenergic symptoms that allow for a
timely identification and management of hypoglycemia and the
neurology deficiency appear simultaneously in elderly patient.
Recurrent hypoglycemic events lead to a further lowering of
the threshold of activation of the sypmathoadrenal system.
This phenomenon is referred to as ‘hypoglycemia unawareness
syndrome’. Some authors regard it as a manifestation of
autonomous diabetic neuropathy, and some view is as a
temporary functional disorder that is potentially reversible with
compensation of carbohydrate metabolism and prevention of
further hypoglycemia [19, 26].

As per results of our study, patients had differences of
prevalence of chronic non-infectious diseases between groups.

Among patients with history of hypoglycemia, the increase
of atrial fibrillation occurrence was statistically significant (p
= 0.0356), as well as chronic heart failure (p = 0.0163) and
chronic anemia (p = 0.0296). Contrary to our expectations,
the differences in prevalence of stable angina and myocardial
vascularization surgery were not statistically significant
between the studied groups (p > 0.05), which may be explained
by a small sample of patients.

The Charlson comorbidity index is used within the
framework of complex geriatric evaluation to assess the risks
of negative outcome in patients with polymorbidity from
advanced age groups. We found a direct correlation between the
score on the Charlson comorbidity index and hypoglycemia.
In the group of patients with history of hypoglycemic events,
higher scores on the Charlson comorbidity index were found,
which is associated with a worse long-term prognosis and
lower chance of 10-year survivability. In calculating this
index, the following factors are considered: complications
of T2DM, history of CVDs, significant decrease of GFR
and impairment of the liver function; those are the factors
that influence glucose metabolism and pharmacokinetics of
antihyperglycemic agents that potentially contribute to the
development of a hypoglycemic event.

m CONCLUSION

Older patients experienced hypoglycemia more often than
the elderly ones. Age of patients and duration of the T2DM are
risk factors for the development of hypoglycemia. The choice of
antihyperglycemic therapy for patients of advanced age groups
requires an assessment of concomitant geriatric syndromes and
comorbid conditions increasing the risk of hypoglycemia. The
results of our study emphasize, once again, the importance
of reaching individual targets of carbohydrate metabolism in
elderly patients with T2DM. The targets of treatment of T2DM
in such patients should be the maintenance of quality of life
and minimization of side effects of antihyperglycemic agents
including hypoglycemia. »=

ADDITIONAL INFORMATION

JOIIOJIHUTEJIbBHAA NTH®OPMAITUA

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

Hcmounuk gunancupoBanusn. PaboTa BHITONHEHA 10 HHAIMATHBE aBTOPOB 6e3
NpHBJIedeHus: GUHAHCUPOBAHUSL.

Conflict of Interest. The author declares that there are no obvious or potential
conflicts of interest associated with the content of this article.

Kongnukm unmepecoB. ABTOp NieKapupyeT OTCYTCTBHUe SIBHBIX U IOTEHIIHAIBHBIX
KOH(IIMKTOB MHTEPEeCOB, CBSI3aHHBIX C COfleP)KAaHMHeM HaCTOSIIIel CTaThu.

Contribution of individual authors.

P.Ya. Merzlova — was responsible for clinical data collection, its systematization and
statistical analysis, wrote the first draft of the manuscript. S.V. Bulgakova — developed
the study concept, goals and plan. D.P. Kurmaev — provided final manuscript editing.
E.V. Treneva — provided the study design and text revision.

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

Yuacmue a6mopo6.

I1.51. MepanoBa — c60p 1 06paboTKa KIIMHUYECKOTO MaTepyaa, HallCaHH|e TeKCTa,
CTaTUCTHUYeCKast 06p860TK3 JIaHHBIX. C.B. ByJ'[I‘aKOBa — IIOCTAaHOBKaA 3a/1a4H, IIIAaHUPO-
BaHHe KoHIenuuu uccnesopanust. [1.IT. Kypmaes — ¢puHanbHOe peakTHpOBaHUe TeKCTa
Hay4HOH crareu. E.B. TpeHeBa — u3aitH uccieoBaHus, BEPCTKA TEKCTa.

Bce aBTOpBI 01106pHM PUHANBHYIO BEPCHIO CTAaThU TMepert TyOMKanyel, Bbipa-
3WJIM COIJIaCHe HEeCTH OTBETCTBEHHOCTb 3a BCe acIeKThl paboThI, II0/[Pa3yMeBalollyio
HajJyiexallee U3y4eHue U pelleHre BOIIPOCOB, CBI3aHHBIX C TOYHOCTBIO UJIU Z[O6p0-
COBECTHOCTBIO JIF000# YacTy paboTEL.

28

www.innoscience.ru



Science & Innovations in Medicine

Vol.10 (1) 2025

GERONTOLOGY AND GERIATRI

CS

REFERENCES / JIMTEPATYPA

1. Sun H, Saeedi P, Karuranga S, et al. IDF Diabetes Atlas: Global, regional and
country-level diabetes prevalence estimates for 2021 and projections for 2045
[published correction appears in Diabetes Res Clin Pract. 2023;204:110945].
Diabetes Res Clin Pract. 2022;183:109119. DOI: 10.1016/j.diabres.2021.109119

2. Dedov II, Shestakova MV, Vikulova OK, et al. Diabetes mellitus in the Russian
Federation: dynamics of epidemiological indicators according to the Federal
Register of Diabetes Mellitus for the period 2010-2022. Diabetes mellitus.
2023;26(2):104-123. [[1enoB U.H., IllecrakoBa M.B., Bukynosa O.K., u np.
Caxapubiit muabet B Poccuiickort deneparyu: IMHAMHUKA STHAIEMUOTIOTHYECKIX
noKasarejieidl o faHHBIM PenepanbHOr0 perucTpa caxapHoro nuabera
3a nepuon 2010-2022 rr. CaxapHbtii duabem. 2023;26(2):104-123].
DOI: 10.14341/DM 13035

3. United Nations, Department of Economic and Social Affairs, Population Division
(2019). World Population Prospects 2019: Highlights (ST/ESA/SER.A/423).
URL: https://population.un.org/wpp/publications/files/wpp2019 _highlights.pdf
4. Dedov 1II, Shestakova MV, Vikulova OK, et al. Diabetes mellitus in Russian
Federation: prevalence, morbidity, mortality, parameters of glycaemic control
and structure of glucose lowering therapy according to the Federal Diabetes
Register, status 2017]. Diabetes mellitus. 2018;21(3):144-159. [[Ienos U.1.,
IlecrakoBa M.B., Bukynosa O.K., u ap. Caxapusiii quabet B Poccuiickoit
depneparyu: paclpoCTpaHEeHHOCTh, 3a60JIeBA@MOCTh, CMEPTHOCTb, ITapaMeTpbI
YIJIEBOJIHOTO 06MeHa U CTPYKTypa CaxapOCHMIKAIOIel Tepalyy 110 JIaHHBIM
DegepaibHOTO perucTpa caxapHoro fuabera, craryc 2017 r. CaxapHetii duabem.
2018;21(3):144-159]. DOLI: 10.14341/DM9686

5. Dedov II, Tkachuk VA, Gusev NB, et al. Type 2 diabetes and metabolic
syndrome: identification of the molecular mechanisms, key signaling pathways
and transcription factors aimed to reveal new therapeutical targets. Diabetes
mellitus. 2018;21(5):364-375. [Henos U.H., Tkauyk B.A., I'yces H.B., u
np. CaxapHblii iuaber 2 TMIa ¥ MeTaboJIMYeCKUI CUHIPOM: MOJIEKYJISIDHBIE
MeXaHHU3Mbl, KJII0YeBble CUTHAJIbHBIE [IYTH U Onpe/erneHe GHOMUIIeHeH aJis
HOBBIX JIeKapCTBeHHbIX cpecTB. CaxapHuiii duabem. 2018;21(5):364-375].
DOI: 10.14341/DM9730

6. Cleasby ME, Jamieson PM, Atherton PJ. Insulin resistance and sarcopenia:
mechanistic links between common co-morbidities. J Endocrinol.
2016;229(2):R67-R81. DOI: 10.1530/JOE-15-0533

7. Dudinskaya EN, Tkacheva ON. Functional status of an elderly patient with
diabetes. Consilium Medicum. 2020;22(4):31-35. [dymunckas E.H., Tkasesa O.H.
DyHKIMOHAJIBHBII CTATYC MOXKHIIOTO TalMeHTa C caxapHbIM auabetom. Consilium
Medicum. 2020;22(4):31-35]. DOI: 10.26442/20751753.2020.4.200156

8. Akhundova KhR, Dudinskaya EN, Tkacheva ON. Geriatric aspects of diabetes
mellitus. Russian Journal of Geriatric Medicine. 2020;(3):250-259. [AxyHzoBa
X.P., Nynunckas E.H., TkaueBa O.H. 'epuarpudeckue acrekTbl CaxapHOTO
nabera. Poccutickuii orcypHan eepuampuyeckoti meduuuHst. 2020;(3):250-259].
DOI: 10.37586/2686-8636-3-2020-250-259

9. Misnikova IV, Kovaleva YuA, Isakov MA, Dreval AV. The glucose-lowering
therapy structure in special groups of type 2 diabetes mellitus patients based on
data from the Moscow Region Register. Diabetes Mellitus. 2019;22(3):206-216.
[Mucuukosa U.B., Kosanesa F0.A., UcakoB M.A., [IpeBanb A.B. Crpykrypa
CaxapOCHMXXaloIed Tepalluy B 0COOBIX IPyIIax NalMeHTOB C CaXapHbIM
nuabeToM 2 THIIA Ha OCHOBAaHHUM JIaHHBIX perrcrpa MOCKOBCKOM 061acTH.
Caxaphbtii duabem. 2019;22(3):206-216]. DOI: 10.14341/DM 10084

10. Algorithms of Specialized Medical Care for Diabetes Mellitus
Patients. Eds. Dedov II, Shestakova MV, Mayorov AYu, et al.
M., 2023;73-74. (In Russ.). [Anzopummbl cneyuanusupoBauHol
MeduyuHckoli nomowu 60abHbIM caxapHeim duabemom. Ilox pen. JlemoBa
W.U., IllecrakoBoit M.B., MaiiopoBa A.1I0., u np. M., 2023;73-74].
URL: https://rae-org.ru/system/files/documents/pdf/2023_alg_sum.pdf

11. Riddle MC. The ORIGIN Trial Investigators; Predictors of Nonsevere and
Severe Hypoglycemia During Glucose-Lowering Treatment With Insulin Glargine
or Standard Drugs in the ORIGIN Trial. Diabetes Care. 2015;38(1):22-28.
DOI: 10.2337/dc14-1329

12. International Hypoglycaemia Study Group. Hypoglycaemia, cardiovascular
disease, and mortality in diabetes: epidemiology, pathogenesis, and
management [published correction appears in Lancet Diabetes Endocrinol.
2019;7(6):e18]. Lancet Diabetes Endocrinol. 2019;7(5):385-396.
DOI: 10.1016/S2213-8587(18)30315-2

13. Sanon VP, Sanon S, Kanakia R, et al. Hypoglycemia from a cardiologist’s
perspective. Clin Cardiol. 2014;37(8):499-504. DOI: 10.1002/clc.22288

14. Lin YK, Fisher SJ, Pop-Busui R. Hypoglycemia unawareness and autonomic
dysfunction in diabetes: Lessons learned and roles of diabetes technologies.
J Diabetes Investig. 2020;11(6):1388-1402. DOI: 10.1111/jdi.13290

15. Frier BM, Schernthaner G, Heller SR. Hypoglycemia and cardiovascular
risks. Diabetes Care. 2011;34(2):S132-S137. DOI: 10.2337/dc11-s220

16. Galloway PJ, Thomson GA, Fisher BM, Semple
CG. Insulin-induced hypoglycemia induces a rise in
C-reactive protein. Diabetes Care. 2000;23(6):861-862.
DOI: 10.2337/diacare.23.6.861

17. American Diabetes Association. 12. Older Adults: Standards of
Medical Care in Diabetes-2020. Diabetes Care. 2020;43(1):S152-S162.
DOI: 10.2337/dc20-S012

18. Kim YG, Park DG, Moon SY, et al. Hypoglycemia and Dementia Risk in Older
Patients with Type 2 Diabetes Mellitus: A Propensity-Score Matched Analysis
of a Population-Based Cohort Study. Diabetes Metab J. 2020;44(1):125-133.
DOI: 10.4093/dmj.2018.0260

19. Heller SR, Peyrot M, Oates SK, Taylor AD. Hypoglycemia in patient with
type 2 diabetes treated with insulin: it can happen. BMJ Open Diabetes Res Care.
2020;8(1):e001194. DOL: 10.1136/bmjdrc-2020-001194

20. Cryer PE. The barrier of hypoglycemia in diabetes. Diabetes.
2008;57(12):3169-3176. DOI: 10.2337/db08-1084

21. Lazebnik LB, Konev YuV, Efremov LI. The main problems of geriatrics are the
multiplicity of diseases in an elderly patient. Clinical gerontology. 2019;25(1-2).
(In Russ.). [JIaze6nuk JI.B., Kores 0.B., Edpemos JI.H. OcHoBHBIe TpoGIEMBL
repuaTpuX — MHOXeCTBEHHOCTD GoriesHel y moxxuiioro 6ospHoro. Knuuueckas
2epoHmonozus. 2019;25(1-2)]. DOI: 10.26347/1607-2499201901-02004-009

22. Tarlovskaya EI. Comorbidity and polymorbidity — a modern interpretation
and urgent tasks facing the therapeutic community. Kardiologiia. 2018;58(9S):29-
38. (In Russ.). Tapmosckas E.W. KoMop6uaHOCTh 1 MOTUMOPOHIHOCTD —
COBpeMeHHas! TPaKTOBKA M HACYIITHBIe 3a/[a4H, CTOSIIHe TIepejt TepareBTHYeCcKuM
coobrectBoM. Kapduonoaus. 2018;58(9S):29-38]. DOI: 10.18087/cardio.2562

23. Naumova OA, Efros LA. Common methods for evaluating comorbidity
(literature review). International Research Journal. 2022;12(126). [Haymoa
0.A., Odpoc JI.A. PacripocTpaHeHHbIe METOJIBI OIIeHKH KOMOpOrUaHOCTH (0630p
steparypsr). MHHDK. 2022;12(126)]. DOI: 10.23670/IRJ.2022.126.61

24. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of
classifying prognostic comorbidity in longitudinal studies: development
and validation. J Chronic Dis. 1987;40(5):373-383. DOI: 10.1016/0021-
9681(87)90171-8

25. Action to Control Cardiovascular Risk in Diabetes Study Group (Gerstein
HC, Miller ME, et al.). Effects of intensive glucose lowering in type 2 diabetes.
N Engl J Med. 2008;358(24):2545-2559. DOI: 10.1056/NEJM0a0802743

26. Abdelhafiz AH, Rodriguez-Mafias L, Morley JE, Sinclair AJ. Hypoglycemia
in older people — a less well recognized risk factor for frailty. Aging Dis.
2015;6(2):156-167. DOI: 10.14336/AD.2014.0330

www.innoscience.ru

29



HEBPOJIOTNA

Tom 10 (1) 2025

Hayka n UHHOBauUuK B MeauLuHe

OpwurnHanbHoe uccnegosanue | Original study article
DOI: https://doi.org/10.35693/SIM623623

@@ This work is licensed under CC BY 4.0
© Authors, 2025

A multivariate weighted assessment model
for the course of ischemic stroke accompanied
by carotid stenosis of varying severity
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Abstract

Aim - to develop a multivariate weighted assessment model for analyzing
the influence of individual risk factors for acute ischemic cerebrovascular
accidents on the course of ischemic stroke with concurrent carotid stenosis
of varying severity.

Material and methods. The study involved 606 in-patients receiving
treatment for the acute ischemic stroke. The patients were divided into three
groups according to the NASCET scale for severity of carotid stenosis. In all
patients, we identified the risk factors for the stroke development, the size
of the ischemic locus according to the CT imaging, the patient’s condition
at admission and discharge from the hospital using the NIHSS, Rankin, and
Rivermead scales.

Results. The estimated indicators were represented by different measurement
scales, so there was a need to bring them to the universal basis. A weighted

assessment model required assigning weights for each component of the new
index. A multivariate weighted assessment was modeled in order to identify
the main factors influencing its variation. We selected the risk factors for acute
ischemic cerebrovascular accidents, built the regression models, performed
the statistical analysis and assessed their quality.

Conclusion. The regression models are helpful in covering a wide range of
factors and mathematically expressing their relationship with performance
indicators. The developed logistic regression models demonstrated the degree
of positive or negative influence of various risk factors on the course of
ischemic stroke in the studied groups of patients.

Keywords: carotid stenosis, ischemic stroke, risk factors, logistic regression
analysis, multivariate weighted assessment.
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PHCKa OCTPOIo HapylleHnst Mo3rooro kpopoobpamienus (OHMK) Ha TedeHue
WIIeMHUYeCcKOro MHCYIbTa, pa3BUBIIErocs Ha poHe KapOTHIHOTO CTeHo3a pa3-
JINYHOM CTereHH BhIPa)kKeHHOCTH.

Marepuan u metonsl. Mccnenosano 606 601bHBIX, HAXOAUBIIUXCS B OTIe-
JleHnu 1yist 6ospHBIX ¢ OHMK B 0cTpoM neprozie UIIeMUYeCcKoro UHCYIIbTa,
KOTOPBIe ObIIM pa3fiesieHbl Ha TPH TPYTIIBI 110 CTelleHU BhIPaXKeHHOCTH Kapo-
TUAHOTO cTeHo3a cortacHo NASCET. ¥V Bcex 60JbHBIX BBISBISIA GaKTOPbI
pucka passutus OHMK, onpenesnsiiu pasmep odara uiemuu 1o KT rosos-
HOT'O MO3ra, OI[eHUBAJIM COCTOSIHUE TTAllMeHTa U ero U3MeHeHHs I10 IIKaJlaM
NIHSS, Pankuna, PuBepmup.

PesynbraThel. OleHOYHbIe [T0Ka3aTeslu NpefiCTaBieHbl Pa3IMYHbIMU U3-
MepUTeJIbHBIMU IIKaJlaMH{, ITI03TOMY MX HEeO0OXOJUMO IIPHUBECTH K OJJHOMY
OCHOBaHUIO. MeTo/Ka MOCTPOEHMs B3BellIeHHOU OIleHKH IpeAroiaraeT
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dopmMupoBaHue BeCOBBIX KO3PPUIIMEHTOB AJISl KaX/10r0 KOMIIOHEeHTa HO-
BOTO MHJleKca. IIpon3BenieHO MoJleIMpOBaHEe MHOT'OMEPHO! B3BellleHHON
OIIeHKHU VIS BBISIBJIEHUsI OCHOBHBIX (PaKTOPOB, BIIMSIOIIMX HA ee BapHaLHIO.
Bbi1 npoBenien or6op daxropos pucka OHMK y ncciieoBaHHBIX OOJIBHBIX,
IIOCTPOEHBI perpecCUOHHbIe MOJIeIH, BBITIOJIHEH UX CTaTUCTUYeCKUH aHaln3
Y OIleHeHO UX Ka4yecTBO.

BrIBoabl. PerpeccroHHble Mofiesii TO3BOJISIIOT OXBATUTh OOJIBIION KPyT
$baKTOpOB U MaTeMaTU4eCKH BbIPA3UTh UX CBSI3b C Pe3yJIbTaTUBHBIMU ITOKa-
3areyisiMU. PaspaboTaHHbIe JTOTUCTUYECKHe MOJIeNIM MT0Ka3bIBAIOT CTelleHb
TI0JIOXKUTEJIBHOTO WJIY OTPHUIIATeJIbHOTO BIIMSHUS PAa3IMuHbIX PaKTOPOB PHCKa
Ha TeyeHHe UIIIeMUYeCcKOro MHCYJIBTa B UCCIIeIOBAaHHbIX I'PYIIAxX OOJIbHBIX.
KimroueBble c10Ba: KapOTU/HBIIN CTEHO3, UIIIeMUYeCKUI UHCYIIBT, GaKTOPbl pU-
CKa, JIOTUCTYECKUI perpeCCUOHHBIN aHa/Ii3, MHOTOMepHas B3BellleHHas OlleHKa.
KonduukT HHTepecoB: He 3asBIIeH.

www.innoscience.ru
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m INTRODUCTION

mong the causes of death and disability worldwide,

cardiovascular diseases are leading. With every decade,
the frequency of strokes among patients aged 50-55 increases
by 1.8-2.0 times [1]. Loss of working capacity after an acute
cardiovascular accident (ACVA) reaches 3.2 per 10000 adults
and leads among the causes of disability. A great number of
patients with ACVA are people of productive age: 23.6%
from 41 up to 50 years, and 12.3% of the total number of
patients are below 40 [2]. After the vascular accident, 40-
45% patients die within 12 months, and every fifth patient
develops a second stroke in the subsequent years [3]. It is
for that reason that contemporary neurology focuses on
prevention of ischemic stroke (IS) and post-stroke patient
rehabilitation.

Constrictive lesion of the major arteries of the head and
the neck are one of the principal causes for development of
the brain ischemia [4, 5]. There is a classification of carotid
stenosis depending on the degree of vessel constriction,
which identified mild (0-29%), mild to moderate (30—
49%), moderate (50-69%) and severe stenosis (70-99%),
and full occlusion of the vessel (100%) [6, 7]. In the recent
years, there were published many papers on the assessment
of the major factor of risk of IS development [8, 9]. Thus,
important roles in the onset and progress of ACVA belong
to arterial hypertension — like the carotid stenosis, it is a
type of a macrovascular disease [10], — and the decrease of
just the diastolic arterial blood pressure by 5 mmHg leads
to the decrease of risk of cerebral stroke by 34% [11]. Atrial
fibrillation is the supraventricular tachycardia. According
to several sources, in 15-20% of patients it is the atrial
fibrillation that is the major reason of vascular accidents [12].
Studying the influence of these factors on the progress and
prognosis of the acute period of ischemic stroke may open a
possibility of lowering the risk of development of recurrent
ACVAs and reduce the severity of the neurological deficiency
in the acute period of ischemic stroke [13, 14]. In this regard,
the analysis of the impact of risk factors on the progress of
IS with concurrent carotid stenosis, seems an important task.

m AIM

To develop a multivariate weighted assessment model for
analyzing the influence of individual risk factors for acute
ischemic cerebrovascular accidents on the course of ischemic
stroke with concurrent carotid stenosis of varying severity.

www.innoscience.ru

m MATERIAL AND METHODS

The paper is based on the results of an open prospective
observation study involving 606 in-patients receiving
treatment for the acute ischemic stroke. The studies patients
included 292 women (48.2%) and 314 men (51.8%) aged
between 39 and 89. The median age of the patients was 67.4
(81.75; 52.9) years.

Depending on the severity of stenosis of the major arteries of
the head and the neck measured by duplex Doppler ultrasound
inspection of the brachiocephalic trunk upon admission for
ACVA treatment as per the NASCET (North American
Symptomatic Carotid Endarterectomy Trial) classification,
the patients were divided into three groups. The first group of
hemodynamically mild/mild to moderate stenosis (below 49%)
included 446 patients (73.6%). The second group (moderate
stenosis of 50-69%) included 85 (14.0%) patients. The
third group (hemodynamically severe stenosis of 70-100%)
included 75 patients (12.4%).

In all of the examined patients, risk factors for the ACVA
development were identified: degree of arterial hypertension,
cardiac pathology, history of acute vascular accidents, diabetes
mellitus, dyslipidemia, etc. The size of IS lesion was measured
by the data of brain CT performed upon patient admission for
treatment: lacunar, up to 10 mm, mini, up to 15 mm, medium,
20-50 mm, and large, over 50 mm. To ensure a complex
evaluation of changes in the patient’s condition from admission
to (examination 1) to discharge from the in-patient facility
(examination 2), three evaluation scales were used: National
Institutes of Health Stroke Scale (NIHSS), Rankin Scale (RS),
and Rivermead Mobility Index (RMI).

m RESULTS

The results of examination of patients from the three
groups on admission to (examination 1) and on discharge
(examination 2) from the ACVA in-patient facility are shown
in Table 1.

The initial data array consists of scores registered under
each scale and every examination. The greater the difference
(delta) between the scores of the same patient under both
examination, the greater is the change in their condition during
in-patient treatment. Undoubtedly, scores under separate
indices provide vital information for the planning of therapy
and control of its efficiency, yet the greatest prognostic
value lies in the combination of all three separate indices
represented in the single multivariate assessment. Since
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HEBPOJ1IOIMA Tom 10 (1) 2025 Hayka n MHHOBauWKN B MeaULUNHE
| 1 | oex2 | ex1 | ex2 | Ex1 | ex2
Lacunar stroke
NIHSS 7.2 (4; 8) 3.0 (1; 3) 9.2 (6;12) 3.1(1;6) 9.1 (5;12) 6.9 (2; 8)
p-value p < 0.001 0.001 0.142
Rankin 3.0 (2; 3) 2.0(1;2) 4.0 (3; 5) 2.0(1;2) 3.0 (3; 4) 2.5(2; 4)
p-value p < 0.001 0.002 0.091
Rivermead 6.2 (2:7) 12.3 (9; 13) 2.0(1; 4) 10.0(9; 12) 3.0(1; 6) 8.0 (5; 12)
p-value p < 0.001 0,001 0.013
Mini stroke
NIHSS 10.0 (7.5; 12.5) 4.0 (3; 5) 8.5 (5.0; 8.0) 4.6 (2.0; 6.0) 10.2 (5; 15) 8.4 (3; 11)
p-value p < 0.001 0.011 0.075
Rankin 4.0 (3.0; 4.5) 2.0 (1; 3) 3.0 (3; 4) 3.0 (2; 3)
p-value p < 0.001 0.028 0.310
Rivermead 3.0(1; 6) 8.0 (6; 12) 9.5(7.0; 13.0) 2.0(1;6) 6.0 (3; 10)
p-value p < 0.001 0.005 0.043
Medium stroke
NIHSS 7.0 (4; 11) 3.5 (3.0; 8.0) 9.5 (6.0; 15.0) 6.0(2;9) 11.5 (7.0; 18.0) 9.0 (3; 10)
p-value p < 0.001 p < 0.001 p < 0.001
Rankin 3.0 (3; 4) 2.0 (2; 4) 4.0 (3; 5) 3.0 (2; 4) 4.0 (3.0; 4.0) 3.0 (1.0; 4.0)
p-value p < 0.001 p < 0.001 0.002
Rivermead 3.0(1; 6) 8.0 (4 12) 2.5(1.0; 5.0 7.0(4; 12) 2.0(1; 6) 4.5 (3; 11)
p-value p < 0.001 p < 0.001 0.001
Large stroke
NIHSS 10.0 (8.5; 13.0) 5.5 (5.0; 11.0) 11.0 (10; 16) 6.5 (5; 6) 13.0 (5; 16) 10.0 (4; 11)
p-value p <0.001 0.043 0.176
Rankin 4.2 (4; 5) 3.4 (3; 4) 4.1 (4;5) 3.0(2; 4) 4.3 (3; 5) 4.0 (3; 4)
p-value 0.002 0.109 0.178
Rivermead 2.0(1.0; 3.5) 4.8 (2.5; 6.5) 1.8(1;2) 5.0(3; 8) 1.0(1;1) 3.0(3;8)
p-value p < 0.001 0.068 0.028

Table 1. Indicators of neurological deficit at the admission (Study 1) and at the discharge from the hospital (Study 2) depending on the degree
of atherosclerotic lesions and the volume of the stroke lesion (median, quartile 1; quartile 3)

Tabnuua 1. [Mokazamenu HeBponozuydeckozo decuyuma npu nocmyniaeHuu (uccnedoBaHue 1) u npu Bbinucke u3 cmayuoHapa
(uccnedoBaHue 2) B 3aBUCUMOCMU OM CMeneHU amepoCcK/epomu4ecko2o NopaxeHusl U o6bemMa o4aza UHCysibma (MeduaHa, Keapmusib 1;

KkBapmusib 3)

the evaluation indicators (components) of the multivariate
assessment are represented by different evaluation scales,
there arises a need of bringing them together to a universal
basis. Each scale has its own specifics related not only to the
nature of the assessed phenomenon, but to the difference in
the evaluated parameters as well:

— The NIHSS scale evaluates the neurological status; it
has an interval from 0 to 42, the “0” meaning “No stroke
symptoms”, and “42” meaning “Severe stroke”;

— The Rankin scale measures degree of disability, i.e. to
what extent the patient depends on assistance. The scale runs
from 0 to 6, where “0” means “No symptoms”, and “5” means
“Severe disability”;

— The Rivermead mobility index assesses functional
mobility in gait and transfers. The range of scores is from
“0” (“inability to independently perform any arbitrary
movements”) to “15” (“ability to run 10 meters in 4 seconds”).

While forming the data array, it is very important to meet
two requirements: single direction and normalization of scales.
Single direction implies unified interpretation of all three
specific indices, i.e. the increase of values of each index is to
be interpreted in the same way: only either as ‘improvement’
or only as ‘impairment’. Normalization means that all three
indices are to have the same range of values.

In order to meet these requirements, we based our research
on the Rivermead index. Its scale is ‘ascending’, i.e. the
increase of its values represents improvement of the patient’s
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mobility. Such a scale is intuitively perceived as a logical and
adequate. The maximum score is 15 (the range of values being
larger than that of the Rankin scale and smaller than that of the
NIHSS scale). It is in the range of the Rivermead index that
we will normalize the values of the other two scales that are
‘descending’, i.e. the increase of values represents the decline
in the patient’s condition.

To address the task of normalization, we will introduce
correction factors, based on which we will recalculate all
the scores obtained. For the NIHSS scale, all scores will be
proportionately decreased with respect to the factor 15/42 =
0.357. E.g., the score of 12 will decrease after recalculation
to 4.284 (12*0.357), however, in its essence the normalized
score will remain the same: prior to normalization, it was 12
out of 42, after normalization it became 4.284 out of 15, i.e.
it decreased proportionately. At the same time, the scale will
still remain ‘descending’; therefore, to ‘turn over’ the scale, to
make it ‘ascending’, we will subtract each obtained normalized
score from the maximum possible score of 15:

NIHSS |, =15-NIHSS_,,

where NIHSS - is the normalized score; NIHSS, , — is the

actual score.

Next, we will calculate the score difference (Ayqq):
Aypss=NIHSS,  —NIHSS, .,

where NIHSS___ and NIHSS, ., —are the scores after the first

and the second examinations, respectively.

norm2
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Index / Scale Scale type

Specific indices (non-normalized scales)

NIHSS Scale ‘descending’ — from better to worse 0...42

Rankin Scale ‘descending’ — from better to worse 0..5

Mobility Index ‘ascending’ — from worse to better 0..15
MWA

Normalized scale ‘ascending’ — from worse to better 0...15

Table 2. Scales of private MWA indices
Tabnuua 2. LlIkanbl yacmHbix uHoekcos MBO

Now, the plus sign “+” of the difference will mean the
positive change in the neurological status, and the minus sign
“~”, the negative change.

We will apply the same procedure to the Rankin scale. All
scores will be proportionately increased with the factor of
15/5 = 3. For example, the score of 2 after normalization
will become greater: 6 (2*3). Transferring to the ‘ascending’
scale, we will subtract each obtained score from the maximum
possible score of 15:

RS, .=15-RS_,
where RSnorm - is the normalized score; RS, , — actual score.
Next, we will calculate the score difference (Ay)
ARS=RS RS .,
whereRS _ and RS, are the scores after the first and the
second examinations, respectively.

Thus, we are turning to the ‘ascending’ scale. Now, the
plus sign “+” of the difference will mean the positive change
in the total disability, and the minus sign “-”, the negative
change. The Rivermead index, taken as the reference, will
remain unchanged. The difference in scores after the first
and the second examination of the patient will provide

[umber | varsbie | seals |
Sex

X, nominal, binary
X, Age (years) Quantitative

X Arterial hypertension (140-160 mmHg) nominal, binary
X, Arterial hypertension (161-180 mmHg) nominal, binary
X, {;\Irgtﬁg?)l hypertension (181 mmHg and nominal, binary
X Arrhythmia nominal, binary
X, Ischemic changes on the ECG nominal, binary
Xg Stage 1 chronic heart failure nominal, binary
X Stage 2a chronic heart failure nominal, binary
X1o Stage 2b chronic heart failure nominal, binary
Xy Stage 3 chronic heart failure nominal, binary
X, Second stroke in the same territory nominal, binary
X3 Second stroke in a different territory nominal, binary
X4 Stroke history nominal, binary
X5 Lacunar ischemic stroke nominal, binary
Xis Mini ischemic stroke nominal, binary
X7 Medium ischemic stroke nominal, binary
Xig Large ischemic stroke nominal, binary
X0 Acute cerebrovascular accident in the nominal, binary

territory of the left middle cerebral artery

Table 3. Composition of factor variables for MWA modeling

Tabnuya 3. Cocmas ¢akmopHbIX NnepeMeHHbIX
ons ModenuposaHusi MBO

www.innoscience.ru

information about the changes in the patient’s mobility. The
«+» plus sign “+” of the difference will mean the positive
change in the mobility, and the minus sign “~”, the negative
change.

The next stage will be the calculation of the multivariate
weighted assessment (MWA) of the changes in the patient’s
condition. The multivariate array comprises a complex of
differences (delta) of the abovementioned indices. The method
of calculation of the weighted assessment implies formation
of weight factors for each component of the new scale. There
exist different approaches to the selection of weights, and the
simples and most effective of these is the expert approach. The
weight factors are assigned based on an intuitive recognition
of comparative importance of components. In our case, it is
suggested to determine the weights as follows (with the fixed
sum of 1):

ANIHSS - 0,6;
ARS -0,2;
ARMI -0,2.

We believe that the NIHSS is the universal tool to assess
the patient’s condition, whereas the two other factors serve
auxiliary, albeit quite important, roles. The equation for the
calculation of the MWA of the changes in the condition of a
specific patient is as follows:

MBO = ANIHSS

norm

*0,6+ARS, _*0,2+ARMI*0,2.

We will consider the proposed method on an example. Let
patient A have 10 and 13 points (respectively in the first and
second examinations) on the normalized NIHSS scale, 9 and
10 points on the normalized RS index, 13 and 15 points on
the RMI index. Thus, the differences (deltas) will have the
following values: 3 points on the normalized NIHSS scale, 1
point on the normalized RS index, 2 points on the RMI scale.
Below is the calculation of the MWA for patient A:

MBO = 3*0.6+1%0.2+2%0.2 =2,4.

The MWA was calculated for each patient. We will provide
brief data for all private indices (MWA components) and for the
normalized scale (Table 2).

The algorithm for building the MWA is as follows: selection
of components (private indices) for the MWA; normalization of
private indices (bringing to the unified scale); recalculation of
scores of each private index to normalized scores; calculation
of normalized differences (deltas) of assessments for each
private index; selection and assignment of weight factors;
calculation of MWA.

The next stage of the research was the modeling of the
multivariate weighted assessment to identify the major
factors influencing its variation. Regression models allow for
encompassing a vast variety of factors and for a mathematical
expression of their correlation with resultative indicators.
We selected the ACVA risk factors in the studied patients,
constructed regression models, performed their statistical
analysis and evaluated their quality. The models were
built specifically for each patient group. The multivariate
weighted assessment served as the dependent variable Y. The
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HEBPOJIOTNA

Tom 10 (1) 2025

Hayka n UHHOBauUuK B MeauLuHe

Stage 2a chronic heart failure

Group | Lacunar ischemic stroke Large ischemic stroke
Group Il Mini stroke Medium stroke
Group Il %ﬁjgrz 1 chronic heart Second stroke in the same territory

Table 4. The results of multivariate weighted assessment modelling

Tabnuua 4. Pe3ynsmambl MOOenupoBaHus C UCNO/1b30BaHUEM
MHO20MepHoUl B3BeWeHHOU OueHKU

numbering of factored variables was single for all models.
The list of cardiovascular risk factors for the modeling is
given in Table 3.

The major array of factors is represented by nominal
binary variables that are included in the models as dummies if
needed. For each group of patients, a minimum of two coupled
regression models of comparable quality were built with the aim
of identifying and qualitatively expressing the multi-directional
impact increasing the multivariate assessment or decreasing it,
respectively. All models are significant by the F-test, and their
parameters are significant by the t-test. The regression model 1
for the Group I is as follows:

Y,=2,678-0,422X,.
0,114) (0,182)

Explanation of the regression factor. Patients with
Stage 2a chronic heart failure have a multivariate weighted
assessment approx. 0.422 points lower than that of patients
without chronic heart failure.

Regression model 2 for Group I is as follows:

Y,=2,575-0,571X .
(0,095) (0,287)

The diagnosis of ‘large ischemic stroke’ is a factor aggravating
the patient’s condition; its multivariate weighted assessment will
be 0.571 points lower, on average, than that of patients with less
severe forms of stroke.

Regression model 3 for Group I is as follows:

Y=2,388+0,466X .
(0,104) (0,201)

If the patient had a lacunar ischemic stroke, their
multivariate weighted assessment will be approx. 0.466
points higher, on average, than that of patients with more
severe forms of stroke.

Thus, from the perspective of a more favorable condition of
a patient from Group [, the presence of lacunar ischemic stroke
is significant, and adverse effects on the patient’s condition will
be expected from Stage 2a chronic heart failure and history of
a large ischemic stroke.

Regression model 1 for the Group I is as follows:

¥,2=3.065-0.572X .
(0.239)  (0.263)

Patients with a medium ischemic stroke have a multivariate
weighted assessment that is 0.572 points lower, on average, than
that of patients with other types of stroke.

Regression model 2 for the Group II is as follows:
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Y,=2.530+1.115X,,.
(0.200)  (0.393)

Patients diagnosed with mini ischemic stroke, when
compares to patients with other types of stroke, have a
multivariate weighted assessment that is on average 1.115
points higher. It can be concluded that for the patients of Group
IT two types of stroke have a varied impact on their overall
condition: medium stroke in the decline of their condition,
mini stroke in the improvement.

Regression model 1 for the Group III is as follows:

Y.=2.206-3.235X,,.
0.274) (1.858)

Second stroke in the same territory reduces the patient’s
multivariate weighted assessment by approx. 3.235 versus
patients without the second stroke or with the second stroke in
a different territory.

Regression model 2 for the Group III is as follows:

Y,=1.852+1.305X,.
0.303)  (0.650)

The diagnosis of Stage 1 chronic heart failure was a factor
of a better condition of a patient by an average of 1.305
points (vs. patients with other stages of CHF). In this way,
the modeling results showed that for the patients from Group
IIT the most negative influence on their condition was caused
by the second stroke in the same territory, and the favorable
influence, by Stage 1 chronic heart failure as compared to more
severe stages of CHF. The results of our modeling follow in
Table 4.

m DISCUSSION

Constrictive lesion of the major arteries of the head and the
neck per se is a significant risk factor of ACVA development
[15, 16]. The risk increases depending on the decree of vessel
constriction [6]. The onset and progress of ischemic strokes
are influenced by other adverse risk factors of ACVA, mainly
of vascular nature: arterial hypertension of various severity,
chronic heart failure of various severity, cardiac arrhythmia,
history of ACVA, etc. [8, 10, 12]. In analyzing the problem
of interrelation of carotid stenosis and ischemic stroke,
contemporary studies mainly focus on the surgical aspect
only, viz. carotid endarterectomy and its role in the post-stroke
prognosis and rehabilitation [17, 18].

To evaluate the condition of a stroke patient, clinical scales
(indices) are used and changes of their values over time are
considered; without doubt, this provides information for the
planning of treatment and control of its efficiency. Much
interest lies in the combination of all three private indices in a
single multivariate assessment and in the analysis of its values
for the selected groups of patients. Regression models enable
involvement of a wide variety of factors and mathematical
representation of their connection with resultative values.
When analyzing the available literature, we could not find
similar studies. At the same time, this aspect of studying the
results and prognosis of the progress of ischemic stroke with
concurrent carotid stenosis of various severity seems vital and
requiring more effort.
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m CONCLUSION

Mathematical modeling involving development of a
multivariate weighted assessment facilitates the determination
of the influence of one or another risk factor for stroke on the
course of ischemic stroke in patients with varying degrees of
carotid stenosis.

Regression models enable involvement of a wide variety of
factors and a mathematical representation of their connection
with resultative values. The developed logistic models show
the degree of positive or negative impact of various risk
factors on the course of ischemic stroke in the studies groups
of patients. =
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Abstract

Colorectal cancer (CRC) with synchronous liver metastases remains a complex
problem in modern oncology. Minimally invasive simultaneous surgeries are
increasingly considered as an effective approach to treating this category of
patients.

The article describes a clinical case in which laparoscopic simultaneous
surgery was performed for rectal cancer with solitary liver metastasis. The
patient successfully underwent simultaneous laparoscopic-assisted intra-
abdominal rectal resection, with left hemihepatectomy, with resection of SV
and SVIII of the right lobe of the liver.

The presented case demonstrates the effectiveness of laparoscopic access in
performing simultaneous surgeries in patients with CRC and synchronous
liver metastases. Further work in this direction will allow us to define more
clearly the place of laparoscopy in performing simultaneous operations in
surgical oncology.

Keywords: colorectal cancer, liver metastases, simultaneous operations,
laparoscopic access.
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AHHOTauus

Komnopekranbueiii pak (KPP) ¢ cHHXpOHHBIMU MeTacTazaMH B I1e4eHb OCTa-
eTCsI CJIOXKHOM 3aJjauell COBpeMeHHOM OHKOJIOrMY. MUHUMAIbHO MHBAa3UBHbBIE
CUMYyJIbTaHHBblE XUPYPIUYeCKHe BMelllaTe/IbCTBa BCe Yallle paCCMaTpUBAOTCS
Kak 3¢GEeKTUBHBIN MOAXO] K JIeYeHHUIO JAHHOW KaTerOpyH MaIfieHTOB.

B craTbe onucaH KIMHUYECKUH Clly4aii, B KOTOPOM OBbUIO BBIIIOJIHEHO J1a-
T1apPOCKONHUYeCKOe CUMYJIBTaHHOe OllepaTHBHOe BMeIllaTesIbCTBO M0 IIOBOY

www.innoscience.ru

paKa IpsIMO¥ KUIIKY C COTIMTapHbIM METAcTa30M B IeveHs. Ilanuenty 6bu1a
YCIIEIIHO [POM3Be/ieHa CHMYJIBTaHHAsI JTallapOCKOIMIe CKU-aCCUCTUPOBAH-
Hasi BHYTPUOPIONIHAS Pe3eKI¥sl IPSIMON KUIIKH, C TeMUTeIIaTIKTOMUEeH
cieBa, ¢ pesekimeit SV u SVIII npaBoii 1ou neyeHu.

IIpescTaBIeHHBIH CITyYail JeMOHCTPUPYeT 3¢ deKTUBHOCTb JIallapOCKOIIH-
YeCKOr0 JJOCTYIIA [IPY BBITOJIHEHUH CUMYJIETAHHBIX OIepaliii y MaI[FieHTOB
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Hayka n UHHOBauUuK B MeauLuHe

c KPP u cuHXpOHHBIMU MeTacTa3aMH B ItedeHb. JlanmpHeiinas paboTa B 1aH-
HOM HaIIpaBJIeHNH [T03BOJIUT OoJiee 4eTKO 0603HAYUTEH MeCTO JIAIlapOCKOIINU
TIPH BBITIOJTHEHUSI CUMYJIBTAaHHBIX ONlepaliii B OHKOXUPYPIHUH.

KiroueBnble c10Ba: KOJIOpeKTalbHBIM PaK, MeTacTa3bl Ie4eHU, CUMYJIbTaH-
Hble oIlepallyy, JlalapoCKOIMUYeCcKUi JOCTYIL.
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m BACKGROUND

O ncological diseases remain the leading cause of morbidity
and mortality worldwide. As per assessments of Globocan

2022, there were 20 new cases of the disease registered in the

world in 2022, and 9.7 million deaths from cancer [1].

According to A.D. Kaprin, V.V. Starinsky et al. (2024), in
Russia, in the structure of overall cancer morbidity the rate
of cancer of the rectum, recto-sigmoid junction and the anus
(C19-21) in 2023 was 128.1 people per 100,000 population,
and the rate of the malignant neoplasm of the colon (C18)
was 172.0 people per 100,000 population.

One-year mortality in patients with colorectal cancer
(CRC) was 20.6% (C19-21) and 18.2% (C18) [2].

At the moment of diagnosis, 20% to 30% CRC patients
have synchronous distant metastases. In 30-50% patients who
had undergone surgical treatment of CRC, during the follow-
up progression of the malignant process is identified in the
form of liver metastases [3]. The resectability of metastatic
lesions in the liver is 15-20% [4].

As long as 30 ago, the overall survival rate of patients
with metastatic CRC was low, but the development and
implementation of new strategies of combined therapy
allowed an increase of the number of patients eligible for
radical treatment [5-7].

According to M.G. Efavon et al. (2019), the comparison of
laparoscopic and open methods of liver resection to remove
CRC metastases shows the following: performance of the
least invasive resection surgery of the liver does not affect the
long-term outcome, but improves relapse-free survival and
enables a decrease of the operational trauma, which requires
less time of in-patient care [8].

Today, one of the leading methods of radical treatment of
CRC patients with metastases to the liver remains the surgery,
i.e. liver resection of some extent. Lately, there have been
more references to the advisability of performing combined
treatment for this group of patients [3-10].

The article presents a case study of laparoscopic
simultaneous surgery in the treatment of the rectal cancer with
a solitary metastasis to the liver. The work was performed in
the Republican Clinical Oncologic Dispensary named after
Prof. M.Z Sigal.
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m CLINICAL CASE

Patient X, 53-year-old male, body mass index (BMI)
of 24.1 was admitted to the hospital with complaints of
constipation, abdominal tympany, episodic blood in the stool,
and abnormal urination (sense of incomplete emptying of
the bladder).

Preoperative Examination

Following the results of the videocolonoscopy and
biopsy, a circular obstructive tumor was identified 11 cm
from the sphincter ani externum, obstructing 3/4 of the bowel
lumen. Preoperative histology: moderately differentiated
adenocarcinoma.

Findings of laboratory examinations: the level of
carcinoembryonic antigen (CEA) was 26.07 ng/ml, and the
level of cA 19-9 was 3.7 units/ml. Findings of magnetic
resonance imaging (MRI) of the pelvic organs with contrasting
(Fig. 1): in the rectum, at the height of 95 mm from the anus
and higher, at a length of approx. 80 mm, there is a deformation
and an uneven infiltrative thickening of the walls up to 20
mm that affected all layers, with a moderate obstruction of
the bowel lumen; with intravenous contract administration,
it accumulated the contrast in an unevenly intensive way. In
the affected area, the outer contours of the bowel are uneven
and indistinct, with signs of invasion to the mesorectal
fascia. Pelvic vessels have no pathological changes. Enlarged
mesorectal lymph nodes up to 11x7 mm are visualized.
Conclusion: locally advanced rectum cancer, metastases to
mesorectal lymph nodes; benign hyperplasia of the prostate.

Findings of contrast-assisted computed tomography
(CT) of the abdomen: the liver is of regular size, shape and
position. Hepatic veins and branches of the portal vein are
differentiated distinctly with no abnormalities. Density is
without abnormalities. In the Segment IV (SIV) of the liver,
there was identified an 86x84 mm hypovascular segment
accumulating contrast (Fig. 2). On the border between SVIII
and SVII, a 6x5 mm cyst is identified. Conclusion: solitary
focus of metastasis to the liver.

Preliminary diagnosis: C20, cancer of the rectum
complicated by partial obstruction of the bowel. Solitary
metastasis to the liver cT3N1M1 stage 4, clinical group II.
Condition is after an event of intestinal bleeding.

www.innoscience.ru
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Figure 1. MRI of the pelvis. Picture of locally advanced rectal cancer
(indicated by arrows).

PucyHok 1. MPT manozo masa. KapmuHa
MecmHopacnpocmpaHeHHo020 paka npsiMoll KUWKU (yKa3aHOo
cmpernkamu).

Figure 2. Computed tomography. Metastasis focus in the left lobe of
the liver (indicated by arrows).

PucyHok 2. KomnstomepHas momozpacpusi. Ovaz
Memacma3supoBaHusi B JieBol 0oJie nedeHu (ykasaHo cmpeskamu).

X

12 mm

10 mm

Figure 3. Trocar placement points. Liver resection stage.
PucyHok 3. Touku ycmaHOoBKU mpoakapoB. 3man pe3eKkuyuu nevyeHu.

www.innoscience.ru

Figure 4. 1 — stump of the left lobar hepatic artery, 2 — left lobar
branch of the portal vein on the tourniquet.

PucyHok 4. 1 — kynbms neBoli doneBoll nedeHo4HOU apmepuu, 2 —
nesasi 00f1eBasi BemMBb BOPOMHOU BeHbl Ha MypHuUKeme.

Figure 5. Dissection of the liver parenchyma with clipping of
intraparenchymal vessels.

PucyHox 5. PacceyeHue napeHxuMbl ne4eHu C KnunupoBaHuem
UHMpanapeHxumamaosHbIX cocyaos.

Following the results of the oncological interdisciplinary
consultation, the decision was made to carry out surgical
treatment as the first stage.

Standard preoperative preparation of the patient was
carried out in the hospital setting. The detailed assessment
of the physical status of the patient included Echo CG,
ultrasound examination of the vessels of lower extremities,
consultations with the primary care doctor and the
anesthesiologist-reanimatologist. No contraindications to this
type of surgery were found, ECOG performance status was 0.

Surgical treatment was performed in the following extent:
simultaneous nerve-sparing laparoscopic-assisted intra-
abdominal rectal resection, with left hemihepatectomy, with
resection of SV and SVIII of the right lobe of the liver.

Surgical Technique

Liver Resection Stage

The patient is positioned on the operating table. The
patient's lower limbs are spread apart. The surgeon takes a
position between the patient's spread legs, the first assistant
is on the left side of the patient, the second assistant with a
video camera is on the right side of the patient. The monitor
is located on the side of the patient's head.

Access with five ports was used. The positioning of
the trocars for the resection of the liver (Fig. 3) included
placement of the optical port in the area of the navel ring, and
placement of two 5 mm ports in the right and left subcostal
areas 2 cm below the costal arch. Between the 5-mm ports
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Figure 6. Crossing of the left and middle hepatic veins.
PucyHok 6. lMepecedyeHue nesoll u cpedHell neYeHOYHbIX BEH.

Figure 7. Sectional liver preparation.
PucyHok 7. [lpenapam ne4eHu Ha cpese.

mm

12 mm

10 mm

12 mm x

—

Figure 8. Trocar placement points. Bowel resection stage.

PucyHok 8. Touku ycmaHoBKU mpoakapoB. 3man pe3ekyuu
KUWeYHUKa.
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Figure 9. Clipping of the inferior mesenteric artery.
PucyHok 9. KnunupoBaHue HwkHell bpbixeedHoll apmepuu.

and the optical port, 2 cm below the median line, two 12-mm
ports are located.

During the revision, a solitary metastatic focus is
identified that occupies practically the entire SIV of the left
lobe spreading to the SV and SVIII of the right lobe, the size
is 7x8 cm.

Resection of the liver started with the mobilization of
the left lobe. The attachments were dissected using the
“Harmonic” ultrasonic dissector: the round ligament, the
falciform ligament and the left triangular ligament of the
liver were transected. The elements of the hepatoduodenal
ligament were skeletonized and lymph node dissection was
performed.

The left lobar hepatic artery and, left lobar branch of the
portal vein and the left bile duct were isolated and clipped
in succession (Fig. 4).

While inspecting the parenchyma of the liver, a clear
demarcation zone was identified at the blood supply
boundary. The liver parenchyma was dissected with the
bipolar coagulating tool Aesculap Caiman (Fig. 5) along
the demarcation line with sequential clipping of isolated
intraparenchymal vessels.

Left-side hemohepatectomy was performed with resection
of the SV, SVIII. The left and the middle hepatic veins were
visualized which were crossed and stapled with the Echelon
Stapler (Fig. 6).

The preparation was placed in the container (Fig. 7). The
distance from the edge of resection to the metastatic focus
is 1 cm. The wound surface was covered with “TachoComb”
hemostatic plates (2 plates). The duration of this stage of
the operation was 120 minutes, the intraoperative blood loss
was 350 ml.

Rectal Resection Stage

The patient's lower limbs are spread apart and fixed in
a flexed position at the hip and knee joints using supports.
The surgeon took the position to the right of the patient,
the first assistant to the left of the patient, the second
assistant with a video camera to the left at the head end of
the operating table. The monitor was located at the patient's
feet. The position of the trocars for bowel resection was
changed (Fig. 8).
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Figure 10. View of the postoperative wound after the stitches have
been removed.

PucyHok 10. Bud nocneonepayuoHHOU paHbl NOC/Ee CHAMUS WBOB.

The patient was placed in the Trendelenburg position (lying
on the back at an angle of up to 45°). In the course of the
operation, during the revision, 2 cm above the pelvic area of
the abdomen the tumor of the rectum is identified. The tumor
grows into the serous membrane of the rectum.

Using the “Harmonic” ultrasonic dissector and the unipolar
coagulation tool, the descending colon and the sigmoid colon
were mobilized. The rectum is mobilized to the diaphragm
of the pelvis with total mesorectumectomy. The inferior
mesenteric artery was mobilized with lymph nodes attached
to the preparation; then it was clipped and transected at the
mouth (Fig. 9).

Lymph node dissection in the D2 volume was performed.
With an offset of 5 cm below the tumor edge, the rectum
was transected with the linear cutter stapler “Echelon 60”.
To remove the gross specimen, minilaparotomy access was
performed in the hypogastrium. The mobilized colon was
taken to the wound; the colon was transected 20 cm above the
tumor. The specimen was removed en bloc. Also the specimen
of the left love of the liver with the metastatic lesion was
removed. Using the circular stapler, ‘end to end’ descendo-
recto anastomosis was constructed. A retroperitoneal drainage
was installed in the small pelvis area. Peritonization of the
pelvic peritoneum was performed. Drainages to the small
pelvis and subhepatic space were installed. The duration of
this stage was 70 minutes; the blood loss was 30 ml.

Post-operative Period

This period proceeded without complications. One day after
the operation, the patient was transferred from the intensive
care unit to a common ward. The post-surgery follow-
up included daily examinations with change of dressing,
control of vital signs and clinical analyses of blood. During
the first 48 hours, pain was managed with narcotic and non-
narcotic analgesics. Also, the post-operative period included
thromboprophylaxis, infusion therapy, antibiotic therapy, and
administration of hepatoprotective agents (Ademetionine).

The vital signs monitored included arterial blood pressure,
heart rate, breathing, and body temperature.

www.innoscience.ru

In the first day, 200 ml of hemorrhagic drainage was
drained, in the second day, 50 ml of serous drainage, on the
third day, trace amounts of serous drainage. The drainages
were removed on the fourth day after the surgery. The early
activation of the patient started 24 hours after the operation.
The bowel movement restored on the second day, and full
mobility restored 30 hours after the operation. The first intake
of liquid food was performed one day after the operation. On
the fifth day, a control ultrasonic inspection of the abdominal
organs was performed. Following the inspections, no free fluid
and pathological changes were identified.

On the fifth day of the postoperative period, the levels of
alanine aminotransferase (ALT) and aspartate aminotransferase
(AST) in the blood decreased and came back to normal. The
blood values were normal.

The data of post-operative histology were as follows: highly
differentiated adenocarcinoma of the rectum, the tumor grows
into the submucosal and muscular layers with invasion to the
fatty tissue (pT3). In the 14 examined regional lymph nodes, no
turmnor elements were found. In the liver, there was the metastasis
of the enteric adenocarcinome. No signs of tumor growth were
identified in the edges of resection lines (pT3 NO M1 Stage 4).

Genetic studies of the KRAS, NRAS, BRAF genes were
performed and found no mutations (wild type). Microsatellite
instability (MSI) was also not found. The surgical wound has
no signs of inflammation (Fig. 10).

On the 11th day, the patient was discharged in satisfactory
condition to be followed up by the local oncologist.
Furthermore, adjuvant chemotherapy under the XELOX
regimen was prescribed (6 cycles) that the patient tolerated
fairly well. As the patient was followed up (10 months after
the surgery), there were no findings of progression or relapse.

m DISCUSSION

The case reviewed above demonstrated the efficiency of
laparoscopic access in the performance of simultaneous surgeries
in patients with colorectal cancer and synchronous metastases
into the liver. With the proper selection of patients, availability
of required equipment, trained and sufficiently experienced
specialists, it is possible to secure acceptable immediate results
in the performance of such surgeries with a low-invasive access.

It is to be noted, that the use of the laparoscopic access
allowed for the restoration of the patient’s mobility and
possibility of adequate nutrition within the first week of the
post-operative period [10].

The use of laparoscopic methods in simultaneous surgeries
allows for a reduced time of patients’ staying in the surgical
department and prepare them for the subsequent specialized
therapy in the minimal time possible.

The latest developments in the laparoscopic surgery,
anesthesiology and intensive therapy have rendered simultaneous
colorectal cancer resections with resections of the liver more
safe and efficient, and comparable in terms of hospitalization
time and post-surgery complications with open surgery [11,12].

We performed similar surgical interventions in 11 patients
with colorectal cancer with synchronous metastases to the
liver in the period from 2021 to 2024. The operations also
demonstrated positive outcomes with reduced hospital time
and thus were an efficient and safe component of the complex
therapy for this category of patients.
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Simultaneous radical interventions combined with other
treatment methods (systemic anti-cancer drug therapy) allow
achievement of 42% overall five-year survival rate [13].

In the opinion of S.V. Gorchakov et al., there have been
more and more reports as to the possibility and practicability
of synchronous surgeries in patients of this category [14].

The majority of foreign studies found no significant
difference in the rate of complications in simultaneous
laparoscopic surgery as compared to the open surgery [15].

m CONCLUSION

Laparoscopic simultaneous surgeries of the colorectal
cancer with synchronous metastases have their proper
specifics. The question of the optimal type of surgical
treatment for a patient leaves room for argument. Further
work in this area will allow a better understanding of the
place of laparoscopy in the performance of simultaneous
operations in surgical oncology. P=
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Abstract

Aim of the review — to investigate the current surgical approaches and
complications of delayed reconstruction of pharyngeal and pharyngoesophageal
defects in patients with malignant neoplasms of the larynx and laryngopharynx
after laryngectomy using different reconstructive materials.

The most frequent complication after delayed reconstructive surgery was
anastomosis incompetence with subsequent formation of fistula and stricture.
The causes of this complication in the presence of viability of reconstructive
plastic material included postradiation changes, inflammatory process in the

tissues in the defect area, weakened nutritional status of the patient and a
number of other reasons.

When planning delayed reconstruction of pharyngeal defects, a personalized
approach is necessary in each clinical case in choosing the timing and type
of plastic material.
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AHHOTauus

Lenb 0630pa — U3Y4IUTH CYIIECTBYIOIINE XUPYPrUdecKUe MOAXOIbI U OC-
JIO’)KHEeHUS ITpH OTCpO‘{eHHOﬁ peKOHCprKL{I/IH q)apI/IHI‘eaJILHbIX u (i)apI/IHI‘OB-
30¢areanbHbIX JeeKTOB y MAlMeHTOB CO 3/I0Ka4YeCTBEHHBIMH HOBOOOPa3o-
BaHWSMU I'OPTaHU Y FTOPTAHOIVIOTKH I10CJIe JIAPUHI'SKTOMHUU C IPUMEeHeHUueM
Pa3/IM9YHOI'o peKOHCTPYKTUBHOI'O MaTepualia.

Hanﬁonee YaCTBIMU OCJIO’)KHEHHSIMHU ITI0CJIe OTCPOYeHHBIX PeKOHCTPYKTUB-
HBIX onepaunﬁ SABJISIIOTCS HECOCTOATEJIbHOCTb aHACTOMO3a C ITOC/Ie YoM
(‘l)OpMI/IpOBaHI/IEM CBHILA U CTPUKTYPBIL. K TIpUIUHAaM BOSHUKHOBEHUS JaHHbIX
OCJIO)KHeHUM IIpY HAJIMYUHN ’KU3HECII0COOHOCTHA PEKOHCTPYKTHUBHOTO ILjIa-

CTUYeCKOro MaTeprajla MOXXHO OTHEeCTH IOCT/IyueBble U3MeHeHus, HaJludue
BOCIIAJINTeJILHOIO TIpoIlecca B TKaHAX B 0651acTy Jledekra, ocnabneHHbIN
HYTPUTHBHBIN CTaTyC NAlKeHTa U psiji APYTHX IPUYUH.

Takum o6pa3oM, IIpH IJIAHUPOBAHUK OTCPOYEHHOM PEeKOHCTPYKIMH JledeKToB
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m BACKGROUND
Laryngeal cancer is the most common localization among
malignant neoplasms of the head and neck organs. The
incidence of malignant growths of the larynx and laryngeal
section of the pharynx is growing over time in Russia;
e.g., in 2021 it was 29.1 and 12.8 per 100,000 population
[1]. The detection rate of laryngeal and hypopharyngeal
cancer at stages three and four in 2021 was 58% and 83%,
respectively [2]. Unfortunately, failure to seek medical help
in a timely manner leads to advanced stages of laryngeal and
hypopharyngeal cancer. In cases of localized cancer of the
larynx and hypopharynx, clinical recommendations entail
chemo- or chemoradiation therapy. In cases of regional cancer
of the larynx and hypopharynx, the presence of constriction and
dysphagia requires extensive combined surgeries that include
removal of the larynx with resection of the pharynx, esophagus
and tissues of the oropharyngeal region [3]. Patients with
localized cancer of the larynx and hypopharynx after combined
and combined extensive surgeries are not always recommended
single-stage grafting of the formed defects of the pharynx
and the esophagus die to the weakened nutritive status; quite
often thin may lead to formation of pharyngeal or pharyngo-
esophageal defects in the post-surgery period [3]. These defects
may include a pharyngostoma, pharyngo-esophagostoma,
tracheostoma, constant salivation, feeding through a nasogastric
tube, and significantly deteriorate the quality of the patient’s
life contributing to a psychological trauma. This necessitates a
search of new approaches towards surgical rehabilitation and
treatment of such patients. One of the major tasks to restore
the lost or weakened functions in patients is the reconstruction
of the digestive tract [4]. There are numerous plastic methods
of reconstructing the pharyngeal and pharyngo-esophageal
defects; unfortunately, post-radiation complications and the
aggressive environment of the mouth cavity and the pharynx
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concurrent with suppression of reparative processes in the
weakened cancer patients significantly exacerbate the post-
surgery period and result in anastomotic leakage and formation
of pharyngostoma or pharyngo-esophagostoma. Therefore, the
process of selection of the plastic material (PM) for each patient
requiring the defect reconstruction, should be personalized to
avoid complications [4, 5].

m AIM

To investigate the current surgical approaches and
complications of delayed reconstruction of pharyngeal and
pharyngo-esophageal defects in patients with malignant
neoplasms of the larynx and laryngopharynx after laryngectomy
using different reconstructive materials.

m TYPES OF DEFECTS

In modern literature, there are various classifications of
pharyngo-esophageal defects, in which it is necessary to focus
on the shape, size and structure of the pharyngeal defect. The
classification that is most frequently used in the selection of
plastic materials for the reconstruction of pharynx defects is the
Blackwell and Urken classification. It identifies the following
types of pharyngo-esophageal 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 [5, 6]. In the work of
M.V. Ratushny, this classification was systematized, and three
types of defects were proposed. The first type is formed after
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laryngectomy with the wall of the hypopharynx preserved. The
second type is formed after laryngectomy without preservation
of the hypopharynx walls. The third type is formed after multi-
organ resections [6-8].

m METHODS OF DELAYED
RECONSTRUCTION OF PHARYNGEAL
AND PHARYNGO-ESOPHAGEAL DEFECTS

In case of Blackwell and Urken Type 0 defects, local plastic
material is used, i.e. tissues near the defect. This is a simple yet
efficient technique available to majority of surgeons; it may
be performed in a smaller less sophisticated operating room.
Nevertheless, this type of plasty entails frequent formation of
post-operative fistulae and strictures. Besides, this method is
applicable to close only minor defects due to small quantities
of plastic material [8, 9]. However, N. Siislii et al. (2016)
showed in 602 patients that the early enteral feeding may be
started even if local tissue is used as plastic material. In these
patients, early enteral feeding was started within three days
after the operation, and the incidence of fistulae was approx.
11% [9]. With this type of defect, complications are usually
related with radiotherapy or severe concurrent pathologies.

In case of Blackwell and Urken Type 1 defects, it is possible
to use deltopectoral, pectoral, thoracodorsal and radial flaps
[5, 6, 9-11].

The 10-year “Swee Keong Kang” study included 73
patients (80% males) who had undergone the reconstruction of
pharyngeal and pharyngo-esophageal defects with the use of the
deltopectoral flap. 13 patients developed minor complications,
such as leakages of anastomotic sutures, of which 10 were
treated conservatively and 3 required additional reconstruction.
In 13 patients, a pharynx to skin fistula developed, and in 6
patients, constriction of the ‘neopharynx’ [12]. The advantages
of the deltopectoral flap include the technical simplicity of
forming the large-size flap; thin and flexible structure that fits
well the cover tissue of the head and the neck in texture and
color; no muscular structures of the chest and the shoulder are
affected in harvesting the flap; the donor area is not located
in the open parts of the body and may be concealed under
clothing. The disadvantages include deformation of cover
tissue in the donor area, specifically, in women this may
result is cicatrical deformation of the breast and the nipple,
and in men, in an increased hairiness: growth of hairs in the
reconstruction area might bring discomfort [13, 14].

Some authors used the thoracodorsal flap involving the
latissimus dorsi, predominantly in women, to eliminate
deformation of the breast and formation of cicatrical tissue in
the thoracic wall that occur after the plasty with the pectoral
flap. This method, however, involves a major disadvantage:
the harvesting of the material requires changing of the patient’s
position on the surgical table [15, 16].

One of the most frequently used flaps is the pectoralis
major myocutaneous flap (PMCC flap). The study by G.
Montemari et al. (2012) involved a retrospective analysis
of 45 reconstructions of pharyngeal defects with the use of
PMCC flap performed from February 1995 to February 2008.
Post-surgery complications related to the use of the flap were
seen in 6.7% of the cases. The frequency of complications that
required surgical revision was 2.2%. Two minor complications
were found: constriction of the ‘neopharynx’ and formation
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of the fistula, both of these were rectified without surgical
intervention. No complete or partial necrosis occurred in any
of the cases. In the rest of the cases, the X-ray examination of
the esophagus showed absence of fistulae and an adequate bore
of the digestive tract. Eating through the mouth started on day
10-12 after the operation with no problems of swallowing of
liquid or solid food. Post-surgery radiation therapy performed
in 30 patients was accepted well [17, 18].

PMCC flap is a safe, reliable and often used material
providing a good volume of tissue. It does not entail
microvascular technique and significantly reduces the surgical
intervention time as compared to free flap reconstruction.
Significant disadvantages, however, include the bulkiness of
the donor site and unsatisfactory functional results compared
to free flaps, both in terms of speech and swallowing. Besides,
there complications were reported in the donor site that could
affect the movement amplitude in the upper extremity [18,
19]. An alternative method of tissue replacement in the
pharyngeal and pharyngo-esophageal defects is the use of the
radial forearm free flap (RFFF). It is considered to be safe,
relatively easy to handle among other free flaps, flexible and
reliable, with a rather long pedicle. The major drawback of
this method of tissue reconstruction is the delicate nature of
the donor site that requires a very careful elevation of the flap
and that might result in post-surgery complications: these may
seriously affect the function of the arm and, therefore, the
quality of life. Besides, the RFFF requires a proper technical
training on part of the surgeon, a large surgical crew, and a
considerably long time of the surgery [20, 21].

In their study, Jerry W. Chao et al. (2015) reviewed the
literature on delayed reconstruction of pharyngeal and
pharyngo-esophageal defects with the use of PMCC and
RFF flaps. The analysis of integrated data showed that in 301
patients after the restoration with PMCC flap, fistulae were
found in 24.7% of the cases, and reintervention was required
in 11.3% of the cases. In 605 patients for whom RFF flap as
used as restorative material, fistulae were found in 8.9% of
the cases, and reintervention was needed in 5.5% of the cases.
The was no difference in the incidence of strictures and in the
transition to normal diet when these flaps were used [22].

Patients with Blackwell and Urken Type 1 defects may
experience complications with any kind of restorative material.
The structure of complications has no visible differences.
The onset of complications may be related to a number of
factors, e.g. post-radiation changes in the tissue, severe
concurrent conditions, weakened nutritive status, presence
of inflammation and intoxication of the organism. However,
there are no publications that assess the causes of post-surgery
complications related to restorative material [23, 24].

In cases of Blackwell and Urken Types 2, 3 and 4 defects
after the circumferential resection of the hypopharynx and
the cervical esophagus, a more radical approach towards
reconstructive surgery is needed. Restoration of these kinds
of defects widely involve visceral flaps, viz. jejunal flap, and
gastroepiploic flap [25, 26]. Rachel J. Walker et al. (2014)
performed a retrospective analysis of complications in 104
patients after reconstruction of pharyngo-esophageal defects
with the use of the jejunal flap. Out of the 104 patients, early
complications involving the use of the flap were identified in 14
(13%) patients, but the survival of the flap was 97%. 11 (11%)
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patients developed a fistula on average in 15 days following
the surgery, and 11 (11%) patients had minor complications in
the donor site. A total of 95 (91%) patients were able to resume
oral alimentation at the time of discharge [27]. The jejunal
flap has a long vascular pedicle of an adequate diameter that
allows for the use of the flap in case of large defects while
providing low complication rate. The flap also retains some
peristaltic action; however, it does not coordinate with other
tissues, which might cause problems with swallowing.

In their study, J.M. Vifials Vifials et al. (2017) performed
a retrospective analysis of clinical cases of patients who had
undergone pharynx and esophagus reconstruction with the use
of the gastroepiploic free flap after laryngopharyngectomy for
pharynx or larynx cancer in the period from 1992 to 2012.
In two cases, abdominal evisceration was observed, whereas
other patients experienced no abdominal complications. In 3
(11.5%) of patients, total necrosis of the flap was observed. In
20 patients, the post-surgery period had no complications [28].

The gastroepiploic flap contains quite a bit of vascularized
omentum by means of which it is possible to cover the
anastomosis and the major blood vessels of the area. It has a
long vascular pedicle, which allows for a wider area of usage
of mircrosurgical anastomoses. However, it requires a longer
operation, which may increase surgical risks. Last, but not
least is that the flap is susceptible to the same abdominal
complications as the jejunal flap [29].

The RFF flap and the anterolateral thigh flap (ALT {lap)
are the two of the most frequently used free flaps that are
harvested circumferentially to cover the defect. The RFF
flap is considered a safe, relatively easy, flexible and reliable
flap with a rather long vascular pedicle hat can be used to
reconstruct the circumferential defect of the pharynx. However,
the incidence rate of fistulae and constrictions is higher when
compared to the ALT flap. Other downsides of using the
RFF flap include worse functional outcomes, presence of
hair, mismatch of skin color and complications in the donor
site. The ALT flap is a widely used flap that has become an
alternative to the radial forearm flap in the reconstruction of
the pharyngeal area. It may be used in various forms, as can
be the forearm flap, to reconstruct both the extensive and

partial defects. Just as the radial forearm flap, it is a reliable
and safe flap with a similarly low perioperative mortality and
flap necrosis occurrence. The incidence rate of transcutaneous
fistulae and constrictions is also lower than is the case with
the radial forearm flap [30-32].

The study of N.C. Tan et al. (2015) analyzed complications
and compared the incidence rate of fistulae and strictures
among ALT and RFF flaps, and flaps from the tissue of the
jejunum in cases of circumferential reconstruction of the
pharynx and the esophagus. In 40 patients, only one leakage
of the ALT was found. The incidence of fistulae was 33%, 50%
and 30% in the ALT, RFF, and jujunal flap groups, respectively.
The incidence of strictures was 38.1%, 57.1% and 0% in the
ALT, RFF, and jujunal flap groups, respectively [33].

Thus, the use of visceral and free flaps in defects of types 2,
3 and 4 also entails the risk of complications in the post-surgery
period [34]. Various factors associated with the weakened status
of the patient, post-radiation and inflammatory changes can lead
to a complicated course of the postoperative period [35].

m CONCLUSION

Delayed reconstruction of pharyngeal and pharyngo-
esophageal defects in oncology patients involves the use of
various reconstructive tissues: covering tissues, tissues on
axial blood supply (deltopectoral, pectoral, thoracodorsal
material), free flaps (RFF, ALT) and visceral flaps from the
gastroQintestinal tract allowing for restoration of the integrity
and the slit of the pharynx [36, 37]. With all types of plastic
surgery, complications may develop in the postoperative period.

As the analysis of scientific literature has shown, the most
frequent complications after delayed reconstructive surgeries
are anastomotic failure with subsequent formation of fistula
and stricture [38]. The causes of these complications, given
the viability of the reconstructive material, may be the post-
radiation changes, presence of an inflammatory process in
the tissues in the defect area, weakened nutritive status of
the patient, and some others [39, 40]. Therefore, planning of
delayed reconstruction of pharyngeal defects, as far as time
frame and type of reconstructive material are concerned,
necessitate a personalized approach in each clinical case. =
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Abstract

Aim - to evaluate the long-term results of complex treatment of patients with
locally advanced tongue cancer (T3-4N0-3M0) using modified selective intra-
arterial polychemotherapy and systemic polychemotherapy.

Material and methods. Depending on the polychemotherapy regimen,
taking into account the designated classifications, all patients were divided
into two groups. The study group included 51 patients who received intra-
arterial polychemotherapy according to the PF regimen, followed by radiation
therapy. The control group included 50 patients who received intravenous
polychemotherapy according to the PF regimen, followed by radiation therapy.
With positive dynamics in the study group and the control group (partial tumor
regression), surgical treatment was performed in the amount of hemiglossectomy.
In case of complete tumor regression, the 2nd stage of the telegammatherapy
course on the tongue was performed up to a total dose of 60 Gy. In case of
oncological process stabilization, the 2nd stage of the telegammatherapy course
on the tongue was performed up to a total dose of 60 Gy, followed by palliative

courses of systemic polychemotherapy. In case of disease progression, palliative
courses of systemic polychemotherapy were performed.

Results. Three-year survival in the study group was 80.1+6%, while in the
control group it was 56.6+£7% (p<0.05). Five-year survival among patients
in the study group was 39.4+7%, while in the control group it was 2 times
lower — 18.9+5% (p<0.05). About 7% of patients in the study group survived
for more than 8 years.

Conclusions. The treatment regimen we developed for patients with
locally advanced tongue cancer, which includes selective intra-arterial
polychemotherapy followed by radiation therapy to the primary tumor and
areas of regional metastasis, increased the median survival, three- and five-
year survival.

Keywords: locally advanced tongue cancer, selective intra-arterial
polychemotherapy, radiation therapy.
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AHHOTauus

ITespb — OleHUTD OTAAJIEHHbIE Pe3YJIBTaThl KOMIIIEKCHOTO JIedeHHs GOJbHBIX C
MECTHOPACIpOCTPaHeHHBIM pakoM si3bika (T3-4N0-3MO0) ¢ ucrob30BaHHEM
MOZIUIIPOBAHHOH CeJIeKTHBHOW BHY TPHapTepHaIIbHOM OTMXUMUOTePaIiN
Y CHCTEMHOH ITOIMXMMHOTepartyu.

Marepuasn u MeToAbl. B 3aBUCHMOCTH OT peXXrMa IpOBeieH s OUXUMHU-
OTepanuy ¢ y4eToM 0603HaueHHbIX KIIACCU(UKAIMI BCe TAllMeHThl ObIIn
pacripesieJieHbl Ha iBe TPYTIEL. B ncciiefiyemyro rpyminy BOIUIM HaryeHTsI (51
YeJIoBeK), KOTOPBIe MOJTyYH/I BHY TPHapTepHUaIbHYO MOJIMXUMHOTEPAIHIO 110
cxeMme PF ¢ nociiesyromym rnpoBejieHreM Jiy4eBoi Teparnuu. B KoHTposbHY 0
IpyNITy BOIUIM HanueHTsl (50 4esoBek), KOTOPEIe MOJTYYHId BHYTPUBEHHYO
MOJIMXUMHUOTepaluio 1o cxeme PF ¢ nocienyromym rnpoBeieH1eM J1y4eBon
Tepanuu. [1py monoxuTenbHOM MHAMYKE B IPyNIax (4JaCTUYHAs Perpeccust
OIyXOJIH) BBITIONHSIIM OllepaTUBHOe JIedeHHe B 00beMe reMHUITIOCCIKTOMHUH.
I1py moNHOM perpeccuy OIyXoJIM IIPOBOAIMIIM BTOPOM 3Tall Kypca Teseram-
Marepanu Ha s3bIK o COJI — 60 I'p. IIpu crabuimsanuy OHKOJIOTMYeCcKoro
poIiecca MPOBOJMIIM BTOPOH 3Tal Kypca TejleraMMaTepariiy Ha sI3bIK JI0
COJI - 60 I'p, a mocne — najnMaTUBHbIE KypChl CUCTEMHOM IIOJIMXUMUOTe-

panuu. [Tpu nporpeccuu 3a6oseBaHust — AJUIMATUBHBIE KYPChI CUCTEMHOMN
TIOJIUXUMHOTEPAIIUH.

Pesynbrarel. TpexieTHssI BBDKUBAeMOCTb B HCCIIe[yeMO# TpyIie paBHa
80,1£6%, a B KOHTpOJIBLHOM rpynne — 56,6£7% (p<0,05). IlaruneTHss Bbl-
>KMBAeMOCTb Cpefiy TTAallMeHTOB UCCileflyeMoi rpynnsl — 39,4+7%, a B KOH-
TPOJILHOM IpyIIie B [iBa pa3a Hke — 18,9+5% (p<0,05). Oxono 7% 6osnbHBIX
B MCCJIe/lyeMOl IpyIiie IPoXuiu 6osee 8 jiert.

3axurouenue. PazpaboraHHast HAMU cxema JiedeHUsl OOJIbHBIX C MeCTHOpa-
CIIPOCTPaHEHHBIM PAKOM $I3bIKA, KOTOpasl BKIIIOYAEeT [IPOBeleHUe CeJIeKTHB-
HOY BHYTpHApTepUaJIbHOM MOJMXUMUAOTEPAINH C ITOCIIeAyIOLIel JIy4eBor
Teparnuei Ha IePBUYHYIO OIyXOJIb ¥ 30HBI PErMOHAPHOIO METaCTa3UPOBaHUs,
TI03BOJIMJIA YBEJIMYUTH MeIUaHy BLDKUBAEMOCTH, TPeX- U MSTUIETHIOK BbI-
>KMBAEMOCTb.

KorioueBbIe c10Ba: MeCTHOPACIIPOCTPAHEHHBIH paK s3bIKa, CeJIeKTUBHAs
BHyTpHapTepHabHas HOJIMXUMUOTEPAIIVH, JIy4eBas Teparusl.
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m INTRODUCTION

Carcinomas of the head and the neck make up a
substantial group of the entire oncopathology, an

18-20% group of malignant tumors characterized with a

progressing morbidity [1].

Following the national and worldwide statistics, cancer of
the oral organs and the oropharyngeal cavity accounts for 2%
to 10% of all human malignant tumors and for up to 15-20%
among head and neck tumors. The incidence rate of cancer of
the oral organs in Russia in 2013 was 24.4 per 100 thousand
people, whereas in 2023, 31.9 per 100 thousand people. The
amount of patients with malignant tumors of the oral cavity
under regular check-up in the cancer care facilities was 48.2%
in 2013, whereas in the year 2023 it was 53.9%. The proportion
of malignant tumors of the oral cavity identified in the
advanced stages (Stage III-1V) in 2013 in Russia was 28.4%,
and in 2023, it was 39.5%. The mortality rate in patients with
this pathology in the course of one year after the diagnosis in
Russia was 35.0% in 2013 vs. 27.0% in 2023 [2].

The cancer of the tongue and of the oral cavity, according
to many authors, ranks first among other malignant tumors
of the oral mucosa [3]. Whereas in the year 2011 in Russia,
7674 cases of primary diagnoses of tongue cancer were
identified, in the year 2023 the occurrence reached 8681
cases including 25.6% cases in stage III, and 39.5% cases
with stage IV [1]. In the USA, the number of patients with
identified oral cavity cancer was 47010, making it 1.2% of
all malignant neoplasms. Oral cavity and pharynx cancer
most often occurs in men aged 55-64 years, with a five-year
survival rate of 63.2% [4].

In the treatment of locally advanced cancer of the oral
cavity, the combined method prevails that brings together

www.innoscience.ru

surgical intervention and radiation therapy in various
combinations. [5].

Oral cavity cancer is characterized with high mortality
rates. This is accounted for by the low disease identification
rate at early stages, highly malignant progression of the
disease, fast expansion of the tumor process to nearby
vital organs, frequent metastases to regional lymph nodes,
high resistance to chemo- and radiotherapy, and limited
availability of contemporary molecular and biological
methods of examination and treatment in some clinics [6].
Specific tumor markers of the oral cavity cancer (SCC,
S100A8, IL-6, IL-8, KI-67, Glil, etc.) in the patient’s
saliva, blood serum, and tumor biopsy material may be
instrumental in choosing the treatment methods [7, 8].

Radiotherapy is considered the main method of
treatment of patients with oral cavity cancer. Regretfully,
the efficiency of radiotherapy alone is not satisfactory:
relapses and metastasis develop in 60-70% of observations,
thus limiting the 5-year survival to 15-20%. Therefore, in
order to improve efficiency of radiotherapy new regimens
are developed; and some authors insist on increasing the
exposure dose to 70 Gy [9].

Some research has focused on augmentation of effects
of exposure by radiation-induced hyperthermia and
magnetothermia, induction chemotherapy, and performance
of simultaneous chemoradiotherapy [10-12].

Combination of intra-arterial multidrug chemotherapy
using the Seldinger technique and retrograde superselective
intra-arterial multidrug chemotherapy using the PF regimen
with the radiotherapy has played a highly important role in
the treatment of locally advanced squamous-cell carcinoma
of the oral cavity: it resulted in the reduction of the malignant
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Study Group Control Group

2 neoadjuvant courses using modified PF regimen:

- Cisplatin, 10 mg/m2, continuous 6-hour intra-arterial infusion: 10 days;

- Fluoruracil, 250 mg/m2, continuous 6-hour intra-arterial infusion: 10 days.
Interval between courses: 21 days.

21 days after two courses of intra-arterial polychemotherapy, irradiation of
the primary tumor and regional metastasis zones was performed using the
“Rokus” and “Agat” gamma-therapy units in the classical dose fractionation
mode to the tongue - SBD - 2 Gy, TBD - 40 Gy, to the submandibular,
cervical, supraclavicular regions on both sides - SBD - 2 Gy, TBD - 40 Gy
per single stage.

2 neoadjuvant courses of systemic multidrug chemotherapy using

modified PF regimen:

- Cisplatin, 100 mg/m2, intravenous drip-feed: 1 day;

;jFluolruracil, 1000 mg/m2, intravenous drip-feed, continuous 96-hour infusion:
ays 1-4.

Interval between courses: 21 days.

21 days after two courses of systemic multidrug chemotherapy, irradiation of the

primary tumor and regional metastasis zones was performed using the “Rokus”

and “Agat” gamma-therapy units in the classical dose fractionation mode to the

tongue - SBD - 2 Gy, TBD - 40 Gy, to the submandibular, cervical, supraclavicular

regions on both sides - SBD - 2 Gy, TBD - 40 Gy per single stage.

Table 1. Scheme of complex treatment of patients in the control and study groups
Tabnuuya 1. Cxema KOMNJIeKCHO20 fledeHust 60/1bHbIX B KOHMPObHOU U uccnedyemoll 2pynnax

tumor of the oral cavity, and had the least number of side
effects [13, 14].

m AIM

To evaluate the long-term results of complex treatment of
patients with locally advanced tongue cancer (T3-4N0-3MO0)
using modified selective intra-arterial polychemotherapy and
systemic polychemotherapy.

m MATERIAL AND METHODS

Case histories and outpatient cards of 323 patients with
tongue cancer were studied. They had been treated at the
G.V. Bondar Republican Cancer Center from 1995 to 2018.
We excluded patients with intolerance to chemotherapeutic
drugs, HIV infection, hepatitis B and C; clinically relevant
cardiovascular disease, pregnancy or lactation, gastric or
duodenal ulcer in the acute phase, diabetes mellitus. Thus,
the retrospective controlled study included 101 patients.

In determining the stage of the disease, we adhered to
AJCC-TNM Classification of Malignant Tumors, 8th Edition
(American Joint Committee on Cancer) (2017).

Depending on the regimen of the multidrug chemotherapy
and with regard to the said classifications, the patients were
divided into two groups.

The study group included patients (51 persons) who had
received intra-arterial polychemotherapy under the PF regimen
with subsequent radiotherapy.

The control group included patients (50 persons) who had
received intravenous polychemotherapy under the PF regimen
with subsequent radiotherapy. The groups were comparable in
the sex, age, and stage of the tumor process.

The scheme of complex treatment of patients in the control
and the study groups follows in Table 1.

In cases of positive changes in the groups (partial
regression of the tumor), surgical treatment was performed
(hemiglossectomy). In cases of complete regression of the
tumor, the second stage of gamma-ray therapy was performed
to the tongue up to TBD=60 Gy. In cases of stabilization of
the tumor process, the second stage of gamma-ray therapy
was performed to the tongue up to TBD=60 Gy followed
by palliative curses of systemic polychemotherapy. In
cases of disease progression, palliative curses of systemic
polychemotherapy were performed.

The statistical analysis of the obtained research results
and indicators of remote effectiveness of treatment using
the proposed methods of complex therapy for locally
advanced tongue cancer was carried out in the Statistica
10 software suite.
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Figure 1. Estimation of the survival function in the study group using
the Kaplan-Meier maximum likelihood method.

PucyHok 1. OueHka yHKyuu BbhxuBaemocmu B uccriedyemol
2pynne MemoooM MaKcumMasbHo20 npaBdonodobust KannaHa —
Madepa.
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Figure 2. Estimation of the survival function in the control group
using the Kaplan-Meier maximum likelihood method.

PucyHok 2. OyeHka yHKyuU BbhKUBaEMOCMU B KOHMPObHOU
2pynne MemoooM MaKkcuMasibHo20 npaBdonodobusi KannaHa —
Madepa.
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Proportion of Proportion of Total proportion of

1 year 11.9 88.1
2 year 44 9.1 90.9
3 year 40 43.0 56.96
4 year 22 13.6 86.4
5 year 19 42.1 57.9
6 year 11 57.1 42.9
7 year 4 33.3 66.7
8 year 1 50.0 50.0

Table 2. Table of patient survival in the study group
Ta6nuua 2. Tabnuya doxxumusi nayueHmos B uccnedyemol epynne

100.0 0.03 1076
88.1 0.02 844
80.1 0.2 710
45.6 0.04 749
39.4 0.1 464
22.8 0.2 328
9.8 0.1 375
6.5

Proportion of Proportion of Total proportion of

1 year 22.5 77.6
2 year 37 27.0 72.97
3 year 27 48.2 51.9
4 year 14 35.7 64.3
5 year 9 44.4 55.6
6 year 5 44.4 55.6
7 year 2 50.0 50.0
8 year 1 100.0 0.0

Table 3. Table of patient survival in the control group
Tabnuya 3. Tabnuya doxumus nayueHmoB B KOHMPOJbHO 2pynne

For qualitative indicators, incidence rate was calculated
(P, in %). In all cases, the discrepancies were deemed
statistically significant at p<0.05.

In the calculation of survival and average life expectancy,
the survival curve method was used. For a more detailed
analysis of the degree of difference in survival curves, several
tests were used: log-rank, Gehan-Wilcoxon, Cox, Cox-Mentel,
Wilcoxon-Peto.

m RESULTS

The specific feature of survival analysis is the presence of
subjects who did not experience the event of interest during
the study (death).

The time of life may be described mathematically by the
survival function and the risk function. The survival function
(St) characterizes the percentage of individuals surviving for
more than t units of time, where t is measured from the start
of the therapy (Fig. 1, 2).

Difference Test Level of statistical
assessment test assessment significance (p=)

Gehan-Wilcoxon -2.96 0.003
Cox F-test 1.55 0.018
Cox-Mentel -2.91 0.004
Wilcoxon-Peto 2.96 0.003
Log-rank 2.77 0.006

Table 4. Criteria for assessing the similarity of survival curves

Tabnuya 4. Kpumepuu oyeHKU 0O0UHaKOBOCMU KPUBbIX
BbIXUBaeMocmu

www.innoscience.ru

100.0
77.6 0.1 524
56.6 0.2 349
29.3 0.1 476
18.9 0.2 388
10.5 0.2 380
5.8 0.2 159
29

Comparing the amount of survivors in the two groups
from the moment of the start of the therapy, the following
conclusions can be made. On the 500th day from the start
of treatment the proportion of survivors was 86+5%, and in
the control group, 65+6% (p<0.05). On the 1000th day from
the start of treatment, the proportion of survivors in the study
group was 55+7%, and in the control group, 30+6% (p<0.05).
On the 1500th day from the start of treatment, the proportion
of survivors in the study group was 40+7%, and in the control
group, 18+5% (p<0.05). On the 2000th day from the start
of treatment, the proportion of survivors in the study group
was 11+5%, and in the control group, 4+3% (p>0.05). On
the 2500th day from the start of treatment, the proportion of
survivors in the study group was 8+4%, and there were no
survivors in the control group. Therefore, in all periods from
the start of the treatment, the proportion of survivors in the
study group was significantly higher than that in the control
group; on the 1500th day it was more than 2.2 times higher
(t=2.6, p<0.05).

To evaluate the survival of patients, tables of patient
survival were calculated (Tables 2, 3).

It is seen from the tables, the cumulative proportions of
survivors in the study group in all time intervals are higher than
those in the control group of patients. Three-year survival in the
study group was 80.1+6%, and in the control group, 56.6+7%
(p<0.05). Five-year survival among patients in the study group
was 39.4+£7%, and in the control group it was twice as low:
18.9+5% (p<0.05). Eight-year survival in the study group is also
two times higher than that in the control group, 6.5% vs. 2.9+2%
(p>0.05). The median survival in the study group in practically
all time intervals is higher than that in the control group. In the
first year, median survival in the study group was 36 months
vs. 23.7 months in the study group. In the second year, median
survival in the study group was 28.1 months vs. 17.5 months in
the control group. In the third year, median survival in the study
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group was 23.7 months vs. 11.6 months in the control group.
In the fourth year, median survival in the study group was 25
months vs. 15.9 months in the control group. In the fifth year,
median survival in the study group was 15.5 months vs. 12.9
months in the control group. In the sixth year, median survival in
the study group was 10.9 months vs. 12.6 months in the control
group. In the seventh year, 12.5 months vs. 5.3 months in the
control group. It is seen that the median survival in the sixth
year in the study group was lower than that in the control group.
Following the table data it is seen that the median survival was
decreasing every year in both groups, but it increased in both
groups in the fourth year.

The median survival in the study group was reached
for 36.5 months, whereas in the control group it was only
24.9 months.

It is seen from Table 4 that all known non-parametric tests
of assessing the similarity of survival curves have high levels
of statistical significance (p<0.05), therefore, survival curves

are not similar in the two groups: in the study group, survival
was higher than in the control group.

m CONCLUSION

The median survival in the study group is 36.5 months and
it is 24.9 months in the control group. Cumulative proportions
of survivors in the study group in all time intervals are higher
than those in the control group. Three-year survival in the
study group is 80.1£6%, and it is 56.6+7% in the control group
(p<0.05). Five-year survival among the patients of the study
group is 39.4+7%, and in the control group it is twice as low:
18.9+5% (p<0.05). About 7% of patients in the study group
survived for over 8 years.

The regimen of treatment of patients with locally advanced
tongue cancer developed by us included selective intra-arterial
multidrug chemotherapy with subsequent radiotherapy to the
primary tumor and zones of regional metastasis. It increased
the median survival, three- and five-year survival. #=
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Abstract

Aim - to study the clinical and morphological characteristics and conduct
a comparative assessment of the survival of patients with locally advanced
distal diffuse gastric cancer depending on the type of the surgical procedure.
Material and methods. We performed a retrospective review of the impact
of the extent of surgery in the prognosis of 125 patients with diffuse gastric
cancer of distal localization, who underwent total gastrectomy or distal
subtotal gastrectomy at the N.N. Blokhin National Medical Research Center
of Oncology in the period from 2005 to 2022.

Results. The depth of tumor invasion (T4), the lymph node status, and the
tumor stage had a significant negative prognostic value in the univariate
analysis. Resection margin (R1) tended to significantly affect the overall
survival (p=0.082). The extent of the surgical procedure did not affect overall
survival in the univariate analysis (p=0.75). The multivariate analysis revealed
that only the tumor stage had a relative effect on the overall survival. In the
distal gastrectomy group, the median overall survival and the 5-year OS rates
were 85.0 months, 58.8% (95% CI: 0.487-0.711). In the total gastrectomy
group, the median overall survival, 5-year OS rates were 89.0 months,

60.3% (95% CI: 0.460-0.791). However, the differences were statistically
insignificant (p=0.75). In patients in the distal subtotal gastrectomy group,
the recurrence was detected in 12.7% of all cases of recurrence (8/63): 6
of them with intramural recurrence and 2 of them with intramural and
distant recurrence of the disease. In patients in the total gastrectomy group,
intramural recurrence was found only in one patient (4.8%) in the esophago-
enteroanastomosis.

Conclusions. Overall survival and relapse-free survival rates in patients with
diffuse cancer of distal localization after total and distal subtotal gastrectomy
do not have significant differences. However, distal subtotal gastrectomy in
this category of patients is associated with a higher risk of local recurrence
(12.7%) and can not be recommended as an alternative to total gastrectomy
in patients with satisfactory functional status.

Keywords: diffuse gastric cancer, distal subtotal gastrectomy, gastrectomy,
Prognosis.
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lNMporHo3 npu anddy3HOM pake Xxenyaka
AUCTaNIbHOU NoKanusauum B 3aBUCUMOCTH
OT 06beMa XMpypruyeckoro BMeLlaTesibCTBa

P.O. TopocsH?, C.H. Hepea' 2, H.A. Ko3noB!, XaHsiHb CyHb?, 1.B. KoHoHen!, UN.C. Ctunugu'3

IPIeY «HMWL, oHkonormm umenn H.H. BnoxunHa» MuHagpasa Poccum (MockBa, Poccuiickas ®enepauns)
20rbOY AMNO «Poccuiickas MegMuUUHCKas akageMus HenpepbIBHOTO NPodeccuoHanbHOro obpasoBaHms»
MwuHsgpaBa Poccun (Mocksa, Poccuiickas ®Pepepaums)
3OrAQY BO «PHUMY mnmenn H.W. Muporoesa» MuHsgpaea Poccun (Mockea, Poccuiickas ®Pepnepaums)

AHHOTauuA

Iens — U3y4YnTh KIMHUKO-MOPOJIOTHYeCKIe XapaKTePHUCTHKH, TIPOBECTH
CPaBHUTEJIBHYIO OIIEHKY BEDKMBAEMOCTH M YaCTOThI MHTPAaMYPaJIbHOTO Peliy-
JIMBa OIyXOJIM y GOJBHBIX AU PY3HBIM PAKOM XKeJTyfIKa IUCTaIbHOH JIOKaJIH-
3alliy B 3aBUCUMOCTH OT 06beMa XUpypPruiecKoro BMellaTesbCTBa.
Marepuain u MeTopbl. [IpoBeieH aHau3 BIMSIHUS 06beMa XUPypPrudecKoro
BMelllaTeJIbCTBa Ha IPOTrHO3 Y 125 60mbHbIX 11ddY3HBIM PaKOM >KeJTyKa AUC-
TaJIbHOM JIoKanusanuu, kotopeiM B HMUI] onkonorun umenu H.H. bBioxuna
B nepuoyt 2005-2022 rr. BBINOJIHEHA pajiiKailbHas ractpakromus (I'D) nnu
JUcTraiibHas cybToranbHas pesekuust xxeynka (JCPK).

Pesynbrarsl. [Ipu onHO(aKTOPHOM aHajM3e OCTOBEPHOe BIIMSHHE Ha BBI-
>KMBAeMOCTb UMeJTH [Ty6uHa oryxoneBoit uuBasuu (T4), craryc nmopaxeH-
HBIX JTUMpATHIeCKUX y3JI0B, CTA/Isl OITyXOJIeBOro Ipolecca. TeHJeHIHIo k
CTaTUCTHYECKU 3HAYMMOMY BIIMSHUIO Ha OOIIYI0 BEDKMBAEeMOCTb UMeJl Kpai
pesekiuu (p=0,082). O6beM BBINOIHEHHOI'O XMPYPruyecKoro BMenaresib-
CTBA Ha OOIIYIO BBDKMBAEMOCTb ITPH OIHO(aKTOPHOM aHaJIM3e BIIMSHUS He
okasbiBan (p=0,753). [Ipy MHOroakTOpHOM aHajM3e ObUIO BBISIBIIEHO, YTO
CTaTHCTHYEeCKH 3HAYMMOe BIIMSIHYe Ha OOIIy 0 BbDKMBAEMOCTb UMeJIa TOJIBKO
CTaJusl OIyXOJIeBOTrO Tporecca. MenuaHa o611el BEDKMBAeMOCTH, 5-JIeTHSIs
BbDKMBaeMocTh B rpymie JICPX cocrasuu 85,0 mecsa, 58,8% (95% IU:

0,487-0,711). MenuaHa o611eit BLKMBAeMOCTH, 5-JIETHSISI BBDKUBA@MOCTb B
rpyme I'D cocraBumu 89,0 mecsina, 60,3% (95% U: 0,460-0,791). Pasmuuvis
B 00111ei BDKMBAEMOCTH CTaTUCTUYeCKH HeflocToBepHsI (p=0,75). ¥ nanuen-
ToB B rpyne JICPK nHTpaMypasbHblil peliuiUB BhIsiBileH B 12,7% cityyaeB
BCeX pelMIUBOB (8/63): y 6 HaleHTOB BBISBIIEH TOJIBKO MHTPaMypaJlbHbIN
PeluIvB B 30He raCTPOIHTEPOAHACTOMO34, @ Y IBOMX allHeHTOB — UHTPaMy-
paJIbHBII PElIUIMB U OT/[alleHHble MeTacTasbl. B rpyiie manieHToB, KOTOPbIM
nipoBeyu 'O, BbLsBIEeH yunib 1 ciyyait (4,8%) HHTpaMypanbHOrO pernyanBa
3abosieBaHUs B 330¢har03HTEPOAHACTOMO3eE.

3axsouenue. [Tokazareny ob1eil BLDKMBaeMOCTH U 6e3peliIUBHOM BbI-
’KUBAaeMOCTH Y GOJBbHBIX 1M PY3HBIM PaKOM JIUCTAJIBHON JIOKAJIM3allUH T10-
cie I'D u JICPK nocroBepHbIX pas3nuuuii He UMetoT. OJJHaKO BBIIIOJIHEHUE
JICPX y aHHO# KaTeropuy MalyieHToB CONpPsDKeHO C 6oJiee BBICOKMM PUCKOM
HMHTPaMYpajlbHOTO penyjiuBa onyxoiu (12,7%) 1 He MoXeT ObITb PeKOMeH-
JIOBaHO B Ka4eCTBe aJIbTePHATUBHI ['D y GOJIBHBIX C y/IOBJIETBOPUTENBHEIM
YHKIMOHAILHBIM CTaTyCOM.

KumodeBsie cioBa: nudQysHbIi pak XKeJyfiKa, AUCTalbHasl CyOTOTaNbHAas
Pe3eKIMs JKeJTy/IKa, TaCTP3IKTOMHSI, IIPOTHO3.
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m INTRODUCTION
Morphologically diffuse gastric cancer (GC) is characterized
with disorders in the intercellular adhesion without
formation of glandular tissue, diffused spreading of the tumor
cells in the walls of the stomach, more aggressive course of the
neoplastic process and adverse survival outcomes as compared
to the intestinal subtype of cancer. In the group of diffuse
gastric cancer, the predominant histologic form is the signet
ring cell carcinoma (SRCC) represented by isolated cells with
a characteristic signet cell morphology and diffused growth
pattern, which allows its reference to the diffuse GC (P. Lauren)
[1-6]. According to the SEER register, in the period from 1975
to 2016 proportion of patients with SRCC is 16.8%. The
diffuse subtype is more incident in women and young people,
it is characterized with a more frequent dissemination in the

www.innoscience.ru

peritoneum, resistance to chemotherapy, and locally advanced
tumor course by the moment of disease diagnosis [5, 7-9].

In the Japanese classification of gastric carcinoma,
it is customary to refer to three sections of the stomach
approximately similar in size: the upper third (proximal
section), the middle third (corpus) and the lower part [10].
This conventional division of the stomach into three parts in
surgical practice is only used to describe the tumor localization.
It is to be emphasized that the sections of the stomach in the
surgical classifications do not match those in the anatomical
classifications. In Russia, distal GC is identified as a tumor
involving only the antrum or the pylorus, in which, according
to the clinical recommendations of the Russian Oncology
Association, distal subtotal gastrectomy (DSG) is indicated.
It is interesting to note that the involvement of the lower third
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of the corpus in distal cancer may necessitate an extensive
instead of a preserving surgery [11].

In Russia, in the cases of antrum diffuse GC, gastrectomy
with D2 lymph node dissection is preferred as a standard
surgical procedure, especially in young patients, since in this
category of patients the possibility of recurrent cancer in the
remaining part of the stomach remains high [8, 9, 12], and the
lymph node dissection is less extensive in the preserving surgery
as compared to the conventional gastrectomy. According to the
data from 62 hospitals of Europe, in the cases of antrum diffuse
GC, 44% of surgeons prefer the gastrectomy [12].

Lesser surgical trauma and more favorable outcomes of
the restoration of nutritive status of patients after DSG raise
no doubts and are used actively in the cases of intestinal
adenocarcinoma of distal localization [13, 14].

According to the ESMO clinical recommendations, the
major condition of the radically performed DSG is the absence
of cancer cells along all margins of resection (R0). The margin
for the proximal edge of resection in the diffuse GC is to be
at least 5 cm, for the diffuse cancer is characterized with
submucosal growth, which might be a technical difficulty to
achieve ‘clear’ margins of resection. Thus, performance of
DSG in the cases of distal GC may only be justified if the
radical principles are met and there are no cancer cells along
the resection margin [15].

As of today, there is no definitive consensus as to the extent
of surgical intervention in cases of distal gastric cancer. The
extent of surgery in distal gastric cancers is usually determined
by the surgeon’s preference and personal experience, as well
as the patient’s total physical condition [11, 12]. Thus, the
effect of the extent of surgery on the prognosis of patients
with diffuse distal gastric cancer remains a disputable and
understudied problem.

m MATERIAL AND METHODS

The study included 125 patients with diffuse gastric cancer
of distal localization who had undergone radical or palliative
total gastrectomy or distal subtotal gastrectomy at the N.N.
Blokhin National Medical Research Center of Oncology in
the period from 2005 to 2022. Distal localization of GC was
identified as the tumor localized in the antrum of the stomach
with or without spreading to the lower third of the stomach
corpus. Such clinical and morphological factors as sex, age,
tumor localization, depth of tumor invasion, macroscopic
form of the tumor, number of affected lymphatic basins,
lymphovascular or perineural invasion, and resection margins
were identified and compared among the patient groups that
were formed depending on the extent of the surgery performed.
Pathomorphological staging was performed in accordance with
TNM Classification of Malignant Tumors, 8th Edition.

Statistical Analysis. In the analysis of long-term outcomes,
the relapse-free survival (RFS) was considered the period
from the beginning of treatment to the emergence of signs of
progression of the disease, death, or the last follow-up of the
patient. The overall survival (OS) was considered the period from
the beginning of treatment to all-cause death or the last follow-
up. The statistical analysis included the Chi-square criterion
used to test the hypotheses. Survival analysis was carried out
by Kaplan-Meyer method and compared by log-rank tests.
The statistical analysis was carried out in the RStudio Version
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I I P

Age (years)

<55 32 (36.8%) 23 (60.5%) 0.014
>55 55 (63.2%) 15 (39.5%)

Sex

M 35 (40.3%) 18 (47.4%) 0.0002
F 52 (59.7%) 20 (52.6%)

Invasion depth

T1-T2 29 (33.3%) 14 (36.8%) 0.704
T3-T4 58 (66.7%) 24 (63.2%)

Borrmann type

-1 17 (19.5%) 5 (13.2%) 0.388
=1V 70 (80.5%) 33 (86.8%)

Lymph node status

pNO 47 (54.0%) 22 (57.9%) 0.688
pN+ 40 (46.0%) 16 (42.1%)
Localization

- antrum section

- lower third of corpus and 78 (89.7%) 21 (55.2%) <0.001
antrum section border 7 (8.0%) 9 (23.7%) :

- lower third of corpus and 2 (2.3%) 8(21.1%)

antrum section

Stage

IA/B 27 (31.0%) 11 (28.9%)

11A/B 31 (35.6%) 15 (39.5%) 0.592
1IIA/B/C 18 (20.7%) 10 (26.3%)

vV 11 (12.7%) 2 (5.3%)

Resection margin

RO 81 (93.1%) 37 (97.4%) 0.340
R+ 6 (6.9%) 1(2.6%)
Lymphovascular invasion

Yes 6 (6.9%) 4 (10.5%) 0.491
No 81 (93.1%) 34 (89.5%)

Perineural invasion

Yes 4 (4.6%) 5 (13.2%) 0.088
No 83 (95.4%) 33 (86.8%)

Relapse

Yes 8 (9.2%) 1(2.6%) 0.191
No 79 (90.8%) 37 (97.4%)

Table 1. Clinical and morphological characteristics
of patients depending on the surgical intervention performed

Tabnuua 1. KnuHuko-Mopgonozuyeckue xapakmepucmuku
60/1bHbIX B 3aBUCUMOCMU OM BbINOJIHEHHO20 XUPYypau4ecKozo
BMewamersnbcmsa

2023.09.0+463 software suite by Posit Software PBC. Two-
sided significance levels of research used to test the hypotheses
are 5%. Univariate and multivariate analysis between dependent
and independent variables (determination of the independent
influence of potential risk factors on the rate of occurrence of
the studied event over the studied time period) was performed
using the Cox proportional hazards (regression) model.

m RESULTS

The following surgeries were performed to the following
extents: total gastrectomy, 38 (30.4%); distal subtotal
gastrectomy, 87 (69.6%). Of the 125 patients, 27 (21.6%) had
early gastric cancer, 85 (68.0%) had locally advanced cancer,
and 13 (10.4%), metastatic cancer. The age of patients was
between 26 and 81 years (median age was 53.5 years). Tumor
type according to P. Lauren in all patients was considered
diffuse (100%). Among all patients, pNO, pN1, pN2 and pN3
was identified in 69 (55.2%), 23 (18.4%), 15 (12.0%) and
18 (14.4%) patients, respectively. Stages I, II, III, IV were
identified in 38 (30.4%), 46 (36.8%), 28 (22.4%) and 13 (10.4%)
patients, respectively. Patients with multiple primary tumors and
neuroendocrine tumors were excluded from the study.

Correlation was studied between the extent of the surgery
performed and age, sex, depth of tumor invasion, status of
lymph nodes, Borrmann tumor classification, tumor staging,
resection margin, presence of lymphovascular or perineural
invasion, and incidence rate of intramural relapse of the
disease. In our study, the group of patients who had undergone
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Figure 1. Overall survival depending on the extent of surgical
intervention.

PucyHok 1. Obwas BbXuBaeMoCcmb B 3aBUCUMOCMU
om o6bema onepamuBHO20 BMewamebCcmsa.

DSG, had more females (59.7% vs. 52.6%; p=0.0002) and
older persons (>55 years of age; 63.2% vs. 39.5%; p=0,014),
than in the total gastrectomy group. It was also found that
the tumor was more frequently localized only within the
antrum section of the stomach in the DSG group vs. the TG
group (89.7% vs. 55.2%; p<0.001). Perineural invasion had a
tendency towards statistically significant difference between
the two groups (4.6% vs. 13.2%; p=0.088). Other statistically
significant differences were not identified. It is interesting
to note that the patients of the DSG group had cancer cells
along the resection margins more frequently (6.9% vs. 2.6%;
p=0.340), and relapse was identified in them more often as well
(9.2% vs. 2.6%; p=0.191). The data follows below in Table 1.

The median OS and 5-year survival in the DSG group were
85.0 months, 58.8% (95% CI: 0.487-0.711). The median OS
and 5-year survival in the TG group were 89.0 months, 60.3%
(95% CI: 0.460-0.791). The differences in overall survival are
statistically unreliable (p=0.75) (Fig 1).

Univariate analysis was performed to assess the impact
of clinical and morphological factors on overall survival. As
shown in Table 1, the reliable prognostic value in the univariate
analysis was in the depth of tumor invasion, status of affected
lymph nodes, and stage of the tumor process. The margin of
resection tended to be statistically significant on OS (p=0.082).
The extent of the surgery performed had no impact on OS in
the univariate analysis (p=0.753).

Next, a multivariate analysis was performed to determine
the prognostic significance of clinical and morphological
factors. Multivariate analysis revealed that only the stage of
the tumor process had a statistically significant effect on OS.
The results follow in Table 2.

In our study, only 84 (67.2%) patients showed up for
follow-up at the N.N. Blokhin National Medical Research
Center of Oncology after the surgery. Among the patients
who showed up for the follow-up, 63 (75%) had undergone
DSG, and 21 (25%), TG. In 89.3% (75/84) of the patients,
no relapse of the disease was identified at the moment of the
examination. In 10.7% (9/84) of the patients, relapse was
identified: 7 patients (77.8%) with intramural recurrence in
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the esophago- or gastro-enteroanastomosis, and 2 patients
(22.2%) with intramural recurrence and distant metastasis.
On average, the relapse of disease was identified 33 months
after the surgery.

In the patients in the DSG group who showed for a follow-
up, the intramural recurrence was identified in 12.7% cases of
all relapses (8/63): in 6 patients, only the intramural recurrence
in the gastro-enteroanastomosis was identified, and in two
patients, the intramural recurrence and remote metastases. In
9% (7/78) of the patients in the DSG group with intramural
recurrence, the primary tumor was initially localized within the
antrum of the stomach. At the same time, only in two patients
after the primary surgery (distal subtotal gastrectomy) positive
resection margins were found along the stomach line (R1).

In the TG group, the patients who showed for the control
follow-up, only one case (4.8%) of the intramural recurrence of
the disease in the esophago-enteroanastomosis was identified,
however, in this specific case the tumor was transferring from
the antrum to the lower third of the stomach corpus. Of all
the cases of the disease relapse, only two patients (25%) with
intramural relapse were able to undergo repeated surgery. At
the moment of the follow-up, six (66.7%) relapsing patients
were dead from disease progression.

m DISCUSSION

Diffuse gastric cancer according to P. Lauren, which
includes the signet cell gastric cancer with characteristic
morphology, had adverse prognosis, aggressive course, and
resistance to chemotherapy [3-5, 16].

TG with D2 lymph node dissection is the preferred
treatment approach for diffuse gastric cancer. However, it
is related to lower quality of life of patients, unsatisfactory
nutritive status and higher lethality as compared to DSG [12-
14]. In the clinical recommendations of ESMO (2016), DSG
was regarded as an alternative to the total gastrectomy for
diffuse gastric cancer with at least 5 cm margin from the visual
border of the proximal edge of the tumor [15].

The multi-center LOGICA study compared the immediate
and long-terms results of surgical treatment of 211 patients
with gastric cancer who had undergone total (n=89) or distal
subtotal (n=122) gastrectomy with perioperative chemotherapy
in the period from 2015 to 2018. The comparison of the two
groups showed that diffuse tumors (51% vs. 31%; p=0.005)
and lower rate of RO-resections (91% vs. 98%; p=0.019) were
reliably more frequent in the TG rather than in the DSG group
respectively. Positive resection margins in the TG group (n=8)
in 88% of the cases were due to the diffuse type of the tumor.
Both cases of positive resection margins in the DSG group
were due to the diffuse type of the tumor. In the multivariate
analysis, the diffuse type of the tumor is reliably associated with
positive resection margins (RR 10.04; p=0.035). Also, in the
DSG group lower rate of post-surgery complications was found
(34% vs. 57%; p<0.001), such as leakage of anastomosis (3% vs.
19%), pneumonia (4% vs. 22%), atrial fibrillation (3% vs. 14%)
as compared to the TG group (p<0.05). The overall survival
showed a trend towards reliable difference (p=0.084). The only
prognosis factor to affect overall survival was the neoadjuvant
chemotherapy (RR 0.41; 95% CI: 0.20 — 0.87; p=0.020) [17].

The meta-analysis performed by J. Qi et al. (2016) compared
patients depending on the surgery performed. The subgroup
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_ Univariate analysis of OS Multivariate analysis of OS
 Foo | pue | Rekaio@wio) | Pwae | Rkratiowio)

Agg (years) 1

<

>55 0.191
Sex

M 1

= 0.115

Invasion depth
Tl

T2 0.144
T3 0.187
T4 0.002
Lymph node status

NO 1
N1 0.265
N2 <0.001
N3 <0.001
Tumor stage

IA/B 1
IIA/B 0.026
II1A/B/C <0.001
vV <0.001
Borrmann type

Type | 1
Type Il 0.891
Type Il 0.882
Type IV 0.785

Tumor localization
- antrum section 1

- lower third of corpus and antrum section border 0.496

- lower third of corpus and antrum section 0.613

Resection margin

RO 1

R1 0.082

Lymphovascular invasion

Yes

No 1
0.677

Perineural invasion

Yes 1

No 0.772

Preoperative chemotherapy

No

Yes 1
0.586

Extent of surgery

TG 1

DSG 0.753

1

1.417 (0.841-2.387)
1

0.660 (0.394-1.106)

1 1
2.171 (0.767-6.146) 1.303 (0.381-4.451)

0.673
1.912 (0.730-5.009) 0.345 0.460 (0.092-2.308)
3.240 (1.551-6.767) 0.363 0.456 (0.084-2.479)

1 1 1
1.559 (0.714-3.401) 0.338 0.527 (0.143-1.951)
3.818 (1.852-7.873) 0.942 1.056 (0.245-4.544)
5.394 (2.726-10.673) 0.973 1.027 (0.217-4.850)
1 1 1
2.442 (1.113-5.359) 0.055 5.099 (0.968-26.858)
4.670 (2.061-10.580) 0.078 11.321 (0.762-168.153)
15.170 (6.084-37.826) 0.010 40.073 (2.380-674.606)
1
0.865 (0.108-6.898)
0.860 (0.117-6.318)
1.371 (0.141-13.302)
1
0.753 (0.333-1.703)
0.774 (0.287-2.088)
1 1 1
2.280 (0.900-5.776) 0.313 1.745 (0.592-5.139)

1
1.216 (0.485-3.047)

1
1.189 (0.369-3.829)

1
0.723 (0.226-2.317)

1
0.915 (0.529-1.585)

Table 2. Results of uni- and multivariate analysis of the prognostic significance of clinical and morphological factors
Tabnuya 2. Pe3ynbmambl 00HO- U MHO20(hbaKmopHO20 aHasu3a npoeHocmuyeckol 3Ha4uUMoCmuU KIUHUKO-MOPgono2udeckux ¢pakmopos

analysis revealed that in the cases of total gastrectomy the
incidence rate of intabdominal apostasies was reliably higher
(RR =3.41; 95% CI: 1.21 - 9.63; p<0.05). Five-year survival in
the total and subtotal gastrectomy groups was 49.6% and 55.9%
(RR =0.91; 95% CI: 0.85 - 0.97; p=0.006), respectively [18].

Performing distal subtotal gastrectomy in cases of distal
diffuse gastric cancer may only be justified if the principles
of radical surgery are respected and if there are no cancer cells
along the resection margin (R0). S. Gaspar-Figueiredo el at.
(2023) demonstrated in their study the negative influence of R1-
resection on overall survival in cases of diffuse gastric cancer
in 20 patients who had undergone total gastrectomy. The OS
median in the patient group with RONO was 102 (95% CI: 1-207)
months versus the groups with RIN+ and R1NO, where the OS
median was 7 (95% CI: 1-13; p<0.001) and 36 (95% CI: 13-59)
months, respectively. Median RFS in the RONO group was 41
(95% CI: 32-50) months vs. RIN+ and RINO groups, where
the median RFS was 4 (95% CI: 1-7) and 25 (95% CI: 17-
33) months, respectively (p<0.001). The multivariate analysis
revealed that the resection margin was an independent factor for
the adverse prognosis (RR 4.1; 95% CI: 3.4-12.3) [19].
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M. Boubaddi et al. (2024) ran a retrospective multicenter
analysis in which they compared two groups of patients
with poorly cohesive gastric carcinoma: 140 patients (52%)
underwent total gastrectomy and 129 (48%) underwent distal
subtotal gastrectomy. The patients were similar in pTNM and
major clinical characteristics. In terms of long-term outcomes of
5-year OS and RFS no reliable differences were found: in the TG
group, 46% (95% CI: 35.9% — 55.5%); in the DSG group, 45.3%
(95% CI: 34.3% - 55.6%). In the TG group, 5-year OS was
53.8% (95% CI: 43.2% — 63.3%); in the DSG group, 53% (95%
Cl: 41.4 - 63.3%) (RR 0.94; 95% CI: 0.68 — 1.29); 5-year RFS
in the TG group was 46% (95% CI: 35.9% — 55.5%) vs. DSG
group with 45.3% (95% CI: 34.3% — 55.6%) (RR 0.97; 95% CI:
0.70 — 1.34). The incidence rate of post-surgery complications
according to Clavien-Dindo was reliably higher in the TG group
in comparison with the DSG group (p<0.001). At the same time,
in the DSG group the positive resection margins (R1) were found
more often than in the TG group (20.3% vs. 11.4%; p=0.046).
The factor analysis revealed that the R1-resection (p=0.08)
and the poorly cohesive morphological form with over 50% of
signed-shaped cells (p=0.31) do not reliably influence OS [20].
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J.A. Gajardo et al. (2024) performed a retrospective
analysis where two groups of patients with diffuse/mixed
cancer according to P. Lauren: 62 patients underwent
total gastrectomy (48%), and 68 underwent distal subtotal
gastrectomy (52%). The distal cancer was identified as a
tumor involving the lower third of the stomach corpus, or the
antrum, or the pylorus. RO resection was made in all of the
patients. The post-surgery complication rate was similar in
both groups (4.4% vs. 8.1%; p=0.387). The survival median
in the TG group was 69 months, whereas in the DSG group,
the median had not been reached (p=0.097); five-year OS in
the TG group was 51%, and it was 63% in the DSG group. No
reliable differences in RFS were found (p=0.392) [21]. M.A.
Moslim et al. (2021) made a comparative study of 17,086
patients with gastric cancer. The study included patients
with squamous cell carcinoma (SCC) and non-squamous
cell carcinoma (non-SCC) who underwent DSG (25.5% vs.
20.9%) and TG (74.5% vs. 79.1%), respectively. The patients
with SCC underwent TG more frequently (p<0.001). The
patients in the SCC group, who had undergone distal subtotal
gastrectomy, had better values of 5-year OS (RR = 0.67, 95%
CI: 0.60-0.75; p <0.0001) [22].

In our study, we were able to demonstrate that the 5-year
survival in the DSG group was comparable to that of the group
of patients who had undergone total gastrectomy (58.8% and
60.3%, respectively). Such high values of OS are related to the
fact that the examination of 67.2% identified stages I-II of the
tumor process. The patients in the DSG group were reliably
older than those in the TG group. The ag and the presence of
concomitant diseases may have a certain impact on the choice
of the surgery, viz. choice of DSG to decrease risk of mortality.
It is likely that it was in this regard that stomach resection was
performed (87/125) rather than total gastrectomy.

It must be noted, though, that in the DSG group the
incidence rate of R1-resections was somewhat higher than
in the TG group (6.9% vs. 2.6%, respectively), which might
be the cause for more frequent relapse cases in this group of
patients. The univariate analysis revealed that the resection
margin (R1) has a tendency towards a statistically significant

adverse impact on overall survival (p=0.082). In two out of
eight patients with relapsing disease from the DSG group, the
planned histological examination identified tumor cells along
the proximal line of resection. Presence of tumor cells in the
proximal margin of resection could have been an indication
towards surgery before total gastrectomy in the event the same
had been identified intraoperatively.

We were able to establish that during the follow-up the
patients in the DSG group showed relapses of the disease in
12.7% of all relapse cases (8/63), and in seven patients of
those the tumor was localized in the antrum of the stomach.
In the group of patients who had undergone total gastrectomy,
one case (4.8%) of intramural reoccurrence (1/21) was found,
which, again, testifies to the aggressive biology of diffuse
cancer and its potential towards development of intramural
relapse in the esophago-enteroanastomosis area despite the
surgical intervention. Notwithstanding the similar outcomes
of overall survival between the two groups, the incidence rate
of relapse is higher in the DSG group vs. the TG group. It may
be concluded that in patients with distal localization of diffuse
gastric cancer, total gastrectomy is the safer and more radical
method of surgery, whereas distal subtotal gastrectomy is to
be considered only in specific cases, where total gastrectomy
entails high operative risk for the patient. Nevertheless, the
choice of surgical intervention is to be carefully weighed.

m CONCLUSION

Distal subtotal gastrectomy with D2 lymph node dissection
in cases of distal gastric cancer does not have any reliable
adverse effect on survival values (p=0.75). Performing the
DSG for this category of patients entails higher risks of
intramural recurrence of the disease in comparison with total
gastrectomy, where the relapse risk is significantly lower.

Thus, today we cannot recommend DSG in distal diffuse
gastric cancer as the alternative to the total gastrectomy,
especially in the cases of the tumor transferring to the lower
third of the stomach corpus due to higher incidence of
intramural relapses. This may exclude patients of advanced
age with manifested concomitant pathology. #=

ADDITIONAL INFORMATION

JOITIOJIHUTEJIbHAA UH®OPMAILIUA

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

Hcmounuk gunancupoBanus. Pabora BbIITOIHEHAa IO UHUIIHA-
THBe aBTOPOB 6e3 NpuBJiedeHNs GUHAHCUPOBAHMSI.

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

Kongauxm unmepecoB. ABTOpBI 1eKJIapUPYIOT OTCYTCTBHE SIB-
HBIX U NTOTEHIHAJIbHBIX KOHQIMKTOB MHTEPECOB, CBSI3aHHBIX C CO-
JlepKaHHeM HaCTOsIIIeH CTaThH.

Consent for publication. Written consent was obtained from
the patient for the depersonalized publication of relevant medical
information and all of accompanying images in the journal.

Hugopmupobannoe coenacue Ha nydaukayuro. ABTOpHI MOJY-
YUK TUChMEHHOe COIIacHe TallkeHTa Ha ITyOIMKaIUIO B KypHaJle
MeJIMIIMHCKUX JAaHHBbIX U poTorpaduii B 06e3muaeHHON dopme.

Contribution of individual authors. R.O. Torosyan — data
collection, analysis and interpretation, preparation of the text of the
article, determination of the patient’s treatment tactics, planning and
execution of surgical intervention. S.N. Nered, N.A. Kozlov, Sun H.
— study concept and design, approval of the final version of the article.
L.S. Stilidi. P.V. Kononets — editing of the article.

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

Yuacmue aBmopo6. P.O. TopocsH — c60p, aHanu3 1 UHTepIipeTa-
1Y TaHHBIX, TofiroToBKa Tekcra crarbu. C.H. Hepen, H.A. Kosnos,
Cynb X. — KOHIIENIIKS U AU3aiH paboThl, yTBep KIeHHe OKOHYaTelTb-
Horo BapuaHTa crared. U.C. Crwuan, [1.B. KoHonen — penakTtu-
pOBaHMe CTaThU.

Bce aBropre! ono6prnu dUHaIBHYIO0 BepCUIO CTaThU I1eper Iyou-
Kalyel, BLIPa3WIM COIVIACHe HeCTH OTBETCTBEHHOCTD 32 BCE aCIIeKThI
PpaboTEI, TOAPa3yMeBarolIyIo Haylekalllee H3ydeHre 1 pelieHye Bo-
MPOCOB, CBS3aHHBIX C TOYHOCTBIO WM JOGPOCOBECTHOCTHIO JTF060M
4JacTu paboThl.

www.innoscience.ru

61


http://www.innoscience.ru

OH

62

Konorund, ny4eBAA TEPAMKUA

Tom 10 (1) 2025

REFERENCES / IMTEPATYPA

1. Mariette C, Carneiro F, Grabsch HI, et al. European Chapter of
International Gastric Cancer Association. Consensus on the pathological
definition and classification of poorly cohesive gastric carcinoma. Gastric
Cancer. 2019;22:1-9. DOI: 10.1007/s10120-018-0868-0

2. Nagtegaal ID, Odze RD, Klimstra D, et al. The 2019 WHO classification
of tumours of the digestive system. Histopathology. 2020;76:182-188.
DOI: 10.1111/his.13975

3. Otsuji E, Yamaguchi T, Sawai K, Takahashi T. Characteristics of signet
ring cell carcinoma of the stomach. J Surg Oncol. 1998;67:216-220.
DOI: 10.1002/(sici)1096-9098(199804)67:4<216::aid-js02>3.0.co;2-b

4. Guo Q, Wang Y, An J, et al. A Prognostic Model for Patients With Gastric
Signet Ring Cell Carcinoma. Technology in Cancer Research & Treatment.
2021;20:153303382110279. DOI: 10.1177/15330338211027912

5. Pernot S, Voron T, Perkins G, et al. Signet-ring cell carcinoma of the
stomach: Impact on prognosis and specific therapeutic challenge. World
J Gastroenterol. 2015;21(40):11428-38. DOI: 10.3748/wjg.v21.i40.11428

6. Lauren P. The two histological main types of gastric carcinoma:
Diffuse and so-called intestinal-type carcinoma. An attempt at a hiato-
clinical classification. Acta Pathol Microbiol Scand. 1965;64:31-49.
DOI: 10.1111/apm.1965.64.1.31

7. Zhang C, Liu R, Zhang W-H, et al. Difference Between Signet Ring
Cell Gastric Cancers and Non-Signet Ring Cell Gastric Cancers: A
Systematic Review and Meta-Analysis. Frontiers in Oncology. 2021;11.
DOI: 10.3389/fonc.2021.618477

8. Zhao S, Lv L, Zheng K, et al. Prognosis and Biological Behavior of
Gastric Signet-Ring Cell Carcinoma Better or Worse: A Meta-Analysis.
Frontiers in Oncology. 2021;11. DOI: 10.3389/fonc.2021.603070

9.LiC, Kim S, Lai JF, et al. Advanced Gastric Carcinoma with Signet Ring
Cell Histology. Oncology. 2007;72(1-2):64-68. DOI: 10.1159/000111096

10. Aiko T, Sasako M. The new Japanese Classification of Gastric
Carcinoma: Points to be revised. Gastric Cancer. 1998;1:25-30.
DOI: 10.1007/s101200050052

11. Paxk xenynka. Knunuueckue pekomendayuu. Obuiepoccutickull
HAUUOHANbHbI coro3 «Accoyuauus oHkono206 Poccuu». M., 2020. (In
Russ.). [Gastric cancer. Clinical guidelines. All-Russian National Union
“Association of Oncologists of Russia”. M., 2020].

12. Heberer G, Teichmann RK, Kramling H-J, Gunther B. Results of
gastric resection for carcinoma of the stomach: the European experience.
World J Surg. 1988;12(3):374-381. DOI: 10.1007/bf01655678

13. Lee SS, Chung HY, Kwon OK, Yu W. Long-term quality of
life after distal subtotal and total gastrectomy: symptom- and
behavior-oriented consequences. Ann Surg. 2016;263:738-744.
DOI: 10.1097/SLA.0000000000001481

14. Kwon OK, Yu B, Park KB, et al. Advantages of distal subtotal
gastrectomy over total gastrectomy in the quality of life of long-term
gastric cancer survivors. J Gastric Cancer. 2020;20(2):176-189.
DOI: 10.5230/jgc.2020.20.e17

15. Lordick F, Carneiro F, Cascinu S, et al. Gastric
cancer: ESMO Clinical Practice Guidelines for diagnosis,
treatment, and follow-up. Ann Oncol. 2016;27(5):38-49.
URL.: https://www.annalsofoncology.org/article/S0923-7534(22)01851-8/fulltext

16. Torosyan RO, Nered SN, Kozlov NA, et al. Prognosis of early
and advanced signet ring cell gastric carcinoma compared with other
histological subtypes. Surgery and Oncology. 2024;14:43-51. [Topocsu
P.O., Hepen C.H., Koznos H.A. [IporHo3 rnpy paHHeM 1 paclipOCTPaHEHHOM
[IePCTHeBUIHOKIIETOYHOM pake )Kejly[ka B CPaBHEHUH C IPYTHMHU
THCTOJIOTHYeCKUMH TUIaMu. Xupypaus u oHkonoaus. 2024;14:43-51].
DOI: 10.17650/2949-5857-2024-14-3-43-51

17. De Jongh C, Van Der Veen A, Brosens LAA, et al. Distal Versus Total
D2-Gastrectomy for Gastric Cancer: a Secondary Analysis of Surgical
and Oncological Outcomes Including Quality of Life in the Multicenter
Randomized LOGICA-Trial. Journal of Gastrointestinal Surgery.
2023;27:1812-1824. DOI: 10.1007/s11605-023-05683-2

18. Qi J, Zhang P, Wang Y, Chen H, et al. Does Total Gastrectomy
Provide Better Outcomes than Distal Subtotal Gastrectomy for Distal
Gastric Cancer? A Systematic Review and Meta-Analysis. PLOS One.
2016;11:e0165179. DOI: 10.1371/journal.pone.0165179

19. Gaspar-Figueiredo S, Allemann P, Borgstein ABJ, et al. Impact of
positive microscopic resection margins (R1) after gastrectomy in diffuse-
type gastric cancer. Journal of Cancer Research and Clinical Oncology.
2023;149:11105-11115. DOI: 10.1007/s00432-023-04981-y

20. Boubaddi M, Farinha HT, Lambert C, et al. Total Versus Subtotal
Gastrectomy for Distal Gastric Poorly Cohesive Carcinoma. Ann Surg
Oncol. 2024;31(2):744-752. DOI: 10.1245/s10434-023-14496-y

21. Gajardo JA, Arriagada FJ, Mucoz FD, et al. Torres Subtotal versus
total gastrectomy for distal diffuse-type gastric cancer. SAGES Oral.
2024;38:7588-7595. DOI: 10.1007/s00464-024-11268-x

22. Moslim MA, Handorf E, Reddy SS, et al. Partial Gastrectomy is
Associated with Improved Overall Survival in Signet-Ring Cell Gastric
Cancer. J Surg Res. 2021;266:27-34. DOI: 10.1016/.jss.2021.04.005

www.innoscience.ru

Hayka n UHHOBauUuK B MeauLuHe



http://www.innoscience.ru
https://doi.org/10.1007/s10120-018-0868-0
https://doi.org/10.1111/his.13975
https://doi.org/10.1002/(sici)1096-9098(199804)67:4%3C216::aid-jso2%3E3.0.co;2-b
https://doi.org/10.1177/15330338211027912
https://doi.org/10.3748/wjg.v21.i40.11428
https://doi.org/10.1111/apm.1965.64.1.31
https://doi.org/10.3389/fonc.2021.618477
https://doi.org/10.3389/fonc.2021.603070
https://doi.org/10.1159/000111096
https://doi.org/10.1007/s101200050052
https://doi.org/10.1007/bf01655678
https://doi.org/10.1097/sla.0000000000001481
https://doi.org/10.5230/jgc.2020.20.e17
https://www.annalsofoncology.org/article/S0923-7534(22)01851-8/fulltext
https://doi.org/10.17650/2949-5857-2024-14-3-43-51
https://doi.org/10.1007/s11605-023-05683-z
https://doi.org/10.1371/journal.pone.0165179
https://doi.org/10.1007/s00432-023-04981-y
https://doi.org/10.1245/s10434-023-14496-y
https://doi.org/10.1007/s00464-024-11268-x
https://doi.org/10.1016/j.jss.2021.04.005

Science & Innovations in Medicine

Vol.10 (1) 2025

ONCOLOGY AND RADIOTHERAPY

OpuruHanbHoe uccnegosaHue | Original study article
DOI: https://doi.org/10.35693/SIM646475

(@ This work is licensed under CC BY 4.0
© Authors, 2025

Predictors of successful molecularly targeted therapy
based on comprehensive genomic profiling data

Polina S. Shilo! 2, Mariya L. Makarkina3, Aleksandr A. Zakharenko!

1.P. Pavlov First Saint Petersburg State Medical University (Saint Petersburg, Russian Federation)
2| ahta Clinic (Saint Petersburg, Russian Federation)
3Saint Petersburg Clinical Scientific and Practical Center for Specialized Types of Medical Care
(Oncology) named after N.P. Napalkov (Saint Petersburg, Russian Federation)

Abstract

Aim - to study predictors of successful performance of comprehensive
genomic profiling and prescription of molecular targeted therapy for patients
with advanced solid tumors.

Material and methods. We performed a retrospective single-center study
of data of 104 patients who underwent comprehensive genomic profiling
by targeted sequencing in the period of 2019 to 2023. The assessment of
clinical significance of the identified genome alterations was performed
using the scale for clinical actionability of molecular targets of the European
Society for Medical Oncology (ESCAT). Analysis were performed of the
mutation spectrum, efficiency of molecular targeted therapy, and its effect
on survivability. Methods of logistical regression were used for the statistical
analysis.

Results. Comprehensive genomic profiling was successfully performed in 87
patients (83.7%). Potentially targeted alterations were found in 44.8% patients,

of which 11 persons received molecular targeted therapy. The main predictors
of successful performance of comprehensive genomic profiling were the
sufficient volume of tumors and lower number of revisions of biological
material. Among the patients who received molecular targeted therapy, the
overall median survival in the groups was 58 weeks as compared to the 35
weeks in the group of patients without molecular targeted therapy (p=0.097).
In three patients, extraordinary response was noted.

Conclusion. The findings show clinical relevance of comprehensive
genomic profiling in personalized treatment of solid tumors. The obtained
data emphasize the need for careful selection of patients for comprehensive
genomic profiling to improve its efficiency and availability.

Keywords: predictors, comprehensive genomic profiling, solid tumors, next
generation sequencing, molecularly targeted therapy.
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Tepanum Ha OCHOBaHUMU AaHHbIX KOMMJIEKCHOro
reHoMHOro npodgunupoBaHusa

MN.C. Wnno' 2, M.J1. MakapkuHa3, A.A. 3axapeHko!

IPre0Y BO «[lepsbii CaHkT-lNeTepbyprckuii rocyqapCTBEHHbI MEAULMHCKUA YHUBEPCUTET
nMmeHn akagemuka W.T. Maenosa» MunHsgpasa Poccun (CaHkT-IeTepbypr, Poccuiickas ®egepauns)
2000 Knunuka «Jlaxta» (CaxkT-letepbypr, Poccuiickas depepaums)
S'BY3 «CaHkT-lNeTepbyprckuii KNIMHUYECKMIA Hay4YHO-NPaKTUYECKMIA LIEeHTP CNeunanm3npoBaHHbIX BUAOB
MeLMLMHCKOW NoMOoLLM (OHKonoruyeckmin) umenn H.MN. Hanankoea» (CaHkT-MNeTepbypr, Poccuiickas ®enepauus)

AHHOTauuA

Ienpb — U3y4YUTh MPEJUKTOPHI YCIIENTHOTO BHIIOJIHEHUS] KOMITIEKCHOTO TeHOM-
HOTO POGIMPOBAHHUS ¥ HA3HAYEHHsI MOJIeKYJISIPHO-HAIIPABJIEHHOM Teparnuu
y MAIMeHTOB C PACIPOCTPAHEHHBIMU COJTUTHBIMHU OITY XOJISIMU.
Marepuasnsi u MeToasl. [IpoBe/ieHO PeTPOCIeKTHBHOE OTHOIIEHTPOBOE HC-
cnenoBanue HaHHBIX 104 nmanueHToB, KoTopbiM ¢ 2019 no 2023 roas! BI-
TIOJIHEHO KOMIIJIEKCHOe reHOMHOe NMPOGUIUPOBAHUE METOIOM TapreTHOTOo
CeKBeHMpOBaHHUs. [{JI OleHKU KJIMHWYECKOW 3HAYMMOCTH BBISIBJIEHHBIX

www.innoscience.ru

TeHOMHBIX aJIbTepanuil Ucnosb3oBana kiaccudurkaus ESCAT. ITpoenen
aHaJIM3 CIIeKTpa MyTanui, 3peKTUBHOCTH MOJIEKYIISIPHO-HAIPaBIeHHON
Teparvy U ee BIIUSHUS Ha BEDKUBAEMOCTD. [IJIsl CTaTUCTHYECKOTO aHaIu3a
MIPUMEHSUTICh MeTObI JIOTHCTUIEeCKOH perpecchu.

Pesynbrarel. KoMiekcHOe reHOMHOe IPOGHIIMPOBAHUE OBUIO YCIIEIHO
BhINoNHeHo y 87 nmarnuenToB (83,7%). [loTeHnyanbHO TapreTHpyeMble ajlb-
TepaIyy BLIIBIIeHHl Y 44,8% manueHToB, U3 KOTOPLIX 11 WeynoBek moiy-
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YHJTH MOJIEKYJISIpPHO-HAMpaB/ieHHY 0 Tepanuio. OCHOBHBIMU IPeJUKTOPaMU
YCIIELITHOTO BBIIIOJIHEHUS! KOMIIJIEKCHOTO TeHOMHOTO NMPOGUIMPOBAHUS
CTa/ld JOCTATOYHbIA 00BEM OMyXOJIeBOM TKAaHH U MeHbIIIee KOTHIeCTBO
nepecMOTpoB GuoMarepuana. ¥ MalueHTOB, NOJTYYUBIIMX MOJIEKYJISPHO-
HAIpaB/IeHHYIO Tepaluio, MeiaHa 0bIeil BbDKMBAeMOCTH B TPYIIIAX CO-
craBwIa 58 Heflellb B CPaBHEHUHM C 35 HeJleJIIMH B TPYIINe NalkeHToB 6e3
MOJIeKyJISIpHO-HarpaBieHHo# Tepanuy (p=0,097). KcTpaopaUHApHLIi OTBET
Habuozascs y 3 manyueHToB.

3axumroueHne. PesyibTarTe! HCCIIEJOBAHMS IEMOHCTPUPYIOT KIIMHIYECKYIO 3Ha-
YHMOCTb KOMIUIEKCHOI'O TeHOMHOTO POGHIMPOBAHYSI B [IEPCOHAIM3UPOBAHHOM
JIeYeHNH CONMIHBIX omyxoiet. [ToiydeHHbIe JaHHbIEe TTO/[YepPKUBAIOT HeobXo-
JIMMOCTb TIIATEILHOTO 0T6Opa NaIMeHTOoB JUIst KOMILIEKCHOTO FeHOMHOTO Hpo-
GUITMPOBaHHS, YTO TIO3BOJIUT HIOBBICHTH €r0 3 eKTUBHOCTD U AOCTYITHOCTb.
KirroueBslIe ci10Ba: peIMKTOPBI, KOMILIEKCHOE TeHOMHOe IIPOGUIIMPOBaHHeE,
COJIM/IHBIE OITyXOJIM, CeKBEHHPOBAHKE HOBOTO TTOKOJIEHHSI, MOJIEKYJISIPHO-Ha-
IIpaBJIeHHas Teparnwsl.

KoH}IuKT HHTepecoB: He 3asBJleH.
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Wwuno MN.C., MakapkuHa M.J1., 3axapeHko A.A. MpeaukTopbl ycnewHown
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m INTRODUCTION

D espite today’s achievements in the sphere of oncology,
the prognosis of patients with advanced forms of

malignant tumors remains negative. Five-year survival in

pancreatic cancer with remote metastases is approx. 3%, for

patients with colonic carcinoma it is 13%, and for female

patients with breast cancer, approx. 30% [1, 2].

The high incidence rate of solid tumors identified in
the locally disseminated and metastatic stages, and poor
outcomes of treatment account for the necessity of search
for additional therapeutic options for this category of
patients.

One of prospective approaches is the comprehensive
genomic profiling (CGP) and prescription of molecular
targeted therapy (MTT) based on the results of this
diagnostic test. CGP allows to increase the number of
potentially targeted alterations, i.e. biological events that
may be the targets of the respective targeted therapy. In
51.7-99% of patients with disseminated forms of tumors
who undergo such profiling, changes are identified that may
be aligned with a registered targeted therapy or a clinical
trial focusing on MTT [3-7].

The advent of such technologies makes oncologists face
numerous new diagnostic and clinical tasks: high cost of
diagnostics, difficulty of interpretation of results account
for the necessity of finding a group of patients who would
receive the maximum benefit from profiling.

m AIM

To find predictors of targeted alterations by using
comprehensive genomic profiling and predictors of
successful molecular targeted therapy.

m MATERIAL AND METHODS

In the single-center retrospective study, data were
analyzed from 104 patients who underwent tumor tissue
CGP using technologies of tumor genome sequencing.
The patients were under observation in the oncology

64

department of the “Lakhta” (formerly “Luch”) clinic
from 2019 to 2023. The decision of performing the new
generation sequencing (NGS) and prescription of MTT
was made jointly within the framework of oncology
consultations. CGP was performed my method of targeted
sequencing using large size (>300 genes) commercially
available panels (OncoAtlas, FoundationOne). The
identified genome alterations were classified using
the ESCAT criteria to assess the level of their clinical
significance [8].

The study included the analysis of the range of mutations,
prescription of targeted therapy based on molecular data,
evaluation of the clinical response of the tumor, and study
of patient survival rates on the background of treatment.
To identify predictors of successfully performed CGP, as
well as predictors of successful MTT, statistical analysis
was performed with multivariate logistic regression.

m RESULTS

General characteristics of the cohort

CGP was performed for 104 patients, and successful
results were obtained for 87 people (83.7%). The baseline
parameters of this cohort of patients are shown in Table 1.

The following are identified as the prevalent oncological
diseases: breast cancer (n=20, 23%), colorectal cancer
(n=19, 21.8%) and pancreatic cancer (n=7, 8%). The
average age of patients at the moment of profiling was
57 years. All patients included in the study had either the
primary diagnosed metastatic stage of the disease, or the
progression of the earlier localized process.

The data on the number of lines of previous therapy
were available for 79 patients. 33 patients (41.8%) had
received three and more lines of therapy. Atlas Solo (n=43,
49.4%) and FoundationOne (n=39, 44.8%) were the most
frequently used diagnostic panels.

Characteristics of identified alterations

The CGP method revealed alterations in 74/87 patients
(85.1%). These alterations were potentially targetable in

www.innoscience.ru
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| Numer ]| %

Pulmonary adenocarcinoma 5 5.7%
Colorectal cancer 19 21.8%
Melanoma 3 3.4%
Tumor metastasis from unknown primary site 1 1.1%
Bile duct tumor 3 3.4%
Tumor of the central nervous system 2 2.3%
Head and neck cancer 1 1.1%
. . Gastric cancer 6 6.9%
Diagnosis
Breast cancer 20 23.0%
Pancreatic cancer 7 8.0%
Salivary gland cancer 1 1.1%
Cervical cancer 1 1.1%
Ovarian cancer 4 4.6%
Rare subtypes of cancer 8 9.2%
Soft tissue sarcoma 5 5.7%
Squamous cell lung cancer 1 1.1%
Number of lines of therapy prior to comprehensive 0-2 lines of therapy 46 58.2%
genomic profiling 3 and more lines of therapy 33 41.8%
0-1 29 44.6%
ECOG status
2-3 36 55.4%
Atlas Solo 43 49.4%
Name of diagnostic test FoundationOne 39 44.8%
Other 5 5.7%
2020 26 29.9%
. . 2021 20 23.0%
Year of performance of diagnostic test
2022 19 21.8%
2023 22 25.3%

Table 1. Baseline characteristics of patients included in the study

Ta6nuua 1. basoBble xapakmepucmuKku nayueHmMoB, BK/IKOHEHHbIX B UCC/ied0BaHuUe

39 patients (44.8%). In 25 (29.1%) patients, one targeted
alteration was found, in 9 (10.5%) patients, two, in 4
(4.7%) patients, three targeted alterations. A detailed
distribution of alterations is shown in Table 2. In 39/87
(46.4%) cases the targeted alterations detected by CGP
could not be detected with conventional diagnostic
methods.

Analysis of predictors of unsatisfactory results of
comprehensive genomic profiling

CGP was unsatisfactory for 17 patients (16.3% cases).
The main reasons for unsatisfactory testing were the
insufficient amount of tumor in the block for the analysis
and lack of intact DNA for analysis. Among patients with
unsatisfactory results, the majority were patients with lung
tumors (n=6, 35.3%) and pancreatic tumors (n=5, 29.4%).

Univariate and multivariate logistic regressions were
performed to analyze predictors of unsatisfactory results
of the testing. The following parameters were assessed:
localization of primary tumor, diagnostic panel, number
of reviews of biomaterial, availability of only the biopsy
material for analysis.

The following were predictors of unsatisfactory results
of testing as identified by univariate logistic regression:
number of preceding lines of therapy (OR = 2.01,
95% CI [1.10-3.04], p=0.041), number of performed
revisions of biomaterial (OR = 3.96, 95% CI [2.42-5.59],
p=0.003) and availability of only the biopsy material for
analysis (OR=4.31, 95% CI [2.09-6.38], p<0.001). The
multivariate analysis showed that the number of preceding
lines of therapy was mutually correlated with the number
of material revisions. The number of biomaterial revisions

www.innoscience.ru

1 38 22.4%
Distribution of alterations 2 7 4.1%
and medications according
to ESCAT 3 58 34.1%
4 67 39.4%

Table 2. Distribution of detected alterations according to ESCAT

Tabnuua 2. PacnpedeneHue 06HapyxeHHbIX anbmepayull
no wkane ESCAT

(OR=3.71, 95% CI [2.19-5.47], p=0.002) and availability
of only the biopsy material for analysis (OR=5.32, 95%
CI [3.01-7.45], p<0.001) were independent predictors.
No statistically significant results in the number of
unsatisfactory results depending on the diagnostic panel
and diagnosis were found. Detailed information on
predictors of unsatisfactory results of CGP are shown in
Table 3.

Predictors for the prescription of molecularly targeted
therapy

Univariate analysis of potential predictors for the
prescription of MTT following the results of CGP was
performed. It analyzed such parameters as reference to
various groups of biomarkers as per ESCAT classification,
sex and age of patients, number of preceding lines of
therapy and ECOG status at the moment of CGP, and the
diagnosis.

The predictors for the prescription of MTT were as
follows: biomarker of ESCAT Tier I and II, female sex,
age below 40 years (Table 4).

It is to be noted that this type of analysis may include
more unaccounted factors, e.g., patient’s financial and
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[95% CI]

Number of preceding lines of 0-2 1 (reference)
therapy 52

2.01 [1.10-3.04]
Number of performed revisions 1 1(reference)
of biomaterial >l 3.96 [2.42-5.59]

Ha 1 (reference)
4.31[2.09-6.38]

Availability of only the biopsy
material for analysis

Univariate logistic regression, OR

Multivariate logistic regression, OR
[95% CI]

1 (reference)

0.14

0.041
1.81[0.83-2.99]
1 (reference)
0.003 0.002
3.71[2.19-5.47]
1 (ref
<0.001 {(=eienes) <0.001

Table 3. Predictors of unsatisfactory results in comprehensive genomic profiling
Tabnuua 3. [Tpedukmopbl HeydoBIemBopumerbHbIX pe3yibmamoB KOMNIEKCHO20 2eEHOMHO20 NpobuiupoBaHust

Univariate logistic
regression, OR
[95% CI]

m

ESCAT scale I, v 1 (reference)
biomarker 0.044
reference 1Ll 1.92[1.03-3.12]

Male 1 (reference)

Sex 0.002
Female 4.08 [2.11-6.39]

Above 40 years 1 (reference)
Age 0.023
Below 40 years 3.24[1.87-5.02]

Table 4. Analysis of predictors for the prescription
of molecularly targeted therapy

Tabnuua 4. AHanu3 npeduKkmopoB Ha3HaYeHus!
MoneKynsipHo-HanpasneHHol mepanuu

social status. The multivariate analysis was not possible
due to mosaic omission of data and small size of sampling.

Analysis of survival in the mixed cohort of patients

The median overall survival in the mixed cohort of
patients after CGP was 42 weeks (95% CI [28.6-55.4]).
The medians of overall survival in the groups with and
without MTT were 58 weeks and 35 weeks, respectively
(Fig. 1). At the same time, no statistically significant
differences were found, likely due to low number of
participants in groups (p=0.097).

It is to be noted that the observed difference of absolute
values in the survival between the groups is likely
accounted for by single cases of extraordinary response
in the group of patients who received MTT.

Cohort of patients receiving MTT

Among the 87 patients, for which the CGP was
performed successfully, MTT was prescribed in 11 cases.
Detailed clinical characteristics of patients follow in Table
5. Based on the results of genomic profiling, molecularly
targeted therapy was prescribed to two female patients
with breast cancer, two female patients with serous highly
differentiated ovarian carcinoma, two male patients with
lung adenocarcinoma, one male patient with colorectal
cancer, one female patient with ovarian granulosa cell
tumor, one female patient with glioblastoma, one female
patient with soft tissue sarcoma, and one female patient
with gall bladder cancer.

Most frequently, Alpelisib (n=3), Pembrolizumab (n=3)
and Olaparib (n=3) were prescribed as medications. In
singular cases, Erlotinib (n=1) and Sunitinib (n=1) were
prescribed.

In two cases, the full clinical response was achieved:
the patient with lung adenocarcinoma and high mutational
burden after treatment with pembrolizumab, and the patient
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with POLE mutation and high mutational burden after a
preceding course of treatment. In one case, the patient
with colorectal cancer, long-term remission was achieved
for over two years, with no signs of disease progression.
This case was considered one of extraordinary response
to MTT.

m DISCUSSION

There are numerous publications assessing the efficiency
of CGP. Many non-randomized trials demonstrate better
outcomes in patients with disseminated forms of solid
tumors with implementation of approaches based on
molecular profiling [9-13].

The results of prospective trials are contradictive. For
example, in the MOSCATO 01 study, out of 1035 adult
patients planned for NGS, only 199 (19%) tested patients
received genomic targeted therapy. This percentage is
comparable with the highest evaluations obtained in

Survival functions

0,87

064

0,4

Accumulated survival

0,24

T T T T T T
0 25 50 75 100 125

Overall survival, weeks
Prescription of medication based
on molecular profiling

—MNo —+ No — censored
_IYes —— Yes — censored

PucyHok 1. O6was BbhXuBaemMocmb B 3aBUCUMOCMU
om chakma HazHa4deHUsi MoNieKynsipHO-HanpasieHHolU mepanuu.

Figure 1. Overall survival depending on the administration
of molecularly targeted therapy.
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Diagnosis, group Brief clinical characteristics Identified alteration ::;iigsggs Ma:ifr;l#er:la;f;ect

39 year old female patient.
Breast cancer
lines of drug therapy

EIEEE) GEEED 27 year old female patient.

42 year old female patient.

Ovarian cancer Serous high-grade ovarian carcinoma.

38 year old female patient.

Ovarian cancer Serous high-grade ovarian carcinoma.

82 year old female patient.

Lung adenocarcinoma Adenocarcinoma of the upper lobe of the right lung

Lung adenocarcinoma 56 year old male patient.

Triple negative breast cancer (metaplastic carcinoma), after 8

Triple negative breast cancer, after 4 lines of drug therapy

PIK3CA Alpelisib Stabilization
H%t}nﬂyﬁg?nal burden Pembrolizumab  Progression
ATM Olaparib Stabilization
BRCA2 Olaparib Partial regression
EGFR Erlotinib Partial regression

High mutational burden

Pembrolizumab  Full clinical response

Adenocarcinoma of the upper lobe of the left lung (12 mut/Mb)

Colorectal cancer iﬁgﬁgéaorlcdirmﬁ'llg patient. POLE, TMB Pembrolizumab  Full clinical response

’ 29 year old female patient.

?g{fg:rr:c(gerranulosa Ovarian granulosa cell tumor, progression against CGHCH Sunitinib Progression
background of 3 lines of drug therapy
55 year old female patient.

CNS tumor Glioblastoma of the left parietal lobe, Grade IV, progression PIK3CA Alpelisib Progression
against background of 3 lines of drug therapy
28 year old female patient.

Soft tissue sarcoma  Leiomyosarcoma of the soft tissue of the face, after 4 lines of drug BRCA1 Olaparib Progression
therapy

Gall bladder cancer 22 year old female patient, PIK3CA Alpelisib Stabilization

Gall bladder cancer, after 3 lines of drug therapy

Table 5. Clinical characteristics of patients receiving the drug based on molecular profiling data
Tabnuuya 5. KnuHuyeckas xapakmepucmuka nayueHmos, Noy4YUBLUUX MOSIeKy ISiPHO-HaNPaBAeHHylo mepanuto

specific centers [13]. However, only 22 patients (2.1 %)
from the original cohort were able to receive an objective
response [14]. Their mOS was 11.9 months. This study
also evaluated the PFS2:PFS1 ratio; it was found that this
correlation is over 1.3 in 33% of patients. The PFS2:PFS1
ratio >1.3 indicates the advantages of treatment based on
CGP, considering that the progression-free time decreases
with each line of therapy in the natural progress of the
disease.

Another large-scale prospective study (ProfiLER)
showed that based on the results of CGP, molecularly
targeted therapy was prescribed to 699/2579 patients
(27%), and only 163 patients (6%) received at least
one target medication based on profiling. Of the 182
implemented lines of therapy based on CGP, partial
response was observed in 23 (13 %) patients. At the same
time, the full response was observed only in 0.9% from
the total cohort [15].

The only multicenter randomized study SHIVA, phase
2 [16], included only patients with disseminated cancer,
obstinate to conventional therapy, in which changes were
observed in one of the three molecular pathways (hormone
receptors, PI3K/AKT/mTOR, RAF/MEK); a total of 11
medications were available. The median PFS was 2.3
months in the experiment group (n=99) vs. 2.0 in the control
group (n=96) (HR 0.88, 95% CI 0.65-1.19, p=0.41).

The NCI MATCH (Molecular Analysis for Therapy of
Choice) trial [17] included over 40 arms, matching the
number of molecular alterations based on the results of
profiling using extended panels. The partial response rate

www.innoscience.ru

(PRR) in the majority of arms was not over 10%, however,
7/27 (25.9%) sub-trials of NCI-MATCH that ended, were
positive.

The results of our study are comparable with global
data. They confirm the importance of application of CGP in
clinical practice to improve results of treatment of patients
with disseminated solid tumors. Successful performance
of CGP and use of its results for the prescription of MTT
assist identification of clinically significant genetic
alterations, which fosters customization of therapeutic
approaches.

The following turned out to be the predictors of
successful performance of CGP: lower number of
preceding therapy lines, lower number of revisions of
biomaterial, and availability of sufficient amount of
tumor tissue for the analysis. These factors require special
attention when selecting the patients for the study.

Although no statistically significant differences in
overall survival were found (p=0.097), some cases of
extraordinary response were registered. They emphasize
the potential of MTT in the achievement of positive
outcomes of treatment in individual patients.

m CONCLUSION

The obtained data complement the necessity of further
study of factors influencing efficiency and availability of
CGP, as well as implementation of new molecularly targeted
medications in the clinical practices. This may help to
expand the range of therapeutic options for patients with
poor prognosis. P
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Characteristics of complications after surgical
treatment of deformities of the forefoot
in patients with rheumatoid arthritis

Daniil V. Kapitonov, Evgenii l. Byalik, Lyudmila I. Alekseeva, Sergei A. Makarov, Valerii E. Byalik
V.A. Nasonova Research Institute of Rheumatology (Moscow, Russian Federation)

Abstract

Aim - to evaluate and analyze postoperative complications that occurred after
joint-preserving operations and arthrodesis of the 1st metatarsophalangeal
joint in combination with resection of the small ray heads on the forefoot in
patients with rheumatoid arthritis.

Material and methods. Patients with rheumatoid arthritis (n-143) were
divided into 2 groups depending on the surgical technique. 63 patients were
included in group 1 (main group), 80 patients were included in group 2
(control group). Joint-preserving surgical techniques were used in group 1,
and arthrodesis of the 1st metatarsophalangeal joint and resection of small
rays were performed in the second group. The number of postoperative
complications and their types in both groups were assessed, as well as the
parameters influencing the occurrence of complications.

Results. There were 25 cases of complications in both groups, 13 cases
(20.58%) in group 1, 12 cases (15%) in group 2. The distribution in groups 1

and 2 was as follows: recurrence of deformities of 1 finger (9.52% and 0%),
recurrence of deformities of 2-5 fingers (3.17% and 5%), pain in VAS > 60
mm (4.76% and 5%), formation of pseudoarthrosis (0% and 1.25%), instability
of metal structures (3.17% and 2.50%), trophic disorders (0% and 1.25%),
respectively. A correlation was found between the activity of rheumatoid
arthritis > 3.98 points on the DAS28 scale and an increased incidence of
postoperative complications.

Conclusion. The results obtained in both groups indicate that joint-preserving
techniques for surgical correction of deformities of the forefoot in patients
with rheumatoid arthritis, as well as standard ones, are recommended for use
in compliance with indications and contraindications.

Keywords: rheumatoid arthritis, rheumatoid forefoot, forefoot deformity,
rheumoorthopedics.
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XapaKkTtepucTuKa OCJI0XXHEHU Nocne XUPYypruieckoro
neyeHus aedopMauuin nepegHero otaena ctonbl
y nauyMeHToOB C peBMaTOUAHbIM apTPUTOM

0.B. KanutoHos, E.WU. Banuk, J1.1. AnekceeBa, C.A. MakaposB, B.E. bsanuk

®IrBHY «Hay4Ho-uccnenoBaTenbCKkMii UHCTUTYT peBMmartonorun nMmenn B.A. HacoHoBon»
(MockBa, Poccuiickaa degepauns)

AHHOTauus

IIesnb — OLeHUTH U IPOAHAIM3UPOBATh 110CJIE0IepalMOHHbIe OCIIOKHEHUs],
BO3HMUKIIIME [10CJIe IPOBeJleHHs CycTaBocOeperaroyx onepanuii v aprpozesa
I1epBOro IUIFOCHedaIaHroBOro CycTaBa B KOMOMHAIMU C pe3eKIirell I'oJIoBoK
MaJlbIX JIy4yeil Ha IlepejiHeM OT/ieJle CTOIIbI Y NAllMeHTOB C PeBMATOU/IHbIM
apTpUTOM.

Marepuain 1 MeToasl. [lanyeHTH C peBMaTOUIHBIM apTPUTOM (n-143) GbuH
pasjiesieHbl Ha JiBe IPYIIIbl B 3aBUCUMOCTH OT XUPYPruyecKkoil TexHuku. B

www.innoscience.ru

OCHOBHYIO I'PyIIIy BK/ItOUeHbl 63 NalyeHTa, B KOHTPolbHY!o rpynny — 80 na-
LIMeHTOB. B 0CHOBHOI IpyIIe UCIOIb30BaMCh CycTaBocOeperaromye Tex-
HUKU Ollepalliii, MallieHTaM KOHTPOJIbHOM I'PYIIIbI BHINOJIHSUIA apTpojie3
11epBOro II0CHedalaHroBoro CycTaBa M pe3eKIHI0 FOJIOBOK MaJlbIX JIydei.
[TpousBouiack oleHKa KoJIMYecTBa 0C1eonepaliMOHHbIX OCJI0XKHEHUH U UX
BHJI0B B 00erX IpyIIax, a Takxke IapaMeTpPoB, BIMSIONMX HA BOSHUKHOBEeHHe
OCJIOKHEeHUH.
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TPABMATOJIOTNA N OPTOMNEANA

Tom 10 (1) 2025

Hayka n UHHOBauUuK B MeauLuHe

Pesynwrarsl. BoisiBieHo 25 ciiy4aeB BO3HMKHOBEHHST OCJIOKHEHHM B 06enx
rpynmnax: B 0CHOBHoU rpymrie 13 ciry4aes (20,58%), B kKoHTpoIibHOM — 12 city-
4aeB (15%). Pacnpenenenue ocioxHEHHI B TPYIIIax ObUIO CJIIYIOIUM:
petwauB nedopMaruii eporo nasbia (9,52% u 0%), penunus nedpopmanuit
2-5 manbres (3,17% u 5%), 601b o BAII > 60 mm (4,76% u 5%), o6pa3oBa-
Hue noxxHoro cycrara (0% u 1,25%), HecTabUIBHOCTh METAITIOKOHCTPYKIINE
(3,17% u 2,50%), Tpoduueckue napymenus (0% u 1,25%) cooTBeTcTBeH-
HO. BhisiBlieHa KOppeJIsIys Mex/y aKTHBHOCTBIO PEeBMAaTOMIIHOTO apTpUTa
> 3,98 bamna mo mkame DAS28 u moBbIlIeHreM 4acTOTHl BO3HUKHOBEHUS
O CJTEOTIEPAITHOHHBIX OCIIOYKHEeHHH.

BeiBogs!. [TonyyeHHble B 06erX IPyIIax pe3ysibTaThl CBUIETEIbCTBYIOT O
TOM, YTO CyCTaBoCOeperaroliye TeXHUKY XUPYPridecKoi KoppeKimu gedop-
MaIii IepefHero oT/esa CTOIbl Y HAllMeHTOB C PeBMAaTOWIHBIM apTPUTOM,
KaK ¥ CTaHJapTHbIe, peKOMEeH/I0BaHbI K UCIIOJIb30BAaHUIO C COOITIOIeHHeM I10-
Ka3aHUM U [IPOTUBOIIOKA3aHUN.

KirroueBrbIe €J10Ba: peBMaTOUIHBIN apTPUT, PEBMATOU/IHBIH TTePeTHUIN OT/IeN
CTOIBI, ledpopMarus IepeqHero OTesa CToIbl, pPeBMOOPTOIeVsL.
KonukT HHTEpecoB: He 3asBIIeH.

[ns uMTUpOBaHUS:
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MK — MeTannoKkoHCTpyKumS.

MonyuyeHo: 03.01.2025

Opo6peHo: 05.02.2025
Ony6nukoBaHo: 08.02.2025

m INTRODUCTION

Rheumatoid arthritis (RA) is a systemic autoimmune
inflammatory disease; in 65-90% of the cases it affects the
joints and paraarticular joints of the forefoot. In the vast
majority of cases, metatarsophalangeal joints (MTPJ) are
involved [1, 2]. Chronic inflammation and synovitis in
the MTPJ area cause various deformations such as hallux
valgus, hammer deformations of small rays, and other
pathological changes on various levels including damage
of periarticular structures (muscles, tendons, juxta-joint
capsules), which require surgical treatment in the majority
of cases [3-5].

The generally recognized standard of surgical
correction of MTPJ deformation in RA patients worldwide
is arthrodesis of the first MTPJ and resection of metatarsal
heads (the Hoffmann-Clayton procedure or global
reconstructive surgery, GRS) [6]. The choice of this
method is accounted for by the great prevalence of a severe
deformation with a high degree of joint degeneration, and
positive surgical outcomes.

Pharmacological treatment of RA has now reached quite
good results. In 10-20% of patients receiving genetically
engineered biological agents (GEBA), complications
are observed in the treatment of RA. At the same time,
the majority of patients may benefit from of shifting the
paradigm of surgical treatment from radical operations
to joint-preserving surgeries (JPS). Properly selected
and regularly used, the medications may slow down the
degeneration of joints and periarticular structures, and
improve the patients’ general condition [3].

According to international data, JPS in RA patients
have positive outcomes [6, 7]. At the same time, our
own and international practice shows the increased
risk of postoperative complications in joint-preserving
surgeries for RA patients. Various sources report the rate
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of complications in RA patients varying in the range of
27% to 30% after joint-preserving surgeries [8-11].

m AIM

Analyze results after joint-preserving surgeries
and global reconstructive surgeries in patients with
rheumatoid arthritis, and identify causes of postoperative
complications.

m MATERIAL AND METHODS

We conducted a retrospective study of 143 patients
(139 women and 4 men), who had undergone surgical
treatment of MTPJ deformations at the Department of
Traumatology and Orthopedics of the V.A. Nasonova
Research Institute of Rheumatology from 2018 to 2022.

All patients had rheumatoid arthritis of varying activity
as per DAS28 (Disease Activity Score-28) scale. The study
included 3 patients in remission (<2.6 points), 32 patients
with low (2.6-3.2 points) activity or rheumatoid arthritis,
and 108 patients with moderate (3.3-5.1 6anmna) activity.

The average age of patients at the moment of surgical
treatment was 55.1£11.7 years (from 26 to 75 years), and
the average activity of the disease as per DAS28 was
3.5£0.5 (1.3-4.9) points. In the treatment of rheumatoid
arthritis, the patients received basic anti-inflammatory
agents and genetically engineered biological agents.

The assessment of outcomes also included the
valgus angle of the great toe as per classification of
M.J. Coughlin and R.A. Mann, where the deformity angle
in Grade I is HVA < 20°, in Grade II, HVA 20°-40°, in
Grade III, HVA > 40°.

The group of patients with RA (n=143) was divided
into two subgroups by method of surgery. In the main
group (n=63) the deformity of the forefoot was treated
with joint-preserving surgery, and in the control group
(n=80) the global reconstructive surgery was performed.
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The joint-preserving surgery included the Scarf
lateralising shortening diaphyseal osteotomy of the
first metatarsal bone, Akin osteotomy of the base of the
proximal phalanx of the first toe, and Weil osteotomy of
the heads of the 2nd-5th metatarsal bones. All osteotomies
were performed in compliance with the Leliévre arc and
fixed with cannulated Herbert screws of various diameters
and lengths. The global reconstructive surgery included
arthrodesis of the first metatarsophalangeal joint and
resection of heads of the 2nd-5th metatarsal bones.

The observation period was 36 months with follow-up
examinations 3 months, 1 and 3 years after the surgery. In
cases of patients’ complaints, unscheduled examinations
in various periods were performed to ensure ongoing
evaluation of treatment outcomes and their correction as
needed.

The information about the methods of surgical
treatment and their outcomes, including patient
satisfaction and availability of complications, was
obtained from patient charts, and during follow-up
examinations after the surgery. Clinical results were
evaluated using the functional scale of the American
Orthopaedic Foot & Ankle Society (AOFAS), visual
analog score of pain, post-surgery X-ray data and patient
reports during follow-ups.

Statistical processing of data was performed in
Microsoft Excel (Microsoft Corp., USA) and statistical
data analysis software suite Statistica 10 for Windows
(StatSoft Inc., USA).

m RESULTS

In the course of the study, we registered 25 cases of
complications among patients with rheumatoid arthritis:
13 in the joint-preservation surgeries and 12 in the
global reconstructive surgeries. The complications were

Recurrent deformity of the great toe 6 (9.52%) 0 (0%)
Recurrent deformity of the 2nd-5th fingers 2 (3.17%) 4 (5%)
False joint formation 0 (0%) 1(1.25%)
Instability of metal structure 2(3.17%) 2 (2.5%)
VAS pain 2 60 mm 3 (4.76%) 4 (5%)
Trophic disorders 0 (0%) 1(1.25%)

Table 1. Distribution of postoperative complications in the group
of patients with rheumatoid arthritis during JPS and GRS and the
percentage of the total number of each group (in parentheses)

Tabnuua 1. PacnpedeneHue nocneonepayuoHHbIX 0CI0XHeHUl
B 2pynne nayueHmos ¢ peBMamoudHbIM apmpumomM

npu BbinosHeHuu CCO u 'PO u npoueHMHoe coomHoweHue
om obwezo Yucna Kkaxooll 2pynnei (B CKobKax)

distributed according to patient complaints and the clinical
evidence as follows: recurrence of deformity of the great
toe, recurrence of deformity of the 2nd-5th fingers,
formation of the false joint, instability of metal structure,
pain score of VAS > 60 mm, trophic disorders (Table 1).

Recurrent deformations were seen in 8 cases of JPS and
in 4 cases of GRS. The pain in the forefoot was registered
in 3 cases after JPS and in 4 cases after GRS. In one case
in the GRS group, a false joint formed. Instability of metal
structures was identified in 2 cases in the JPS group as
well as in the GRS group. Trophic disorders occurred in
one patient after GRS.

As far as isolated recurrent deformations are concerned,
it is to be noted that the patients after the GRS (n=4)
reported recurrent deformation of the small fingers,
whereas the great toe, after the arthrodesis of the
metatarsophalangeal joint and its complete consolidation,
remained in the correct position. The patients who had
undergone JPS, in 6 out of 8 cases reported recurrent

Figure 1. X-ray image before the JPS; immediately after the deformity was eliminated; 3 months after the JPS (recurrence of the deformity);

the appearance of the foot 3 months after the operation.

PucyHok 1. PenmeeHozpamma 0o nposedeHusi CCO; cpasy nocnie ycmpaHeHHoU degopmayuu; Hepe3 3 Mecsiya nocie CCO
(peyuduB degpopmayuu); BHewHul BUO cmonsl Yepe3 3 Mecsiyua nocsie onepayuu.
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Figure 2. A — postoperative X-ray; B — X-ray 8 weeks after GRS
(false joint 1 MTP).

PucyHok 2. A — nocrieonepayuoHHasl peHmaeHoegpamma;
B — peHmzeHoepamma Yepe3 8 Hedenb nocne PO
(noxHbIl cycmas 1 MN@C).

hallux valgus (Fig. 1), the remaining two cases being
characterized with deformity of small fingers. This group
of patients did not report pain and complications in
everyday life related to the recurrent condition.

Complaints of severe pain (=60 mm VAS) in the surgery
site came from 7 patients, 4 after GRS and 2 after JPS.
The pain was reported during axial load on the operated
limb, predominantly in the transverse arch of the foot and
the surgery site. No recurrent deformities were found in
these patients.

The formation of the false joint of the great toe
was registered in one case, where we observed lack of
consolidation in the site or arthrodesis after the removal
of Kirschner's wires 8 weeks after the surgery (Fig. 2).
We need to consider the intraoperative complications that
the surgeons faced: they were associated with pronounced
cystic reorganization of the head of the first metatarsal
bone and the proximal phalanx of the first toe and the poor
quality of bone tissue, which made it difficult to fix the
achieved correction. Despite the complication, the female
patient reported no pain or restrictions in her everyday life
after the surgery. After JPS, no formation of false joints
was observed.

In four cases, instability of metal structures occurred.
Two cases were noted in patients after arthrodesis of the
first MTP joint with fixation with two Herbert’s cannulated
screws. Two more cases were noted in patients after the
Scarf and Akin osteotomies with the same type of fixation
(Fig. 3). It is to be mentioned that the identified instability
of metal structures did not affect the function of the foot,
but in order to prevent more severe complications it was
resolved to perform revision surgeries and remove the
unstable metal structures. Following that, there were no
complaints from the patients.

Trophic disorders emerged in one case after the GRS:
there was disruption in the blood circulation in the distal
sections of small fingers, most likely due to the presence
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of Kirschner’s wires. Once these were removed, the female
patient reported gradual restoration of microcirculation in
the small fingers, and complaints regressed.

Before the surgery, the hallux valgus angle (HVA) in
patients with emerged complications was, on average,
50°(+8.51) in the main group and 54° (+11.3) in the
control group, which matches Grade III of hallux valgus.

Considering the foregoing, among the rheumatoid
arthritis patients there occurred 12 complications after
the GRS and 13 complications after the JPS. The total
rate of complications in the RA group is 17.48%. After
GRS (n-80), the rate of complications was 15%, and after
JPS (n-63), 20.58%.

In 23 out of 25 cases of complications, patients received
therapy as of the time of surgery and after the surgery. Of
this number, 19 patients received basic anti-inflammatory
therapy, 4 patients received GEBA; in 13 cases, patients
received hormone treatment. In 2 cases, the patients
canceled the therapy of their own accord. There was no
statistically significant relationship between the risk of
postoperative complications and the therapy received by
patients.

In the subgroup of patients with RA experiencing
complications (n-25), the average score of activity
was 3.98+0.6 points; in patients with RA who had
no complications, the average score of activity was
3.5+0.5 points. Statistical processing of the indicators
revealed a correlation (r = 0.314284) between an increased
RA activity index and an increased risk of postoperative
complications.

m DISCUSSION
Given the progress in the development and
implementation of medications for the treatment of RA, the

Figure 3. A — X-ray immediately after JPS (Scarf, Akin, Weil
osteotomy); B — X-ray 6 months after JPS (aseptic necrosis of the
head of the 2nd MB, instability of the Herbert screw, recurrence of
the hallux valgus deformity of the 1st finger).

PucyHok 3. A — peHmezeHozpamma cpasy nocie CCO (ocmeomomuu
Scarf, Akin, Weil); B — peHmzeHoepamma 4yepes 6 MecsiueB

nocne CCO (acenmuyeckull Hekpo3 20710BKU Bmopoeo [1K,
HecmabunbHocmb BuHma epbepma, peyudus BasbzycHol
degopmMayuu nepBozo nanbya).
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relevance of joint-preserving surgery is increasing among
surgeons [12-15]. These methods of deformity correction
help to maintain the normal functional status of the foot for
as long as possible, and this in turn improves the quality
of life and activity of patients with RA. The obvious
advantage of the JPS is, without doubt, the preservation
of the scope of movement in the foot articulations and
normal biomechanics of motion (during performance of
phases of the step).

The data obtained by us shows that patient satisfaction,
lack of deformities and complications after surgical
treatment depend on timely and regular follow-ups
by rheumatologists, and the same is reported by other
researchers [2, 3]. This facilitates timely adjustment
of RA therapy to maintain acceptable activity of RA
(remission and low activity), since the RA activity on
the DAS28>3.98 correlates (r=0.314284) with a more
frequent onset of postoperative complications. Kushioka
et al. (2018) dwell in their study on a significant positive
correlation (f=0.44 and p=0.001) between the elevated
(3.0+1.0) average value of RA activity before the surgical
treatment of DAS28-CRP and the increase of clinical and
radiographic complications after the surgery [15].

The complications in the performance of JPS and GRS
described above were assessed and statistically analyzed.
In the group of patients with RA, who had undergone
JPS, recurrent deformities of the great toe were observed
in 9.52%, but in the group of patients after the GRS
such deformities were not observed, whereas recurrent
deformities of the 2"-5% fingers occurred in 4 cases (5%).
These patients complained only of recurrent deformities
of the forefoot in different manifestations, but did not
complain of pain. In their study, Takakubo et al. (2018) also
reported a group of patients with RA, who had recurrent
deformities of the 1s-5" fingers in the forefoot occurred
after JPS in an isolated way, without pain [7]. In another
retrospective study, Yano et al. (2021) studied JPS in the
forefoot of patients with RA. The average observation
period was 6 years. The study included 89 people (105 feet),
who had various joint-preserving surgeries. The following
complications were registered: recurrent hallux valgus, 11
feet (10.5%), recurrent deformities of small rays, 24 joints
(7.7%). Revision surgeries were performed for 11 patients
with complications (mainly, recurrent HV) [6].

The occurrence of the greater number of recurrent
deformities in the JPS group is related to the fact that
HVA of the great toe was over 40° at the moment of
surgery, and the RA activity tended to be high, >3.98
points on the DAS28. This allows to conclude that the
correction of grade III hallux valgus of the great toe (>
40°) in patients with RA required, apart from standard
osteotomy, some interventions into the soft tissue, and to
keep the disease activity under control, increase the time
of post-surgery patient care, and follow up the operated
forefoot at predefined periods. Similar data is reported
by Takakubo et al., moreover, they note that there were
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more recurrent deformities of fingers in patients with the
average value of HVA=25° (grade II in the classification
of M.J. Coughlin and R.A. Mann) [7] .

The false joint that formed in one case (1.25 %) in the
RA group after the GRS was caused by a large defect of
the bony mass in the head of the first metatarsal bone
before the surgery. Traditionally, in the arthrodesis of the
first MTPJ Herbert’s screws are used, but, considering the
lower quality of bone tissue in RA patients, the arthrodesis
of the first MTPJ was fixed with Kirschner’s wires with
their subsequent removal eight weeks later. Fixation with
wires ensures the correct position of the toe, rotational
stability and compression required for consolidation. This
method provides a positive outcome; considering the single
case of formation of the false joint, it is recommended for
use in patients with RA.

Problems with metal fixtures occurred in four cases,
two in each group (JPS, 3.17%, GRS, 2.50%). In the
case of GRS, the instability of screws appeared against
the background of slowed consolidation in the zone
of arthrodesis of the first MTPJ that were fixed with
Herbert’s screws. After the JPS, the instability of screws
occurred mainly due to the low quality of the bony
tissue, which resulted in the early micro-motion and
subsequent loosening of the screws. Transition to walking
in ordinary footwear with fully bearing on the operated
limb in conventional time (6 weeks after the operation)
likely affects the stability of fragments and results in the
micro-motion of screws. In their study, Zirngibl et al.
Noted the necessity of adjustment of standard periods of
postoperative follow-up of rheumatoid patients, as well
as the use of dynamic orthoses, functional bandages, and
performance of special exercises to train the motion in the
articulations, which may be instrumental in lowering the
risk of onset of complications [16].

Such complications as trophic disorders (n=1; 1.25%)
after the GRS were caused by ischemia due to compression
of blood vessels of the small toe by the wire, following the
removal of which the problem was resolved.

m CONCLUSION

It follows from the obtained data that the share of
surgical treatment of forefoot deformities in patients
with RA without complications remains quite high in
both groups (JSP, 79.37 %, GRS, 85%). Various authors
report that in 74%-89.5% cases positive outcomes are
registered after JPS in rheumatoid arthritis patients
[6, 17]. This data allow to conclude that with certain
indications, viz. grade I and II of hallux valgus of the
great toe, preserved articular cartilage of the 1-5 MTPJ,
activity of the rheumatoid arthritis below 3.98 points on
the DASZ28, the joint-preserving technique of correction
of deformities of the forefoot in patients with rheumatoid
arthritis are recommended with arthrodesis of the first
metatarsophalangeal joint and resection of heads of 2nd-
Sth metatarsal bones. 2=
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Abstract

Aim - to develop a three-stage algorithm for maxillary reconstruction with the
Autoplan software suite to improve the results of surgical treatment.
Material and methods. 110 patients with maxillary defects were included
in the study and were divided into the main (60) and control (50) groups. The
three-stage algorithm and the Autoplan software suite were used to perform
reconstructive procedures only in the main group. All the postoperative results
were assessed in a period of six months after the surgery.

Results. Good aesthetic result was noted in 29 (48.33%) cases in the main
group and in 17 (34%) cases in the control group (p<0.001). The differences
between the main and control groups in functional results are statistically
significant (p<0.05): good speech quality: 31 (86.11%) in the main group,
22 (78.57%) in the control group (p=0,047). Diet without limitations: main
group, 26 cases (72.22%), control group, 18 cases (64.29%) (p=0,042). The
mean time of the reconstructive stage using scapular flap: main group, 210

(35) minutes, control group, 300 (35) minutes (time reduction by 30 (13.4)%;
fibular flap: main group, 180 (16) minutes, control group, 260 (36) minutes
(time reduction by 30.77 (11.2)%; ALT flap: main group, 175 (17) minutes,
control group, 220 (33) minutes (time reduction by 20.45 (13.3)%; radial flap:
main group, 130 (12) minutes, control group, 170 (12) minutes (time reduction
by 23.53 (8.1)% (p<0,001).

Conclusion. It can be concluded that incorporation of additive technologies,
personalized attachment systems, and preoperative planning are crucial
components of contemporary reconstructive surgery. This approach not only
helps to streamline surgical procedures but also contributes to favorable
functional and aesthetic outcomes.

Keywords: maxillary reconstruction, mandible reconstruction, additive
technologies, microsurgery, autologous flaps, facial reconstruction.
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Hayka n UHHOBauUuK B MeauLuHe

AHHOTauuA

Ienn — pazpaboTaTh ¥ BHEJPUTb TPEX3TAIIHbIM aJITOPUTM YCTPaHeHUs Jie-
dekTOB BepxHeH YeItoCTH C IPOrPaMMHBIM KOMIIJIEKCOM «ABTOIIIAH» IS
YJIydllleHHs! pe3yJIbTaToOB XUPYPru4ecKoro jiedeHus..

Marepuan u Metofbl. B rccnenosanuu npussiiy yyacrve 110 nanyenros
C IpruobpeTeHHBIMU flepeKTaMU BePXHeH YesltoCTH, KOTOPBIX Pasfle/liii Ha
ocHOBHY!O (60 4esioBeK) U KOHTPOJIbHYIO (50 4enoBek) rpymibl. AJITOPUTM,
COCTOSILIIMI U3 TPeX 3TarloB, ¥ IIPOIPaMMHBII KOMILIEKC « ABTOIUIaH» IIpUMe-
HSUIMCB /17151 BBIIIOJIHEHUSI peKOHCTPYKTUBHO-IUIACTUYeCKUX Ollepalvii TOJIbKO
B OCHOBHOY rpymrie. OlieHKa 0C/IeonepallMOHHbIX pe3ysIbTaToB IIPOM3BOJIM-
Jlack yepe3 6 Mecsi1ieB 110CJIe Ollepalliy M BKIJIFOUYasIa Clle/lyIolle lapaMeTphbl:
YHKIMOHANIBHBIN pe3ysIbTaT, 3CTeTHYeCKUi pe3yJibraT, BpeMeHHble 3aTpaThl
Ha ollepaTUBHOe BMelIaTelbCTBO.

PesynbraThl. B 0CHOBHOI IpyIile XOpOIIMii 3CTeTUYeCKU pe3yibTar Obul
nocturHyT B 29 (48,33%) ciy4asix, B KOHTpOJIbHOM — B 17 (34%) ciyua-
ax (p<0,001). Paznuuus Mexxay OCHOBHOM M KOHTPOJIBHOW I'PyIIIaMu IO
}yHKIIMOHANBHBIM pe3yJsibTaTaM cTaTucTUdecky 3HauuMbl (p<0,05). Xo-
polilee Ka4yeCTBO peyH ObIIO IOJIy4yeHo B OCHOBHOM rpymie B 31 (86,11%)
city4ae, B KOHTPOJIbHOU rpymie — B 22 (78,57%) ciy4asx (p=0,047). Iuera
6e3 orpaHMYeHUI B OCHOBHOM rpyniie orMevasnach B 26 (72,22%) ciyuasx,
B KOHTPOJIbHOU — B 18 (64,29%) cnyuasx (p=0,042). Cpennee Bpems pe-

KOHCTPYKTHUBHOTIO 3Tala C IIpUMeHeHHeM JIOIAaTOYHOI0 JIOCKYTa B OCHOB-
Ho¥ rpynne cocraBwio 210 (35) MunyT, B KoHTpOnbHOU — 300 (35) MUHYT
(cokpamienue Bpemenu Ha 30 (13,4)%); ¢ npuMeHeHHEM MaJiobepIIOBOro
JIOCKyTa B OCHOBHOM rpye coctaBuio 180 (16) MUHYT, B KOHTPOJIBHOM —
260 (36) munyT (cokpaienue Bpemenu Ha 30,77 (11,2)%; c npuMeHeHHeM
ALT-nockyra B ocHOBHOI rpynie 175 (17) MUHYT, B KOHTPOJIbHOM TpyIIIe
220 (33) munyT (coxpamenue Bpemenu Ha 20,45 (13,3)%; c npumMeHeHH-
€M JIy4eBOro JIOCKyTa B OCHOBHOM rpymie cocraswio 130 (12) munyT, B
KkOoHTposbHOHM — 170 (12) MunyT (cokpaleHyde BpeMeHHd Ha 23,53 (8,1)%
(p<0,001).

BriBonpb!. [IpriveHenue ayTUTHBHBIX TEXHOIOTUH, NHAWBH/TYaIM3UPOBAHHBIX
cucreM $UKCAlMU U IIPeJI0NIepaliMOHHOIO INIAHUPOBAHUS SIBJISIETCSl HEOTheM-
JIeMOM 4aCTbI0 COBPeMeHHOU PeKOHCTPYKTUBHOM XUPYPIUH, YTO Ha IIPaKTHKe
103BOJIsIeT COKPaTUTh BPeMsl OIlepalivy, a TakKe I10JIy4aTh Xopouire QyHK-
I[MOHAJIbHbIE U 3CTeTHYeCKUe pe3ysIbTaThl B OOJIbIIeM KOJIM4eCTBe CilyyaeB
110 CPAaBHEHHIO C OOIIeNPUHATHIMA METOJUKAMMU.

KitroueBsble cj10Ba: peKOHCTPYKIIMSI BepXHEH YellFoCTH, PEKOHCTPYKIIUSI HUXK-
Hel 4eNoCTH, aJINTUBHbIe TeXHOJIOTMH, MUKPOXUPYPIHsl, ayTOJIOTUYHbIe
JIOCKYTBI, yCTpaHeHHe JleeKTOB JIMIA.

KoHduukT HHTepecoB: He 3asBIleH.
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m INTRODUCTION

Modern facial injuries caused by new types of weapons,
increased vehicle speeds, and diagnosed malignancies

pose a serious surgical challenge. According to statistics,

the number of facial injuries has more than doubled over

the past decade!.

Injuries resulting from a variety of impact mechanisms
result in multiple injuries to both soft and hard facial tissues.
For example, fractures of the upper jaw are often combined
with eye socket injuries and damage to the soft tissues of
the face [1]. This requires a comprehensive approach to
treatment, including surgical intervention and restorative
therapy.

With respect to defects of the maxilla, the main tasks are
the elimination of oronasal fistula, restoration of the lower
wall of the orbit to ensure the supporting function of the
eyeball, restoration of the functions of chewing, swallowing,
breathing, speech, as well as the implementation of complete
dental rehabilitation.

An important practical area is the customization of
surgical interventions based on the patient's anthropometric
data. Taking into account the unique anatomical features
of the patient ensures good functional and aesthetic
results, which opens up new horizons for the successful
rehabilitation of patients with complex facial defects [2].

There are numerous classifications of maxillary defects.
One of the latest is the classification of J.S. Brown (2010),
based on the identification of the vertical and horizontal
components of the defect. Depending on the presence of
the anastomosis between the oral and the nasal cavity,
involvement of the supporting structures of the eye socket
in the defect, the scope of damage of the hard palate and
some other parameters, the authors suggested six types of
defects [3].

Today’s clinical practices place more importance on the
customized approach, modern systems of visualization,
surgery planning combined with involvement of additive
technologies. 3D-modeling enables reproduction of precise
stereolithographic models on the stage of planning of
reconstruction based on the patient’s anthropometric data
[4]. The use of individual templates provides the possibility
of reaching high precision of congruence of the bony
surfaces of the flap and recipient wound, reducing surgery
time and yielding better functional and aesthetic results of
reconstructive plastic surgery [5, 6].

AIM

To develop a three-stage algorithm for maxillary
reconstruction with the Autoplan software suite to improve the
results of surgical treatment.

1Federal Service of State Statistics: traumatism statistics in Russia. Available online: https:/rusind.ru/statistika-travmatizma-v-rossii-po-rosstatu.html
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m MATERIAL AND METHODS

A randomized controlled trial was conducted involving
110 patients with maxillary defects of post-traumatic and
post-oncological etiology. The participants of the study were
divided into two groups, the main and the control group. The
main group included 60 people, average age of 46+11 years,
men to women ratio: 46/14. The control group included 50
people, average age of 47+12 years, men to women ratio:
39/11.

In accordance with the J.S. Brown’s classification of
maxillary defects (2010), four types of defects were identified
(Type I-1V).

Type I: lower combined defects of the maxilla,
predominantly with a horizontal component, affecting the
mucous membrane of the retromolar region, the soft palate
region and the lateral wall of the oropharynx (main group:
23 patients; control group: 16 patients).

Type II: defects resulting from total maxillectomy (main
group: 13 patients; control group: 12 patients).

Type II: partial defect of the maxilla, predominantly with
a vertical component (main group: 15 patients; control group:
13 patients).

Type IV: inclusion of the orbit with its exenteration (main
group: 9 patients; control group: 9 patients).

In the main group of patients with combined maxillary
defects, the surgery planning, performance and follow-up
involved a three-stage algorithm and the Autoplan software
suite. In the control group, surgery was performed under
conventional methods.

Surgery algorithm. The algorithm used to perform the
surgery in the main group consisted of three stages. The first
stage is preoperative planning: the patient’s head CT data
was uploaded to the Autoplan software suite. 3D-model of
bony structure and soft tissue is constructed automatically;
the defect is visualized and localized, its scope and area were
calculated. For plastic material, four types of free surgical
flaps were used: maple seed-shaped fasciocutaneous radial
flap [7], chimeric scapular flap, ALT-flap (anterolateral
thigh), and fibula flap. The selection of the suitable plastic
material was performed in the automatic flap selection
program!, based on the following parameters: area, scope
and composition of the defect, necessity of cavity plugging.
If the selected flap was fibular or scapular, additional CT
was performed of the lower leg or the scapular region,

respectively. The data was uploaded to the Autoplan software
suite, where the 3D model of the flap was constructed with
fitting in the defect area. This stage also included construction
of 3D models and construction of individual templates for
resection, flap modeling and fixation system.

The second stage is the surgery. During the surgery,
individual templates for re-resection were used to refresh the
bonesaw lines of the recipient area, isolation and modeling
of the flap were performed using individual templates and
fixation system with retained blood flow in the autogenetic
graft.

In the third stage, the modeled flap was repositioned to the
recipient area and partially attached to the bonesaw lines of
bony structures. Microsurgery was then performed to form
the anastomoses with subsequent final fixation of the flap
and suture of the wound.

The postoperative results in both groups were assessed
six months after the operation. The criteria studied were the
results of the functional (binocular vision, dietary restrictions,
speech disorders) and aesthetic aspects; the amount of time
spent on the surgical stage; the incidence of post-surgery
complications. For each of the parameters, the functional
result was assessed as ‘good’, ‘satisfactory’, or ‘poor’. The
aesthetic results were assessed using the FACE-Q scales,
depending on the score, the ‘good’ (=80 points), ‘satisfactory’
(65-79 points), ‘poor’ (<64 points) evaluations were given.

Data processing. Using descriptive statistics, mean values
and standard deviations were obtained. Statistical tests
were used to determine the statistically significant a< 0,05
difference between the values in the control and the main
groups. To assess the significance of differences between
groups, Student’s T-test and Pearson’s x> were used. IBM
SPSS Statistics 23 software suite was used for statistical
calculations.

m RESULTS

Reconstructive plastic surgeries were performed on 110
patients with defects of the upper jaw (N=60 in the main
group, N=50 in the control group). The autogenetic graft
used in the main group were distributed as follows: 22 —
radial flap, 22 — ALT-flap, 14 — scapular flap, and 2 — fibula
flap. The autogenetic graft used in the control group were
distributed as follows: 17 —radial flap, 20 — ALT-flap, 12 -
scapular flap, and 1 — fibular flap (Table 1).

Fap type
I S S S S

Fibular 2(66.7%) 1(33.3%) —
Scapular 4 (15.4%) 3(11.5%) 10 (38.5%) 9 (34.6%) —
ALTflap  4(9.5%) 3(7.1%) 3 (7.1%) 3(7.1%) 6 (14.3%)
Radialflap 13 (33.3%) 9(23%)  — 9 (23%)
Total: 23(20.9%) 16 (14.5%) 13 (11.8%) 12(10.9%) 15 (13.6%)

_ 2(66.7%)  1(33.3%) 3 (2.7%)
_ = _ 14 (53.8%) 12 (46.2%) 26 (23.6%)
5(11.9%) 9(21.4%) 9 (21.4%) 22 (52.4%) 20 (47.6%) 42 (38.2%)
8(20.5%) — 22 (56.4%) 17 (43.6%) 39 (35.5%)
13(11.8%) 9(8.2%) 9(8.2%) 60 (54.5%) 50(455%) 110 (100%)

Table 1. Plastic material used for maxillary reconstruction in the main and control groups. O — main group, K — control group
Tabnuya 1. AymompaHcniaHmamel, npuMeHeHHble 0N1s1 PeKOHCMPYKyUU BepxHel Yentocmu B OCHOBHOU U KOHMposibHOU epynne.

O — ocHoBHas epynna, K — KoHmponbHas epynna

ICertificate of state registration of the computer program: RUS Ne2024617819 dated 05.04.2024.
Available online: https://fips.ru/registers-doc-view/fips_servlet?DB=EVM&DocNumber=2024617819&TypeFile=html
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Defect Type Typel (N=23) | Typell(N=13) | Typelll(N=15) | TypelV (N=9) TOTAL —

Speech quality

Good 21 (91.3%) 10 (76.92%)
satisfactory 2 (8.7%) 1(7.69%)
Poor - 2 (15.38%)
Diet

No restrictions 19 (82.61%) 7 (53.85%)
Strained food 4 (17.39%) 5 (38.46%)
Liquid diet 1(7.69%)
Aesthetic result

Good 18 (78.26%) 7 (53.85%)
satisfactory 4 (17.39%) 3 (23.08%)
Poor 1 (4.35%) 3 (23.08%)
Eyeball position

symmetrical - 10 (76.9%)
diplopia 2 (15.4%)
enophthalm - 1(7.7%)

N=36
31 (86.11%)
3 (8.33%)
2 (5.56%)
N=36
26 (72.22%)
9 (25%)
1(2.78%)
N=60
29 (48.33 %)
25 (41.67 %)
6 (10%)
N=28
13 (86.67%) 23 (82%)
2 (13.33%) 4 (14%)

0 1 (4%)

p=0.047

p=0.042

(p<0.001)
4 (26.67%)
9 (60%)
2 (13.33%)

9 (100%)

p=0.032

Tabnuua 2. PyHKyuoHabHble U 3cmemuyeckue pesynbmamsl ycmpaHeHusl 0epekmoB BepxHell Yenrcmu y nayueHmoB 0CHOBHOU 2pynnbi
Table 2. Functional and aesthetic results of maxillary reconstruction in the main group

Assessment of aesthetic results. Before the surgery the
average score as per the FACE-Q questionnaire was similar
in both groups and was 51 points (with quartiles: Q1 -
45, Q2 - 51, Q3 - 57). The assessment 6 months after the
surgery yielded the following average scores: in the main
group, 79 points (Q1 - 74, Q2 - 79, Q3 - 93); in the control
group, 67 points (Q1 - 64, Q2 - 67, Q3 - 80) (p<0.001).
God aesthetic results were achieved in 29 (48.33%) patients
of the main group and in 17 (34%) patients of the control
group. Satisfactory results: 25 (41.67%) patients of the main
group;21 (42%) patients of the control group. Poor results:
6 (10%) patients of the main group and 12(24%) patients of
the control group.

Assessment of functional results. Speech: good quality of
speech was seen in 31 (86.11%) patients of the main group
and 22 (78.57%) patients of the control group; satisfactory,
in 3 (8.33%) / 3 (10.71%) patients; poor, in 2 (5.56%) / 3
(10.71%) patients, respectively (p<0.05, p=0.047).

Diet. Of the 36 patients of the main group and 28 patients
of the control group with maxillary defects of Type I and
Type II, for 26 (72.22%) / 18 (64.29%) patients there

were no dietary restrictions; 9 (25%) / 8 (28.57%) patients
required strained food; 1 (2.78%) / 2 (7.14%) patients
required a fluid diet (p<0.05, p=0.042).

Visual acuteness and eye position. Decrease in visual
acuteness was not identified at all. In the group of patients
with Type II and Type III defects (N=28 / 25) symmetry in
the eyeball position was achieved in 23 (82%) / 17 (68%) of
the cases; moderate diplopia was seen in 4 (14%) / 7 (28%)
of the cases; enophthalmos was seen in 1 (4%) /1 (4%) of
the cases, respectively (p<0.05, p=0.032).

Thus, the implementation of the three-stage algorithm
allowed achievement of good functional and aesthetic
results in the greater number of cases. The differences
between the main and the control group are statistically
significant (p<0.05) (Tables 2, 3).

The time required to perform the reconstructive stage
of the surgery, depending on the selected graft, is shown
in Table 4. Scapular flap: in the main group, the average
time was 210 (35) minutes, in the control group, 300 (35)
minutes (time reduced by 30 (13.4)%). Fibular flap: 180
(16) min / 260 (36) min (time reduced by 30.77 (11.2)%).

Defect Type Typel (N=16) Typell (N=12) Typelll (N=13) TypelV (N=9)

Speech quality N=28
Good 13 (81.25%) 9 (75%) 22 (78.57%)
satisfactory 2(12.5%) 1(8.33%) 3(10.71%)
Poor 1 (6.25%) 2 (16.67%) 3(10.71%)
Diet N=28
No restrictions 12 (75%) 6 (50%) 18 (64.29%)
Strained food 4 (75%) 4 (33.33%) 8 (28.57%)
Liquid diet 2 (16.67%) 2 (7.14%)
Aesthetic result N=50
Good 10 (62.5%) 5 (41.67%) 2 (5.38%) 17(34%)
satisfactory 4 (25%) 3 (25%) 6 (46.15%) 8 (88.89%) 21 (42%)
Poor 2(12.5%) 4 (33.33%) 5 (38.46%) 1(11.11%) 12 (24%)
Eyeball position N=25
symmetrical 7 (58.33%) 10 (76.92%) 17 (68%)
diplopia 4 (33.33%) 3 (23.08%) 7 (28%)
enophthalm 1(8.33%) 0 1 (4%)

Table 3. Results of surgical treatment of patients with maxillary defects in the control group
Tabnuua 3. dyHKYuOHasbHbIe U 3cmemuyeckue pesysibmamsbl ycmpaHeHusi 0echekmoB BepxHell Yentocmu y nayueHmos

KOHmMposbHoll epynnbi
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Flap type Angle of scapula Fibular

Surgery time, min 500 (52) 475 (78)
Flap modeling time, min 90 (12) 75 (13)
Reconstructive stage time, min 210 (33) 180 (15)

Table 4. Mean surgery time in the main and control groups

ALT Radial Angle of scapula Fibular ALT Radial
390 (65) 290 (56) 610 (66) 580 (74) 450 (71) 330 (67)
85 (8) 30 (4) 180 (57) 160 (24) 120 (8) 70 (6)
175 (16) 130 (12) 300 (33) 260 (34) 220 (32) 170 (11)

Ta6nuua 4. CpedHee BpeMs onepamuBHO20 BMewamersibcmBsa B 0CHOBHOU U KOHMPOosbHOU epynnax

ALT flap: 175 (17) min / 220 (33) min (time reduced by
20.45 (13.3)%). Radial fasciocutaneous flap: 130 (12)
min / 170 (12) min (time reduced by 23.53 (8.1%). The
differences both in the average time of reconstructive stage
and in the total time of the surgery in the main and the
control group are significant (p<0.001).

m DISCUSSION

The region of the head and the neck is crucial in the
functions of chewing, swallowing, breathing, and speech;
moreover, it is vital for social interactions. Aesthetic and
functional facial defects are detrimental to the patient’s
quality of life [8], therefore, their repair is required for
medical reasons [9-11].

To repair the defects in the middle region of the face
and the maxilla, removable exoprostheses are usually used
that isolate the oral and the nasal cavities, thus restoring
the speech and the swallowing functions. The prosthesis
may include dental elements that contribute to a satisfactory
aesthetic result. One of the major advantages of this method
is fast achievement of the desired result, a shorter and less
invasive plan of surgical treatment without the lengthy
period of rehabilitation.

In patients undergoing cancer treatment, prostheses
provide the possibility of direct visual control, but
given the availability of modern imaging techniques,
this potential advantage has not been confirmed [12].
In addition, prostheses require daily care and must be
removed and cleaned regularly, which can be a major
problem for older people or those with visual impairments.
In some cases, the exoptostheses may be an acceptable
method for the repair of maxillary defects; however, their
use can not restore the functions as effectively as the free
autogenetic graft can [13].

Scientific literature currently describes a considerable
number of microsurgical methods to repair the maxillary
defects, including the rib osteo-cutaneous flap [ 14], latissimus
dorsi muscle-cutaneous flap [15], scapular flap [16], rectus
abdominis muscle flap [17], osseous radial flap [18], fibular
flap [19, 20], and some others [21-23]. The use of the method
we propose allows achievement of better functional and
aesthetic results in comparison with other methods [24, 25].

Additive technologies allow achieving higher rates of
bone surface congruence and reducing surgery time [26].

The three-stage algorithm of reconstructive plastic
surgery proposed by us for patients with facial defects
allows reducing the surgery time by 17.4% in comparison
with conventional techniques. E.g., B. Barton et al. (2022)
report that the time for reconstruction of the maxilla with
the flap involving the scapular angle is 600 minutes [27]. In
fact, this aligns with the time of surgery in the control group
of our study (610 minutes), whereas in the main group,
where the three-stage algorithm and the Autoplan software
suite were used, the average time of surgery was reduced
to 500 minutes.

The use of standardized algorithms for constructing a
patient's surgical treatment trajectory helps to improve the
reproducibility of such complex operations [28, 29].

m CONCLUSION

We propose an approach that includes three stages of
reconstructive plastic surgeries for patients with facial
defects. It allows achieving better results of surgical
treatment, reducing the time of surgical intervention
and getting fewer complications in comparison with
conventional approaches. We also believe that the presented
method will reduce the time required for training of surgeons
in this area. »=
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