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Abstract

Aim - to carry out a quantitative assessment of the healing of tubular bone
fracture modeled by applying a hole defect in it and to analyze existing
methods of bone regenerate morphometry.

Material and methods. The data were obtained on 30 white mature rats,
which had a hole defect made in the tibiae. Morphological and morphometric
studies of the regenerate were performed on the 3rd, 10th, 15th, 24th and 45th
days after surgery on histological sections.

Results. Microscopically the tibial regenerate in mature rats is characterized
by the presence of hematoma from 3rd to 10th days, as well as granulation
tissue from 3rd to 24th days, fibroreticular tissue, woven bone from 3rd to 45th
days, and lamellar bone, from 10th to 45th days of reparative osteogenesis.
Along with the well-known structures of the bone regenerate, muscle fibers
have been identified in its granulation tissue. Due to the peculiarities of the
structural organization of fibroreticular tissue, woven and lamellar bones and

their localization in the regenerate, it is proposed to distinguish organized
and unorganized layers in the first, and typical and atypical (disorganized)
components in the rest. Histomorphometry was used to obtain data on the
actual values of the areas of hematoma, granulation, fibroreticular tissue,
woven and lamellar bones on 3rd, 10th, 15th, 24th, 45th days after fracture
modeling, their percentages to the total area of the regenerate and the dynamics
of their changes from one period to another.

Conclusion. The histomorphometry data of the tibial regenerate on the 3rd,
10th, 15th, 24th and 45th days after surgery, as well as the revealed features
of its histostructure, supplement the available information on bone fracture
healing and can be used for fundamental medicine.

Keywords: tubular bone, regenerate, hematoma, granulation tissue,
fibroreticular tissue, woven bone, lamellar bone, morphometry, technique.
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AHHOTauus

IDens — oCyleCcTBUTh KOJIMYECTBEHHYIO OLIEHKY 3a’KUBIIEHHUs IepesioMa
TpyO4aToi KOCTH, CMOJIeJIMPOBAHHOTO ITyTeM HaHeCeHUs B Hell CKBO3HOI'O
nedekTa, ¥ IPOBECTH aHAJIU3 CYIIeCTBYOIIUX METOIUK MOPPOMETPUH KOCT-
HOTO pereHepara.

Marepuai u MeToabl. JlaHHbIe 1101y4YeHbl Ha 30 6eIbIX 107I0BO3PeJIbIX KPbI-
cax, KOTOPbIM HaHOCWJICSI CKBO3HOM JIbIpYaThIil iedpeKT B GoiibiebeproBbIx
KocTsix. Mopdosnoruyeckoe 1 MopdpoMeTpryeckoe U3ydyeHUe pereHepara
ocymecTsisiid Ha 3, 10, 15, 24, 45-e cyTku nocie orneparyy Ha THCTONO-
I'MYeCKUX Cpe3ax.

Pesynbrarsl. VccienoBanue perenepara 60sblie6eprioBoi KOCTH 110J10-
BO3peJIbIX KPbIC MUKPOCKOIIMYECKH XapaKTepH3yeTC sl HAJINYKeM IeMaTOMbl
Ha 3 1 10-e cyTkH, a TakXKe IPaHYJSIUOHHON TKaHU — Ha 3—24-e CyTKH,
¢$ubpopeTHKyIIpHOIA, rpy6OBOJIOKHUCTOM TKaHel — Ha 3—45-e CyTKH U IuTa-
CTHUHYATO! TKaHU — Ha 10-45-e cyTku penapatuBHOrO ocreorenesa. Hapsay
¢ 06111en3BeCTHBIMU CTPYKTYpPaMH pereHepara B ero rpaHy/IsILIMOHHOM TKaH!
BBISIBJIEHBI MBIIIEYHBIE BOJIOKHA. B CBSI3M C 0COGEHHOCTSMU CTPYKTYPHOM
opranusanuu ¢pubpopeTUKyISPHOM, rpybOBOJIOKHUCTOM, IJIaCTUHYATON

TKaHel 1 UX JIOKaJIM3aliiel B pereHepare Ipe/ijIooKeHO BbIJIeJIUTb B [1epBOH
OpraHU30BaHHBIM ¥ HEOPTAaHU30BAHHBIH CJIOH, @ B OCTAJIBHBIX — TUIIMYHBIN
Y HeTHITMYHBIH (Pa3pyIIaoIINiCs) KOMIOHEHTH. MeTonoM rucroMopdome-
TPHUH NOJIyYeHBb! JaHHbIe 0 GaKTUUECKHUX 3HAYEHMSIX IIJION[a/ield reMaToMBI,
rpaHyJISIMOHHON, GUOPOPETUKYIISIPHOM, TPyDOBOJIOKHUCTOM U IIJIaCTUHYA-
To¥ TKaHe# Ha 3, 10, 15, 24, 45-e cyTkM IOCIIe MOJIeJIMPOBAHMUS IIepesioMa,
YX NPOLEHTHBIX OTHOIIEHUSX K OOl IUIOaan pereHepara U AMHAMHKe
HX U3MEHEHHH OT OJHOTO CPOKA K IPyTOMYy.

3axunouenue. JlaHHble ructoMopdoMeTpUX pereHepara 6osible6epIioBoi
xocty Ha 3, 10, 15, 24, 45-e cyTku HOCIIe Ollepariuy, a Tak)Xe BBISBIIEHHbIE
0COOEHHOCTH ero TMCTOCTPYKTYPBI PACIIMPSIIOT U AOMOJHSOT UMEIOIIyIoCs
MHPOPMALHIO 110 32KUBJIEHUIO 11ePeJIOMOB KOCTeH U MOI'yT OBbITh UCIIOJIb30-
BaHBI JUIs QYHIAMEHTAIbHON MeIUIHLL.

KoroueBnle cioBa: Tpy64arasi KOCTb, pereHepar, reMaToMa, I'paHyJ/IsIIUOHHast
TKaHb, GUOPOPETUKYIISIPHAs TKaHb, IPyDOBOJIOKHHCTAs TKAaHb, IVTACTHHYATAsI
TKaHb, MOPGOMETPHSI, METOL.
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m INTRODUCTION
According to the statistics, in the Russian Federation
traumas rank second after cardiovascular diseases
and first among causes of early disablement in patients
aged below 60 [1]. This makes the question of traumatism
especially important [2]. Considering the social and economic
consequences the state incurs due to its citizens’ traumas, the
research into problems of reparative regeneration of bones
seems vital.

The healing of bone fractures is a complex multi-
staged process the assessment of which involves clinical
signs and X-ray, ultrasonic [3], morphologic (light
microscopy and histomorphometry), as well as laboratory
methods (identification of bone metabolism markers).

m AIM

To carry out a quantitative assessment of the healing of
tubular bone fracture modeled by applying a hole defect
in it and to analyze existing methods of bone regenerate
morphometry.

m MATERIAL AND METHODS

The study used 30 sexually mature male outbred white
rats weighing 200-210 g (6 animals per experimental time
point). The fracture of the tibia was modeled by making
a through hole defect (2.2 mm) with an electrical tool
consisting of a hard alloy burr for the angled handpiece
(JSC *OEZ Vladmiva”, Belgorod, Russian Federation)
and X-Smart endo motor with tip and reduction gearbox
(Dentsply, Maillefer, Switzerland) in the proximal section
of the diaphysis under ether anesthesia [4]. Postoperative
observation time points (days 3, 10, 15, 24, and 45)
were established based on key stages of reparative
osteogenesis according to Korzh N.A. and Deduh N.V.

www.innoscience.ru

(2006) [5]. For the purposes of histological research, a
fragment of the tibia between the proximal epiphysis and
diaphysis was excised. The specimens were fixed in 10%
neutral buffered formalin, decalcified in 5% formic acid
solution, dehydrated through a graded series of isopropyl
alcohol, and embedded in homogenized Histomix
paraffin medium. Histological sections (5-6 pym thick)
were prepared and stained with hematoxylin-eosin and
Masson’s trichrome. Visual assessment of histological
changes in the media, measurement of their structural
components, and photographing were performed on
the hardware-software system consisting of a personal
computer (Nis-Elements BR 4.60.00 software), Nikon
Eclipse Ni microscope and Nikon DS-Fi3 digital camera
(Nikon Corporation, Japan). The measurements of the
morphometric parameters of the bone regenerate were
performed in the NDP.view?2 software kit (Hamamatsu
Photonics K.K., EU, Japan, UK, USA). The numeric data
was uploaded to a licensed program JASP (v. 0.19.1.0,
The JASP Team, Amsterdam) to perform descriptive
statistics (calculation of the median and the quartiles).
The same program was used to test the normality of data
distribution using the Shapiro-Wilk test. Considering the
data distribution different from normal, to compare the
independent groups in various times of experiment, the
Mann-Whitney U-test was used to establish statistically
significant changes. The confidence interval for values
was 95%.

m RESULTS

On day 3 of the experiment, in the area of the defect
a section of a hematoma is visualized, surrounded by
granular and fibroreticular tissue (Fig. 1), with foci of
woven bone visualized in the latter.
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Figure 1. Tibial bone regeneration site after applying a hole defect
in it on the 3rd day of the experiment: A — area of the tibia with
regenerate, B — hematoma in which remnants of muscle fibers

(1) with vessels (2), C — granulation tissue containing a vessel

(2), fibroblast (3), macrophage (4), lymphocyte (5), D — area of an
organized (6) and non-insular disorganized (7) fibroreticular tissue
containing areas of typical woven bone (8) that adhere to granulation
tissue (9), E — area of non-insular disorganized fibroreticular tissue
in contact with red bone marrow, 10 — megakaryocytes. Staining:
hematoxylin-eosin (A-C, E), according to Masson (D).

PucyHok 1. Yuacmok pezeHepama 6onbwebepyosoil kocmu nocne
HaHeceHusi B Hell CKBO3H020 Oblp4amozo degekma Ha mpembu
cymku akcnepumeHma: A — yqacmok bonbwebepyoBol kocmu ¢
pezeHepamoM, b — zemamoma, B Komopol Bcmpedaromcsi ocmamku
MbIWeEeYHbIX BOSIOKOH (1) ¢ cocydamu (2), B — 2paHynsyuoHHas
mkaHb, codepxxaujasi cocyo (2), pubpobnacm (3), Makpogaz

(4), numgpoyum (5), I' — ysacmok opz2aHu3osaHHoli (6) u
6e3ocmpoBKoBoU HeopeaHu3oBaHHoU (7) pubpopemukynspHol
mkaHu, codepxawull yHacmku munu4Hol epy6oBosiokHUcmou
mKaHu (8), Komopble npunexam K epaHynsiyUoHHOU mKkaHu

(9), 4 — yyuacmok 6e3ocmpoBkoBoll HeopaaHU30BaHHOU
¢ubpopemukynsipHol mkaHu, KoHmakmupytouwull ¢ KpacHsIM
KOCMHbIM M0320M, 10 — mezakapuoyumsi. OKkpacka:
2emMamoKcuwnuH-303uH (A-B, [1), no Maccony (I).

In the hematoma area, fibrin mesh is visualized that
fragments the area, separate it from the granular tissue
and prevent proliferation of the blood corpuscles into
the neighboring tissue. Within the mesh, debris of or
deteriorating blood corpuscles are visualized, muscle
fibers and fractured fragments of bone. Individual vessels
are visualized on the periphery of the hematoma.

In the granular tissue around the hematoma, the cells
are distributed loosely. The cellular composition is
diverse. Fibroblasts, macrophages, lymphocytes, poorly
differentiated cells, and capillaries in various cross-
sections are identified.

The fibroreticular tissue is represented by a
disorganized accumulation of cells and fibers, with
vessels located between them. It should be noted that

180

Obaactb
nedexra

Figure 2. The tibial bone regeneration site after applying a hole
defect in it on the 10th day of the experiment: A — area of the

tibia with regenerate, B — hematoma containing fibrin fibers (1),

C — granulation tissue containing a vessel (2), fibroblast (3),
macrophage (4), lymphocyte (5), D — area of granulation tissue with
muscle fibers (6), E — organized (7) and insular (8) disorganized
fibroreticular tissue containing areas of typical woven bone (9),

F — section of typical woven bone surrounding bone marrow
cavities with insular disorganized fibroreticular tissue, turning into
typical lamellar bone (10) surrounding bone marrow cavities with
red bone marrow (11), G — area of typical lamellar bone of the
regenerate with red bone marrow surrounding it, 12 — osteoblasts,
13 — osteocyte, 11 — bone marrow cavity with red bone marrow,
12 — bone trabeculae of typical lamellar bone, 14 — osteoclast,

15 — megakaryocytes. Staining: hematoxylin-eosin (A-D, F, G),
according to Masson (E).

PucyHok 2. Y4acmok pezeHepama 6onbwebepuyosoli kocmu
nocre HaHeceHus B Hell CKBO3HO20 Oblp4amozo degpekma Ha 10-e
CymKu aKcnepuMeHma: A — ydacmok bonbwebepyosoli kocmu

¢ pezeHepamom, b — zemamoma, codepxxawas pubpuHoBbIe
BosiokHa (1), B — 2paHynsayuoHHasi mkaHb, codepxxaujasi cocyo
(2), pubpobnacm (3), makpogpae (4), numgpoyum (5), I —
y4acmok gpaHynsyUOHHOU MKaHU C MblueYHbIMU BOIOKHaMU

(6), 4 — ywacmok opeaHu3oBaHHoU (7) u ocmposkoBoli (8)
HeopzaHu3oBaHHoU ¢pubpopemukynspHol mkaHu, cooepxawuil
ydacmku munuyHot epybososiokHucmol mkaHu (9), E — yqacmok
munuyHoU epyboBonokHUcmol mkaHu, okpyxatowell KOCmHo-
M0320Bble N0JIoCMu C 0CMPOBKOBOU HeopaaHu30BaHHOU
¢ubpopemukynsipHoll mkaHbto, nepexoosawull B munuyHyo
nnacmuH4yamyo mkaHb (10), oKpy)xarouyro KOCMHO-M0320Bbie
nosiocmu ¢ KpacHbIM KOCMHbIM Mo32oM (11), XK — yyacmok
munuy4Holl nnacmuH4Yamol KocmHol mkaHu pezeHepama ¢
OKpy)Karowum peaeHepam KpacHbIM KOCMHbIM MO320M, 12 —
ocmeobnacmel, 13 — ocmeoyum, 11 — KOCMHO-M0320Basi NOJ0CMb
C KpacHbIM KOCMHbIM M0320M, 12 — KocmHble mpabeKybl
munuyHol nnacmuH4Yamou kocmHoll mkaHu, 14 — ocmeoknacm, 15
— Mezakapuoyumsl. Okpacka: eeMamokcunuH-303uH (A-I, E, XK),
no Maccory ().
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there are more cells than fibers, and the structural
components of the fibroreticular tissue surrounding the
granulation tissue are arranged along it in the form of
a layer (organized layer of fibroreticular tissue). On the
compact bone side, the structural components of the
fibroreticular tissue are arranged in bundles oriented
in various directions (disorganized non-islet layer of
fibroreticular tissue), and between them appear elongated
areas of coarse fibrous tissue. These areas are surrounded
by osteoblasts and consist of loosely arranged collagen
fiber bundles organized into fascicles.

The compact bone area adjacent to the defect
region contains lacunae without osteocytes. The red
bone marrow in contact with this area contains large
megakaryocytes.

The histomorphometry of the regenerate of tibia on
day 3 of the experiment showed that its total area was
10.480 [10.317;10.710] mm?, the area of the hematoma
in the regenerate was 6.250 [5.942;6.513] mm?, the area
of the granular tissue was 1.790 [1.698;1.875] mm?, area
of fibroreticular tissue was 1.615 [1.530;1.685] mm?,
coarse fibrous bone tissue, 0.885 [0.807;0.932] mm?,
which, in percentage of the total area of the regenerate
was 60%, 17%, 15% and 8%, respectively.

Structurally, the defect area on day 10 of the
experiment is similar to that of day 3, but on the periphery
of fibroreticular tissue, lamellar tissue appears (Fig. 2).
It is to be noted that the regenerate tissues form evenly
along the entire circumference of the defect area.

In terms of structure and location, the hematoma area,
granulation and fibroreticular tissue are similar to those
on day 3 of the experiment; at the same time, granulation
tissue contained isolated muscle fibers displaying
striations.

From the lamellar tissue side, coarse fibrous tissue
appears as branched, interconnected irregularly shaped
areas surrounding clusters of fibroreticular tissue, which
forms an island-like disorganized layer. These areas of
fibroreticular tissue are formed by loose clusters of
collagen fiber, fibroblasts and fibrocytes, and change into
densely packed groups of collagen fiber with similar cells
and osteoclasts forming trabecula of lamellar tissue. The
spaces between the clusters of the former are filled with
fibroreticular tissue, and between the groups of the latter,
with red bone marrow. On the surface of trabecula of the
lamellar bone, osteoclasts are identified.

It is to be noted that on the periphery of the regenerate,
areas of coarse fibrous tissue and lamellar bone tissue
start deteriorating (matching in structure the failing
fractured bone in the hematoma area on day 3 of the
experiment, with osteoclasts identified in the surface
of failing structures), and in their places, bone marrow
cavities remain filled with fibroreticular tissue or red
bone marrow, respectively. Thus, it is possible to identify
the typical coarse fibrous tissue, lamellar bone tissue
with constant structure, and non-typical, modified tissue
with deteriorating or deteriorated structural components.

The specific features of structural components of the
bone surrounding the regenerate in the defect area remain
the same, as on day 3.
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Figure 3. Tibial bone regeneration site after applying a hole defect
in it on the 15th day of the experiment: A — area of the tibia with
regenerate, B — area of regenerate with granulation tissue (1),

with organized fibroreticular tissue (2), with typical woven bone

(3) containing bone marrow cavities with insular disorganized
fibroreticular tissue (4), with typical (5) and atypical (6) lamellar
bone surrounding cavities with red bone marrow (7), C — regenerate
site containing typical and atypical lamellar bone surrounding bone
marrow cavities with red bone marrow, D — granulation tissue site, 8
— osteoclast, 9 — muscle fiber. Staining: hematoxylin-eosin.
PucyHok 3. Y4acmok pezeHepama 6onbuwiebepuyoBoll kocmu
nocJsie HaHeceHus B Hell CKBO3HO20 Oblp4yamozo decpekma Ha 15-e
cymKu akcnepumMeHma: A — yqacmok 6onbwebepyoBoli kocmu

C pezeHepamoM, b — yqacmok pegeHepama ¢ 2paHynsyuoHHoU
mkaHbto (1), c opeaHu3oBaHHoU pubpopemukynsipHol mKaHbo

(2), c munuyHol epyboBonokHUCMOU mKaHbHo (3), cooepxawel
KOCMHO-M03208Bble N0J0CMuU C 0CMPOBKOBOU HeopaaHU30BaHHOU
pubpopemukynspHol mkaHbto (4), ¢ munuyHol (5) u Hemunu4yHou
(6) nnacmuH4yamoU MKaHbH, OKpY)KatoWuUMU NOI0CMU C KPACHbIM
KOCmHbIM Mo320oM (7), B — yuacmok pezeHepama, codepxawjuli
MUNUYHYI0 U HEMUNUYHYIO NnacmuH4Yamyto mKaHb, OKpYKarowyto
KOCMHO-M03208BbI€ N0A0CMU C KPaCHbIM KOCMHbLIM MO320M, [ —
y4acmok egpaHynsyuoHHol mkaHu, 8 — ocmeoknacm, 9 — MblWeyHoe
BOJIOKHO. OKpacka: 2eMamoKCUIUH-303UH.

On day 10 of the experiment, the total area of the
regenerate was 11.500 [11.343;11.665] mm?; the area
occupied by the hematoma in the regenerate was 0.140
[0.115;0.165] mm2; the area taken by the granulation
tissue was 0.890 [0.813;1.020] mm?2; the area of
fibroreticular tissue was 2.370 [2.295;2.625] mm?;
coarse fibrous bone tissue, 1.720 [1.662;1.823] mm?;
lamellar bone tissue, 3.630 [3.507;3.730] mm?; bone
marrow cavities, 2.535 [2.450;2.710] mm?; the respective
percentages being 1%, 8%, 21%, 15%, 32%, 23% of
the total area of the regenerate. In comparison to day 3,
on the 10th day of the experiment the total area of the
regenerate increased by 1.09% (p=0.004), the area of the
hematoma decreased by 97.77% (p=0.002), the area of
the granulation tissue, by 48.93% (p=0.002). The area
of fibroreticular tissue increased by 56.58% (p=0.002),
and the area of coarse fibrous bone tissue, by 201.139%
(p=0.005).

The area of the defect on day 15 of the experiment
differs from that on the 3rd and 10th day by the lack
of the hematoma. It is to be noted that the regenerate
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Figure 4. Tibial bone regeneration site after applying a hole defect
in it on the 24th day of the experiment: A — area of the tibia with
regenerate, B — area of regenerate with granulation tissue (1),

with organized fibroreticular tissue (2), with typical woven bone

(3) containing bone marrow cavities with insular disorganized
fibroreticular tissue (4), with typical (5) and atypical (6) lamellar
bone surrounding cavities with red bone marrow (7), C — area of
granulation tissue with organized fibroreticular tissue, D — regenerate
site containing typical and atypical lamellar bone surrounding
bone marrow cavities with red bone marrow, 8 — muscle fiber in
granulation tissue, 9 — empty lacuna. Staining: hematoxylin-eosin.

PucyHok 4. Y4acmok pezeHepama 6onbwebepyoBol kocmu
nocne HaHeceHusi B Hell CKBO3HO020 Oblp4amozo decekma Ha 24-e
cymKu akcnepumeHma: A — yqacmok 6onbwebepuoBol kocmu

C pegeHepamoM, b — yyuacmok pezeHepama ¢ 2paHynsiyuoHHol
mkaHbio (1), ¢ opeaHu3oBaHHOU pubpopemuKyspHOl MKaHb
(2), c munuyHol epyboBonokHUcmol mkaHbto (3), cooepxawel
KOCMHO-M0320Bble NosIoCcmu ¢ 0CMpPOBKOBOU HeopeaHu30BaHHOU
ubpopemukynsipHoll mkaHbto (4), ¢ munuyHol (5) u HemunuyHou
(6) nnacmuH4yamotl mKaHbt0, OKpy)KarouumMu nosocmu ¢

KpacHbIM KOCMHbIM M0320M (7), B — yd4acmok gpaHynsiuuoHHol
MmKaHu ¢ op2aHusoBaHHOU ¢pubpopemukynsipHoll mkaHbto, [ —
y4yacmok pezeHepama, codepxauuti munu4Hyro u HemunuyHyto
nnacmuH4Yamyto mkaHb, OKPYXKaroWwyto KOCMHO-M0320Bble
noslocmu ¢ KpacHbIM KOCMHbLIM M0320M, 8 — MblWeYHOe BOIOKHO
B gpaHynsyuoHHoll mkaHu, 9 — nycmas nakyHa. Okpacka:
2eMamoKCUSTUH-303UH.

tissues form evenly on the entire circumference of the
defect area.

In terms of structure and position, the area of granular,
fibroreticular, coarse fibrous and lamellar tissues is
similar to that on the 10th day of the experiment. At the
same time, granulation tissue contained isolated muscle
fibers displaying striations. In the latter, clusters of nuclei
are seen in one of the sections of sarcoplasm (Fig. 3).
The organized layer of fibroreticular tissue directly
borders typical coarse fibrous tissue, while the island-
like disorganized layer is located within cavities of the
latter.

It is to be noted that both the typical and non-
typical (deteriorating) lamellar bone tissue (similar
morphological picture is seen on day 10), and on the
place of the latter bone marrow cavities remain filled
with red bone marrow. Near the non-typical lamellar
bone tissue, osteoclasts are identified.

On day 15 of the experiment, the total area of the
regenerate is 10.210 [10.105;10.503] mm?; the area
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Figure 5. The tibial bone regeneration site after applying a hole
defect in it on the 45th day of the experiment (A, B): A — area of
the tibia with regenerate, B — area of regenerate with organized
fibroreticular tissue (1), with typical woven bone (2), with typical (3)
and atypical (4) lamellar bone surrounding cavities with red bone
marrow (5), C — area of regenerate containing typical and atypical
lamellar bone surrounding bone marrow cavities with red bone
marrow. Staining: hematoxylin-eosin.

PucyHok 5. Y4yacmok pezeHepama 6onbuwiebepyoBol kocmu

nocsie HaHeceHus B Hell CKBO3HO20 Obip4amozo deekma Ha 45-e
cymku akcnepumeHma: A — yqacmok bonbwebepyosol kocmu

¢ peeeHepamoM, b — yuacmok pezeHepama ¢ opaaHu30BaHHOU
pubpopemukynspHoll mkaHbto (1), c munuyHol epyboBonokHUcmoul
mkaHbto (2), ¢ munuyHol (3) u HemunuyHou (4) nnacmuH4amou
MKaHbl0, OKPY)KarowuMu NOIOCMU C KPacHbIM KOCMHbIM M0320M (5),
B — yvacmok pezeHepama, codepxxaujuli munu4Hyo U Hemunu4Hy
nnacmuH4Yamyto mkaHb, OKPY»Karolwyr KOCMHO-M0320Bble Nofocmu
C KpacHbIM KOCMHbIM M0320M. OKpacka: 2eMamoKCUIUH-303UH.

taken by granular tissue was 0.770 [0.637;0.858] mm?,
fibroreticular tissue, 2.445 [2.308;2.508] mm?; coarse
fibrous bone tissue, 2.065 [1.987;2.165] mm?; lamellar
bone tissue, 2.160 [2.032;2.295] mm?; bone marrow
cavities, 2.925 [2.768;3.052] mm2. The percentages from
the total area of the regenerate are 7%, 23%, 20%, 21%,
29%, respectively. As compared to the 10" day, on the
15" day of the experiment the total area of the regenerate
decreased by 10.08% (p=0.004), area of granular tissue,
by 17.30% (p=0.180), area of fibroreticular tissue, by
2.51% (p=0.937). The area of coarse fibrous bone tissue
increased by 17.64% (p=0.013), area of lamellar bone
tissue decreased by 40.22% (p=0.002), and the area of
bone marrow cavities increased by 13.55% (p=0.026).

On day 24 of the experiment, similar to day 15, the
defect area differs from what it was on day 3 and day
10, namely, the hematoma is lacking. It is to be noted
that the regenerate tissue form evenly along the entire
circumference of the defect area. In terms of structure
and position, the areas of granular, fibroreticular, coarse
fibrous and lamellar bone tissue are similar to those on
the 15" day of the experiment. In the granular tissue,
individual muscle fibers are identified with signs of
striation. The organized layer of fibroreticular tissue
directly borders on the typical coarse fibrous tissue, and
the insular non-organized layer is located in the cavities
of the latter.
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Figure 6. “Rain cloud” graph reflecting the dynamics of changes in
the area of tibial regenerate during different phases of reparative
osteogenesis (a — from 3 to 10 days, b — from 10 to 15 days, c —
from 15 to 24 days, d — from 24 to 45 days).

PucyHok 6. [pacpuk «[JoxdeBble obnaka», ompaxarouull OUHAMUKY
usMeHeHul ninowaou pezeHepama bosnbuwebepyoBbix Kocmel B
meyeHue pa3Hbix a3 penapamuBHO20 ocmeozeHe3a (a—c 3 no 10
cymku, 6 —c 10 no 15 cymku, B —c 15 no 24 cymku, e — ¢ 24 no 45
CYmKu).

On the periphery of the regenerate, both typical and
non-typical lamellar bone tissue are identified (similar
morphological picture is seen on day 15), and in the place
of the latter, bone marrow cavities remain that are filled
with red bone marrow (Fig. 4).

On the 24™ day of the experiment, the total area of
the regenerate was 10.430 [10.037;10.688] mm?; the
area under granular tissue, 0.655 [0.592;0.748] mm?;
fibroreticular tissue, 0.430 [0.405;0.485] mm?; coarse
fibrous bone tissue, 0.575 [0.505;0.638] mm?; lamellar
bone tissue, 2.115 [2.092;2.242] mm?; bone marrow
cavities, 6.505 [6.030;7.107] mm?2. This comprises the
following percentages of the total regenerate area: 6%,
4%, 6%, 21%, 63%, respectively. As compared to the
15th day of the experiment, on the 24th day the total area
of the regenerate increased by 0.69% (p=0.818), the area
of granular tissue decreased by 12.56% (p=0.296), the
area of fibroreticular tissue, by 81.64% (p=0.002), the
area of coarse fibrous bone tissue, by 62.41% (p=0.002),
the area of lamellar bone tissue, by 0.62% (p=0.748), and
the area of bone marrow cavities increased by 224.79%
(p=0.002).

The defect area on the 45" day of the experiment
differs from that on the 24" day by the absence of granular
tissue (Fig. 5). It is to be noted that the regenerate tissue
form evenly along the entire circumference of the defect
area. In terms of structure and position, the areas of
fibroreticular, coarse fibrous and lamellar bone tissue
are similar to those on the 24" day of the experiment.

On the periphery of the regenerate, both typical and
non-typical lamellar bone tissue are identified (similar
morphological picture is seen on day 24), and in the place
of the latter, bone marrow cavities remain that are filled
with red bone marrow.

On the 45 day, the total area of the regenerate is 10.990
[9.973;12.173] mm?; the area under fibroreticular tissue,
0.420 [0.368;0.495] mm?; coarse fibrous tissue, 0.400
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[0.368;0.495] mm?; lamellar tissue, 2.850 [2.732;3.042]
mm?; bone marrow cavities, 7.320 [6.505;8.210] mm?,
corresponding to 4%, 4%, 26%, 66% of the total area
of the regenerate, respectively. In comparison with
the 24™ day, the total area of the regenerate on the 45%
day increased by 6.95% (p=0.485) (Fig. 6), the area of
fibroreticular tissue decreased by 2.65% (p=0.873), the
area of coarse fibrous bone tissue, by 29.65% (p=0.009),
the area of lamellar bone tissue increased by 33.31%
(p=0.002), and the area of bone marrow cavities, by
12.93% (p=0.240).

m DISCUSSION

Reparative osteogenesis exhibits distinct progression
patterns in different types of bone fractures. Results
from manual and automated measurements can vary
significantly, making it essential to account for the
morphometry equipment type, software used and staining
method.

A.T. Silant’eva et al. (2003) evaluate the process of
formation of regenerate forming between the proximal
and distal ends of canine tibiae following transverse
fracture, based on calculation of the regenerate
compaction coefficient (amount of cortical plate in the
transversal section of the regenerate), coefficient of the
regenerate form (ratio of the transversal dimensions of the
regenerate and the transversal dimensions of the fractured
bone), coefficient of the regenerate structure (amount of
bone sections in the total area of the regenerate), density
index of the compact and spongy bone tissue (amount
of matter of compact and spongy bone tissue on the
regenerate section). These values are used to calculate
the dynamic parameters of osteogenesis: index of amount
of bone matter in the regenerate prior to formation of the
cortical plate and on the stage of its formation [6].

V.V. Annikov et al. (2005) modeled transverse
tibial fractures in rabbits and used an ocular grid on
histological sections to determine the ratio of newly
formed bone volume to other tissue types (connective
and cartilage), relative area taken by the latter, ratio of
length of bone trabecula occupied with active osteoblasts
to their total length, and its cellular composition (amount
of histocytes, fibroblasts, total number of osteoblasts and
inflammatory cells) [7].

N.V. Deduh et al. (2009) used the model of a through
hole defect in the distal metaphysis of the tibia in rats
following G.G. Avtandilov’s morphometry method
and suggest measuring the number of tissue basophils,
neutrophils, plasmocytes, lymphocytes, fibroblasts and
poorly differentiated cells on the first, second and third
days after fracture, and measuring the area of granular,
fibroreticular, coarse fibrous and lamellar bone tissue,
native bone and detritus, as well as bone marrow, on the
5t 7t 14t 215t and 28™ days [8].

A.V. Slisarenko et al. (2013) evaluated the morpho-
functional condition of the regenerate on the 7, 15" and
24M day after making the hole defect in the middle of
diaphysis of tibiae by measuring such histomorphometric
parameters as percentage of fibroblasts, macrophages,
lymphocytes, plasmocytes, neutrophils, poorly
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differentiated cells in the total amount of cells, as well as
percentage of granular, fibroreticular, coarse fibrous and
lamellar bone tissue. Morphometric measurements were
performed in the SEO imageLab software suite using the
histological sections stained with hematoxylin-eosin and
using the Romanowsky-Giemsa method [9].

N.O. Ashukina et al. (2013) used histological
sections of the regenerate (Van Gieson’s staining with
hematoxylin-eosin) forming in the hole defect of the
middle diaphysis of the tibia in rats, to measure the
relative area of the hematoma, bone, fibroreticular,
granular tissue and bone marrow with the square ocular
grid of the microscope to calculate their percentage
from the total area of all tissues in the defect region.
The measurements were taken on the 31, 7t 14t and 21st
says after making the model fracture of the tibia [10].

V.Yu. Lebedinsky et al. (2015) and I.N. Mikhailov et al.
(2015), in their rabbit experiments, proposed calculating
the following morphometric parameters for distraction
regenerate of the ulna and radius: relative vascular
volume, tissue structure volumes (with quantification
of cellular and extracellular matrix components), and the
ratio of ossified to non-ossified structures. The authors
suggested such morphometric indices as vessel-to-tissue
ratio, cell-to-tissue ratio, ossification index. The first
two of these are the ratios of relative volume of vessels
and cells to the amount of tissue structures; the third
represents the ratio of ossified to non-ossified structures.
In the latter, the amount of cells and intercellular matter
were measured. The measurements were taken using an
ocular grid and systems of image analysis on sections
stained with hematoxylin-eosin [11-13].

P.E. Kovalchuk et al. (2015), after modeling a fracture
in the proximal femoral metaphysis by creating a
through-hole defect, proposed quantifying the percentage
of defect filling with newly formed bone tissue at days
7, 15, and 30 of reparative osteogenesis. The authors
measured this parameter planimetrically on digital
images of histological sections using a measurement grid
and expressed the results as percentages [14].

0.V. Korenkov (2016) proposed evaluating the healing
of a hole defect in the rat tibial diaphyses by calculating
the ratio of bone and connective tissue area to the total
defect area using image analysis software (“Video-Test”
and “Video-Size”). The analysis was performed on 15"
and 30™ days after the fracture on hematoxylin-eosin-
stained histological sections [15].

M.S. Shpakovsky et al. (2016) propose the following
as morphometric parameters of healing of the fracture
of the femoral neck in rabbits: surface area of bone
trabecula, numeric density of osteoblasts, osteocytes,
osteoclasts, vessels, proliferating osteoblasts, and
endothelium cells. The measurements were taken on the
7% 14%, 30%, and 60" days post-operation on sections
stained with hematoxylin-eosin and Van Gieson’s method
using the Axioplan 2 imaging software suite (Carl Zeiss,
Germany) [16].

V.D. Shyshchuk et al. (2018) proposed measuring
the cellular composition of the regenerate on the third
day after making the through defect in the middle of
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diaphysis of tibiae in rats, namely, measuring the amount
of fibroblasts, neutrophils, lymphocytes, plasmocytes,
macrophages, poorly differentiated cells; on the 15%
and 24™ days, measurement of percentage of granular,
fibroreticular, coarse fiber and lamellar bone tissue.
In the two latter cases, thickness of bone trabecula
was measured in the center and on the periphery of
the regenerate, total area and diameter of vessels was
measured in all cases. The morphometric measurements
were performed in the software suites “Video test 5.0”
and “Video Size 5.0” using histological sections stained
with hematoxylin-eosin (15" and 24" days) and with
Romanowsky-Giemsa method (3rd day) [17].

E.N. Gorbach (2019) investigated morphometric
parameters of blood vessels in the proximal and distal
bone fragments, corresponding regions of the regenerate,
and the intervening zone in dogs following a modeled
transverse fracture in the middle diaphysis of the
tibia. Analyzing the histological sections stained with
hematoxylin-eosin, and orcein using the Taenzer-Unna
method in the “VideoTesT-Morphology 4.0” (Russia)
software suite, the author measured the diameter of
vessels and numeric density of arterial and venous
vessels and calculated the number of arteria, arterioles,
venules and veins [18].

D.I. Suchkov et al. (2019) modeled a fenestrated
defect in the mid-third of the rat femur and measured
the following parameters: number of vessels, amount
and ratio of cells of osteocitarian differon (osteocytes,
osteoblasts, osteoclasts), area of the bone marrow, fibrous
tissue, amount of inflammatory cells and foreign cells.
The authors performed their measurements in the Imagel
software suite (NIH, USA) using histological sections
stained with hematoxylin-eosin and Van Gieson’s method
on the 14, 21t and 28" days after modeling the fracture
[19].

E.A. Nadyrov et al. (2019) propose measuring the
following morphometric parameters in tibial bone
regenerate of rats: area of necroses, granular tissue,
bone trabecula on histological sections stained with
hematoxylin-eosin [20].

Analysis of modern scientific literature has shown the
absence up to the present time of a unified approach to the
methodology of assessing tubular bone fracture healing,
which can be associated with researchers choosing
different biological objects for study (modeling), methods
of fracture modeling, methodological approaches to
morphometry and different time points for studying the
forming regenerate. In the early stages after the fracture
(day three) the measurements concern the hematoma
and its cellular composition, and in later stages (day 10
and on), the parameters of forming tissues that gradually
replace one another (granular, finroreticular, coarse
fibrous and lamellar bone tissue) and their structural
components.

Granulation tissue is a type of connective tissue that
develops at the site of a fibrin clot, beginning from
the peripheral portions of the hematoma. Its principal
cells are fibroblasts, myofibroblasts coming from both
the nearby connective tissues and differentiating from
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progenitor cells or mesenchymal stem cells migrating to
the fracture area. The amorphous matter of the granular
tissue is characteriszed with a high degree of hydration
in which the collagen fibers consist of type 3 collagen
(faster synthesis with lower mechanical strength) without
the presence of elastic fibers. Along with the formation
of amorphous matter and collagen fibers, neo-formation
of blood capillaries occurs [21].

As the fracture healing progresses, due to proliferation
of fibroblastic differon cells and gradual maturation
of collagen fibers (replacement of type 3 collagen
with type 1 collagen) fibroreticular tissue is forming
represented by randomly oriented bands of these cells
and fibers. In the peripheral regions of the regenerate,
as the osteoreparation process progresses, areas of
coarse fibrous bone tissue appear, characterized by
an organized arrangement of variably thick collagen
fiber bundles aligned along the stress lines of the bone.
They serve as the foundation of formation of trabecula
of coarse fibrous bone tissue, in which the number of
osteocytes and the dimensions of the lacunae in which
they localize is higher than in the mature lamellar bone
tissue. Whereas the space between the forming trabecula
of coarse fibrous bone tissue is filled with fibroreticular
tissue, in the lamellar bone tissue the similar spaces are
filled with bone marrow [22].

Analysis of the histomorphometric parameters
measured by the authors at different time points of
reparative osteogenesis demonstrates their significance
in quantitative assessment of tubular bone fracture
healing. The dynamics of changes of such parameters
as the amount of fibroblasts, poorly differentiated cells
in the hematoma area among the total amount of cells,
numeric density of vessels, and the percentage of forming
granular tissue followed by fibroreticular tissue, coarse
fibrous bone tissue and lamellar bone tissue, reflects
the normal consistent staged process of regenerate
formation from early stages to later, and the exclusion
of one components from the process inevitably results
in quantitative changes in the others. Thus, disruption
of normal blood supply in the fracture area leads to
osteogenesis turning to formation of cartilage tissue
that does not have the same strength properties as the
mature bone tissue. Our study established the presence
of muscle fibers with transverse striation in the structure
of granular tissue, which probably are not involved in the
confinement and shrinkage of the hematoma area due to
their contractile properties, and which may provide the
granular tissue with the mechanical strength that the type
3 collagen lacks.

Other cells of the hematoma play an important role
in the processes of its structural reorganization. The
macrophages, similar to lymphocytes, synthesize and
secrete angiogenic and cellular growth factors initiating
fibroplasia and neo-formation of blood vessels in the
fracture area. Endothelial cells can serve as a source
of osteogenic progenitor cells and secrete endothelial
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growth factors that stimulate their proliferation. Like
macrophages, endothelial cells also release platelet-
derived growth factor, which promotes fibroblast
proliferation, collagen synthesis, and chemotaxis of both
mesenchymal stem cells and inflammatory lineage cells.
The role of macrophages, along with neutrophils, is to
be considered in the phagocytosis of the cellular detritus
and bacteria in the fracture area [23]. Consequently,
the quantified proportion of the aforementioned cell
types within the total hematoma cell population serves
as an indicator of the intensity of hematoma structural
reorganization and formation of tissue-specific structures.

After the trauma, the fracture area is known to be
surrounded by clusters of activated platelets that release
the platelet growth factor, endothelial growth factor,
insulin-like growth factor 1 and 2, beta-transforming
growth factor. The first and the last stimulate chemotaxis,
proliferation and differentiation of ostheogenic lineage
cells [24].

In developing coarse fibrous bone and subsequent
lamellar bone tissues, the dynamics of changes in
parameters such as the quantity and ratio of osteocytic
differon cells (osteocytes, osteoblasts, osteoclasts)
provide crucial information about bone tissue neo-
formation in the fracture area. Specifically, one example
of a balance criterion of neo-formation and bone
resorption may be the ratio of areas taken by osteoclasts
vs. the area taken by osteoblasts, and ratio of osteoblast
vs. osteoclast amounts [25].

m CONCLUSIONS

1. The study of the regenerate of tibia of sexually
mature rats provided microscopic evidence of the
presence of the hematoma on days 3 to 10, granular tissue
on days 3 to 24, fibroreticular and coarse fibrous bone
tissue on days 3 to 45, and lamellar bone tissue on days
10 to 45 of reparative osteogenesis.

2. Our own data on actual values of their areas on
days 3, 10, 15, 24, 45 after modeling the fracture, their
percentage from the total area of regenerate and dynamics
of their changes from one stage to another aligns with
the information on quantitative assessment of bone
regenerate available in the literature, and augment it.

3. Along with the generally known structures
present in the regenerate, muscle fibers were identified
in its granular tissue. Considering the specifics of
structural organization of fibroreticulat, coarse fibrous
and lamellar bone tissue and their localization in the
regenerate, we suggest identifying the organized and
non-organized in the first type of tissue, and typical and
non-typical (deteriorating) components in other types
of tissues. Future research will focus on developing
quantitative assessment methods for these parameters
and recommending their inclusion in standardized
histomorphometric protocols for bone regenerate
analysis, which will have significant implications for
fundamental medicine.
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Morphological evaluation of decellularized
lyophilized amniotic membrane
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Abstract

Aim - to study the morphological structure of lyophilized amniotic membrane
preliminarily subjected to physical decellularization.

Material and methods. An experimental study of the preservation of the
anatomical structure of lyophilized amniotic membrane was performed on
four groups of amniotic membrane fragments. Group 1: AM impregnated
with glycerin and dried over silica gel; Group 2: AM impregnated with
glycerin, treated ultrasonically and lyophilized; Group 3: AM treated
ultrasonically and lyophilized; Group 4: native AM without preservation.
The biomaterial was studied using light microscopy and scanning electron
microscopy.

Results. Physical methods of influencing biological tissue have an expected
effect on cell viability and allow obtaining a completely decellularized
amniotic membrane. Additional treatment with glycerol before physical

action on biological tissue for the purpose of decellularization does not have
a significant effect on the preservation of cellular structures. It should only
be noted that in the amniotic membrane impregnated with glycerol, more
fragments of epithelial cell membranes are preserved and the basement
membrane is more preserved.

Conclusion. The decellularization method developed by us using physical
methods does not introduce any chemicals into the processed biomaterial
that can have an unpredictable effect on regenerating tissues. Preservation of
the amniotic membrane by lyophilization allows obtaining a morphologically
integral, elastic and durable biomaterial.

Keywords: amniotic membrane, decellularization, lyophilization, morphology
of lyophilized amniotic membrane.
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OueHka Mopdosiormyeckom CTpPyKTypbl
Aeuennionapn3oBaHHOW YesioBeYecKkomn
aMHUOTUYECKON MeMbpaHblI

K.E. Kyuyk?, J1.T. Bonoga?, U.B. HoBukoB!, E.C. Muntogun:
1IPIbOY BO «CaMapckuii rocyagapcTBeHHbIM MeauUMHCKU yHuBepcuteT» MuHsgpasa Poccum
(Camapa, Poccuitckas Pepnepauns)
I'bY3 «COKOB nmenun T.U. Epowesckoro» (Camapa, Poccuitckas Pegepauns)

AHHOTauusa

Lensb — u3yduTb MOPGOIOrHYecKyto CTPYKTYPY JTMOGHUIM3UPOBAaHHON aMHH-
OTHYeCKOX MeMOpaHBl, TpeBapUTeIIbHO OIBEePTHYTOH Jlelle/UTIOJISIPU3aIIN
¢u3HMUeCKUM METOIOM.

Marepnan 1 MeTofbl. JKCIIepUMeHTaJIbHOe UCCIIeIoBaHKe COXPAHHOCTU
AQHATOMMUYECKOM CTPYKTYPbI IMODUIM3UPOBAHHON aMHUOTHYECKOW MeMOpaHbI
(AM) 6bIIO BBIIOJIHEHO Ha YeThIpex Ipymniax $pparMeHTOB aMHUOTHYECKOH
meM6pansl. [lepBas rpynna — AM, nponuTaHHasl [JIMIEPHHOM U BBICYIIIEH-
Hasl HaJ| CWIMKarejeM; Bropas rpynna — AM, nmponuTaHHas IUNEPHHOM U
o6paboTaHHas YIbTPa3ByKOM, JIMOGUIM3UPOBAHHAS; TPeThs rpynmna — AM,
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06paboTaHHask yabTPa3ByKOM M JTHOGHUIM3UPOBAHHAS; YeTBepTas TpyIia —
HatuBHas AM, He KOHCEepBUPOBAaHHasL.

Beimonaeno n3ydeHue 6romMaTeprana C MOMOMILIO CBETOBOM MHKPOCKOIIHU
Y CKaHUPYIOIIEH 37IeKTPOHHOU MUKDPOCKOIIHU.

Pesynbrarbl. Pusuyeckre MeTobl BO3IEHCTBHS Ha GHOJIOTMYeCKYI0 TKaHb
0XXM7IaeMO OKa3bIBAIOT BIIMSHYE HA JKM3HECIIOCOOHOCTD KJIETOK U II03BOJIS-
0T TOJIYYUTDb HOJHOCTBIO HeleUIIO/SIPH30BAaHHYI0 aMHUOTHIECKYI0 MeM-
6pany. [lononHurenbHas obpabotka AM ruiiepuHoM repesi pyU3NIeCKUM
BO3MIEHCTBHEM C IIeNbIO JeleUTIOSIPU3aiy JOCTOBepHO He CIIOCO6CTByeT
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BIOTECHNOLOGY

COXPaHEeHHIO KIIeTOYHBIX CTPYKTYP. IIpi 3TOM HEOOXOMMO OTMETHUTB, YTO B
aAMHUOTHYEeCKOH MeMOpaHe, IPONUTaHHOH INIMIIEPHHOM, HocIle GpU3NIeCcKoro
BO3JECTBUS COXPaHSIeTCsl 3HAYMMO Goribllle pparMeHToB MeMOpaH 3IUTeNu-
aJIbHBIX KJIETOK U Goslee coxpaHHa 6a3asibHast MeMOpaHa.

BeiBopbl. Pa3paboTaHHbIiT HAMH MeTOJ [IeleJUTIONISIPU3ALIMY C ICIIOb30BaHAEM
¢u3MYIeCKUX METOIOB He IOJJpa3yMeBaeT BHeCeHUs B 06pabaTbiBaeMblii G10-
Marepuall KaKux-JIMb0 XUMIYeCKHX BEleCTB, KOTOpble BIIOCIIEJICTBUM MOTYT

0OKa3aTh Hellpe/ICKazyeMoe BO3/IefICTBHe Ha OKPYKAIOIIIe NMIIIAHTHPOBAHHYIO
AM pereHepupytonye TkaHU. Takxe KoHcepBalys AM Ipe[yIoykeHHbIM CIIO-
co60M JIMOGUIIH3AIINHY TT03BOJISIET TIOTYYUTh MOP(OIOrUYeCKH IIeJIOCTHBIH,
NTACTUYHBIN U NIPOYHbII OHOMaTepyar [yl pereHepaTHBHOM MeJIUIIHBL.
KirioueBEIe cii0Ba: aMHUOTHYeCKas MeMOpaHa, Jiele/UIoiIsipusaliys, JIMo-
dbunusanus, Mopgonorus TMoGHIN3UPOBaHHON AMHUOTHYECKO MeMOpaHBI.
KoHQnuKT HHTepecoB: He 3asiBJIeH.
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m INTRODUCTION
In regenerative medicine, one of unique biomaterials

is used widely: the amniotic membrane (AM). It is a
conglomeration of a monolayer of epithelial cells on the
basal membrane and the stroma consisting of three layers.
The biologically active substances present in all the layers
of the AM ensure activation of regenerative processes and
cell proliferation, and accelerate their migration [1-4].
Before being used, the donor biomaterial is subjected to
compulsory pre-treatment. First, the AM surface is washed
from blood and mucus clots. This is generally accepted
practice. The subsequent processing of the amniotic
membrane with various chemical agents for disinfection
(NB: disinfection in this case!), protection of the
biomaterial from excessive damage during preservation,
and subsequent preservation is differently assessed by
researchers in terms of necessity, effectiveness, and impact
on the preservation of biologically active substances in
the biomaterial [5]. Many specialists prefer using native
or cryopreserved AM, as in these cases, the cells remain
viable and the anatomical structure of the biomaterial
is practically undamaged [6-9]. However, since native
AM cannot be stored and there is a risk of using infected
material, the method of choice for utilizing AM in
regenerative medicine is cryopreservation.

It should be noted that the use of chemical substances
during cryopreservation in glycerol-containing media, the
application of antibacterial agents for disinfection, as well
as freezing and thawing processes may significantly alter
both the structure and viability of cryopreserved AM [9].
Other common AM preservation methods (specifically
drying over silica gel or lyophilization) entail complete
loss of cellular viability, decellularization, and potential
disruption of morphological structure while maintaining
the biomaterial's anatomical integrity [10, 11], which many
authors consider a critical factor for successful application
in reconstructive surgeries [11-13].

When creating tissue-engineered constructs, researchers
prefer using decellularized AM as a biological scaffold
for cultured cells. Decellularization is a process aimed
at removing cells from tissue while preserving the
extracellular matrix and its three-dimensional structure
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[7, 14, 15], utilizing various cell-disruption methods. All
decellularization methods can be classified into three types
based on the primary disruptive factor: physical, chemical
and biological. Physical methods are found in the majority
of protocols of primary tissue treatment. They entail the
use of rotators, shakers or direct perfusion chambers that
provide accelerated fluid exchange with an effect on cell
membranes to break the cells and their nuclei. More often,
researchers use chemical agents: sodium dodecyl sulfate,
an anionic surfactant capable of protein denaturation and
dissolution of cell membranes. Organic acids are also
used, specifically, peracetic acid that decomposes and
removes nucleic acids. Decellularization of biomaterial
is also possible with the use of spirits and chelating agents
[16, 17].

The simplest physical method of decellularization is
the process of multiple alternating freezing and thawing,
under which cell membranes rupture by crystals of ice,
and the cells lose their viability. Immersion in hypertonic
solution resulting in osmotic stress and damage to cell
membranes is also regarded as a physical method [17,
18]. However, the most efficient physical method of
decellularization is ultrasonic impact, since the high
efficiency of cell structure destruction by sonic energy is
augmented by the mechanical purification of biomaterial
from cellular debris [14].

m AIM

Study the morphological structure of lyophilized
amniotic membrane preliminarily subjected to physical
decellularization.

m MATERIAL AND METHODS

An experimental study of the anatomical structure
preservation of lyophilized amniotic membrane was
conducted on four groups of amniotic membrane
fragments. The biomaterial, after washing in running water
to remove blood clots, was cut into 1x1 cm fragments
and divided into four groups. Group 1 (10 fragments):
the amniotic membrane was impregnated with glycerol,
placed in frames over silica gel and dried. Group 2 (12
fragments): the amniotic membrane was impregnated
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with glycerol and treated with low-frequency ultrasound
at 24—40 kHz in an ultrasonic bath “Sapfir” TTK (“Sapfir”
LLC, Moscow, Russia) with subsequent lyophilization.
Group 3(10 fragments): the amniotic membrane was
treated with low-frequency ultrasound at 24-40 kHz in
an ultrasonic bath “Sapfir” TTK (“Sapfir” LLC, Moscow,
Russia) with subsequent lyophilization, without glycerol
impregnation. Group 4 (control group) consisted of 10
fragments of native amniotic membrane studied without
additional treatment and conservation.

The material was lyophilized (vacuum-dried by
sublimation) on the ALPHAZ2-4L.SC sublimation machine
(Martin Christ Gefriertrocknungsanlagen GmbH, Osterode
am Harz, Germany).

Morphological studies were conducted after fixing the
biomaterial in 12% neutral buffered formalin, processing
through an alcohol series, and embedding in celloidin.
No fewer than 500 sections were made from different
biomaterial samples. The sections were stained with
hematoxylin-eosin or picrofuchsin using Van Gieson’s
method. The images of stained preparations were analyzed
with the visualization system comprising an Olympus
BX41 research microscope (“Olympus”, Japan), digital
color camera “ProgRes CF” and a personal computer with
Morphology 5.2 software suite (“VideoTesT”, Russia).

Scanning electronic microscopy (SEM) of the
amniotic membrane after conservation were performed
with the raster electronic microscope JEOLJSM-6390 A
Analysis Station (Japan). For the purposes of this study,
the fragments of biomaterial were fixed with 2.5% water
solution of glutaric aldehyde and processed through
an alcohol series. After processing through an ethanol
solution of increasing concentration and drying at room
temperature for 24 hours, gold or carbon was sputter-
coated onto the biomaterial to enhance the required surface
conductivity for scanning electron microscopy.

The obtained results were processed with statistical
methods in the SPSS_ Statistics software suite.

The work was performed with the approval from the
Committee for Bioethics of the Samara State Medical
University (Excerpt from the Protocol No. 206 dated 18
March 2020).

m RESULTS

The active agent for decellularization was selected
based on the anatomic and histological structure and
dimensions of the biomaterial. The low-frequency
ultrasonic impact may remove particles of the blood,
and the wave effect and cavitation may likely damage
all cellular structures of the amniotic membrane since
the thickness of the native biomaterial is not more than
0.5 mm. Considering that the criteria of efficiency of
decellularization are not determined at present, we
prepared morphological preparations. We believe that
decellularized donor organs should not contain unaffected
cells and cellular components.

From the macroscopic perspective, the biomaterial
of all three experimental groups had the appearance of
tissue paper, elastic and velvety to the touch. The samples
from Group 3 of lyophilized amniotic membrane without
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Figure 1. Native amniotic membrane preparation. Stained with
picrofuchsin. Magnification x400.

PucyHok 1. [lpenapam HamuBHol aMHuomuyeckoll MeMbpaHbi.
Okpacka nukpogyKkcuHoM. YB. x400.

glycerol impregnation turned out to have a more matte and
non-uniform surface than the samples from Groups 1 and
2 that had been impregnated with glycerol.

The morphological preparation of the native amniotic
membrane shows a completely preserved epithelial layer
with viable cells and a multitude of pinosomes (Fig. 1).
Adjacent to the basement membrane lies the compact
layer, composed of tightly interwoven collagen fibers,
followed by the fibroblast layer: a loose arrangement with
fibroblasts interspersed among reticular fiber networks.
The spongy layer consists of delicate, randomly oriented
reticular fibers.

In histological preparations of the first group (silica-
dried amniotic membrane after preliminary glycerol
impregnation), an almost homogeneous band is observed,
where distinguishing the epithelial and compact layers
becomes difficult (Fig. 2). Focal areas show severely
flattened cell nuclei. The stromal compact layer appears as
a homogeneous acellular oxyphilic band. Nuclear shadows
are frequently visible in the fibroblast layer. Persisting
fibroblast nuclei exhibit rod-shaped morphology. The
spongy layer is markedly flattened, identifiable by
multidirectional oxyphilic-stained fibers. Morphometric

Figure 2. Amniotic membrane preparation preserved by drying
over silica gel after preliminary treatment with glycerol. Stained with
hematoxylin and eosin. Magnification x400.

PucyHok 2. [Mpenapam aMHUomu4eckol MeMbpaHbl,
KOHCepBUPOBaHHOU NymeM BbICylwUBaHUsI Had cunukazenem
nocne npedBapumensHol obpabomku anuuyepuHoM. Okpacka
2eMamoKCUIUH-303UHoM. YB. x400.
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Figure 3. Electron microscopic image of the amniotic membrane in
a scanning electron microscope. Epithelial surface of the amniotic
membrane preparation dried with silica and pre-impregnated with
glycerol. Magnification x1000.

PucyHok 3. 3nekmpoHHO-MUKPOCKoNu4Yeckoe usobpaxeHue
aMHuomuyeckol MemMbpaHbl B CKaHUpyouweM 3/1eKmpOoHHOM
MUKpOCKone. SnumenuanbHasi NoBepXHOCMb npenapama
aMHuomuyeckol MeMbpaHbl CUTUKOBbICYWeHHOU C
npedBapumeJsibHbIM NPONUMbIBaHUEM 2iuyepuHoM. YB. x1000.
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Figure 4. Electron microscopic image of the amniotic membrane

in a scanning electron microscope. Spongy layer of the amniotic
membrane preparation dried with silica and preliminary impregnation
with glycerin. Magnification x400.

PucyHok 4. 311ekmpoHHO-MUKPOCKONUYecKoe u3obpaxeHue
amMHuomuyeckol MemMbpaHb! B CKaHUPYIOWEM 3/1eKMPOHHOM
Mukpockone. CnoHzauo3Hbil cioll npenapama amHuomu4eckol
MeMbpaHb! CUIUKOBbLICYWeEHHOU ¢ npedBapumesibHbIM
nponumaeiBaHUeM anuyepuHoM. YB. x400.

analysis of total graft thickness (n=55) in lyophilized
glycerol-impregnated amniotic membrane yielded a mean
measurement of 6.9184 pm.

Raster electronic microscopy confirmed preservation
of the epithelial layer in samples from Group 1 (Fig.
3). The epithelial layer represented by partially affected
cells adjoins the substratum on the entire surface of the
biomaterial. Individual defects are seen, restricted by cell
contours.

Raster electronic microscopy of the amniotic membrane
dried over silica gel from the side of the spongy layer
confirms that significant changes occur in the loose
connective tissue layer of the stroma, specifically, the
spongy layer becomes smoothed. It is important to note the
presence of homogeneous amorphous substrates forming
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Figure 5. Amniotic membrane preparation preserved by
lyophilization after preliminary treatment with glycerol. Stained
with hematoxylin and eosin. Magnification x400.

PucyHok 5. [penapam amHuomuyeckol MeMbpaHsl,
KOHCepBUpOBaHHOU nymeM fuogunusayuu nocne
npedBapumesbHol obpabomku anuuepuHomM. Okpacka
2eMamoKCU/IUH-303UHOM. YB. x400.

Figure 6. Electron microscopic image of amniotic membrane in a
scanning electron microscope. Epithelial surface of a lyophilized
amniotic membrane preparation with preliminary impregnation with
glycerol. Magnification x5

PucyHok 6. 311ekmpoHHO-MUKPOCKONU4YecKkoe u3obpaxeHue
aMHuomuyeckoll MeMbpaHbl B CKaHUPYOWeM 371eKMPOHHOM
MUKpOCKone. SnumernuanbHasi NoBepXHOCMb npenapama
nuogunuzupoBaHHoll aMHUomuyeckol MeMbpaHbl C
npedBapumersibHbIM NPONUMbIBAHUEM 2iuuepuHoM. YB. x50..

dendritic patterns along multidirectional reticular fibers
(Fig. 4).

The detailed study of the histological preparations of
Group 2 offers a clear view of the epithelial layer (Fig.
5). In isolated areas, focal destruction of epithelial cells
is observed. In preserved cells, nuclear pyknosis and
chromatin condensation into conglomerates are evident.
The basement membrane is damaged in regions of focal
epithelial cell destruction. The compact layer appears in
some areas as a homogeneous acellular oxyphilic band,
while in others fibers are visible. The spongy layer is
also preserved but compacted, with loss of structural
organization. The morphometry of the total thickness
of samples (n=48) of lyophilized amniotic membrane
impregnated with glycerol yielded a mean measurement
of 10.236 um.

Scanning electron microscopy revealed, in a clearer
way, the destruction of the epithelial layer, absence
of viable cellular structures, and damage with partial
desquamation of the basement membrane.
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Figure 7. Electron microscopic image of amniotic membrane in a
scanning electron microscope. Spongy layer of a lyophilized amniotic
membrane preparation with preliminary impregnation with glycerol.
Magnification x400.

PucyHok 7. 3n1ekmpoHHO-MUKPOCKoNu4Yeckoe usobpaxeHue
amMHuomuyeckol MeMbpaHbl B CKaHUPYIOWEM 31eKMPOHHOM
Mukpockone. CnoHeuo3HbIU croti npenapama auogunu3upoBaHHoU
amMHuomuyeckol MembpaHbl ¢ npedBapumesibHbIM NPONUMbIBAHUEM
a2nuyepuHoM. YB. x400.

Figure 9. Electron microscopic image of amniotic membrane in a
scanning electron microscope. Epithelial surface of a lyophilized
amniotic membrane preparation without preliminary impregnation
with glycerol. Magnification x400.

PucyHok 9. 3nekmpoHHO-MUKpOCKonu4Yeckoe usobpaxeHue
aMHuomuyeckol MeMbpaHbl B CKaHUPYoWeM 3/1eKMpPOHHOM
MUKpocKone. SnumenuanbHasi NOBepXHOCMb npenapama
nuogunusupoBaHHol amHuomuyeckol MeMbpaHb! be3
npedBapumesibH020 NPoNUMbIBaHUS 2iuyepuHoM. YB. x400.

Figure 8. Amniotic membrane preparation preserved by
lyophilization without glycerol treatment. Hematoxylin and eosin
staining. Magnification x400.

PucyHok 8. [penapam amHuomu4eckoli MembpaHsbl,
KOHCepBUpOBaHHOU nymeM nuogusnbHoll cywku 6e3 obpabomku
e2nuyepuHoM. Okpacka 2eMamoKCcunuH-303uHOM. YB. x400.

The spongy layer is represented with denser connective
fibers, on which homogenous structure-less substrates are
visualized, attached in clusters (Fig. 7).

The epithelial layer in histological preparations of
Group 3 of samples appears as a flattened homogeneous
oxyphilic layer (Fig. 8). Isolated chromatin conglomerates
from destroyed epithelial cell nuclei are observed.

The basement membrane is uneven in thickness and
partially absent. The compact layer exhibits a dense
homogeneous structure. The fibroblast layer is nearly
devoid of cellular elements. Isolated nuclei of destroyed
fibroblasts appear as rod-shaped shadows. No chromatin
conglomerates are present. The spongy layer is flattened.
Morphometric analysis of total graft thickness (n=44) in
lyophilized non-glycerinated amniotic membrane yielded
a mean measurement of 10.026 ym.

Scanning electron microscopy of preserved amniotic
membrane samples from Group 3 revealed the

192

Figure 10. Electron microscopic image of amniotic membrane in a
scanning electron microscope. Spongy layer of the preparation of
lyophilized amniotic membrane without preliminary impregnation with
glycerol. Magnification x1000.

PucyHok 10. OnekmpoHHO-MUKpOCKonu4Yeckoe usobpaxeHue
aMHuomuyeckol MeMbpaHbl B CKaHUPyoueM 3/1eKmpOoHHOM
Mukpockone. CnoHauo3HbIU cioll npenapama nuogunu3upoBaHHoU
amMHuomuyeckol MeMbpaHbl 6e3 npedBapumesnbHO20
nponumsiBaHus anuyepuHoM. YB. x1000.

following: the epithelial layer consists of minor cellular
membrane fragments and the basement membrane that
is desquamated across most of the examined surface. At
higher magnification, the basement membrane appears
as sparse fragments with curled edges, exposing the
underlying stromal layer (Fig. 9).

The spongy layer in this sample group shows the least
damage. Collagen fibers are thin, multidirectional, and
loosely arranged. This preparation clearly demonstrates
the end-to-end porosity of the biomaterial. The isolated
homogeneous formations attached to collagen fibers are
present (Fig. 10).

m DISCUSSION
The histological study of the amniotic membrane
showed significant differences of the morphological

www.innoscience.ru
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landscape depending on the preliminary (pre-conservation)
treatment of the biomaterial. In those cases where
decellularization was not performed and the silica gel
drying method was used without biomaterial freezing
stages, the epithelial layer with preserved nuclei and cell
membranes was visualized.

Studies of the amniotic membrane fragments subjected
to decellularization by low-frequency ultrasound in Groups
2 and 3 reveal complete destruction of cellular structures
and almost complete removal of cell components. In the
histological samples, complete destruction of epithelial
layer cells and partial destruction of the basement
membrane with exposure of the stroma and formation of
trabecular architectonic of the biomaterial are observed.
Such changes are more manifested in the preparations not
impregnated with glycerol before lyophillization.

In the decellularized tissue, the extracellular matrix
remained unchanged. No swelling or other pathological
changes in the structure, architectonic, fiber orientation,
and tinctorial properties of the connective tissue were
observed.

Thus, the methods of physical treatment of biological
tissue provide an expected impact on the cell viability
and allow production of a completely decellularized
amniotic membrane. Impregnation with glycerol before
physical treatment of the biological tissue with the aim
of decellularization has no significant effect on the
preservation of cellular structures. It remains to be noted
that the decellularized lyophilized amniotic membrane
impregnated with glycerol preserves more fragments of
membranes of epithelial cells, and the basement membrane
is also preserved to a greater extent.

m CONCLUSIONS

The decellularization method we developed using
physical approaches introduces no chemical substances
into the processed biomaterial that could unpredictably
affect regenerating tissues.

AM conservation through lyophilization yields
morphologically intact, elastic, and durable bioma-
terial.
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Features of the application of the digital clinical calculator
of cardiovascular risk in elderly patients

Nikolai A. Pervyshin
Samara State Medical University (Samara, Russian Federation)

Abstract

Aim - evaluation of the features of using a digital clinical calculator for an
objective assessment of the cardiovascular risk in elderly patients in a routine
outpatient practice.

Material and methods. The methodology for calculating the value of
cardiovascular risk used in the calculator is based on the recommendations
for the prevention of CVD of the European Society of Cardiology (2021). The
program provides the functionality of calculating the personalized quantitative
value of the probability of fatal and non-fatal cardiovascular events over a
period of 10 years.

Results. The calculator matrix uses five significant initial variables: patient’s
age, gender, smoking, systolic blood pressure and low-density lipoprotein
cholesterol. The program provides for use directly in outpatient settings, works
in any browser, does not require downloading to a device, can be used in a
mobile phone version, and allows the user to form a conclusion for printing
and saving on electronic media.

Conclusion. The calculation of an objective numerical indicator of risk of
CVD, which lends itself to accurate mathematical and statistical assessment,
allows the calculator to be used to solve the following tasks: monitoring and
reclassification of cardiovascular risk in elderly patients, a weighted assessment
of indications for correction of modifying factors and intensification of
treatment, dynamic control of the effectiveness of the treatment methods used;
the result of the calculator is stored as an electronic medical document. The
program can be used in any medical information system as a module of the
medical decision support system through the integration subsystem.
Keywords: elderly patient, cardiovascular risk, clinical calculator, digital
assessment method, evidence-based medicine, medical decision support
system.
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Oco6eHHOCTU NPUKNAAHOro NpMMeHeHnsa umdpoBoro
KNTMHMYECKOro KasfibKynaTopa KapaAuoBacKynsipHOro pucka
y NauMeHTOB MOXWNoro Bo3pacTa

H.A. MNepBbIwnH

Pre0yY BO «Camapckuii rocyaapCTBEHHbIM MeQuUMHCKUA yHuBepcuTe™» MuHsgpasa Poccuu
(Camapa, Poccuiickas Pepepauns)

AHHOTaumsa

Ilens — onpenenuTh 0COOEHHOCTH PUMEHeHHsI IUPPOBOrO KIMHUIECKOTO
KaJIbKYJISITOpa OOBbEKTUBHOM OLIEHKY 3HAa4eHHsl KapAHOBACKY/ISIPHOTO PUCKA
TIOXKWJIOTO MAIHeHTa B YCJIOBUSIX PYTHHHOM aMOy/IaTOPHO#M IPaKTHKH.
Marepuai 1 MeTobI. MeTof07I0T s pacyeTta 3Ha4eHHst KapAOBACKYJIIIPHOTO
PHCKa, UCIIOJIb30BAHHAsI B KaJIbKY/ISTOpPe, OCHOBAaHA Ha PEKOMeH/IAIHsX 110
npodunakrrike ACC3 EBporneiickoro obmectsa kapauosoros (2021). TIpo-
rpamMma I103BOJISIeT PAaCCUUTATh IePCOHAIM3MPOBAHHOE KOJIMYeCTBeHHOe 3Ha-
YeHHe BePOSITHOCTH (aTabHOTO U HeaTalbHOro CepAIeYHO-COCYAUCTOrO
cobprTus B Tedenue 10 net.

PesysbraTsl. MaTpuia KalbKyJIsITopa UCIIOb3YeT HSTh CYIeCTBeHHBIX UC-
XOJTHBIX [IePEMeHHbIX: BO3PACT MAl[1eHTa, 10JI, KypeHHe, CUCTOIMIecKoe ap-
TepuaibHOe [aBjIeHHe U YPOBEHb X0JIeCTepHHaA JIMIIOIPOTEHIOB HEBBICOKOH
mwioTHOCTH. [IporpaMma npemycMarpiBaeT IpUMeHeHHe HelloCPenCTBEeHHO
B YCJIOBUSIX aMOysIaTopHOro rpuema, paboraer B mo6oM Gpaysepe, He Tpe-
6yeT CKauMBaHMUsI HAa YCTPONCTBO, MOXKET OBITh MCIIOJIb30BAHA B BEPCHH IIJIs
MOGHIIBHOTO TesiedOHa, TT03BoIIsIeT POPMUPOBATH 3aKJIIOYEHHe [IIs BBIBOIA
Ha I1e4aTh ¥ COXPaHeHUs Ha 3JIeKTPOHHOM HOCHUTeJIe.

www.innoscience.ru

3axkurrogenne. Pacuetr 06beKTHBHOTO YUCIIEHHOTO MOKa3aresis pucka ACC3,
KOTOPBIM IIOIaeTCs TOYHOM MaTeMaTH4eCKOM U CTaTUCTUYeCKOM OLleHKe, I10-
3BOJISIET [IPUMEHSTD KaJIbKYIISITOP AJIS PeIlieHus CIIeyIOIHX 3a/1a4: MOHUTO-
PMHTa ¥ peKIacCUUKAIIIK KapIHOBACKY/IIPHOTO PUCKA MOXKHIJIOTO MAI[eHTa,
B3BeIIIeHHO! OI[eHKH ITOKa3aHHUI K KOPPEeKIIUHY MOAUPUITUPYIONHX (AaKTOPOB
U UHTeHCUUKAIIMY JIedeHus], IUHAMUYeCKOT0 KOHTPOIIs 3$GEeKTUBHOCTH
TIPUMEHsIeMbIX METOIOB JIeUeHHUsl; Pe3ysIbTaT paboThl KaJIbKyJISITOPa COXpa-
HSIETCS B BUJIe JJIEKTPOHHOTO MeMITUHCKOTO JOKYMEHTa; IPOrpaMMa MOXXeT
OBITh UCIIOJIb30BaHA B JII000 MeIUIIMHCKON MH(POPMAIMOHHOM CUCTeMe B
KayecTBe MOJTYJISI CHCTEMBI OJJIEP>KKH TIPUHSTHsI BpadyeOHBIX PellleHuit yepes
MOZICUCTEMY UHTETPAIHH.

KitroueBble C10Ba: MOXWIOW MAlMEHT, KAPJUOBACKYJISPHBIN PUCK, KIIMHU-
YeCKU# KaJbKyJISTOp, IMGPOBOM METO/ OLIEHKH, JIOKa3aTellbHasl MeIMIMHA,
cHCTeMa IOAIZIeP>KKH [IPUHSTHS BpauyeOHbIX pellleHHH.

KoHQuKT MHTEpecoB: He 3asBJIeH.
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m INTRODUCTION

he global demographic trend of ageing population is a

serious challenge faced by the modern healthcare system.
According to WHO information, by the year 2050 the share of
people aged over 60 may reach 38% and become greater than
the share of people aged 10-24 (2.1 billion vs. 2.0 billion) [1].
In 2018, the number of elderly people in the total population of
the Russians reached 25.4%!; according to the official forecast,
in 20 the number will exceed 37.3 million people (26.9% of
the population)2.

The average elderly patient with atherosclerotic
cardiovascular diseases (ASCVD) and chronic heart
failure (CHF), which may be regarded as a clinical
outcome, tends to be considerably older, much like
the overall population. The data of large national and
international randomized controlled trials (RCTs) with
long-term prospective follow-up confirm this fact, e.g.
EPOCH CHF in the Russian Federation [2] and the study
of Claire A. Lawson et al. (2020) in Great Britain [3].
They demonstrated significant dynamics of increase of
average age of CHF patients; particularly, in Great Britain,
the relative share of people aged over 60 in the CHF
cohort reached 65%. This emphasized the importance of
evaluation of cardiovascular risks in elderly patients.

The European Society of Cardiology (ESC) suggests
personalized phased strategies of management for
individual patients optimized in accordance with the
ASCVD risk evaluation using the SCORE2 and SCORE2-
OP scales.

Whereas the SCORE scale, used earlier, evaluated the
10-year risk of ASCVD death, the SCORE2 considers
a wider range of clinical outcomes including not only
mortality rates from ASCVD, but morbidity outcomes as
well (non-fatal myocardial infarction, non-fatal stroke)
[4]. This approach provides a more precise picture of the
adverse burden of the cardiovascular pathology on the
patient’s condition.

For patients aged over 70, a separate scale SCORE2-OP
was developed [5] that included the so-called ‘competing
risks’. A ‘competing risk’ is vital in the older age, since
it provides a significant impact on the relative survival of
patients without ASCVD in the general cohort of older
patients, which results in the corruption of the evaluation
of the actual 10-year risk of ASCVD upwards [6].

It is to be noted that the proper use of the SCORE2
and SCORE2-0P scales is limited exclusively to a group
of healthy patients. According to the ESC consensus,

this group includes outwardly healthy individuals
without confirmed ASCVD, type II diabetes mellitus
(T2DM), chronic kidney disease (CKD) and other severe
comorbidities that were not treated before or whose
clinical condition remained stable for several years. At
the same time, the recommendations make it a point that
the SCORE?2 algorithm may be recommended for use in
patients with comorbid pathologies, other risk modifiers,
and clinical conditions, including T2DM, as the all-
purpose tool for the objective assessment of cardiovascular
risks and clarification of efficiency of various therapeutic
measures with systematic follow-up [7].

Thus, one of the initial logical prerequisites of the
ESC is that any therapeutic intervention affects the
risk of ASCVD development. Since the SCORE2
and SCOREZ2-OP algorithms provide for an objective
quantitative assessment of ASCVD risks, the medical
impact is assessed from the position of measuring its
value. Thus, the cardiovascular risk is seen as a dynamic
calculation indicator that requires regular follow-up and
re-classification depending on the treatment methods,
correction of risk factors and clinical condition of the
patient [8, 9]. Of course, personalized phased approach
to assessment of ASCVD risk increases the workload on
the doctor and requires extra working time. Systematic
assessment of ASCVD risk under the SCOREZ2 algorithm
in the conditions of limited time of a hospital admission
poses some difficulties for the medical practitioner. This
justifies the high practical value of the calculator we
developed.

m AIM

Evaluation of the features of using a digital clinical
calculator for an objective assessment of the cardiovascular
risk in elderly patients in a routine outpatient practice.

m MATERIAL AND METHODS

The methodology of calculation of cardiovascular risks
in elderly patients used in the calculator is based on the
ESC recommendations as amended in 2021 [10], validated
in the Russian Federation [11].

SCORE2 and SCORE2-0OP scales are deeply
formalized; therefore, only five principal factors of
cardiovascular risks are used as independent variables
(4 clinical and anamnestic and 1 laboratory): age, sex,
smoking status, systolic blood pressure (BP), and non-
high-density cholesterol level (non-HDL-C) (Table 1).

1 Federal Service of National Statistics. Senior citizens (demographic indicators). Link valid as of 26.06.2024. Available online:

https://www.gks.ru/folder/13877

2 Updated demographic forecast of the Russian Statistics Agency until the year 2046. Available online: https://rosstat.gov.ru/folder/313/document/220709
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The calculator processes the input data and finds the
numeric value of the probability of development of fatal or
non-fatal cardiovascular event (infarction or stroke) within
10 years in per cent, indicated in the respective cells of
the SCORE?2 and SCORE2-OP tables, which determines
the patient’s belonging to some group of cardiovascular
risk or other.

Individuals aged 60-69: =10% is ‘very high risk’, an
absolute indication for treatment of ASCVD risk factors;
5-10% stands for ‘high risk’ that requires correction of
ASCVD risk factors with consideration to risk modifiers,
lifetime risk and lifetime benefit of treatment, as well as
the patient’s preferences; below 5% stands for ‘moderate
risk’ that does not require correction of risk factors, as a
rule.

Individuals aged 70: > 15% is ‘very high risk’, an
absolute indication for treatment of ASCVD risk factors;
7.5-15% stands for ‘high risk’ that requires correction of
ASCVD risk factors with consideration to risk modifiers,
lifetime risk and lifetime benefit of treatment, as well
as possible sarcopenia, poly-pragmasy and the patient’s
preferences; below 7.5% stands for ‘moderate risk’ that
does not require correction of risk factors, as a rule.

For those clinical cases, in which the non-HDL-C
level values are not available to the doctor, the calculator
provides an alternative method. Since the non-HDL-C
levels have been used in wide clinical practice only
recently, not all medical institutions measure it within
a standard lipid profile. For this purpose, the calculator
integrates a module to calculate the value using the inverse
Friedewald equation [12]. The following are used as
independent laboratory values: LDL-C and triglyceride
(TG) levels. The laboratory method of measurement the
LDL-C and TG levels is a part of standard outpatient
monitoring in dyslipidemia. The direct Friedewald
equation is used to calculate the LDL-C levels based
on the total cholesterol, triglyceride and HDL-C values,
calculated in the vast majority of laboratories. The
precision of LDL-C level measurement is comparable with
reference methods provided that the following conditions
are met: TG plasma concentration below 4.5 mmol/L; LDL
level above 1.3 mmol/L, which is taken into account in
the argument ranges of the calculator [13].

The algorithm for calculating cardiovascular risk
in elderly patients is based on a risk scale validated in
Russia for very high-risk countries [14]. The SCORE2
and SCOREZ2-OP charts are geographically calibrated

I T

Age Years 60-120
Sex Nominal M/F
Smoking status Nominal Y/N
Systolic BP mmHg 99-180
non-HDL-C mmol/L 3.0-6.9

Table 1. Essential features of the clinical calculator of cardiovascular
risk in elderly patients

Tabnuua 1. CywiecmseHHble npu3Haku KIUHUYEeCKOo20
KasbKy1ssmopa 3HaqeHuUs1 KapOUOBACKY/ISIPHO20 pUCKa Y NOXUIbIX
nayueHmos

according to national ASCVD mortality rates and
categorize countries into four risk groups: low-risk
countries, moderate-risk countries, high-risk countries,
and very high-risk countries. Russia is classified in the
fourth group (very high risk).

The calculator has limitations in practical application
and cannot be used to calculate individual cardiovascular
risk values in the following cases: for patients younger
than 60 years; for hyperaldosteronism; for familial
hypercholesterolemia; for plasma TG greater than 4.5
mmol/L; for plasma LDL less than 1.3 mmol/L.

The calculator has limitations in practical application
and cannot be used to calculate individual cardiovascular
risk values in the following cases: in patients younger
than 60 years; in hyperaldosteronism; in familial
hypercholesterolemia; in plasma TG concentration greater
than 4.5 mmol/L; in plasma LDL concentration less than
1.3 mmol/L.

m RESULTS AND DISCUSSION

When clinically applying the calculator, several
critical considerations must be addressed, particularly
for elderly patients. The stratification of the population
into two age groups (60-69 years [15] and >70 years [5]),
as implemented in the original study, results in abrupt
increases in threshold values for defining moderate-, high-
, and very-high-risk categories in individuals aged 70 and
above. This occurs because calculated cardiovascular risk
values in the >70 cohort nearly always exceed general
population thresholds, rendering them inadequate for
risk stratification purposes. Moreover, when assessing
the lifetime benefit of therapeutic intervention in terms
of additional years lived without ASCVD, this benefit
objectively demonstrates lower magnitude in very elderly
populations. While the LIFE-CVDK! scale enables
calculation of cardiovascular disease-free life expectancy
accounting for comorbidities and specific pharmacological
interventions (statins, anticoagulants), unfortunately, this
tool does not support the Russian language.

A patient’s assignment to a specific risk category
primarily determines the optimal intensity of therapeutic
intervention. Since the patient's age is a fixed value at any
given time, a reasonable assessment of decision-making
thresholds in actual clinical practice requires physicians
to conduct a comprehensive evaluation of geriatric status
and maintain clinical flexibility, particularly for patients
now over the 70-year age threshold.

The determination of a particular risk category in
an individual patient does not mean unconditional and
automatic initiation or intensification of drug therapy. The
physician must necessarily take into account other factors
affecting the risk of ASCVD in old age, in particular the
category of the patient's functional dependence, as well as
the presence of such specific geriatric syndromes as senile
asthenia, sarcopenia, and polymorbidity [16]. The higher
risk stratification threshold in the 70+ cohort helps avoid
overtreatment and polypharmacy, which is particularly
common in very elderly multimorbid patients. Another key

1Available online: https://u-prevent.com/calculators/lifeCvd
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clinical rationale for separating the over-70 group in the
algorithm is the significant weakening of the correlation
gradient between ASCVD risk and classical modifiable
risk factors, such as non-HDL cholesterol levels and
systolic blood pressure, with advancing age [17].

Despite the fact that SCORE2 algorithms are designed
to assess cardiovascular risk in apparently healthy
individuals, their absolute value remains important and
relevant even for patients with comorbidities (T2DM,
CKD, CAD), as they enable tracking of risk category
transitions (e.g., from “very high” to “high”) when applying
specific treatment methods (e.g., when intensifying lipid-
lowering therapy). This calculator specifically emphasizes
calculating the quantitative probability of adverse
cardiovascular events (expressed as a percentage) rather
than assigning patients to formalized risk categories (a
qualitative characteristic). This approach is particularly
relevant for very high ASCVD-risk countries. An objective
numerical indicator lends itself better to mathematical
and statistical evaluation, enabling its application across
a wide range of practical tasks, from balanced assessment
of indications for modifying factor correction to dynamic
monitoring of pharmacotherapy effectiveness.

A key advantage of the calculator is that all source
independent variables are included in the standard follow-
up protocol for elderly patients [18] and are recorded
by physicians during routine outpatient visits. When
digitization tools are used!, the calculator may be used
as a module of medical decision-making support system
and calculate the values of cardiovascular risk in elderly
patients automatically in the process of provision of
outpatient medical care. Given that the obtained data are
stored and systematized in digital format, this addresses
the need for systematic monitoring and reclassification
of ASCVD risk categories based on the patient's current
clinical status, while trends in absolute risk values provide
insights into the effectiveness of administered treatments.

The calculator is registered at the Federal Institute of
Industrial Property?. It is written using the TypeScript
language, the size of the program code is 500 Kb; it has
no specific requirements to hardware and software; the
program requires no installation and can work on any
computer with a browser (Google Chrome 127 and higher,
Mozilla Firefox 128 and higher), or an a mobile phone.
The calculator is available for doctors of any specialization
on the website of doctors’ digital assistants® or through the
QR-code for mobile devices (Fig. 1).

Reliability of the calculator was verified through
validation using clinical cases from routine outpatient
practice.

Clinical case. From the outpatient visit sample, a male
patient XXX 1955 aged 69 years was randomly selected,
with a harmful habit (smoking), SBP 155 mmHg, LDL-C
level 3.5 mmol/L, TG level 2.3 mmol/L; calculated

Figure 1. QR code of the CVD Risk Assessment Calculator
for elderly patients.

PucyHok 1. QR-k00 KanbKynsimopa onpedesieHus 3Ha4eHusi
KapOuoBaCKy/ISIPHO20 pUCKa NOXWIbIX NAyUeHMOoB.

non-HDL-C level using the inverse Friedewald formula:
4.5 mmol/L.

The personalized cardiovascular risk value (probability
of fatal and non-fatal cardiovascular events over a 10-year
period) was calculated at 33% (Fig. 2).

To demonstrate the capabilities of the calculator for
objective ASCVD risk monitoring, the personalized risk
score was recalculated for the same patient XXX1955
after modifying factor adjustment. The therapeutic
interventions (smoking cessation and optimization of
antihypertensive therapy) reduced the probability of fatal/

Kannudeckmnia kanbkynaTop pacuérta 3HadeHua
KapPAMOBACKYNAPHOTO PUCKA Y AL NOXKAOTO BO3pACTa

Henpumenam NP BOIPACcTe NALMEnTa Menee 60 NeT, rMNepassaocTeponnive,
HACASACTBEMHOA MUNEPXOASCTEPUHEN, KOHUEHTPAWAn XC JIMHD 8 nas3ue xposu
menee 1,3 MMOAL/A, KCHUEHTPALKA TPRIARUEPHACE B NAaIMe xposn Bonee 4,5 mmons/a.
NPLAHIIHAYEH AR CTPAH € OUEHD BRICOKMAM YPOBHEM KIPAAOBACKYARPHIMC PACKA,

Bospact 69 ner
Noa (8) My=cxod
Kypere @

Cucromauecnoe Al

Manccnh

155 wwuprer.

XCwe-NNEN 45 uwom/A

¥ Pacur XC we-/INBM no gopuyne Opuasasas

XCOOHO 35 wmome/a

Toermouepean 23 wwos/a

Repcomanmarponammos Jauemre 33%
KBPAACRICKY AREHOID PPECD (BEPOATROCTY
SATLIRNGIO ¥ HESATAIRNCIO CEPATMO-
COCyARCTOND COBuTHA 33 nepuoa 10 set)

Figure 2. A clinical example of the application CVD Risk Assessment
Calculator for elderly patients.

PucyHok 2. KnuHu4eckuli npuMep npuknadHo20 NpUMeHeHUs!
KanbKynsmopa oueHku pucka ACC3 noxu/bix nayueHmos.

1Pervyshin N.A., Bulgakova S.V.,Galkin R.A., Zeleno L.S., Shamin E.A., Panshin A.S. Client-server application “Endocrinologist's Automated Workplace for Outpatient Visits (ARME
3.0)". Certificate of state registration of software for personal computers No. 2023665315 dated 14.07.2023.

Available online: https://fips.ru/EGD/08c33405-6b4b-442-85a9-09fefadeSfce

2Pervyshin N.A. Clinical calculator for the calculation of cardiovascular risk in elderly patients. Certificate of state registration of software for personal computers No. 2024668302

dated 06.08.2024. Available online: https:/fips.ru/EGD/20c2c0e3-c0e0-4f6a-9af6-95ed5bd1e461

3 Available online: https://kachaHarep.pd/Knunnyeckue_kanbkynatopbl/lepoHtonorus/Puck_SCORE2
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Casapexuit rocyJapcTBeHHBI MEIHIMHCKHIT YHHBEPCHTET
Kadeapa sHI0KpHHOTOrHH H repHATPHE
Kmnnrqeckuiit KaTbKyI4T0p pacyéTa 2HAYCHHA KapIHOBACKYISPHOIO PHCKA

Y JHII NOAMHIONO BO3pacTa

OLIEHKA no azropuryam SCORE2 u SCORE2-OP
BepoatHocTs daTaTbHOrO HIH HeDATATEHOTO CEPACTHO-COCYTHCTOrO COORTHA (HRDAPKT,
HHCYIBT) ¥ YCIOBHO 3J0POBOro MOXKHIOro dweiopeka (Bospact 69 zer, moa Myxckoil,
Het Kypenna, cucrommdeckoe AJl 1353 smuprer, XCme-JIIBIT 4,5 swoms/a, XC JIITHIT

3,5 aovoaw/a, TpuraHuepnast 2,3 MMoan/1) coctaraget 20%.

E&G

Figure 3. Protocol for assessing the value of cardiovascular
risk in an elderly patient.

PucyHok 3. [lpomokos oyeHKU 3Ha4eHusi KapouoBacKy1sipHO20
pucka noXusoeo nayueHma.

non-fatal cardiovascular events in the patient XXX1955
by 13% to 20%, clearly demonstrating its effectiveness.
Furthermore, this tangible outcome helps physicians
convincingly motivate patients to continue treatment and
adhere to recommendations, thereby ensuring compliance,
a particularly crucial factor for elderly patients [19].

Personalized cardiovascular risk assessment results
can be downloaded from the calculator as a Microsoft
Word (.docx) file to a personal computer or mobile device.
Physicians can either save this file as an electronic medical
record or print it for inclusion in paper-based outpatient
charts or medical histories (Fig. 3).

Practical application of the calculator in routine clinical
practice enables dynamic assessment of personalized
metrics that may be used both as an objective tool for
determining optimal therapeutic strategies in specific
elderly patients and as an indicator of their medical and
economic effectiveness.

m CONCLUSIONS

1. Assessment of the probability of fatal and non-
fatal cardiovascular events over a 10-year period reflects
the overall burden of negative impact of ASCVDs on a
patient’s health status with more accuracy than mortality
indicators.

2. Assessment of cardiovascular risk is of special
importance for elderly patients: in making a decision
on therapeutic intervention, the doctor must take into
account the specific geriatric syndromes: senile asthenia,
sarcopenia, cognitive disorders and polymorbidity as well
as poly-pragmasy mediated by them.

3. The objective digital assessment of numerical
cardiovascular risk values using a validated methodology
allows using the calculator for weighted assessment of
indications for modifying factors correction, intensification
of drug therapy, as well as for dynamic control of treatment
effectiveness.

4. The results of the calculation are available for
download as an outpatient chart protocol and are also
saved as an electronic medical record, enabling their use
in other MIS as a clinical decision support system module
via the integration subsystem. =
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Possibilities and prospects of echocardiographic
diagnostics of regional contractility disorders
of the left ventricular myocardium in patients

with chronic ischemic heart disease

Tatyana O. Nikolaeva, Vera V. Mazur, Evgenii S. Mazur
Tver State Medical University (Tver, Russian Federation)

Abstract

Currently, the primary method for identifying transient disorders of local
contractility of the left ventricular myocardium in patients with coronary
atherosclerosis remains visual assessment of myocardial contractility under
physical or pharmacological stress testing. Visual assessment of myocardial
contractility, especially in stress tests, requires extensive experience in
conducting such studies. However, visual assessment by even the most
experienced operator remains subjective. Consequently, a principal focus in
diagnosing left ventricular regional wall motion abnormalities has been, and
remains, the development of methods for objective quantitative assessment
of functional status across different left ventricular myocardial segments.
A significant success in this area was the development of speckle-tracking
echocardiography technique, which allows for a quantitative assessment of
myocardial deformation during its contraction and relaxation.

The review presents the results of studies indicating that the determination of
left ventricular myocardial deformation indices may become an alternative

to the traditional method, devoid of such disadvantages as the subjectivity of
visual information perception and very high requirements for the operator’s
qualification level. Deepening knowledge about the mechanisms, clinical
significance of various myocardial deformation indices, the improvement of
both the speckle-tracking echocardiography technique itself and the algorithms
of automated processing of data creates a real prospect for its introduction
into clinical practice as the main method for identifying transient disorders of
local left ventricular contractility in patients with hemodynamically significant
coronary atherosclerosis.

Keywords: chronic ischemic heart disease, stress-echocardiography, speckle
tracking echocardiography technology, regional myocardial contractility
disorders, longitudinal systolic deformation of the left ventricle, myocardial
postsystolic shortening.
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AHHOTauusa

B Hacrosiiee BpeMst OCHOBHBIM METOJIOM BbISIBJIEHVSI TPAH3UTOPHBIX HapyIIIeHHi
JIOKaJIBHO¥ COKPaTUMOCTH MUOKAPIa JIEBOTO JKeJTyfJ0uKa Y GOJBHBIX C KOPOHAp-
HBbIM aTepOCKJIEPO30M CITY>KUT BU3yalbHasl OLleHKa COKPaTUMOCTH MHUOKapZia IpH
¢u3HIecKoit WK PpapMaKoIOrHuecKoi Harpyske. BusyasibHast olieHKa COKpaTy-
TeJbHON CIOCOOHOCTH MHOKAp/a, 0COOEHHO B HArpy304HBIX Mpobax, Tpebyer
GOJIBIIIOTO OITbITa B IPOBEJIEHNH TAKOTO POjia UCCIIeioBaHMi. OJIHAKO 3pUTeNbHast
OIIeHKa ke CaMOT0 OIIBITHOT'O OIIepaTopa Mo-MpeXXHeMy He JIUIleHa CyObeKTH-
BHU3Ma. B CBSI3M C 3THM OJJHMM M3 MaruCTpasIbHBIX HalpaB/IeHHi IMarHOCTHKH
HapyIIeHHH JIOKaJIbHON COKPATMMOCTH JIEBOTO JKeJTy[j0uKa ObljIa ¥ OCTaeTcsl pas-
paboTka MeTofI0B OOBEKTUBHOM KOJIMYeCTBEHHOH OIeHKH (pYHKIIHOHAIBHOTO
COCTOSIHHSI Pa3/IMYHBIX YIaCTKOB MHOKap/ia JIEBOTO XelTyfodka. CyIeCTBeHHbIM
YCIIEXOM Ha 3TOM ITyTH CTaJIo CO3/IaHHe MEeTOJIMKH OTCIIeXKMBAHHsI CEPOTO IISITHA
(speckle-tracking sxokapauorpadust), 103BOJISIFOIIEN ITOJTYYUTh KOJIMYECTBEHHYIO
OIIeHKy fed)opManyii MHOKap/ia IpY ero COKpaIlleHn! 1 pacciabiieHu .

B o630pe npefcTaBieHbl pe3ysibTaThl UCCIIE0BAHUH, CBUIETEIbCTBYIOIINE,
YTO OIIpefielieHHe ToKa3aTesieil JepopMalii MHOKap/a JIeBOTO JKeJTy/l0uKa

MOXET CTaTh aJITEPHATHBOH TPaIUIIIOHHOMY MeTOJLY, JIMIIEHHOH TaKUX ero
HeI0CTATKOB, KaK CyOBeKTHBU3M BOCIPHUSTHS BU3yalbHOM MHpOpPMAIMU U
O4eHb BBICOKHe TpeGoBaHMs K YPOBHIO KBaJIMUKAIIMY Ollepatopa. Yriy6ite-
HYe 3HaHW# 0 MexaHNW3MaXx U KJIMHMYeCKOM 3Ha4eHUH Pa3/IMYHbIX [IOKa3aresiei
nedbopMaly MHOKap/a, Hapsily C COBepIIeHCTBOBaHHEM KaK CaMoil MeTo-
nuku speckle-tracking axokapauorpaduy, Tak ¥ aJrOpUTMOB aBTOMAaTH3UPO-
BAHHOH 06PabOTKY MOJTyYaeMbIX C ee OMOIIIBIO JAHHBIX, CO3[aeT pealbHyI0
TIepCIIeKTHBY ee BHeJIpeHUs B KIIMHUYECKYIO NIPAKTUKY B Ka4eCTBE OCHOBHOTO
MeTo/Ia BbISIBJIEHHs] TPAH3UTOPHBIX HapYILIeHUH JIOKAJIbHOM COKPaTUMOCTH
MHOKap/ia JIEBOT'O XXeJyf04Ka Y OOJIBHBIX C TeMOJJMHAMUYeCKH 3HAYUMBIM
KOPOHApHBIM aTepoCKJIEPO30M.

KurroueBbIe c10Ba: XpoHHWYeCKas HIlleMUyeckas O0je3Hb Cepyilia, CTpecc-
9XOKapauorpadus, HapyleH!s JIOKaIbHOM COKPaTUMOCTH MHOKap/a, TeX-
Hosorus speckle tracking echocardiography, npononpHas cucronuyeckas
JnedopMarivisi JIeBOTO XKeJTyJj04Ka, IOCTCUCTO/IMYeCKoe yKopodeHre MUOKap/a.
KoHQnuKT HHTepecoB: He 3asiBJIeH.
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Cnucok CoKpaleHuin

'MC — rno6anbHblii NpoposbHbIv cTpeiiH; BC — nwemnyeckas 6one3Hb cepaua;

KAI — kopoHapHas aHrvorpadus; H/IC — HapyLweHWe NokanbHoW COKpaTUMOCTH;

OB — orubatowas BetBb; MKA — npaBasi kopoHapHas aptepus; NMMXXB — nepegHss
Mexokenynoukosas Betsb; [CU — noctcuctonunueckuit uHaekc; NCY — nocteuctonnyeckoe
ykopoyeHve; TUM — TpaHauTopHas uwemus Muokapaa; dxoKI — axokapauorpadus; AUC —
nnowapb noa kpueoi; PMNC — peroHanbHbli NPOAObHbIA CTPEH.
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m INTRODUCTION

ne of the principal tasks of echocardiographic examination

(EchoCQ) is to identify disorders of regional contractility
(RCD) of the left ventricle myocardium that may be caused by
a number of cardiovascular diseases [1]. The most common
cause of RCD is the coronary heart disease (CHD), specifically,
the ischemic necrosis (infarction) of the myocardium followed
by replacement of the necrotized section of the myocardium
with connective tissue. The reason for deterioration of the
myocardial contractility may be not only necrosis but also
the persistent reduction of blood supply to the section of the
myocardium to the level sufficient to maintain the viability
of myocardiocytes, but insufficient for them to perform
their contractile function (hibernating myocardium) [2].
Considerably less frequently, ILC stems from other causes,
e.g. amyloid deposition [3].

In the above mentioned cases, RCDs are persistent, i.e.
present over a long period regardless of the work performed
by the heart. The reason for transient RCDs is the transitory
myocardial ischemia (TMI), most frequently arising out of
impossibility of adequate blood supply of the myocardium
under the increasing cardiac load. The morphological substrate
of TMI is typically hemodynamically significant atherosclerosis
of the coronary arteries. At the same time, restricted myocardial
blood supply under stress may also result from compression
of the coronary arteries (so-called “myocardial bridging”) or
from the loss of the ability of coronary arteries to dilate in
response to increased blood flow velocity (Syndrome X). The
onset of TMI at rest might stem from a spasm of the coronary
artery (vasospastic angina) [4]. Thus, identification of RCDs
is only the first step of the diagnostic process whose task is
the identification of causes of their onset.

202

This review article provides an analysis of the modern
possibilities offered by EchoCG in the diagnostics and
differential diagnostics of persistent and transient RCDs of
the left ventricle myocardium.

Methodology of search for sources. The search for
literature was performed in the Russian Science Citation
Index (RSCI) and PubMed databases using the following
keywords: speckle tracking echocardiography, stress-
echocardiography and regional myocardial contractility
disorders, or global longitudinal strain of the left ventricle,
or myocardial postsystolic shortening. The total number of
analyzed papers was 3215. The conditions for the selection
of journal articles and other materials were as follows: year
of publication: not earlier than 2010; focus on the use of
speckle tracking echocardiography during stress tests (stress-
echocardiography). The final analysis included 36 selected
articles.

m VISUAL DIAGNOSTICS OF RCD

From the advent of EchoCG into clinical practice to the
present, the major method of identifying RCDs is the visual
comparison of contractile activity of various regions of the left
ventricular myocardium [1]. Myocardial contractions come
with an obvious thickening of the walls of the left ventricle
and their shift to the ‘axis line’ of the left ventricle.

In the systolic period, the thickness of the interventricular
septum and of the posterior wall of the left ventricle increases
by more than 50%, and its transverse size decreases by at
least 10% [5]. Visually, it is possible to ascertain a decrease
of contractile activity of a certain myocardial region
(hypokinesia), complete absence of contractility (akinesia),
as well as systolic or systolic-diastolic protrusion of a
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region of the myocardium (dyskinesia or aneurysm). While
RCD may be present in some regions of the myocardium,
increased contractile activity (hyperkinesia) may be observed
in other regions. Contractile activity of various regions of the
myocardium is often expressed in points: hyperkinesia — 0,
normokinesis — 1, hypokinesia — 2, akinesia — 3, dyskinesia —
4, aneurysm — 5 [1].

In order to localize the identified changes, three diagrams
of segmental division of the left ventricle are proposed:
16-segment, 17-segment and 18-segment. The 17-segment
diagram is now the most widely used, with 6 segments on
the basal level, 6 on the medial, and 5 on the apical (Fig. 1).

On the same figure, the scheme of blood supply to the
left ventricle is shown, proposed by M.D Cerqueira et al.
(2002) [6]. Depending on the specific features of coronary
anatomy, the 9th segment may receive blood from the anterior
interventricular branch (Ramus interventricularis anterior,
RIVA) or the right coronary artery (RCA), 6th, 12th and 16th
from the RIVA or from the circumflex branch (CB), and the 5th
and 11th from the CB or RCA. Mismatch between RCD and
the perfusion territory of a specific coronary artery suggests a
non-ischemic etiology, such as deposition of foreign material
in the affected myocardial segment.

In order to identify transient RCDs, tests under physical
or pharmacological stress are performed under EchoCG
control (stress-EchoCG). Exercise stress testing utilizes a
cycle ergometer or treadmill, while pharmacological stress
testing employs dobutamine infusion. In either case, heart
rate increases as does the myocardium demand of oxygen,
which, in the event of impossibility of adequate increase of
coronary perfusion, results in the onset of TMI and transient
RCDs. Modern ultrasonic devices are equipped with a
so-called stress system that simultaneously displays the
recording of the systolic part of the cardiac cycle at rest and
under stress, which significantly facilitates identification of
transient RCDs.

Exercise stress testing on an upright (seated) cycle
ergometer and especially on a treadmill provides good
modeling of actual conditions leading to the onset of TMI but
does not allow visual tracking of the contractile activity of
the myocardium under stress. Such a possibility arises when
the supine (recumbent) cycle ergometer is used; however, due
to the non-physiologic nature of the load, it had not become
widely employed.

The dobutamine infusion test is less physiologic but
provides ideal conditions for a continuous visual assessment of
the contractile capacity of the myocardium. At the same time,
low-dosage dobutamine infusion test allows identification
of the hibernating (viable but not contracting) myocardium.
Dobutamine stimulation causes such myocardium to contract,
which confirms its viability. Identification of the hibernating
myocardium is highly important for the decision-making as
to feasibility of revascularization after an infarction [2, 5].

It is to be emphasized that a visual assessment of the
contractile capacity of the myocardium, especially in stress
tests, requires vast experience in making such examinations. It
is officially considered that the results of 50 first examinations
performed by an aspiring operator have no diagnostic value
[5]. At the same time, an assessment performed even by a
highly experienced operator remains subjective, which is
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Figure 1. Diagram of segmental division and blood supply of
the segments of the left ventricle. On the left is a diagram of the
segmental division of the left ventricle (pink: basal level, yellow:
medial level, green: apical level). On the right: diagram of blood
supply to the left ventricle (LCA: left coronary artery).

PucyHok 1. Cxema ceaMeHmMapHo20 OefleHUs! U KpOBOCHabXeHUs!
ceaMeHmoB 11eBo20 xenyooyka. Cnesa — cxema ceaMeHmapHo20
OesleHus 1eBo20 Xenyoo4ka (po3oBbil uBem — 6asasbHbil ypoBeHb,
»xenmeill — MeduasnbHblil, 3eneHbll — anukanbHbil). CnpaBa — cxemMa
KpoBocHabeHusi 1eBo20 xenydo4ka (JIKA — nesasi KopoHapHasi
apmepusi).

confirmed by characteristics of the stress-EchoCG as a
predictor of identification of hemodynamically significant
coronary atherosclerosis. According to the data from the
leading medical centers, the sensitivity and specificity of the
stress test is approx. 85-90%, i.e. one in every ten cases of
identification of RCD, and one in every ten cases when RCD is
deemed absent under stress, are erroneous [5]. Therefore, one
of the major trends in the development of EchoCG has been,
and remains, the work on methods of objective assessment of
contractile capacity of different regions of the left ventricular
myocardium. A significant achievement in this area was
the development of the speckle-tracking echocardiography
that provides quantitative assessment of the myocardium
deformation in its contraction and relaxation [7-10].

m LONGITUDINAL SYSTOLIC
MYOCARDIAL DEFORMATION

During systole, the left ventricle shortens, contracts, and
twists along its longitudinal axis, resulting in longitudinal,
radial, and circumferential deformation of each myocardial
segment. The myocardial deformation comes with a change
in the distance between its neighboring points, which enables
quantitative assessment of the deformation by comparing the
distance between the points in the beginning and the end of
systole. These measurements can be obtained using various
methods, such as tissue Doppler imaging. However, speckle-
tracking echocardiography, a gray-scale pattern tracking
technology, is currently considered the gold standard for
assessing myocardial deformation. This technology allows for
an assessment of all three components of systolic deformation
whose diagnostic value may vary in different clinical situations
[11]. However, only the longitudinal systolic deformation is
recommended for use in present-day clinical practice [12]. This
review focuses only on this type of myocardial deformation,
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Figure 2. Changes in the distance between adjacent points of the
myocardium and the longitudinal systolic strain index (longitudinal
systolic strain) throughout the cardiac cycle (diagram).

PucyHok 2. V13ameHeHue paccmosiHusi Mexoy biuanexauwumu
moykamu Muokapda u nokasamessi npodosbHoll cucmonuyeckol
degpopmayuu (NPodosIbLHO20 cucmosu4ecko2o cmpeliHa) Ha
npomshkeHuU kapouoyukna (cxema).

and the term systolic deformation (systolic strain) shall mean
the longitudinal systolic deformation (longitudinal systolic
strain).

Speckle-tracking technology allows for making a graph
of changes in the distance between the two neighboring
points of the myocardium during the cardiac cycle (Fig.
2). This distance reaches its maximum in the end of the
diastole, when the myocardium is fully relaxed. During the
systole, the distance between the tracked points decreases,
and upon the end of contraction, it starts increasing. At
the same time, the difference between the current and the
initial distance during the systole increases, and decreases
during the diastole. The percent ratio of this difference
at the moment of closure of the aortic valve to the initial
distance is used for the qualitative assessment of the systolic
myocardial deformation (strain).

During myocardial contraction, the distance between the
tracked points decreases, and so the systolic strain is a negative
value. However, in the description and statistical processing of
the results, the absolute value of the strain is used: the greater
the contraction of the myocardium, the greater the value.

The graph of myocardial deformation during the cardiac
cycle is created for each of the 17 segments of the left ventricle,
and the values of segmental strain at the moment of closure
of aortic valve are shown on a color map commonly referred
to as the ‘bull’s eye’ (Fig. 3). Transition from intense red to
intense blue marks the decrease of contractive capacity of the
myocardium, from hyperkinesia to dyskinesia.

The color map gives a visual representation of the
contractive capacity of various regions of the left ventricular
myocardium, for which reason it is often used in educational
materials and descriptions of clinical cases. For a generalized
assessment of the map data, some indicators are used that
represent the contractive capacity of the myocardial segments
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Figure 3. Results of measuring the longitudinal systolic strain of the
left ventricle using the speckle-tracking echocardiography method.
Graphs of strain changes throughout the cardiac cycle in all 17
segments of the left ventricle are presented. Strain values at the
moment of aortic valve closure are shown on the color map.

PucyHok 3. Pe3ynbmambl udmMepeHusi NpooosibHO20
cucmonuyeckoz2o cmpeliHa 1eBo2o xenyoodka MemodoM speckle-
tracking axokapouozpaguu. [NpedcmasneHbl gpauku usMeHeHus
cmpelHa Ha npomshxeHUU Kapouoyukna Bo Bcex 17 ceameHmax
11eB020 xesyooyka. 3HayeHus cmpeliHa B MOMeHm 3aKpbimusi
aopmasibHO20 KnanaHa ompaxeHs! Ha uBemoBol kapme.

belonging to a specific region (regional longitudinal strain,
RLS). In most cases, regional indicators are calculated as the
average value of strain in segments of that region. Specifically,
it is shown that in healthy individuals at rest the average strain
value in the basal segments is lower than in the apical, while at
stress these differences become more pronounced [13].

Studying of the relation of RCD with myocardial ischemia
usually involves calculation of average values of longitudinal
strain in the regions belonging to perfusion areas of some
or other coronary artery (Fig. 1, right). This approach was
used in the study of M.K. Smedsrud et al. (2012) [14] that
included 86 patients with recurrent chest pains. The study did
not include patients with prior verified CHD. Speckle-tracking
echocardiography at rest was performed before the coronary
angiography (CAG), the results of which allowed identification
of patients with and without hemodynamically significant
coronary stenosis (>50%). It was found that the average
values of RLS in patients with hemodynamically significant
stenosis were in average 2.2% lower than in the alternative
group (17.9+3.5% vs. 20.1£2.9%, p = 0.015). At the same
time, the predictive capacity of decreased RLS with respect
to identification of hemodynamically significant stenosis by
CAG was rather low: the area under the curve (AUC) was 0.67
(95% CI 0.52-0.82).

A similar approach was used in several other studies that
confirmed the presence of statistically significant RLS at rest
in patients with and without hemodynamically significant
coronary stenosis [15]. Assessment of predictive capacity of
RLS in these studies was virtually the same (AUC from 0.72 to
0.75), however, the values of the cutoff varied within a broad
range (12.6...18.3%), which precludes consideration of RLS
at rest as a predictor for identification of hemodynamically
significant coronary stenosis.

Regional longitudinal strain during physical or
pharmacological stress may provide a more reliable predictor
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Mk Systolic Strain

Figure 4. Left ventricular strain in a patient with hemodynamically
significant stenosis of the anterior interventricular branch (LAD)
of the left coronary artery before (left) and after (right) dosed
physical exercise. Before the exercise, the average longitudinal
strain value in the blood supply zone of the LAD is -22%, after the
exercise — +2.1%. A positive value of systolic longitudinal strain
indicates that the myocardium is stretched during systole, i.e. is in
the state of dyskinesis.

PucyHok 4. CmpelH 1eBo20 »enyodouyka y nayueHma

C 2eMoOUHaMu4yecKu 3Ha4uMbIM CmMeHo30M nepeoHel
MexokesiydoukoBol Bemsu (MIMXKB) neBoli kopoHapHoU apmepuu
do (cneBa) u nocne (cnpaBa) 0o3upoBaHHoU pusuyeckoll Hazpy3Ku.
Jlo Haezpy3ku cpedHee 3Ha4eHue NpodosibHO20 cmpelHa B 30He
KpoBocHabxeHusi [TMXXB paBHo -22%, nocne Hazpysku — +2,1%.
lMonoxumenbHoe 3Ha4yeHue cuCmoaIUYecKo2o NPoO0ILHO20
cmpeliHa cBudemensCcmByem, 4mo MUokapd BO BPeMsi CUCMOJIb!
pacmsizuBaemcsi, mo ecmb Haxooumcsl B OUCKUHe3e.

of hemodynamically significant coronary stenoses than
measurements at rest (Fig. 4).

Indeed, the study of S.I. Farag et al. (2020) [16] showed
an almost complete matching of results of assessment of
the availability and localization of the hemodynamically
significant atherosclerosis on the color map after dobutamine
stress testing, and CAD data. The agreement coefficient
(kappa) was 0.819, significantly exceeding the kappa
coefficient for agreement with visual assessment of RCD
during stress echocardiography compared to coronary
angiography results (kappa 0.663). The sensitivity of RCD
assessment with the color map of the regional longitudinal
strain with respect to identification of the hemodynamically
significant atherosclerosis was 95%, its specificity was
90%; the respective values of the visual assessment of
RCD were 86% and 85%. The results of the study confirm
the perspectives of studying the RLS under stress in the
diagnostics of transitory myocardial ischemia; however, we
found no other papers on this topic in the available literature.
Much more frequent were the papers studying the diagnostic
capacity of the global longitudinal strain (GLS).

GLS is calculated as the arithmetic mean of the strain
values in all segments of the left ventricle. In healthy
individuals at rest, the GLS is nearing 20%, and under stress,
it increases by approx. 5 percent points. After exercise test
on a cycle ergometer, GLS of 67 healthy individuals aged
between 23 and 80 increased from the base level of 20.1 =
1.8% to 25.4 + 2.0%, p<0.0001 [13]. In 46 patients without
CHD but with risk factors of its development (arterial
hypertension, Diabetes mellitus, hyperlypidemia, positive
family history), the global strain grew to 25 + 3% (p<0.05)
[17]. Administration of dobutamine also leads to GLS growth
in healthy individuals less pronounced than under physical
stress [18].
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GLS reflects contractile capacity of the left ventricular
myocardium on the whole, i.e. provides the same information
as the ejection fraction; at the same time, it has higher
sensitivity and reproducibility in the assessment of the systolic
function of the left ventricle [19, 20]. Thus, determination of
GLS is recommended for the control of the systolic function of
the left ventricle in the use of cardiotoxic drugs, specifically,
during chemotherapy of oncological diseases [21, 22], and new
diagnostic algorithms to identify heart failure with preserved
ejection fraction and diagnostics of the diastolic function of
the left ventricle [23-25].

Some studies show that the GLS values at rest differ in
patients with and without hemodynamically significant
coronary atherosclerosis. A systematic review of these studies
showed that the differences in GLS at rest in patients with
stenosis (n = 397) and without stenosis (n = 381) are 2 percent
points (17.2 £ 2.6 vs. 19.2 £ 2.8%, p <0.0001), AOC varies
from 0.68 to 0.80, and the threshold level for the prediction
of hemodynamically significant stenosis varies from 17.4 to
19.7%, with sensitivity from 51% to 81% and specificity from
58% to 81% [15]. Based on the obtained data, the authors of
the review concluded that GLS at rest has only minor capacity
in the prediction of hemodynamically significant stenosis in
patients with acute or recurrent chest pains.

A similar conclusion stems from the results of later studies.
Thus, in the study of A.I. Stepanova et al. (2021) [26], GLS
at rest demonstrated no predictive significance with respect
to coronary atherosclerosis generally or with respect to severe
coronary atherosclerosis (Gensini score >35). In the former
case, the AOC was 0.52 (95% CI 0.42-0.63, p = 0.59), while
in the latter it was 0.63 (CI 0.47-0.73, p = 0.12). However, in
some papers, GLS at rest shows very high predictive capacity
with respect to hemodynamically significant stenosis of
coronary arteries. For example, in the above mentioned study
of S.I. Farag et al. (2020) [16], the area under curve for GLS
at rest was 0.827 (95% CI 0.732-0.921), and in the study of
S. Qin et al. [27] it was 0.973.

The studies focusing on prognostic capacity of GLS under
physical or pharmacological stress [28—32] demonstrate more
uniform results. In the study of A.I. Stepanova et al. (2021)
[26], the area under curve for GLS under physical stress as
predictor of identification of severe coronary atherosclerosis
(Gensini score > 35) was 0.76 (95% CI 0.63-0.89; p <0.001),
and the sensitivity and specificity for GLS below 16.9% was
80% and 70%, respectively. In the study of S.I. Farag et al.
(2020) [16], similar values for global strain under dobutamine
stress were 0.837 (95% CI 0.748-0.927), 82.4 and 78.3% for
GLS below 12.5%.

In the assessment of results of studies of predictive
capacity of GLS with respect to hemodynamically significant
coronary atherosclerosis one needs to consider that GLS
provides an assessment of the contractive capacity of the
left ventricular myocardium on the whole. Its decrease may
be related to persistent or transient regional contractility
disorders and with a number of other reasons, e.g. type II
diabetes mellitus [33, 34], the prevalence of which among
patients with severe coronary atherosclerosis is quite high.
In the above mentioned study of S.I. Farag et al. (2020) [16],
59% of examined patients had the concomitant diabetes
mellitus. At the same time, according to C. Philouze et al.
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Figure 5. Schematic representation of the longitudinal strain change
graph, in which the maximum longitudinal strain is observed after the
completion of left ventricular systole.

PucyHok 5. Cxemamu4eckoe uzobpaxkeHue gpaguka usmMeHeHusi
npodosibHO20 cmpeliHa, Ha KOMOPOM MakcuMaJlbHbI( NPOO0ILHBI
cmpeliH omMeYaemcst nocne 3aBepuleHusi CUCMOJIbl 1eBO20
XKenyooyKa.

(2018) [35], the increase of GLS under dobutamine stress
in patients with diabetes mellitus was much less marked
than in healthy individuals. In the control group, GLS under
stress increased on average by 3.4 percent points (from 20.8
+ 2.3 to 24.2 + 2.5%), and in the diabetes group, just by 1
percent point (from 20.2 + 2.7 to 21.2 + 2.4%). The authors
believe that the mild increase of GLS could be the excessive
deposit of epicardial fat in diabetes patients: being a source
of proinflammatory and profibrotic cytokines, it adversely
affects the contractile capacity of cardiomyocytes [36].

The study of M.J. Mansour et al. (2018) [31], the results
of stress-echocardiography with speckle tracking were
compared not only with CAG data on the severity of coronary
atherosclerosis, but also with the presence of concomitant
diseases in the patient (cerebrovascular diseases, diabetes
mellitus, arterial hypertension), and cardiovascular risk
factors (smoking and dyslipidemia). It was found that the
lower values of GLS at rest and under stress were identified
not only in patients with marked coronary atherosclerosis, but
also in patients with multiple concomitant conditions and risk
factors which, in the authors’ opinion, indicates a subclinical
dysfunction of the left ventricle caused by those conditions.
Based on the obtained information, the authors conclude that
the higher values of GLS allow exclusion of hemodynamically
significant stenosis, whereas the lower values of strain provide
no foundation for its diagnostics.

As a sensitive marker of disorder of the global systolic
function of the left ventricle, the GLS can hardly become an
effective means of diagnosing regional contractility disorders.
Assessment of longitudinal strain in the perfusion regions
under stress seems to be more promising, but, as we mentioned
earlier, this problem requires further research. Moreover, the
assessment of global and regional longitudinal strain has some
limitations related to the image quality and some rhythm
disorders (e.g., ventricular bigeminy).
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Figure 6. Results of calculation of the postsystolic index. The
graphs of strain changes in 17 segments of the left ventricle during
the cardiac cycle are presented. The systolic longitudinal strain
corresponds to the point of intersection of the graph with the vertical
line AVC (aortic valve closure), reflecting the moment of closure

of the aortic valve. Arrows indicate the maximum longitudinal

strain recorded after the completion of systole. Segments in which
postsystolic shortening is recorded are highlighted in saturated blue
on the color map.

PucyHok 6. Pe3ynbmambl pacdema nocmcucmosiu4yecKkozo
uHoekca. lNpedcmasneHsbl epaguku usmeHeHus cmpeliHa B 17
ceaMeHmax f1eB020 XenyoodKa Ha NPOMSsiXeHuUU Kapouoyukna.
CucmonuyveckoMy npodosnibHOMY cmpeliHy coomBemcmayem moyka
nepeceqeHus 2paguka ¢ BepmukasbHol npsimoli AVC (aortic valve
closure), ompaxatowell MOMEHM 3aKpbimusi a0pmMasibHO20 KianaHa.
Cmpernku yka3blBatom Ha MakcuMasibHbIU NpooosibHbIU cmpelH,
3apeaucmpupoBaHHbIll nocne 3asepuweHust cucmossl. CeameHmel,

B KOMOPbIX 3apeaucmpupoBaHO NOCMCUCMO/IUYECKOe YKOpoYeHue,
BbldenieHbl Ha uBemoBoUl Kapme HachIWeHHbIM CUHUM UBEMmOM.

m POST-SYSTOLIC SHORTENING

The systole of the left ventricle finishes at the moment of
aortic valve closure. By that time, the majority of segments
reach the state of maximum contraction and begin elongating.
However, some segments continue contracting even after
the systole of the ventricle is over. This phenomenon is
referred to as ‘post-systolic shortening’ (PSS). Quantitative
values of the PSS is the difference between the maximum
and systolic strain (PSS = maximum longitudinal strain —
systolic longitudinal strain) and the post-systolic index (PSI),
that is the percentage of this difference from the maximum
longitudinal strain (PSI% = PSS/ maximum longitudinal
strain, Fig. 5).

PSl is calculated for each segment of the left ventricle and
is represented on the color map (Fig. 6). In order to analyze
the obtained data, the average PSI value is calculated in all
segments of the left ventricle (global PSI) or in the segments
referring to perfusion are of some coronary artery or other
(regional PSI).

According to P. Brainin et al. (2019) [37], in healthy
individuals PSS is registered on average in 80% segments
of the left ventricle. At the same time, the median PSS is
0.4% [interquartile range 0.2; 0.8%], and the median PSI
is 2% [0.7; 4.8%]. The mechanism of physiological PSS is
related to the measurement of geometry of the left ventricle
at the stage of isovolumic relaxation, i.e. in the period from
the closure of aortic valve to the opening of the mitral
valve. At this stage, the cavity of the left ventricle turns
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from elongated on the longitudinal axis to near spherical
in shape. Singe the surface area of a sphere is less than the
area of any non-spherical body of the same volume, the
area of the myocardium surrounding the cavity of the left
ventricle and the distance between its neighboring points
decrease. Therefore, the physiological PSS is shortening,
not the contraction, of the myocardium.

From the clinical perspective, the PSS phenomenon is
interesting because the reason for its onset might be myocardial
perfusion disorder. In some experimental studies on animals
it was shown that the occlusion of the coronary artery results
in the lowering of the longitudinal strain and increase of the
PSI in the perfusion area of that artery, and the restoration
of the blood supply is accompanied by a quick restoration
of the strain and relatively slow return to baseline levels of
PSS indices. The phenomenon of delayed recovery of PSS
indices after ischemia resolution has been termed “ischemic
memory” [8, 38].

The relation of PSS and TMI has been demonstrated in
several studies involving stress-echocardiography with
dobutamine or exercise stress [38—40]. Thus, the work of A.I.
Stepanova et al. (2022) [39] showed, that in the individuals
without coronary atherosclerosis (Gensini score = 0), moderate
(<0 Gensini score <35) and severe (Gensini score >35) coronary
atherosclerosis at rest, the global PSI did not have statistically
significant difference and was 2.0 [0.9; 4.1], 2.1 [1.3; 4.2] and
2.7 [1.9; 5.2]%, respectively. After a predefined exercise on
the treadmill, the global PSI increased to 3.8 [2.2; 6.8], 3.4
[2.2;6.2] and 8.9 [3.8; 10.7]%, respectively, which resulted in
the appearance of statistically significant differences between
patients with and without severe coronary atherosclerosis (p
=0.012). The area under curve for global PSI as a predictor of
severe coronary atherosclerosis was 0.74 (95% CI 0.63-0.85;
p <0.001), and the sensitivity and specificity of the criterion
‘global PSI > 4.9%’ was 75% and 61%.

Similar results were arrived at in the study of E.
Rumbinaite et al. (2020 [40], where stress echocardiography
under dobutamine stress was performed for 83 patients with
pre-test chance of CAD, in 45 of which CAG identified
hemodynamically significant stenosis of coronary arteries.
Initially, the global PSI in patients with and without stenosis
was 4.59 + 3.04 and 4.07 £ 1.37% (p = 0.32), and under
dobutamine stress it increased respectively to 10.46 + 3.42 and
5.23 £ 1.96% (p = 0.02). The area under curve for global PSI
under stress was 0.724 (p = 0.04), the sensitivity and specificity
of the criterion ‘global PSI > 6.46%’ was 70% and 74%.

This study focused not only on the global but on regional
PSIs on the perfusion areas of three coronary arteries as well.
Initially, in the perfusion area of the anterior intraventricular
branch the regional PSI in patients with and without
hemodynamically significant stenosis was 6.87 + 3.32 and
4.65+2.32%, respectively; after dobutamine stress, 11.59 +
5.21 and 6.43 + 3.21 (p = 0.02). In the perfusion area of the
right coronary artery, the respective initial values of PSI were
6.51 + 3.14 and 4.58 + 2.42% (p = 0.34), under stress: 10.71 +
4.21 and 5.59 + 2.46 (p = 0.03). In the basin of the circumflex
branch of the left coronary artery, the initial PSI values were
6.65 + 3.14 and 5.01 + 2.34% (p = 0.53), under stress: 7.13
+4.16 and 5.78 + 2.67% (p = 0.18). Thus, dobutamine stress
results in the increase of both the global PSI and the regional
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PSI in the perfusion area of the affected artery, yet the initial
values of the regional PSI and their increase under stress differ
in various vascular areas. Obviously, these differences form
additional complications for the interpretation of results of
assessment of the regional PSI.

The possibility of using the changes in the PSI under stress
to identify individuals with hemodynamically significant
coronary atherosclerosis may be considered proven; at the
same time, a number of problems remain unanswered.

First, we should mention the lack of a generally recognized
criterion of diagnosing the pathological PSS. Quite
frequently, PSI value above 20% is used as this criterion,
which was suggested to diagnose pathological PSS using
the data of Doppler tissue examination. At the same time, we
already mentioned that in the patients with hemodynamically
significant atherosclerosis the PSI in the perfusion area of
the affected artery under stress increases to approx. 10%. The
PSI increase in this case is, without doubt, pathological, but
it is not anywhere near 20%. Thus, the question of diagnostic
criteria of pathological PSS remains unanswered and requires
further research.

In the majority of studies focusing on the correlation of PSS
with myocardial ischemia, considerably high sensitivity of PSI
increase as the sign of myocardial ischemia was demonstrated;
however, its specificity requires further research: pathological
PSS is identified in the hypertrophic, dilatation and stress
cardiomyopathy, arterial hypertension and aortic stenosis [41].
It is evident that in order to use the PSI in clinical practice
a criterion for differential diagnosis of ischemia- and non-
ischemia-mediated changes of that indicator.

Another question in need of further research is that of the
mechanisms of development of pathological PSS, and these
include the following: 1) delayed start of contraction of a
segment of myocardium due to late arrival of the excitation
wave; 2) delayed contraction of the affected (e.g., ischemic)
section of the myocardium; 3) deformation of the section
of the myocardium that lost its contractile capacity during
contraction and relaxation of the myocardium around.

A visual representation of the role of disorders of
intraventricular conductivity in the development of PSS is
shown in the color maps shown in Fig. 7 built in the course
of intracardial electrical stimulation of various sections of
the conductive system. Evidently, intraventricular conduction
disturbances virtually preclude the identification of PSS
from other origins. It is plausible that local abnormalities in
intraventricular conduction contribute to the development
of pathological PSS in ischemic myocardial regions, though
this hypothesis requires further investigation.

Delayed myocardial contraction is indicated as the cause
of PSS in the outcomes of the study of C. Eek et al. (2011)
[42], where indices of longitudinal strain and PSS in the
area of affected coronary artery were compared before and
after revascularization in patients with non-ST-segment
elevation myocardial infarction. It was found that after
revascularization the recovery of the systolic function occurs
in those segments in which marked PSS was registered on
the background of acute ischemia. This result enabled the
authors to conclude that registration of PSS in the segments
perfused by the affected coronary arteries shows preserved
viability of the ischemic myocardium.
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Post Systolic Index

Post Systolic Index

Figure 7. Effects of the excitation wave propagation path along
the left ventricle on the post-systolic contraction. A: sinus rhythm,
B: electrical cardiac stimulation in the His bundle region, C: in the
region of the middle third of the interventricular septum, D: in the
region of the apex of the right ventricle.

PucyHok 7. BnusiHus nymu pacnpocmpaHeHUsi BOJIHbI BO36Y)K0eHusl
no n1eBoMy xenyodo4yKy Ha nocmcucmosnu4yeckoe cokpauweHue. A —
CuHycoBbIlU pumM, b — anekmpokapouocmumynsyusi B obnacmu
nyuka luca, B — B obnacmu cpedHell mpemu Mexokeslyoo4koBol
nepezopodku, I — B 061acmu BepxXywKu NpaBozo XeslyooukKa.

However, in the similarly designed studies of C.
Terkelsen et al. (2007) [43] and P. Brainin et al. (2018) [44],
dynamic follow-up did not identify recovery of the systolic
function of the segments with marked PSS. Moreover, they
identified a correlation of PSS with the further development
of heart failure, which shows non-viability of the myocardial
section with a marked PSS and enables connection of the
phenomenon with the deformation of the myocardial section
that lost its contractile capacity during relaxation of the
muscular tissue around.

The mechanism of the onset of PSS in the myocardium
incapable of contraction is easily understood on the
example of a myocardial area in the state of dyskinesis.
During the systole, this section protrudes beyond the
contour of the left ventricle which results in the increase
of area of that section and increase of distance between
its neighboring points. During the diastole, the protrusion
disappears, and the area of the dyskinetic section and the
distance between its neighboring points decrease: this is
registered as the PSS.

Thus, the question of development of pathologic PSS
is directly related to the clinical interpretation of this
phenomenon and, beyond doubt, is worthy of further
research. This might be confirmed by results of speckle-
tracking echocardiography shown in Fig. 8. In the patient
with 95% stenosis of the circumflex branch of the LCA
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in the physical stress test, RCD (hypokinesia) in the basal
and the medial posterior lateral segments were identified
visually. At the same time, the values of the longitudinal
systolic strain during the stress increased in all segments
including the perfusion area of the affected artery (Fig. 8
A, C), which contradicts the results of visual assessment of
the stress test and the CAG data. Yet the post-systolic index
in the perfusion area of the circumflex branch of the LCA
increased from 0 to 27% (Fig. 8 B, D), thus confirming the
adequacy of visual assessment of the stress test. Based on
the available knowledge of mechanisms of development and
clinical significance of changes of indices of deformation
under physical stress, it does not seem possible to explain
the results of this study.

m CONCLUSION

Currently, the assessment of left ventricular deformation
parameters during physical or pharmacological stress cannot
be considered a replacement for the conventionally used
visual evaluation of regional contractility dysfunction. At the
same time, more knowledge on the mechanisms and clinical
significance if carious mechanisms of deformation of the
myocardium, as well as development of the very method
of speckle-tracking echocardiography and algorithms of
automated processing of data thus obtained, forms a realistic
perspective of its implementation in clinical practice as
the principal method of identification of transitory RCDs
in patients with hemodynamically significant coronary
atherosclerosis. P

Post Systolic Index

Figure 8. Results of speckle-tracking echocardiography at rest

(A, B) and after dosed physical exercise (C, D) in a patient with 95%
stenosis of the circumflex branch of the left coronary artery.
PucyHok 8. Pesaynbmamel speckle-tracking axokapouozpacpuu B
nokoe (A, b) u nocne do3uposaHHol ¢usuyeckol Hazpy3ku (B, I')

y nayueHma c 95% cmeHo3oM ozubarowell Bemau seBol
KopoHapHol apmepuu.
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Remote assessment of treatment adherence based
on the KP-25 questionnaire: a new telemedicine
tool for remote compliance analysis

Andrei A. Garanin, Yurii A. Trusov
Samara State Medical University (Samara, Russian Federation)

Abstract

Aim — creation of a computer program using a modern programming language
that allows remote assessment of patient treatment adherence based on the
national KP-25 scale.

Material and methods. The program we developed was implemented using
the modern programming language Python 3.8. This electronic assistant allows
the user to automatically collect and systematize compliance data, conduct
statistical analysis and store patient survey data. All these processes, depending
on the operator’s goals, can be carried out using local and cloud servers. If
it is necessary to transfer data remotely, the program has the functionality to
‘depersonalize’ data about the respondent, which ensures safe and correct
accumulation and storage of data.

Results. The program allows the user to evaluate 6 technical indicators
calculated using formulas: importance of drug therapy, importance of medical
support, importance of lifestyle modification, readiness for drug therapy,
readiness for medical support, readiness for lifestyle modification. Calculation

using integrated formulas also allows the user to display the result of the
commitment calculation on the user’s screen in four aspects: 1) commitment
to lifestyle modification, 2) commitment to drug therapy, 3) commitment
to medical support, 4) integral commitment to treatment. After the end of
testing, the program saves the patient’s answers to an Excel file located in the
root folder of the program in the form of percentages, which are generated
depending on the patient’s response in accordance with the classical algorithm
for interpreting the results of the questionnaire using integrated formulas.
Conclusion. This software product can potentially be used in the scientific
process in conducting cohort and population-based studies aimed at assessing
compliance in routine medical practice, as well as integrated into existing and
promising medical information systems.

Keywords: treatment commitment, electronic assistant, COP-25 questionnaire,
telemedicine, telemonitoring.
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NporpaMmma yaasneHHOW OLEeHKU NPUBEPXXEHHOCTHU
Jyie4yeHUto Ha ocHoBe onpocHuka KOI-25:
HOBbIA UHCTPYMEHT TeJieMeAULUHbI
ANA AUCTAaHLUMOHHOrO aHann3a KOMMJIaeHTHOCTHU

A.A. lapaHuH, H0.A. TpycoB

Prb0Y BO «Camapckuii rocyaapCTBEHHbIM MeOUUMHCKUIA yHuBepcuTe™» MuHagpasa Poccum
(Camapa, Poccuiickas depepauust)

AHHOTaums

Iesb — co3paHMe KOMITbIOTEPHOM IIPOrPaMMBI C UCIIOJIb30BAHHEM COBPEMEH-
HOTO s13bIKa IIPOIPaMMMPOBAHUSI, TI03BOJISIIONIEH AUCTAHIMOHHO OIleHUBATh
IIPUBEP>KEHHOCTD JIeYeHHIO NAllHeHTOB Ha OCHOBE OTe4eCTBeHHOM IIIKAJIbl
KOII-25.

Marepuan u Meroasl. PazpaboraHHasi HAMU ITpOrpaMMa BBITIOJIHEHa C UC-
I10JIb30BaHHeM COBPEMEHHOT0 si3bIKa IporpamMmupoBanusi Python 3.8. JlaHHbIi
9JIEKTPOHHBIN TIOMOIIHUK NO3BOJISIET B aBTOMATHYeCKOM PeXXMMe OCYIIecT-
BIISITH COOP M CHCTEMATH3allHIo IAHHBIX O KOMIITIAeHTHOCTH, IPOBOZIUTH CTa-
THCTHYECKUI aHaJIU3 U XPAaHUTb IaHHbIe 06 aHKeTMPOBAaHMH IalueHToB. Bee
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OTHU IIPOLeCChl B 3aBUCUMOCTHU OT nesuen oreparopa MOr'yT OCylIeCTB/IATbCA
C WCIIOJIb30BHUEM JIOKAJIbHBIX U OOJIaYHbIX CepBepoB. HpI/I HeobX0IMMOCTH
Tiepeiavy IaHHBIX Ha PAaCCTOSHUU IIpOrpaMma uMeeT Cl)yHKLlI/IOHaJ'I 110 «0be3-
JIMYMBAHUIO» MAaHHBIX O peCIIOHJeHTe, 9TO obecrnieunBaeT 6e301acHOe U Kop-
PeKTHOe HaKOIUIeHHe U XpaHeHHe JTaHHbIX.

PEByJII)TaTbl. HporpaMMa II03BOJIIeT OeHUBATh IeCTb TeXHU4YeCKHUX I10-
KazareJsiew, pacCYUTBIBaeMBbIX I10 Cl)OpMyJ'IaM: BaXXHOCTb J'IeKapCTBeHHOﬂ
Teparuy, BaXXHOCTb MeJUIIUHCKOI'O COIIPOBOX/IeHHUs, BaXXHOCTb MOlII/I(bI/[-
Kanquu 06pa3a JKM3HH, TOTOBHOCTD K ﬂeKapCTBeHHOﬂ Tepariiy, TOTOBHOCTb
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MEONUMHCKAA NHPOPMATUKA

Tom 10 (3) 2025

Hayka u UHHOBauUuK B MeauLuHe

K MeJUITUHCKOMY COIIPOBOXXJI€HWUIO, TOTOBHOCTD K MOZ[H(l)HKHLH/IH 06[)833
>xu3HU. Pacder o HUHTEerpyupOBaHHBIM (l)OpMyJIaM TaK>Xe ITO3BOJIsIeT BEIBECTH
Ha 3KpaH II0JIb30BaTeJIsl pe3yJibTaT pacdeTa IIPUBEPKeHHOCTHU 110 YeTbIpeM
dClleKTaM: IPUBEepPKeHHOCTb MOZ[I/I(I)I/IKBLU/II/I 06p338 JKU3HU; IIpHUBEpKeH-
HOCTb HeKapCTBeHHOﬁ Tepalry; IPpUBep>XeHHOCTb MeJUITUHCKOMY COIIpO-
BOXIeHUIO; UHTerpaJibHas NMPUBepXeHHOCTh JIeYeHUIO. IToce okoHYaHUS
TeCTUPOBAaHUS IIPOTpPpaMMa COXpaHsgeT OTBETHI IIallheHTa B Cl)aI;IJI Excel,
paCHOHO)KeHHbIﬁ B KOpHeBOﬁ T1ankKe IMporpaMMel, B BUJie IIPOIIeHTOB, KOTO-
pble IIOPOXKJAI0TCA B 3aBUCUMOCTH OT OTBETA IIallMeHTOB B COOTBETCTBUU C

KJIACCHYeCKHUM aJITOPUTMOM MHTepIpeTalliy pe3ysIbTaToB BOIPOCHUKA 110
HMHTerpUpOBaHHBIM GOpMysIaM.

3axuriogenue. PazpaboTaHHBINM IPOrPaMMHEIHM NPOYKT IOTEHIIUAIBLHO MOXET
OBbITb IPUMeHeH B Hay4HOM IIpoliecce IPY IIPOBeJIeHNH KOTOPTHBIX U MOMYJIs-
LIMOHHBIX UCCIIe[JOBAHUN, KOTOPbIe HallpaBJleHbl Ha OLIeHKY KOMIIJIAeHTHOCTH
Y B PyTHHHOM MeJJUIIUHCKOM IIPaKTHKe, a TAK)Ke MHTeIPUPOBaH B CYIECTBYIO-
I1IMe Y NepCIeKTUBHbIe MeJUIIMHCKUe HHPOPMaIMOHHbIe CUCTEMBI.
KinroueBble c10Ba: IpUBEPXXeHHOCTB JIEUEHHUIO, 3JIeKTPOHHBIHM ITOMOIIHUK,
onpocHuk KOII-25, Tenemenuryia, TeJTeMOHUTOPHUHL.
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m INTRODUCTION
dherence to treatment (compliance) can be characterized
as a patient’s measurable ability to follow medical
prescriptions. It includes regular medication intake, lifestyle
modifications, and observance of medical recommendations.

Comliance is critically important in achieving positive
therapeutic results and, in many aspects, shapes the patient’s
health prognosis. According to World Health Organization
experts, compliance with medical prescriptions is considered
one of the most significant factors influencing public health
[1, 2]. Focusing on treatment adherence can substantially
enhance the effectiveness of healthcare initiatives and
programs.

At the moment, the methods of therapeutic compliance
evaluation may be divided into two main groups [3]: direct
(analyses and direct supervision of medication intake) and
indirect (use of various questionnaires and scales).

Although direct methods of evaluation of compliance with
recommended treatment are very accurate, they are seldom
used in routine clinical practices and are usually resorted
to in clinical trials. Among alternate approaches, such as
interviews, analysis of admissions, questionnaires the latter
are considered the most economically viable to evaluate the
patients’ compliance with prescriptions [4].

In modern clinical practice, the emphasis is placed on
questionnaires that enable quantitative assessment of
treatment compliance levels. These tools are universal and
applicable to patients with various diseases; they facilitate
automated data collection and analysis, which makes them
particularly convenient.

Among the well-known questionnaires use to evaluate
compliance, MMAS-4 and MMAS-8 are worth a special
mention. While MM AS-4 has limited sensitivitiy, specificity
and reliability [5], its successor, the MMAS-8, shows
significantly higher sensitivity values with a comparable
level of specificity [6]. It is to be noted, however, that
complete reliance on this new tool requires additional
research. Despite such advantages as brevity and ease of
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use, the two questionnaires have several disadvantages:
the evauation scale is qualitative, not quantitative; lack of
possibilities to evaluate other aspects of compliance than
medication intake.

In order to overcome the said restrictions, the Russian
questionnaire for quantitative evaluation of treatment
compliance was developed, the COP-25. Created in 2009, this
tool was designed to evaluate compliance with instructions
of patients with arterial hypertension, but found use in other
fields of medicine [7]. Treatment compliance assessment
is of particular importance in patients with chronic non-
communicable diseases (CNCDs) within the framework of
outpatient follow-up. The protocol published in 2015 provides
a detailed description of treatment compliance analysis
methods. Studies have demonstrated the high sensitivity,
specificity, and reliability of the COP-25 questionnaire,
making it a valuable tool in clinical practice.

Recent studies demonstrate that effective long-term
monitoring can be achieved using telemedicine technologies
[8-10]. However, the integration of information and
communication technologies and telemedicine tools into
routine clinical practice raises a number of challenges
that require in-depth analysis and optimization to enhance
healthcare quality and improve collaboration among all
stakeholders.

m AIM

Creation of a computer program using a modern
programming language that allows remote assessment of
patient treatment adherence based on the national COP-25
scale.

m MATERIAL AND METHODS

The Scientific and Practical Center for Telemedicine at
Samara State Medical University has developed software
tools to assess treatment compliance using the Russian COP-
25 scale. These tools comprise a software suite with three
web applications. This solution enables healthcare providers

www.innoscience.ru
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to efficiently and accurately collect patient adherence data
during both in-person outpatient visits and telemedicine
consultations.

Our program is written in the modern programming
language, Python 3.8. The electronic assistant enables
automated collection and systematization of data on patient
compliance, perform statistical analysis and store data from
patient questionnaires. These processes, depending on the
operator’s goals and objectives, may be performed on local
and cloud-based servers. In case of necessity of long-distance
data transfer, the program, has an option of depersonalization
of the interviewee’s data ensuring secure proper collection
and storage of information.

Following the results of work on the electronic assistant,
certificates of state registration of computer programs were
obtained: “Program of remote quantitative evaluation of
therapeutic compliance based on the COP-25 questionnaire”
(registration No. 2024619892, registration date: 27.04.2024);
“Program of remote quantitative evaluation of therapeutic
compliance based on the COP-25 questionnaire”
(registration No. 2024660040, registration date: 02.05.2024);
“Questionnaire for the quantitative evaluation of therapeutic
compliance: the COP-25 calculator” (registration No.
2024660243, registration date: 03.05.2024).

m RESULTS AND DISCUSSION

Our program is designed for the remote quantitative
evaluation of patients’ compliance with therapy in the
process of dynamic follow-up to perform scientific research,
therapy or prevention; it is implemented based on the COP-25
questionnaire. To that end, the software package is installed to
the disk specified by the user in the doctor’s workstation. Once
installed, the electronic assistant is launched by running the
executable file (.exe). After launching, the program generates a
window in the user’s desktop with 25 questions from the classic
variant of the COP-25 scale. Once all questions are answered,
the program uses integrated formulas to automatically calculate
the indicators of therapeutic compliance, shows the user the
result of the interview with the score and their interpretation
describing the patient’s level of compliance with treatment
(Fig. 1).

The program evaluates six technical indicators calculated
using formulas: significance of drug therapy, significance
of medical follow-up, significance of lifestyle modification,
readiness to drug therapy, readiness to medical follow-up,
readiness to lifestyle modification (Table 1).

The calculation using integrated formulas also enables
output of the compliance calculation in four aspects: 1)
compliance with lifestyle modification; 2) compliance with
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nauMeHTaMm1 BbINOAHATLEA ckopee ByayT, yem He ByayT

Figure 1. Appearance of the doctor’s electronic assistant based on the domestic scale KOP-25, generated by the core
of the program when launched from the browser.

PucyHok 1. BHewHull BU9 3/1eKmMpoHHO20 NOMOWHUKAa Bpaya Ha oCHoBe omedecmBeHHoU wkasnbl KOI-25,
nopoxxoaemozo 10poM npozpamMMbl npu 3anycke u3 bpay3sepa.
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Question No.
(sum of scores)

Significance of drug therapy Md 2,3,4,6, 14
Signigicance of medical

follow-up Mm 1,5, 10, 11, 13
Significance of lifestyle

modification Mc 7,8,9,12,15
Readiness to drug therapy Gd 16, 17, 18, 20, 21
Readiness to medical

follow-up Gm 16, 19, 20, 24, 25
Readiness to lifestyle

modification Ge 19, 22, 23, 24, 25

Table 1. List of 6 technical indicators for the results of patient
interviews using the electronic version of the KOP-25 questionnaire

Tabnuuya 1. OueHka 6 mexHuU4Yeckux nokasamernel no
pesynbmamam UHMepBbUPOBaHUS NayueHma ¢ NOMOWbH
3/1eKmpPOHHO20 BapuaHma onpocHuka KOr1-25

drug therapy; 3) compliance with medical follow-up; 4)
integral compliance with treatment.

The calculation of these values is performed using the
following formulas.

Compliance with lifestyle modification:

oy » ((30:MO) ;(60 Go)

100 ),

where:

Cc — compliance with lifestyle modification, %
Mc - significance of lifestyle modification, points
Gc —readiness to lifestyle modification, points
Compliance with drug therapy:

- X -
Cde] + ((30+~Md) . (60 +Gd)) <100 .
where:
Cd - compliance with drug therapy, %
Md - significance of drug therapy, points
Gd — readiness to drug therapy, points

Compliance with medical follow-up::

. ((30=Mm) x (60 =Gm)) 5

Cm=1 v 100 3),

where:

Cm — compliance with medical follow-up, %
Mm - significance of medical follow-up, points
Gm - readiness to medical follow-up, points

Integral compliance with treatment:

(Cm+2Cc+3Cd)
C= 6
A,
where:
C — integral compliance with treatment
Cm — compliance with medical follow-up, %
Cc — compliance with lifestyle modification, %
Cd — compliance with drug therapy, %.
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Upon completion of testing, the program saves the patient’s
answers in an Excel file in the root folder of the program
as percentage values calculated depending on the answers
of patients in accordance with the conventional algorithm
of interpretation of questionnaire answers using integrated
formulas. At the same time the doctor may perform a number
of studies on a group of patients forming a database on
their computer, and then perform a population analysis of
therapeutic compliance, or compliance in a specific cohort or
a specific patient. Moreover, the program enables any entitled
observer to remotely evaluate compliance with therapy from
any location and any computer connected to the Internet,
thus providing the opportunity of mass remote evaluation of
therapeutic compliance.

Following the interview with the patient using the COP-25
scale, the electronic assistant gives the doctor the possibility
of recording and transferring the data as well as form a
database. This assists in the making of a substantiated decision
on prescription of drugs with consideration of evaluated
compliance. Below are several options of use of our electronic
assistant.

1. Deployment at a paramedic’s workstation in rural
health posts (RHPs) enables remote assessment of treatment
compliance for RHP-visiting patients by physicians from
central district hospitals or regional telemedicine centers
during remote follow-up monitoring. This software solution
also allows integration with regional medical information
systems.

2. Development of a mobile application for patients under
follow-up care, enabling self-assessment via the COP-25
questionnaire with subsequent automated treatment compliance
evaluation, data transmission to the medical information
system, and results analysis by the attending physician.

3. Development of a mobile application for industrial
workers as part of occupational health initiatives, enabling
periodic workplace assessment of treatment adherence
using this digital tool among employees with chronic non-
communicable diseases.

The important feature of this electronic assistant is the
functionality of dynamic evaluation of compliance with the
prescribed therapy, viz. analysis of efficacy of the treatment
and adjustment of therapeutic plan over a long period of
time. Not only does it register data on compliance but also
compares results on different stages of treatment, which
allows determining the trends and suggest more personalized
treatment considering individual needs and behavior of the
patient. This approach assists better outcomes of the therapy
and improves overall patient satisfaction with treatment results.
In outpatient and telemedicine practice, time constraints often
limit thorough medical documentation. Digital assistants that
streamline data entry and storage serve as valuable tools for
optimizing clinician workflow.

The Scientific and Practical Center for Telemedicine at
Samara State Medical University is conducting pilot studies
to evaluate the efficacy of a digital assistant, particularly
in remote follow-up monitoring. The research focuses on
treatment adherence in patients with various chronic non-
communicable diseases (CNCDs). This issue is of critical
importance as many of these conditions require long-term
therapy.
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As per existing data, the level of non-complianc with
treatment varies from 4 to 88%, and only about 50% of
patients with CNCDs demonstrate long-term compliance. This
emphasizes the need for development of efficient solutions
to improve treatment compliance [11-14]. The electronic
assistant may significantly influence the treatment outcomes
not only from the new data, but also from evaluating the
compliance dynamics in the long run. This enables the doctor
respond to changes in the patients’ behavior in a prompt way.

Modern technologies can significantly improve
healthcare quality and physician-patient interaction,
thereby enhancing treatment effectiveness. Treatment
adherence assessment is particularly crucial for patients
with cardiovascular diseases (CVDs), as these conditions
represent the leading cause of disability and mortality.
Circulatory system disorders frequently lead to severe
complications, underscoring the need for adequate
and consistent therapy. However, the national register
REKVAZA, initiated in the Ryazan Region, identified a
significant discrepancy between the medical prescriptions
and modern clinical recommendations. This discrepancy
emphasizes the importance of implementation of systems
enabling doctors to supervise in a more closer manner the
patients’ compliance with treatment and meet the current
clinical standards. It follows from the data that among 2548
outpatients with coronary heart disease (CHD) the statins,
crucial for reducing the risk of cardiovascular accidents,
were prescribed only in 28.7% cases. In the patients after a
myocardial infarction (MI), this indicator was 42.3%, and in
the patients after the second MI, 50%. In the patients with a
cerebral stroke, this indicator was only 9.8%, and in patients
with diabetes mellitus (DM), 18.9% [15]. These quantitative
data emphasize the vital importance of a stricter adherence
to recommendations once the therapy is prescribed, which
would minimize the risk of potential complications and
improve the quality of medical services. The EFFORT study
addressed elderly patients aged over 65, of which 81.1%
were in the age group of 65-74 years. These individuals
suffered from arterial hypertension and had confirmed
CHD, for which statin therapy is indicated. However, every
third of them had MI, and 93% were diagnosed with arterial
hypertension, which indicates the vulnerability of this age
group and its need for special attention during treatment.
Despite that, compliance with therapy is only significant
in the initial stages of it. Active use of statins is typically
observed during the first three months of treatment. With
prolonged follow-up, compliance levels decline sharply.
At three months, 34.2% of patients discontinue prescribed
medications. Between four months and one year, this
proportion increases to 69.9%, while compliance drops to
72.7% in the 1-5 year period. Regretfully, nearly 93.1%
of patients discontinue therapy after five years, which
represents a critical concern [16].

Multiple studies show that lack of compliance with intake
of oral anticoagulants by patients with atrial fibrillation (AF)
may decrease their efficiency in actual clinical practice. The
systematic review and the metaanalysis by S. Salmasi et al.
(2020) included 30 different studies and determined hat up
to 30% patients with AF do not comply with the prescribed
anticoagulant therapy [17]. This emphasizes the need to focus
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on compliance, for the lack of compliance with treatment may
have an adverse effect on the health of patients increasing
the risk of clot formation and strokes. Another group is
patients with arterial hypertension who also demonstrate
lack of compliance. According to some studies, 43 to 66%
of patients do not follow the doctors’ advise on the intake
of antihypertensive drugs; moreover, one year after the start
of therapy, 40 to 65% of patients stop taking the prescribed
drugs [18-20].

Studies demonstrate that patients with poor compliance
with intake of essential cardiac medications face a 10-
40% increased hospitalization risk [21, 22]. R. Mathews
et al. (2015) found that only 71% of 7,425 patients after
percutaneous coronary intervention maintained prescribed
treatment at 6-week follow-up, while 25% showed suboptimal
compliance and 4% exhibited poor compliance [23]. Most
alarmingly, over one-third of patients miss antiplatelet therapy
twice weekly or more frequently, significantly elevating the
risk of stent thrombosis and recurrent myocardial infarction..

The study of ST de Vries et al. Found that the experience
of patients with Type 2 diabetes mellitus shows various levels
of compliance with therapy. The most manifested problems
were found in patients taking glucose-lowering medications:
37.6% of patients did not comply with the proper treatment
regime. Every fifth patient demonstrated low compliance
with antihypertensive and lipid-lowering drugs [24]. A
similar study performed by M. Viana found that among
patients with chronic heart failure (CHF) compliance with
angiotensin-converting enzyme inhibitors (ACEIs) was high,
while significantly lower compliance rates were observed for
beta-blockers and diuretics.

On a side note, if information about only one type of
drug were used to evaluate compliance with treatment,
such classification would have been inaccurate in over 20%
cases [25]. This emphasized the importance of an individual
approach, in which it is important to evaluate compliance
with each type of drug seperately.

m CONCLUSION

Treatment adherence assessment in patients with chronic
non-communicable diseases has become a critical aspect of
clinical practice. This is particularly relevant in telemedicine
consultations and remote health monitoring. Integrating
digital tools for dynamic adherence evaluation into modern
medical information systems may optimize diagnostic and
therapeutic processes while improving patient compliance
with prescribed therapy. The use of modern digital solutions
plays a pivotal role in scientific research aiming at
development and implementation of primary and secondary
prevention of chronic non-communicable diseases. The
accumulated data may be used in the future as the basis for
datasets to be utilized in machine learning which, in its turn,
may facilitate development of medical decision-making
support systems. In this way, development of technologies
aimed at enhancing evaluation of compliance opens new
horizons not only for improving healthcare quality, but
also for creating novel opportunities in scientific progress
and clinical practice. This advancement may lead to more
effective and personalized treatment approaches, including
for patients with comorbidities. »=
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A postmortem interval estimation
by cranioencephalic thermometry at a single
discrete decrease in ambient temperature

German V. Nedugov
Samara State Medical University (Samara, Russia)

Abstract

Aim - to develop an estimation method and a computer program for
determining the postmortem interval (PMI) by cranioencephalic temperature
(CT) of a corpse under conditions of cooling with a single discrete decrease
in ambient temperature.

Material and methods. We performed an analytical and finite element
modeling of CT dynamics at a single discrete decrease in ambient
temperature.

Results. A mathematical model has been developed for determining the PMI
and the uncertainty of its estimates at a single discrete decrease in the ambient
temperature. The constants' values of the model equation and their variances

were determined on the basis of finite element modeling of CT dynamics under
the specified cooling conditions. The computational algorithm of the specified
method for determining PMI and limitations of its use were implemented in
the Warm Bodies DSC program written on C#.

Conclusion. We can recommend using the developed method and software
in forensic medicine to determine the PMI at a single discrete decrease in
ambient temperature.

Keywords: corpse cooling, postmortem interval, cranioencephalic
temperature.
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OueHka oaBHOCTU HACTYMNJIeHU CMepTu MeToAoM
KpaHno3HuedanrbHOU TEpMOMETPUM NPU OAHOKPATHOM
AUCKPEeTHOM NMOHUXXEHUU BHELLHEN TeMnepaTypbl

I.B. Heayros
Pre0Y BO «Camapckuii rocyaapcTBEHHbIM MeauumnHckuin yHusepeute™» MuHagpasa Poccuu (Camapa, Poccus)

AHHOTaUMA

Iens — pazpaboTka peasli30BaHHOTO B popMaTe KOMIILIOTEPHOH IPOrPaMMBI
metona onpezesnenus JTHC mo KT Tpyna B ycoBUsIX ero oXjiakJeHusl IIpu
OIIHOKPaTHOM JIMCKPETHOM IOHM>KeHHH BHeIIHel TeMIlepaTyphl.
Marepuas 1 MeToAbI. BEIIONIHEHO aHAIUTHYeCKOe U KOHEYHO-3JIeMeHTHOe
MopermpoBanue fuHaMuky KT py ogHOKpaTHOM IHUCKPeTHOM HMOHIDKeHHH
BHeIIIHel TeMIlepaTyphl.

Pesynwrarsl. Pazpaborana Maremarrndeckasi Mojielib onpesenenus JTHC u
HeoIIpeJieJIeHHOCTH ee OI[eHOK P OHOKPaTHOM JHCKPETHOM HOHIDKeHHH
BHellIHel TeMIlepaTypbl. 3HaueHHs] KOHCTAaHT MOZIE/IbHOTO YDaBHEHHUS U UX
JIMCTIepCHi OIIpefieNieHbl ITyTeM KOHEeYHO-3/IeMeHTHOTO MOJleJIMPOBaHusI [IHa-

muky KT B yka3aHHBIX yCIIOBUSX OXJIQKIEHNS. BEIMUCIUTENIBHEIHN alNrOpUT™
naHHoro Meropa ornpenesnienust JJTHC v mpoTHBOIIOKa3aHus K ero NIPUMEeHEeHUI0
peasM3oBaHbl Ha si3bike C# B Bujie mporpaMMel Warm Bodies DSC.
BriBoasl. PazpaboTaHHBIN MeTOl| U peasu3ylolllee ero IpUIOXKeHue pe-
KOMEHAYIOTCS K UCIIOIb30BAHUIO B CyAeOHO-MeIUITMHCKOM NPAKTHKe IS
onpenenenus JTHC npu oflHOKpaTHOM IMCKPETHOM HMOHM)KEHUH BHeIHen
TeMIIepaTyphl.

KitroueBble c1oBa: oxJlakeHHe TPYIIA, JaBHOCTb HACTYIUIEHUS! CMEPTH,
KpaHHO3HIIedasbHas TeMIepaTypa.

KoH}IUKT HHTepecoB: He 3asiBJIeH.
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m INTRODUCTION
he ‘gold standard’ of estimating the postmortem
interval (PMI) in the early postmortem period remains

C. Henssge’s method, the use of which requires a single

measurement of rectal or cranioencephalic temperature (CT)

[1-5]. This method is based on the phenomenological law of

deep tissue cooling in corpses at constant ambient temperature,

proposed in 1962 by researchers T.K. Marshall and F.E. Hoare,
which takes the form of a transcendental equation:
-1, P e K _ k e P!
TO — Ta p— k pP— k

’ (M

where T — current core body temperature of the corpse, °C;
T —ambient temperature, °C; T0 — initial body temperature at
the diagnostic point at the moment of death, °C; k — cooling
constant, h'!; p — temperature plateau constant, h''; t — TSD,
h[6].

In his modification of the equation (1) C. Henssge used the
analysis of a vast amount of empirical data to establish linear
dependencies of the temperature plateau constant from the
cooling constant, as well as mean statistical data of the latter
in various conditions of cooling of the dead body [7, 8]. The
most critical condition for the accuracy of this method, which
significantly limits its practical application, is the constancy of
ambient temperature. This specific circumstance has prompted
a series of studies focused on adapting Henssge’s method to
variable ambient temperature conditions [9-11].

One of the forensically relevant patterns of ambient
temperature variation in medico-legal practice is its single
discrete decrease, referring to a one-time reduction in external
temperature while maintaining constant temperature thereafter
[12]. This generic change in the cooling conditions is usually
seen in the corpse thermometry after it had been relocated
from the place of discovery to a storage vault with different
temperature conditions. In such situations, the ambient
temperature before and after relocation or the corpse, time
after the relocation before the thermometry, and the results of
the thermometry are usually known [9]. After experimenting
on manikins, L. Althaus and C. Henssge developed a
phenomenological model of determining the PMI in the
specific conditions of cooling based on the equation (1) and
data of rectal thermometry [9]. This model was later optimized
and implemented as a computer program. Apart from the
measurement of changes in the temperature conditions, it
considered changes in other conditions of cooling of the dead
body, namely, the properties of its clothes and bed, as well as
status of wind of water flow [12].

On the whole, the data obtained provided a solution for
determination of the PMI by a single discrete decrease in the
ambient temperature by rectal thermometry of the corpse. At
the same time, in order to obtain valid evaluations of PMI
based on rectal thermometry of the corpse, the initial ambient
temperature conditions with its discrete decrease should not
exceed 23.2 °C [9, 13]. For that reason, the approach proposed
by L. Althaus and C. Henssge is not applicable if the initial
ambient temperature is above the given threshold, which
significantly limits the application of the method.

Unlike the case of rectal temperature, the dynamics of CT
is characterized by lack of influence of external temperature
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on the linkage between the constants of thermal plateau and
cooling, which is expressed as the following ratio for this
diagnostic point:
p =8,425k. ()

Moreover, evaluation of PMI by cranioencephalic
thermometry does not require measurement of the mass of
the corpse [7, 8, 13]. Notwithstanding these advantages, no
technologies of PMI evaluation with single discrete decrease
of ambient temperature by cranioencephalic thermometry of
the corpse have been proposed. At the same time, the forensic
expert practice requires such technologies whose calculation
algorithms are implemented as computer programs.

m AIM

To develop an estimation method and a computer
program for determining the postmortem interval (PMI)
by cranioencephalic temperature (CT) of a corpse under
conditions of cooling with a single discrete decrease in ambient
temperature.

m MATERIAL AND METHODS

The methodological design of the study is to develop a
phenomenological model of PMI determination with single
discrete decrease of ambient temperature based on finite
element modeling of CT dynamics with the given conditions
of corpse cooling, the calculation algorithm of the model to
be implemented as a computer program.

The mathematical model of the corpse core cooling
involved two periods, the initial and the final, representing
periods before and after changes in the cooling conditions,
respectively. The model of CT dynamics in the final period
of corpse cooling was based on the equation (1) with respect
to linear correlation (2) of its constants. The value range of
the constants in the equation (1) was determined by numeric
search of solution of the Marshall-Hoare system of nonlinear
equations (SNE) for double thermometry of the corpse:

_ (Tl _Taz Xp_k)
02 pe_kt2 ke P2’ )

(T2 _Ta2 Xp—k)
Kty +At) _ = pley +A1)”

Ty, =——
pe

where Ta, — final ambient temperature, °C; t, — duration of
the final period of cooling, h; T, — CT in the first thermometry
of the corpse in the end of t, period, °C; T, — CT in the
second thermometry of the corpse, °C; A, — time between the
thermometries of the corpse, h (Fig. 1).

To that end, roots of the equation

(Tl -7, Xpe—k(t2+Az) _ e Plts +At))_ @
2

- (T2 —Ty, Xpe_kt2 — ke P2 )= 0,
were found that would meet the various conditions of the
specific type of cooling. The nonlinear optimization of the
functions (4) obtained from the SNE (3) with constants k and
p serving as variables was performed using the generalized
reduced gradient method implemented in the "Solver" add-
in of the Microsoft Office Excel 2016 spreadsheet processor.
The values of other indicators of the SNE (3) were found
by computer modeling by finite element method for the
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thermal field of the head in the conditions of convective heat
exchange with the heat transfer factor of 6 W/(m?-K), for
various combinations of the initial and final cooling periods
in the absence of internal and external heat sources. The
borderline values of parameters of these cooling conditions
were as follows: initial period, 10-35 °C, final period, 4-11 °C,
difference between the initial and final ambient temperatures
was 2-26 °C; duration of the initial cooling period, 1-21 h,
duration of the final cooling period, 1-10 h; the interval
between the first and second thermometry of the corpse was
0.5-2 hours. The discretization step for ambient temperatures
was 1°C, cooling period durations, 1 h, and time intervals
between corpse thermometry measurements were 0.5 h. In
total, 148 non-degenerate solutions to the SNEs (3) were found
based on the generated data.

For the purposes of computer modeling of postmortem
CT dynamics, a two-dimensional finite-element model
of the cerebral head region was used. It was designed as a
quadrant with 98 mm radius comprising uniformly distributed
homogeneous layers: cutaneous-aponeurotic flap (5 mm),
cranial vault bones (5 mm), subarachnoid space cerebrospinal
fluid (2 mm), and brain tissue (86 mm). The thermo-
physical parameters of these biological tissues, procedures
for establishing initial and postmortem temperature fields
in the computational domain, and validation of the finite-
element model were previously detailed in our work [14]. CT
was defined as the temperature at the point with zero radial
coordinate.

The finite element model of the postmortem thermal field of
the head was constructed using the free version of ELCUT 6.5
(https://elcut.ru/free soft r.htm). The remaining calculation
procedures were performed in Microsoft Excel (Office 2016
software suite). The mathematical analysis was performed
in the free web application WolframAlpha (https:/www.
wolframalpha.com). The code of the program calculating PMI
and error of the obtained estimates was written in C# using the
free version of Microsoft Visual Studio (https://visualstudio.
microsoft.com/ru/downloads).

m RESULTS

In the initial cooling period, the CT dynamics progresses in
accordance with equation (1) with constant values established
by C. Henssge [7, 8, 13]. Provided that the CT value as of the
moment of decrease of ambient temperature is available, it is
possible to determine the duration of the initial cooling period,
which represents the root of the implicitly defined equation

Ty, - T,

a4

Ty, —T,

1 a;

1,135¢7 %1270 _ 0135071070 =0, (5)

where ¢, — duration of the initial cooling period, h; Tg, —
CT at the moment of change of cooling regimes, °C; Ta, —
initial ambient temperature, °C; T, — initial CT as per
recommendations of C. Henssge, taken to be 37.2 °C (Fig. 1).

Thus, the task of determining the PMI in the given
conditions is reduced to the task of determining the CT at the
moment of change of thermal modes of cooling.

Computer simulation of cooling under the considered
conditions showed that during the final cooling period, CT
dynamics also follow law (1), but with unknown individual
values of cooling constants and temperature plateau.
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Temnepatypa, °C

Temperature, °C
PMI, hours

Figure 1. Dynamics of cranioencephalic temperature on the example
1 (solid blue line). The red dashed line marks the dynamics of
ambient temperature. The dashed blue line shows the conditional
dynamics of cranioencephalic temperature in the absence of a
change in cooling modes.

PucyHok 1. luHamuka KT 0ns 0aHHbIx u3 npumepa 1 (cniowHas
cuHsist nuHusi). KpacHol wmpuxoBol uHuel MapkupoBaHa
OuHaMmuka BHewHel memMnepamypsbi. LLimpuxoBol cuHel nuHuell
nokasaHa ycnosHasi ouHamuka KT npu omcymcmBsuu CMeHb!
pexuma oxnaxoeHusl.

To determine the ranges of constants k and p using the
generalized reduced gradient method, a search was performed
for solutions of equation (4) variants generated based on the
finite-element model that satisfy given boundary conditions
under various regimes of single discrete decreases in ambient
temperature. This search showed that the average value of
the k constant is 0.135 h'l, and its dispersion, maximum
in the first two hours of the final period of cooling, then
drastically decreases decaying to zero after five hours
(Fig. 2). The maximum deviation of the cooling constant
from its average value in the period of 3 to 10 hours after the
decrease of ambient temperature reached 0.007 h'l.
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Figure 2. Dependence of the cooling constant on the duration of
the final cooling period according to finite element modeling of
corpse cooling under various modes of a single discrete decrease in
ambient temperature. The values of k att,< 3hand ATa < 6 °C are
marked in red.

PucyHok 2. 3aBucumMocmb KOHCMaHMbl OXaX0eHuUst om
npooomKumensHoCmu puHasIbHo20 Nepuooda oxaxoeHust no
0aHHbIM KOHEYHO-3/1EMEHMHO020 MOOe/UPOBaHUS OXJIaXOeHUs!
mpyna npu pasiu4yHbIX pexxumMax 00HOKpamHo20 OUCKPemHozo
NOHWKeHUs1 BHewHell memnepamypbl. KpacHbIM MapKUpoBaHsb!
3HaveHus knput,< 34yuATa<6 °C.
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Figure 3. The dependence of the temperature plateau constant on
the duration of the final cooling period according to finite element
modeling of corpse cooling under various modes of a single discrete
decrease in ambient temperature. The values of p att, < 3 h and
ATa < 6 °C are marked in red.

PucyHok 3. 3aBucumMocmb KOHCMaHmMbl memMnepamypHo20 niamo
0m NPodomKUMeNbLHOCMU huHANILHO20 Nepuoda ox1axdeHus

Nno 0aHHbIM KOHE4YHO-3/1eMEeHMHO020 MOOe/TUPOBaHUST OXJIaXKOeHUS!
mpyna npu pasuyHbIX pexxumax 0OHOKpPamHo20 AUCKPemHoz0
NOHWKeHUs BHewHell meMnepamypsi. KpacHbIM MapKupoBaHb!
3HadYeHusip nput,< 34y uATa< 6 °C.

The values of the p constant in the first two hours of the
final cooling period, as well as with the difference AT, of the
initial and the final temperatures below 6 °C also demonstrated
marked dispersion, whereas in other options of the studies
cooling conditions the distribution of values of the constant
was uniform with the average value being 1.4 h'! and maximum
deviation from the average at 0.8 h! (Fig. 3).

The obtained data allow using the established average
values of both constants when determining CT at the moment
of ambient temperature change via any of the SNEs (3). It
is preferable to use the first equation for this purpose, as it
contains fewer arguments and does not require repeated
corpse thermometry for calculations. After calculating CT at
the moment of ambient temperature shifts, the duration of the
initial cooling period is determined by formula (5). Thus, the
sought PMI represents the sum of the initial and final cooling
periods: t=t,+t, , where t — PMI, h.

Example 1. The corpse was discovered in a room with an
air temperature of 20.0 °C, then transported to the morgue
and placed in a refrigeration chamber at 4.1 °C, where
cranioencephalic thermometry was performed 7 hours after
discovery. The CT measured 14.0 °C. It is necessary to
determine PMI at the time of corpse thermometry.

As per SNE (3), at the moment of ambient temperature
change the corpse CT was

~ (14-41)1,4-0,135)
2 1470137 _g 13507147

Using the obtained CT value in the equation (5), we obtain
the expression

Ty

=27,115 °C.

1135¢-01270 _ 13501070 _ 27115220
’ ’ 37,2-20
from which we calculate t, = 7.95 h. Therefore, the PMI at
the moment of the corpse thermometry is

t=795+7=14,95h.
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Due to the use of average values of the SNEs (3) constants,
CT estimates obtained by the described method will inherently
contain errors. The magnitude of these errors will be further
influenced by inaccuracies in corpse thermometry and
ambient temperature measurement, duration measurement
errors of the final cooling period. According to the first SNE
(3), the CT at the moment of cooling regime shifts can be
treated as a function of

To,=F(k, p,t, Ta, , T) 6)

5 random variables. Assuming there are no mutual
correlation among the errors of the arguments of this function,
the variance of CT estimation errors is determined from the
equation

2
2 oF 2 2 (OF 2 2 oF 2
O-T =|— O_k +| — O-p +|— Gl +
02 Ok op Oty 2
2
oF 2 oF 2
+——| i +|—| o
oT,, ) Te \ony) N

where ¢? — error dispersion, and F is the function (6).
With no information about standard deviations of errors
being available, they should be set equal to one-third of the
maximum permissible error of the corresponding parameter.

The uncertainty of estimates of the initial period ¢, according
to data[12] is

o, =2,0889¢ 14110

where Q — non-dimensional temperature, in this case
calculated as

™

o Ty, —T,,
Ty, - T,,

The total variance of PMI estimation errors equals the sum
of variance in initial cooling period duration errors, variance
in final cooling period duration errors, and variance in CT
estimation errors at the moment of ambient temperature regime

shifts: 2
T 0 ) TO

where f(t) — implied function (5), the partial derivative of
which for T0Z2 is determined by the equation

%(t) = [(Tal ~T, X0,1444Se_1’07t1 -
0 1
’ ~0,144145¢ 127 )T

Knowing the error variance, one can calculate the tolerant
interval of PMI:

PMI:tiO-t 'Zl_a s

02 :(3'2 +(72 +
t t t
1 2 2

where t — PMI estimate, h; z — standard normal variable;
a — level of significance..

Example 2. Determine the 95% tolerant interval of PMI
for the data from Example 1, taking the absolute threshold
errors of corpse thermometry and ambient temperature
measurement as 0.1 °C and the final cooling period as 20
minutes (0.333 h).
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Product of
squares

0,033333 2,324753  0,006004972

Taz, °C 4,1 0,1 0,033333 -1,32475  0,001949966
t,u 7 0,333333 0,111111 3,106631  0,119150105
k, ut 0,135 0,007  0,002333 142,9162  0,111203002
p, 4t 1.4 0,8 0,266667 1,751952  0,218263764

Table 1. Intermediate calculations of the cranioencephalic
temperature error at the time of changing the temperature regimes of
cooling the corpse

Ta6nuua 1. lMpomexxymouHble pacdems! nogpewHocmu KT
B MOMeHM CMeHbl meMnepamypHbIX PEXUMOB OX/1aK0eHUst mpyna

The results of preliminary calculations of CT error variance
at the time of cooling temperature shifts are shown in Table 1.

Summing up the products of squares, we find that the CT
variance is 0.4566.

Since
27,115-2
0=2115=20 4 4137
37,2-20
then
oy, = 2,0889¢ LI4110.4137 _ 1 3079,
Therefore

o, = \/ 130292 +0,1111% + 0,4566[(20— 27,115)

(0,14445e‘1’°7'7=95 —0,144145¢~ 0127795 )P: 1,51 4.
Multiplying the value of the standard normal variable of
1.960 by the standard PMI error variance, we calculate the
95% tolerant interval of the latter:

PMI=14.95+2.95 h.

The described computational algorithm was formalized
in C# within the computer program Warm Bodies SDC
(Certificate of State Registration of Computer Program
No. 2023687943). Based on the proposed mathematical
model, the application calculates PMI from corpse CT
when there is a single discrete decrease in constant ambient
temperature by 6 °C or more and a final cooling period
duration of 3 to 10 hours. In addition to point estimates,
the program determines two-sided interval estimates of
PMI for the required confidence probability level. The
calculated error magnitude includes inaccuracies arising
from potential deviations of individual cooling conditions
from statistical averages, as well as measurement errors
of input parameters.

The maximum errors for the latter are set at 0.1°C for
temperature parameters and 5% for the duration of the final
cooling period. The application calculates the duration of the
initial cooling period using Newton’s iterative method. When
degenerate cooling scenarios are detected, the program halts
calculations and displays a corresponding warning window.
To operate the program, the user must input the result of the
single-time corpse CT measurement, initial and final ambient
temperatures, time interval between the ambient temperature
decrease and body thermometry, initial CT, and permissible
error probability.
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m DISCUSSION

The computer modeling conducted in this study
demonstrated that CT dynamics following a single discrete
decrease in ambient temperature conform to the Marshall-
Hoare equation (1). This cooling pattern under such
conditions appears universal for all deep corpse tissues, as
L. Althaus and C. Henssge observed the same phenomenon
when studying rectal temperature dynamics [9]. However,
due to the impossibility of establishing individual constants
for equation (1) during the final cooling phase, these authors
replaced equation (1) with their own empirical expression
when developing their PMI determination method.

Unlike the approach of L. Althaus and C. Henssge,
the method to determine CT at the moment of cooling
temperature shifts suggested within this study uses the
original Marshall-Hoare equation with the average values of
cooling and thermal plateau constants obtained by computer
modeling of a wider range of different variants of discrete
decrease of ambient temperature. Additionally, the method
provides for calculating uncertainty both in estimates of
BT at the moment of cooling regime changes and in final
estimates of PMI, based on variances of the constants of
equation (1) and measurement errors of temperature and
time parameters.

The use of the developed method may be limited due
to possible discrepancies between real cooling conditions
and those modeled in the computer experiment. The
reasons for potential discrepancies include: 1) heat transfer
through conduction when the cooling body part contacts
other physical objects; 2) convection under non-standard
conditions with different heat transfer coefficients; 3)
thermo-physical properties of tissues in the cooling body
region differing from model parameters.

However, the selected body part for the modeling of
cooling (the head) demonstrates the highest resistance to the
listed factors affecting PMI determination accuracy. This
is because the shape of the head closely approximates a
sphere, which has only one point of contact with a tangential
plane. This circumstance allows neglecting heat conduction
processes when the corpse’s head rests on a flat surface. The
anatomical structure of the head and its modeled tissue layers
exhibits minimal variability. Additionally, the constants of
equation (1) for non-standard cooling scenarios (presence
of headwear, strong wind, liquid contact) can be refined
through future finite-element modeling of corresponding
cooling conditions. [15-17].

The developed method is contraindicated for use when
the duration of the final cooling period is less than 3 hours
and when the difference between initial and final ambient
temperature regimes is less than 6°C. In the first case, the
cooling process does not exhibit distinct exponential and
temperature equilibration phases. In the second case, the
temperature plateau phase is absent. These circumstances
naturally lead to a mismatch between mathematical model
(1) and actual cooling conditions, resulting in increased
variance of equation (1) constants and greater errors in PMI
estimates. These contraindications are easily manageable in
practice. In the first case, it is sufficient to perform corpse
thermometry after a longer period following its transfer
to different cooling conditions. In the second case, it is
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advisable to consider the ambient temperature as constant
in calculations, equal to the average value of the sum of
initial and final ambient temperatures, with a maximum
measurement error of 3°C.

The contraindications also include limitations inherent
to all thermometric PMI determination methods based on
C. Henssge’s modifications of equation (1), e.g., solar
radiation, significant fluctuations of ambient temperature
during initial and final cooling periods, marked deviations
from normothermic thanatogenesis [7, 8, 13].

m CONCLUSIONS

1. A method has been developed for determining PMI and
the errors of its estimates based on corpse CT under cooling
conditions with a single discrete decrease in ambient temperature.

2. The computational algorithm of the proposed PMI
determination method and contraindications for its use are
implemented in the Warm Bodies DSC application program.

3. The developed method and the computer program
implementing it are recommended for use in forensic expert
practice for thermometric PMI determination during single
discrete decreases in ambient temperature. #=
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Abstract

Aim - to evaluate the effectiveness of the continuing professional education
program “Multidisciplinary approach to managing patients with a confirmed
diagnosis of 5q spinal muscular atrophy” (36 hours; hereinafter referred to as
the SMA5q CPE Program) as a tool for improving the level of competence
of doctors within multidisciplinary teams providing medical care to SMAS5q
patients.

Material and methods. The study used the materials completed by course
teachers and students who had completed training under the SMA5q CPE
Program. These materials included entrance control forms, final certification
forms, and certification reports, which were provided by the Institute of
Higher and Continuing Professional Education of the N.P. Bochkov Medical
Genetic Research Center.

Results. As of January 2025, 136 students from 39 administrative entities of the
Russian Federation had completed the training. During the final certification
of the training program, all students demonstrated a relatively high level of
competence in completing test tasks: 70-80% correct answers were given by
96 students, 81-90% by 36, 91-100% by 4. At least one control question was
answered by 42 students, two by 85, and all three questions, by 9 doctors.
Conclusions. The SMA5q CPE Program has proven effective in improving
the competencies of doctors who make up a multidisciplinary team. The
implementation of this SMA5q CPE Program can increase the availability
and effectiveness of high-cost pathogenetic therapy for patients with SMA5q.
Keywords: additional education program, 5q spinal muscular atrophy, SMA5q.
Conflict of interest: nothing to disclose.

Citation

Vlasov YaV, Syunyakov TS, Gayduk AYa, Gazheva AV, Kamynina NN, Pesneva OV,
Bukharova TB, Nikitin SS, Kutsev SI. Improving the quality of medical care

for patients with 5q spinal muscular atrophy through the implementation

of continuing professional education programs. Science and Innovations

in Medicine. 2025;10(3):224-231. DOI: https://doi.org/10.35693/SIM680762

Information about authors

Yan V. Vlasov — Dr. Sci. (Medicine), Professor, Co-Chair.

ORCID: 0000-0002-9471-9088

E-mail: jansams99@inbox.ru

Timur S. Syunyakov — Cand. Sci. (Medicine), Science Advisor.

ORCID: 0000-0002-4334-1601

E-mail: sjunja@gmail.com

*Arsenii Ya. Gayduk — Acting Director of the International Scientific

and Educational Center for Neuropsychiatry.

ORCID: 0000-0002-4015-3162

E-mail: a.j.gayduk@samsmu.ru

Anastasiya V. Gazheva — Cand. Sci. (Medicine), Associate Professor, Head of the
Department for Coordination of Organizational and Methodological Work in Healthcare.
ORCID: 0000-0003-2665-5606

E-mail: karina.keri@mail.ru

Natalya N. Kamynina — Dr. Sci. (Medicine), Professor, Deputy Director for Research.
ORCID: 0000-0002-0925-5822

E-mail: kamyninaNN@zdrav.mos.ru

Olga V. Pesneva — CEO.

ORCID: 0009-0001-0152-8718

E-mail: pesnevaov@mail.ru

Tatyana B. Bukharova — Cand. Sci. (Biology), Leading Researcher

of the Laboratory of Stem Cell Genetics.

ORCID: 0000-0003-0481-256X

E-mail: bukharova-rmt@yandex.ru

Sergei S. Nikitin — Dr. Sci. (Medicine), Professor, Head of the Department

of Genetics of Neurological Diseases.

ORCID: 0000-0003-3292-2758

E-mail: maria_fnc@mail.ru

Sergei l. Kutsev — Dr. Sci. (Medicine), Professor, Academician of the Russian
Academy of Sciences, Chief Specialist of the Ministry of Health of the Russian
Federation in Medical Genetics, Director.

ORCID: 0000-0002-3133-8018

E-mail: kutsev@mail.ru

*Corresponding Author

Received: 27.05.2025

Accepted: 05.08.2025
Published: 11.08.2025

224

www.innoscience.ru


http://www.innoscience.ru
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.35693/SIM680762
https://orcid.org/0000-0002-9471-9088
mailto:jansams99@inbox.ru
https://orcid.org/0000-0002-4334-1601
mailto:sjunja@gmail.com
https://orcid.org/0000-0002-4015-3162
mailto:a.j.gayduk@samsmu.ru
https://orcid.org/0000-0003-2665-5606
mailto:karina.keri@mail.ru
https://orcid.org/0000-0002-0925-5822
mailto:kamyninaNN@zdrav.mos.ru
https://orcid.org/0009-0001-0152-8718
mailto:pesnevaov@mail.ru
https://orcid.org/0000-0003-0481-256X
mailto:bukharova-rmt@yandex.ru
https://orcid.org/0000-0003-3292-2758
mailto:maria_fnc@mail.ru
https://orcid.org/0000-0002-3133-8018
mailto:kutsev@mail.ru

Science & Innovations in Medicine

Vol.10 (3) 2025

PUBLIC HEALTH, ORGANIZATION
AND SOCIOLOGY OF HEALTH

NoBblweHne YpoBHSA BpavyebHbIX KOMNeTeHUun
B obnactun BegeHUs nNauMeHToOB CO CMIUHANIbHOMN
Mbllle4YyHOU aTpodmen 5q c NOMOLLbIO BHeApPeHUSA
nporpaMMbl AONONMHUTESIbHOro NpodgeccnoHasibHOro
o6pa3oBaHuA

51.B. Bnacog!, T.C. CioHakoB? 3, A.4. MNanpayk+ 3, A.B. Naxesa®, H.H. KambiHKHa5,
0O.B. lNecHeBa®, T.b. Byxaposa’, C.C. Hukutun’, C.U. Kyuen’

IHKO «Bcepoccuickuin coto3 06LecTBeHHbIX 06beamHeHunii naumeHToB» (Mocksa, Poccuiickas Pegepauns)
2PecnybnukaHCK1i cneumanusaMpoBaHHbIA Hay4YHO-MPaKTUYECKM MeQULIMHCKMIA LEHTP NCUXMYECKOro 300P0BbS
(TawkeHT, Pecny6nuvka Y3bekunctaH)

SIBY3 «lNcuxunatpuyeckas knuHuka Nel nmernn H.A. AnekceeBa» genaptamMeHTa 3apaBooxXpaHeHus r. MockBsbl
(Mocksa, Poccuiickaa Penepauns)

“PIrbOY BO «Camapckuii rocyaapCTBeHHbIn MeaUUUHCKUI yHnBepcuteT» Munsgpasa Poccum
(Camapa, Poccuiickas depepauust)

STBY «HaunoHanbHbIV nccnenoBaTenbCKMn MHCTUTYT OpraHn3aLumn 3apaBooXpaHeHNns
1 MeOULMHCKOro MeHemMKMeHTa» AenapTaMeHTa 3apaBooxpaHeHns r. MockBbl
(Mockea, Poccwiickaa Pepnepaumns)

5000 «MegkoHcyn» (Mocksa, Poccuitckas degepauus)

"MIHCTWUTYT BbICLLErO M AOMOIHUTENBHOIO NPodeccMoHanLHoro obpasoBaHus
PreHY «Mepguko-reHeTM4eckunin HayyHblin LEHTP UMeHN akageMuka H.IN. BoykoBa»

(MockBa, Poccuiickaa Pegepauns)

AHHOTauusa

Iens — onenka 3¢p¢$eKTHBHOCTH JONOIHUTEILHON IIPOrpaMMbl 06pa30BaHHUs
«MHoronpoduIbHBIN NOAXO0]] K BeJIeHUIO TALIMEHTOB C IO TBepPKIeHHbIM
JIMarHO30M CIIMHAJIbHAS MBlledHas arpodus 5q» (36 yacos) (manee — I1po-
rpamma JIT10 mo CMASq) B kauecTBe MHCTPyMeHTa MOBLIIIEHHS] YPOBHSI KOM-
MeTEeHIIMH Bpavyel, BXOIIIUX B MHOTONPOGWIBHYIO OpUraay Mo OKa3aHUIO
MeJUITMHCKOM oMol nanyenTam co CMASq.

Marepuan u MeToablL. Mcroib30BaHbI MaTepyalibl, 3al0JTHEHHbIE MIPerojiaBa-
TEJIIMU Kypca ¥ 00y 4aroIUMHCsL, IPOLIEAIINMHU ITOATOTOBKY 110 [Iporpamme
JIT10 mo CMAS5q. Yka3aHHBIE MaTepHallbl IPeCTaBISsIA COOO0¥ OIaHKK BXOJI-
HOTO KOHTPOJISI, GJTAaHKY UTOTOBOY aTTeCTAllUK U aTTeCTallIOHHbIE BeJOMOCTH,
KOTOpBIe ObLIM NpeoCTaBIeHbl MHCTUTYTOM BBICIIETro U IOTIOJTHUTEILHOTO
npodeccronanbHoro obpazopanus PTBHY «Menuko-reHeTnueckuii Hayd-
HBI LeHTp uMeHU akafemuka H.I1. BoukoBay.

Pesynsbrarsl. [1o cocrosuuio Ha siHBapb 2025 rofa MOArOTOBKY MPOILIH
136 obyuaromuxcst u3 39 cyorekroB PO. B xome UTOroBoit arrecranyu mno

obydarolreii mporpamMMe Bce 06ydaromyecs M0Ka3all CPABHUTEILHO BBICO-
KWH ypOBeHb KOMIIETEHIIUI TIPY BBIOTHEHUH TeCTOBLIX 3amanuii: 70-80%
TIPaBWIBHBIX OTBETOB Jayiu 96 obyuarommxcs, 81-90% — 36, 91-100% — 4.
Kax MHHHMYM Ha OIWH KOHTPOJILHBIM BOIIPOC OTBETHUIM 42 00yJaromuxcs,
Ha 7iBa — 85 ¥ Ha Bce Tpu Borpoca — 9 Bpauei.

BriBogsl. [Iporpamma JIT10 no CMASq nokasara 3¢p¢peKTHBHOCTD B OBBI-
LIeHUH KOMIIETeHITUI BpadeH, COCTaBILIONX MHOTONPOQUIIBbHYI0 GpHramy.
Buenpenue nannoit [Tporpammer JITI0 mo CMASQ ciocoGHO ITOBBICHUTH J10-
CTYIHOCTb U 3¢)$eKTHBHOCTD UCIIOIb30BaHUS BLICOKO3aTPaTHOM IaToreHe-
THYeCKOU Tepanuu maruentoB co CMASq.

KuroueBsbIe c10Ba: 10NOHUTENIbHAS IPOrpaMMa 00pa30BaHusl, CIIMHAIbHAS
MbiniedHas arpodust 5q, CMAS5q.
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OBLWECTBEHHOE 300OPOBbE, OPTAHN3ALINA
N coumonorna 3aaPABOOXPAHEHNA

Tom 10 (3) 2025 Hayka n MHHOBauWn B MeauLNHE

m INTRODUCTION The multidisciplinary team providing medical care to SMA5q
pinal muscle atrophy 5q (SMA5q) is a severe hereditary ~ patients should be headed by a neurologist!, and pediatricians,
orphan life-threatening disease the progresses mostly  physicians, orthopedic traumatologists, anesthesiologists and

in the early age [1-4]. In compliance with the Clinical reanimatologisits, nutritionists, physiotherapists, physical and

recommendations for SMA5q (2024), a multidisciplinary team  rehabilitation medicine specialists, as well as palliative care

should be involved in the management of SMAS5q patients [5-7].  specialists should be on the team [8, 9].

Neurologists, physicians,
general practitioners,
orthopedic traumatologists,
anesthesiologists and
reanimatologists, pulmonologists,
gastroenterologists, nutritionists,
physiotherapists and specialists
in sports medicine

Genetic specialists Pediatricians

Contents of academic

)
]
=
2
[3]
1]
S

GPC-5. Competence in
prescribing treatments for
diseases and/or medical
conditions, while monitoring
therapeutic efficacy and safety.

PC-5. Diagnostic activities:
competency in identifying
patients’ pathological
conditions, symptoms, disease
syndromes, and nosological

GPC-4. Competence in using medical
products stipulated by the procedures
of provision of medical care, and

entities in accordance with GPC-6. Competence in perform patient check-ups for diagnostic
the International Statistical Irrl‘wplefrfneqtmg and Tonléqurlg purposes.

Classification of Diseases and  the effectiveness of medica :

Related Health Problems. rehabilitation interventions for CIPC5 (Cmmpsiizee [ ssazaeneli ol

morpho-functional, physiological and
pathological processes in the body in
order to perform professional tasks.

diseases and/or health conditions,
including through individualized
rehabilitation or habilitation
programs for persons with

PC-6. Clinical practice:
competency in managing and
treating patients with hereditary

specifics of clinical manifestations,

etiopathogenesis, classification,
diagnostics”

“Hereditary SMA5q:

disorders. disabilities.
GPC-6. Competence in GPC-6. Competence in organizing
implementing and monitoring patient care, delivering primary
the effectiveness of medical healthcare, and coordinating professional
c - . rehabilitation interventions for decision-making during prehospital
=2 PC-6. Clinical practice: diseases and/or health conditions, emergencies, disaster situations,
@2 fr%?t'iar?tenact?elr?t?\?lir:ﬁgr:gge?iﬂg including through individualized epidemics, and mass casualty incidents.
@ %B disordé,g_ &/ rehabllltatlfon ] habllltat_lg]n GPC-7. Competence in prescribing
523 L o g_rogtr;_ei_rtr_\s @ [peiseits B treatment and monitoring its therapeutic
Sl Sommmamege Sobe
Scec ] GPC-8. CnocobeH npoBoanTb v ) q .
SESE  pharmacoogcalandnon | orponWpoBSTS SGKEKTURHOCTe  {Re Citsicnty of mecital rohatiiaion
§2°28  pharmacological therapy and  yeponpusTiii no npocunakTke  of o orien Y luding through
E3 6o Other methods in need of Y hOPMMPOBAHMIO 300POBOTO of patients, including throug|
O3 ow  medical rehabilitation. implementation of individual programs of
a=3d 06pasa U3HN 1 CaHuTapHo- rehabilitation and habilitation of pediatric
EZ2&gz TMMMEHNIECKOMy MPOCBELUEHNIO  patients with disabilities, evaluation
: RETGEELED, of the patients’ ability to perform labor
activities.

GPC-5. Competence in

prescribing treatments for

diseases and/or medical

conditions, while monitoring GPC-9. Competence in implementation
therapeutic efficacy and safety. of principled of quality management in
professional activities.

PC-5. Diagnostic activities:
competency in identifying
patients’ pathological
conditions, symptoms, disease
syndromes, and nosological

entities in accordance with GPC-6. Competence in
the International Statistical implementing and monitoring GPC-10. Competence in solving
Classification of Diseases and  the effectiveness of medical standard professional tasks using
Related Health Problems. rehabilitation interventions for informational and bibliographic
PC-6. Clinical practice: diseases and/or health conditions, resources, biomedical terminology, and
competenc i”pmana i gl including through individualized information-communication technologies
treat’i)ng at%lents withghergedita rehabilitation or habilitation while adhering to core data security
disord erg » programs for persons with requirements.

disabilities. GPC-1. Competence in the

PC-9. Rehabilitation activities:
competence in administering
pharmacological and non-
pharmacological therapy and
other methods in need of
medical rehabilitation.

GPC-8. Competence in delivery implementation of moral and legal
and monitoring efficiency of events norms, ethical and deontological
aimed at disease prevention and  principles in professional activities.
promotion of healthy living, and

sanitary and hygienic education of

the population.

“Legal, ethical and coordination aspects of the
multidisciplinary approach provision of medical care

to SMA5q patients”

Table 1. Sections of the CPE for SMAS5q and their characteristics
Ta6nuua 1. Pazoensl lNMpozpammbl M0 no CMASQ u ux xapakmepucmuku

Competences to be created

Specialists in medical
rehabilitation, specialists in
palliative care

GPC-4. Competence in
examining patients to identify
activity limitations and
impairments of body functions
and structures.

GPC-5. Competence in
prescribing procedures for

the medical rehabilitation of
patients with activity limitations
and impairments of body
functions and structures, and
monitoring therapeutic efficacy
and safety.

GPC-4. Competence in
examining patients to identify
activity limitations and
impairments of body functions
and structures.

GPC-5. Competence in
prescribing procedures for

the medical rehabilitation of
patients with activity limitations
and impairments of body
functions and structures, and
monitoring therapeutic efficacy
and safety.

GPC-6. Competence in
implementing and monitoring
the effectiveness of medical
rehabilitation interventions
for diseases and/or health
conditions, including through
individualized rehabilitation
or habilitation programs for
persons with disabilities.

GPC-8. Competence in
analyzing medical and
statistical information, keeping
medical documentation,
organization of activities of
available medical personnel.

1 Clinical guidelines of the Ministry of Health of the Russian Federation “5q Proximal Spinal Muscular Atrophy”, children, 2023, p. 67.
Clinical guidelines of the Ministry of Health of the Russian Federation “5g-associated Spinal Muscular Atrophy”, adults, 2024, p. 77.

226

www.innoscience.ru


http://www.innoscience.ru

Science & Innovations in Medicine

Vol.10 (3) 2025

PUBLIC HEALTH, ORGANIZATION
AND SOCIOLOGY OF HEALTH

At the same time, some papers identified insufficient
readiness of medical specialists to provide medical care to
SMAJ5q patients based on the modern multifaceted approach
[10-13]. Besides, our analysis of the Professional Standard
“Neurologist” No.1240 (the PS)! showed that the document
contains generalized data on job functions described as
tentative working actions, required skill and knowledge.
The specific knowledge required for the management of
SMAS5q patients are described in that document by way
of mentioning the knowledge of “etiology, pathogenesis,
diagnostics, clinical manifestations, ...modern methods
of treatment of... general diseases and (or) conditions of
the nervous system” including “neuromuscular diseases”.
What diseases and conditions of the nervous system are
‘general’ and whether the SMA5q belongs to the same, is
not specified in the PS.

The analysis of the Federal State Educational Standard
31.08.42 “Neurology”? (FSES) shows the possibility of
an arbitrary approach of educational institutions towards
development and implementation of the respective programs.
According to the said FSES, “professional competences
are determined by the educational institution proper based
on the PSs compliant with the professional activities of
the graduates” (FSES, paragraph 3.4). Here the authors of
the FSES indicate that “from each of the chosen PSs, the
educational institution selects one or several generalized
job functions (GJF)”, and the “GJF may be selected fully
or partially”. At the same time, paragraph 3.6 of the FSES
determines unambiguously that the program of residency
training for the specialization “Neurology” complies with
the FSES if it provides to the graduate the competences in
one of the spheres of professional activities (administrative,
education, and healthcare, paragraph 1.12 of FSES) and in
completion of tasks of one type (medical, scientific research,
organizational and managerial, pedagogical, paragraph 1.13
of the FSES) [14].

We also studied the principal specialized educational
programs (PSEP) of higher education: residency training
programs for the specialization 31.08.42 “Neurology” of
ten higher educational institutions for the period of 2021-
2024. The analysis of PSEPs of Russian Universities for the
specialization “Neurology” revealed that a dedicated class
of four academic hours for the topic SMA5q was planned
only in one out of ten academic programs; that SMA5q
was mentioned in four out of ten academic programs in
the context of a class on neuromuscular diseases; that
neuromuscular diseases, without details, was found in
the structure of other classes in three out of ten academic
products.

Thus, the neurologists who received only the base
education have insufficient competences to provide quality
care to SMADSq patients [14]. Moreover, the advent of new
diagnostic and therapeutic tools, and regular revision of
guidelines for the management of such patients require
delivery of additional educational activities for specialists
involved in provision of medical care.

In order to improve the level of competence of doctors
on the multidisciplinary team engaged in treatment and
management of SMADSq patients, in the year 2022 the
Institute of Higher and Continuing Professional Education
of the N.P. Bochkov Medical Genetic Research Center
developed and implemented the supplementary professional
education program “Multidisciplinary approach to managing
patients with a confirmed diagnosis of 5q spinal muscular
atrophy” (36 hours; “the SMA5q CPE Program”)?3.

m AIM

To evaluate the effectiveness of the professional
education program as a tool for improving the level of
competence of doctors within multidisciplinary teams
providing medical care to SMA5q patients.

m MATERIAL AND METHODS

In the course of preparation of this article, the materials
were used filled by the course tutors and trainees who
underwent training for the SMA5q CPE Program. These
materials included entrance control forms, final certification
forms, and certification reports, which were provided by the
Institute of Higher and Continuing Professional Education
of the N.P. Bochkov Medical Genetic Research Center. The
statistic analysis of the results was performed by methods
of descriptive statistics, and diagrams were prepared in the
STSS program (Syunyakov Timur Sergeevich Statistics
analyzer).

The aim of the SMA5q CPE Program is to form the
capacity and readiness of medical professionals of various
specializations to identify pathological conditions,
symptoms, syndromes, characteristic of the hereditary
SMAJ5q in patients, to management and treatment of such
patients, to use pharmacological and non-pharmacological
therapy, as well as other methods.

The form of tuition was in-person training including
remote educational technologies and electronic learning as
simultaneous learning in the classroom.

The components of the academic program formulated
as modules are presented in Table 1, and the contents of
modules is shown in Tables 2-4.

The entrance control had 12 questions with four choice
options. The qualification class included two forms of
control, an interview and a test. The final testing included
questions for each of the three modules: “Hereditary
SMAD5SQq: etiopathogenesis, classification, specifics of
clinical manifestations, diagnostics” (12 open questions
and 14 multiple-choice questions); “Implementation of a
multidisciplinary approach in provision of medical care
to SMAb5q patients” (29 control questions and 45 test
tasks); “Legal, ethical and coordination aspects of the
multidisciplinary approach provision of medical care to
SMAS5q patients” (9 control questions and 12 test tasks).
The test cards for the qualification class contained three
control questions (one for each module) and fifteen test
tasks.

1 Approved by the Order of the Ministry of Labor and Social Protection of the Russian Federation dated 29 January 2019 No.51n, as amended 25 September 2023.

2 Approved by the Order of the Ministry of Science and Higher Education of the Russian Federation dated 2 February 2022 No. 103.

3The Program is approved by the Education and methodology Commission of the IHCPE of Medical Genetic Research Center (Protocol No. 2 dated 06 May 2022); the first curriculum is
approved by the Order of the Director of Medical Genetic Research Center dated 11 May 2022 No.19-DPO.
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Topics, Elements and Sub-elements

Structure and functions of the peripheral neuromotor apparatus
Structure of peripheral motor neurons and principle of their functioning

Pathogenic mechanisms of hereditary spinal muscular atrophies and functional roles of disease-associated gene products

Classification of hereditary spinal muscular atrophies
Clinical and genetic characteristics of hereditary spinal muscular atrophies
Clinical, genetic and neurophysiological characteristics of SMA5q

Interpretation of results of neurophysiological examination in cases of suspected SMA5q
Differential diagnostics of hereditary spinal muscular atrophies with other groups of neuromuscular diseases

Medical and genetic counseling for families with a history of SMA5q

Principles of genealogy analysis in inherited disorders and genetic status determination for relatives of SMA5q probands

Approaches to prevention of recurrent cases

Methods of molecular genetic diagnostics of SMA5q
Molecular genetic foundations of SMA5q

Screening methods: requirements, limitations, possibilities
SMA5(q diagnostic methods: requirements, limitations, possibilities
Methods used to diagnose SMAS5q carrier status

Prenatal and pre-implantation SMA5q diagnostics

Summary on molecular genetic study of SMA5q

Table 2. Contents of the module “SMAS5q: etiopathogenesis, classification, features of clinical manifestations and diagnostics”
Tabnuua 2. CodepxxaHue modynsi «CMASq: amuonamoezeHes, knaccugukayusi, 0cobeHHoCmu KiUHU4YeCcKUX nposiBieHull u duazHocmukKa»

Topics, Elements and Sub-elements

Respiratory function in SMA5q patients

Principles of modern approaches to organization and delivery of respiratory
support for SMAS5q patients

Criteria of monitoring efficiency of respiratory support

Diagnostics of acute respiratory disorders in SMA5q patients; methods of
management of life-threatening situations

General approaches to home-based non-invasive ventilation (NIV)

Emergency and urgent care for acute conditions (e.g., decannulation,
aspiration) and respiratory support in infectious diseases in SMA5q patients

Coordination of work of pulmonologists and respiratory support specialists in
the multidisciplinary team managing SMA5q patients

Digestion function in SMA5q patients

Under-nourishment and problem of weight gain, growth and muscular
development delay; causes of obesity in SMA5q

Correction of nutritive status and principles of nutritional support to provide
adequate nutrition to SMA5q patients

Pathological disorders of the intestinal tract and their correction in in SMA5q
patients

Prevention of aspiration syndrome in impaired deglutition in SMA5q patients
Prevention of acute conditions: aspiration, probe displacement and migration,
feeding tube obstruction, peristomal infections, metabolic disorders in SMA5q
patients

Musculoskeletal system in SMA5q patients

Diagnostics of pathological changes in the musculoskeletal system

Approaches to physiotherapeutic and orthopedic correction in children with
SMA5q of various types

Orthopedic support: prevention and treatment, including surgical treatment,
of spinal deformities, subdislocations/dislocations of the hip joint,
contractures, osteoporosis-associated fractures

Orthopedic interventions in SMA5q patients

Physical and device-assisted contracture prevention, scoliosis, retention of
movement range and prevention of pain syndrome

Practical skills of orthopedic support, rehabilitation procedures and
physiotherapy

Coordination and provision of nutritive and respiratory support in patients
with orthopedic devices, basics of cooperation between members of the
multidisciplinary team

Home-based adaptation activities to ensure maximum independence of
patients

Basic principles and methods of assessment of condition and
treatment of SMAS5q patients

228

Topics, Elements and Sub-elements

Principles of assessment of SMA5q patients using motor function scales

Motor function scale in SMA5q (Hammersmith Functional Motor Scale
Expanded (HFMSE)

Revised Upper Limb Module (RULM)

Children’s Hospital of Philadelphia Infant Test of Neuromuscular
Development, CHOP-INTEND

6-minute walking test in SMA5q patients (EMWT)
Modern approaches to pathogenetic therapy of SMA5q

Possibilities of gene therapy of SMA5q and methods of agent
administration

Recommendations on choosing drugs for SMA5q gene therapy from the
list of drugs registered in the Russian Federation: Nusinersen, Ridisplam,
Onasemnogene abeparvovec

Long-term intrathecal therapy of SMA5q with Nusinersen
Regulations of oral drug use

Specifics of pathogenetic treatment of patients of AVL/NIV and feeding
through the feeding tube

Rehabilitation procedures in patients with varied clinical manifestations

Principles of symptomatic therapy in SMA5q patients on pathogenetic
therapy

Assessment of efficiency of pathogenetic therapy in compliance with
standards as per generally accepted clinical scales

Palliative care of SMA5q patients

Definition and formalization of indication for palliative medial care to
children and adults with SMA5q within the functions of the medical
advisory commission of healthcare institutions

Principles of organization of outpatient and inpatient palliative care to
patients with SMASq, patient routing and interdisciplinary cooperation of
specialists

Provision of medical devices for the support of organ and system functions
to SMASq patient

Principles of effective communication and psychosocial support of SMA5q
pediatric patients and their family members. Principles of delivering bad
news; methodology for shared decision-making between physicians and
legal guardians in the provision of palliative medical care; educational and
recreational needs of a child with SMA5q receiving palliative medical care

Table 3. Contents of the module “Implementation of a
multidisciplinary approach in providing medical care to patients with
IA5q”

Tabnuuya 3. CodepxxaHue Modyns «Peanusayus
MHO020NpOoGUIbHO20 N0OX00a B OKa3aHUU MeduyuHckol noMowu
nayueHsmam co CMA5g»
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Topics, Elements and Sub-elements

Ethical problems of medical and genetic care
Ethical principles of medical and genetic counseling; rights of patients
Ethics of genetic testing

Communication between doctors and patients or their legal
representatives

Principles of delivering bad news

Psychological component of medical and genetic counseling
Legal aspects in provision of medical care to SMA5q patients

Fundamentals of legal regulation of procedures of medical care and provision
of medicines to patients of SMA5q patients

Rights and obligations of patients and medical personnel implemented in the
provision of medical care to SMA5q patients

Legal aspects and procedure of free medical care to SMASq patients
depending on terms and conditions of its provision within the state guarantee
program

State programs of preferential provision of medicines

Rules and regulation for the prescription of drugs and specialized products of
clinical nutrition and medical products

Special feature of medical care provided with telemedicine technologies

Procedure of communication of medical personnel with the “Krug Dobra”
Foundation, “SMA Families” Foundation

Table 4. Contents of the module “Legal, ethical and coordination
aspects of a multidisciplinary approach in providing medical care
to patients with SMA5q”

Tabnuua 4. CodepxxaHue Modyns «lOpududyeckue, amuyeckue
U KOOPOUHAUUOHHbIe acnekmbl MHO20NPogWibHO020 N0OX00a
npu okasaHuu MeduyuHcKol noMowu nayueHmam co CMA5g»

Medical specialization Number of trainees

Neurologists 78
Medical genetics specialists 37
Gastroenterologists 4
Pediatricians 4
Pulmonologists 3
Rehabilitation specialists 2
Orthopedic traumatologists 2
Physiotherapists 1
Physical rehabilitation specialists 1
Physicians 1
Anesthesiologists 1
Nutritionists 1
Palliative care specialists 1

Table 5. Distribution of doctors trained under the SMA5q CPE by
specialization

Tabnuuya 5. PacnpedeneHue Bpadell, npowedwux obyyeHue no
Mpozpamme no cneyuansHoCMAM

m RESULTS

As of January 2025, four groups of trainees received
training under this program (136 medical specialists from
39 administrative units of the Russian Federation). The
distribution of trainees by specializations and regions is
presented in Tables 5, 6.

In the course of entrance control, less than 50% correct
answers were given by 69 trainees; 51-70% by 42 trainees;
70-80% by 2 trainees; 23 more trainees did not participate
in the entrance control. In the qualification testing of the
training program, all trainees showed a relatively high level
of competence while performing the test tasks: 70-80%
of correct answers were given by 96 trainees; 81-90% by
36 trainees; 91-100% by 4 trainees. At least one control

www.innoscience.ru

Region of the country “ Region of Russia “

Orenburg Region Belgorod Region

Volgograd Region 8 Voronezh Region 1
Moscow 8 Republic of Dagestan 1
Irkutsk Region 7 Izhevsk Region 1
Tyumen Region 7 Kemerovo Region 1
Republic of Bashkortostan 5 Kostroma Region 1
Krasnodar Region 4 Republic of Crimea 1
Moscow Region 4 Kurgan Region 1
Saratov Region 3 Leningrad Region 1
Tomsk Region 3 Magadan Region 1
Republic of Buryatia 2 Novgorod Region 1
Krasnoyarsk Region 2 Novosibirsk Region 1
Oryol Region 2 Omsk Region 1
Rostov Region 2 Penza Region 1
St.-Petersburg 2 Samara Region 1
ﬁlea%?:lic of North Ossetia- Sverdlovsk Region 1
Stavropol Region 2 Smolensk Region 1
Republic of Yakutia 2 Tver Region 1
Yaroslavl Region 2 Republic of Chechnya 1
Amur Region 1 Total 136

Table 6. Distribution of the SMA5q CPE Program students by regions

Tabnuuya 6. PacnpedeneHue oby4yatowuxcs NpozpamMmbl no
peauoHam

question was correctly answered by 42 trainees; two
questions, by 85, and all three questions, by 9 medical
specialists. The diagram comparing the results of entrance
control and final testing is shown in Fig. 1.

The trainees found the following questions the most
difficult: module “Hereditary SMAb5q: etiopathogenesis,
classification, specifics of clinical manifestations,
diagnostics”, section “Clinical and genetic characteristics
of hereditary spinal muscular atrophies” (6 correct answers
in the entrance control and 101 correct answers in the final
test); and from the module “Legal, ethical and coordination
aspects of the multidisciplinary approach provision of
medical care to SMADSq patients”, section “Legal aspects
in provision of medical care to SMA5q patients” (11 correct
answers in the entrance control and 98 correct answers in the
final test). The easiest were the questions related to clinical
manifestations of the disease (module “Implementation of a
multidisciplinary approach in provision of medical care to
SMAS5q patients”, sections “Basic principles and methods of
assessment of condition and treatment of SMA5q patients”
and “Musculoskeletal system in SMA5q patients™).

m DISCUSSION

The first experience of delivery and the analysis of
results of SMA5q CPE Program in 2023 showed that the
specialists most interested in improving their qualification
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Figure 1. Comparison diagram of the results of incoming inspection
and final certification.

PucyHok 1. [lJuazpamMMa cpaBHeHUs pe3y/lbmamoB BXOOHO020
KOHMPOJIS U UMO20BoU ammecmayuu.

and gaining new competences in the orphan pathology in
question are specialists in neurology and genetics. The
demand for training under the SMA5q CPE Program from
other specialists is relatively low, which might be related
to the actual shortage of personnel in the regions and to the
local normative and organizational deficit with respect to
provision of medical care to SMA5q patients [15].

Mastering of the considered program provides the
specialists of multidisciplinary teams with the necessary
knowledge and skills in compliance with the federal state
educational standards, and assists in obtaining the lacking
skills that are needed to provide medical care to SMA5q
patients not specified in the professional standards.

It proved difficult to compare the results of implementation
of SMA5q CPE Program with similar programs in Russia
and abroad: Elibrary.ru and Cyberleninka databases have no
publications on the evaluation of educational programs on
SMAS5q and orphan diseases generally. PubMed lists only
one publication describing a similar initiative [16].

m CONCLUSION

The supplementary professional education program
“Multidisciplinary approach to managing patients with
a confirmed diagnosis of 5q spinal muscular atrophy”
(36 hours) proved high efficiency in the improvement of
professional competences of specialists of multidisciplinary
teams working on provision of medical care to SMA5q
patients. Improvement of quality of medical care
to this category of patients requires organization of
multidisciplinary teams in all administrative units of
the Russian Federation, which in its turn calls for active
cooperation from the federal and regional ministries and
departments of health represented by the respective Chief
Consultants thereof. P=
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cu 1 pUHAJIbHASL KOPPEKTypa TeKCTa, y4acTHe B pa3paboTke 00pa3oBaTebHON Iporpam-
MBI, pa3p360TKa TeCTOBBIX X aTTeCTAllMOHHBIX MaTepHaIoB. CronsikoB T.C. — TIpUHATHE
pellleHust 0 BbIGOpe CTaTUCTUYEeCKUX MeTONOB aHaiu3a, GopMUpoBaHUe rpadguKoB U
Tabm. Fainyk A.5l. — IOAroTOBKA HEPBUYHOTO TEKCTAa PyKOIIKCH, y4acTHe B pa3paboTke
06pa3oBaTeIbHON MPOrpaMMBbl, pa3paboTka TECTOBLIX U aTTECTAIMOHHBIX MaTePHaJIOB.
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MartepHasIoB, MHTePIIPeTalys OTBETOB 06y4alomKXCs 10 6aJUIbHOM CHCTeMe.
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I1lee U3yYeHHe U pellleHre BOIIPOCOB, CBS3aHHBIX C TOYHOCTBIO WU J06POCOBECTHOCTBIO
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Advantages of mesenteric approach
to pancreatoduodenectomy for pancreatic
head cancer with invasion of great vessels
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(Moscow, Russian Federation)

Abstract

Aim - to compare standard and mesenteric approaches to surgical treatment
of patients with pancreatic head cancer invading the portal and/or superior
mesenteric veins and to evaluate their advantages.

Material and methods. Surgical treatment of 192 patients with pancreatic
head cancer with portal and/or superior mesenteric vein invasion was
performed. In 43 (22.4%) cases, pancreatoduodenal resection was performed
through the mesenteric approach, in the remaining 149 (77.3%) patients, the
standard approach to surgical treatment was used.

Results. The median duration of operations with the mesenteric approach was
290 min., with the standard one, 300 min., the median blood loss was 1120 ml
and 1800 ml, respectively, p=0.0002. No statistically significant differences
in the long-term treatment results were found for mesenteric and standard
approaches: progression of pancreatic head adenocarcinoma was diagnosed
in 48.8% and 49%, respectively; the median overall survival was 24.5 months
and 22.3 months; the median progression-free survival was 21.3 months and
22.1 months, respectively. Analysis of long-term treatment results depending

on the type of approach and the degree of radicality of surgical intervention
showed that the incidence of local relapse with standard access in non-radically
operated patients is significantly higher (40.6% vs 7.7%, p = 0.001).
Conclusion. The advantages of the mesenteric approach over the standard
approach to surgical treatment of patients with pancreatic head cancer with
portal and/or superior mesenteric vein invasion are as follows: 1) it makes it
possible to assess the prevalence and operability of the tumor as early as at
the beginning of the surgical intervention; 2) it ensures a significantly higher
frequency of operations in the RO volume; 3) it ensures significantly less blood
loss during surgery; 4) after circular resection of the main veins it provides more
opportunities to perform end-to-end plastic surgery, which reduces the risk of
thrombosis due to the formation of only one anastomosis and reduces the time
of clamping of the main veins, reducing the risk of liver and intestinal ischemia.
Keywords: mesenteric approach; pancreatic head cancer; pancreati-
coduodenectomy; portal vein resection; superior mesenteric vein resection.
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AHHOTauus

Ienp — CpaBHUTH CTAaH/APTHBINA U OpbDKEEYHBIH JOCTYILI K XUPYprude-
CKOMY JIe4eHHIO GOJIbHBIX PAaKOM TOJIOBKU HOIXKeJTy[J0YHOM JKejle3bl, NHBa-
3MPYIOLIMM BOPOTHYIO W/WJIM BEPXHIOI OPBIKEeYHYH0 BeHbl, U OLIEHUTb X
IIpeuMyIIecTBa.

Marepuan u Meroasl. [IpoBefieHo xupypruyeckoe jiedenue 192 60nbHBIX
PaKoM T'OJIOBKH ITOZIXKeTy/IOYHOM >KeJle3bl C MHBa3Wel BODOTHOM W/WiIH BepX-
Hell GprDKeedHOl BeHBI. B 43 (22,4%) city4asix IaHKpeaToAyoneHaIbHYI0
PEe3eKIIMIO BLIIOJHWIH Yepe3 GpbDKeeYHEIH HOCTYI, Y OCTaNbHBIX 149 (77,3%)
TALUEeHTOB UCIIOJIb30BaIM CTaHJAPTHBIM ITOAXOJL K XUPYPrUYeCcKOMy JIedeHHIO.
Pesynbrarel. MeivaHa [IJIMTeJIbHOCTH Ollepaliyii ¢ OpbDKeeuHbIM JIOCTYIIOM
cocrasuia 290 MuH., co craniapTHeIM — 300 MUH., MeiraHa KPOBOIIOTEpH —
cootBercTBeHHO 1120 mut 1 1800 mu1, p=0,0002. CratucTr4ecku 3HAYUMBIX
PasIMuMi OTAAJIEHHBIX Pe3yJIbTaToB JiedeHUs IpYU OpblkeeyHoOM U CTaHAApT-
HOM JIOCTyTIaX He BBISIBJIEHO: IPOrPeCcCUPOBaHUe aleHOKapIIMHOMBI T'OJIOBKH
TIOJIKeITy/IOYHOM 5KeJle3bl IMarHOCTHPOBAHO COOTBETCTBEHHO y 48,8% 1 49%,
MeZMaHa 0bIell BBDKUBAeMOCTH COCTaBMiIa 24,5 Mec. U 22,3 Mec., Mefiua-
Ha BbDKMBaeMoCTH 6e3 nporpeccupoBanus — 21,3 mec. u 22,1 Mec. cooT-
BETCTBEHHO. AHaJIu3 OT/laJIeHHBIX Pe3yJIbTaToOB JIeYeHHs] B 3aBUCUMOCTH OT
BU/Ia IOCTYIIA U CTelleHW PafiuKaJbHOCTH XUPYPru4ecKoro BMellaTelbCTBa

TI0Ka3aJl, YTO YaCTOTa Pa3BUTHsl MeCTHOIO Pelli/IiBa IIPY CTaHapTHOM J10-
CTyIle y HepaIuKalbHO OIlepUPOBAHHbIX GOJIBHBIX 10cTOBepHO BhIe (40,6%
vs 7,7%, p=0,001).

3axunrouenne. [IpermyiecTsa 6pblkeeyHOrO JIOCTYIIA Ilepe] CTaHAapPTHBIM
TIO/IXOJIOM K XMPYPIHUeCcKOMy JIeYeHHIO OOJIbHBIX PAaKOM I'OJIOBKH HOJDKeITy-
JIOYHOM >KeJle3bl C UHBa3uell BOPOTHOM W/WJIM BepXHel OpbI)keeuyHOH BeHBbI
3aKJII0YalOTCs B ClleflytoleM: 1) 1aeT BO3MOXXHOCTb OLIeHUTh PacIIpOCTpaHeH-
HOCTb U 0IlepabesIbHOCTh OITyXOJIM YoKe B Hadajle XMPypruyeckoro BMela-
TeJbCTBa; 2) obecrednBaeT JOCTOBEPHO OoJlee BEICOKYIO YaCTOTY BBITOJTHEHHS
onepanuii B o6beme R0; 3) obecniedrBaeT JOCTOBEPHO MEHBIIYIO KPOBOIIOTe-
PIO BO BpeMsl OIlepaIyy; 4) mociie MUPKY/ISPHOMN Pe3eKIMKY MarkCTpaabHbIX
BeH 71aeT 6oJIblIle BO3MOXKHOCTEH BBITIONIHUTD IJIACTUKY «KOHEI] B KOHeI», YTO
CHMDKaeT PUCK Pa3BUTHsI Tpombo3a 3a cyeT pOpMUPOBAHHS TOJIBKO OIHOIO
aHacTOMO3a U yMeHbIlIaeT BpeMs IIepeXaTysi MarucTpasbHbIX BeH, yMeHbIIast
PHCK UIIIeMUH [IeYeHH U KUIIIeYHHKA.

KonioueBble cioBa: 6peDkeeyHblH JOCTYII; paK I'OJIOBKH IIOJDKEITyI09HOM
’KeJle3bl; ITaHKpeaTo/lyo/leHallbHasl Pe3eKIMsl; pe3eKIis BOPOTHOM BeHbI; pe-
3eKIMs BepXHel 6pPbDKeedHOH BeHbI.
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m INTRODUCTION

he literature contains very few reports on the mesenteric

approach for surgical treatment of pancreatic head
cancer. The first publication on the mesenteric approach to
pancreatoduodenal resection appeared as late as in 1993.
Japanese surgeons A. Nakao et al. suggested the mesenteric
approach using the principal rule of oncological surgery as the
guide: minimal contact with the tumor prior to its mobilization
and vessel ligation [1]. The authors developed an approach
through the root of the transverse mesocolon to sequentially
expose the branches of the superior mesenteric artery. This
provided the possibility of evaluating the resectability of the
tumor as early as on the start of the surgical intervention,
dissecting the tissue from the side not affected by the tumor,
ligate the lower pancreoduodenal artery and other branches
of the superior mesenteric artery in the early stages of the
surgery, perform lymphadenectomy around the superior
mesenteric artery and the superior mesenteric vein (SMV),
facilitated the reconstruction of the portal vein in the formation
of the end-to-end anastomosis, facilitated decrease of venous
congestion in the area of the pancreatic head, minimize the
intraoperative blood loss and improve the possibilities of
performing the radical resection of the tumor [2, 3]. In 2007,
I. Gockel et al. [4] reported the use of mesenteric approach

www.innoscience.ru

to perform the total resection of the ‘mesopancreas’. This
anatomic term has been mentioned in the literature only in
the recent years similarly to the term ‘mesorectum’ and the
surgery of total mesorectumectomy in colorectal cancer [4]. No
final definition of the ‘mesopancreas’ has been formed to date
despite the fact that the Japanese classification of pancreatic
cancer [5] contains a detailed description of the anatomy of
extrapancreatic neural plexi. In the literature, ‘mesopancreas’
is in many cases identified as the ‘reproportal plate’ [6-8],
referring to the retroperitoneal adipose tissue located posterior
to the pancreas and the portal vein and anterior to the aorta,
between the origins of the superior mesenteric artery and the
celiac trunk. This is not absolutely true from the anatomical
standpoint, since microscopically it is the adipose tissue and
the neural plexi of the pancreatic head (PLphl and PLphlI),
limited by the visceral arteries and not covered with fascia
[9-12]. However, the term ‘mesopancreas’ is important from
the clinical and surgical perspectives, since resection of the
entire aforementioned complex of tissues is actually a radical
resection [10, 13, 14].

Considering the clinical relevance of this issue and the
near absence of studies comparing mesenteric and standard
approaches for surgical treatment of pancreatic head cancer,
we present the results of our investigation.
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OHKONOIrn4A, ny4eBAA TEPAMNA

Tom 10 (3) 2025

Hayka u UHHOBauUuK B MeauLuHe

m AIM

To compare standard and mesenteric approaches to surgical
treatment of patients with pancreatic head cancer invading the
portal and/or superior mesenteric veins and to evaluate their
advantages.

m MATERIAL AND METHODS

This study includes a retrospective analysis of 192 patients’
records who had undergone surgical treatment of the pancreatic
head invading the portal and/or superior mesenteric veins at the
N.N. Blokhin National Medical Research Center of Oncology
of the Ministry of Health of Russia in 2002-2023. In 43 (22.4%)
cases, pancreatoduodenal resection was performed through the
mesenteric approach, in 149 (77.3%) patients, the standard
approach to surgical treatment was used. Mesenteric approach
was used in 2 (12.5%) of the 16 patients with resection of the
portal vein; in 15 (18.1%) of 83 patients with resection of the
superior mesenteric vein; in 26 of 93 patients (28%), with
resection of both major veins (portal and superior mesenteric
veins).

Circular resection of the principal veins was performed
in 36 (83.7%) patients using mesenteric approach and 108
(72.5%) patients using standard approach, the median length
of resection was 4 cm (from 1.5 to 8 cm) and 3 cm (from 0.5
to 1 cm), respectively, with a statistically significant difference
between medians, p=0.0009 (Table 1).

The reconstruction of the principal veins in these patients
was performed as follows:

1) End-to-end anastomosis in 21 (48.8%) and 76 (51%)
patients, median length: 3 cm (from 1.5 to 7 cm) and 2 cm
(from 0.5 to 4.5 cm), respectively, with a statistically significant
difference between medians, p=0.007;

2) Autovenous prosthetic repair in 2 (4.7%) and 4 (2.7%)
patients, median length: 4.5 cm (4 and 5 cm) and 3.5 cm (from
2 to 4 cm);

3) Gore-Tex synthetic prosthetic repair in 13 (30.2%)
and 28 (18.8%) patients, with credible difference between
groups, p=0.083. The median lengths were 5 cm and 3 cm,
respectively, with a statistically significant difference between
medians, p=0.006.

Partial wall resection was performed in 7 (16.3%) and 41
(27.5%) patients, with median resection lengths of 2 cm and
1.5 cm, respectively. For reconstruction, a running suture
technique was used, with median suture lengths of 2 cm and
1.5 cm for each group.

RESULTS

The histological study identified adenocarcinoma in all
192 patients included in the study. The RO tumor resection
rate, confirmed histologically, was 97.7% (n=42) with the
mesenteric approach and credibly exceeded this value in the
standard approach to surgery: only 78.5% (n=117, p=0.001).
R1 surgeries were performed in 2.3% (n=1) patients with
mesenteric approach and 19.5% (n=29, p=0.003) with
standard approach; R2 surgeries, in 0% and 2%, respectively.
The medians of surgery durations in the mesenteric and
standard approaches were near similar, 290 and 300 minutes,
respectively; at the same time, the median blood loss in the
mesenteric approach is credibly lower, 1120 ml vs. 1800 ml,
p=0.0002. The blood loss under mesenteric approach varied
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from 200 ml to 3200 ml, with the standard approach, from 50
ml to 8500 ml.

We identified no statistically significant differences in
the remote outcomes of treatment of patients with pancreatic
head cancer with invasion of major veins regardless of the
type of surgical approach. Progression of adenocarcinoma of
the pancreatic head was diagnosed in 48.8% (n=21) patients
with mesenteric approach and in 49% (n=73) patients with
standard approach. The local recurrence rate was 14% (n=6)
and 14.8% (n=22) respectively, the mortality rate was 55.8%
(n=24) and 56.4% (n=84), the median survival rate was 24.5
months and 22.3 months, the median progression-free survival
was 21.3 months and 22.1 months. At the moment of the study
completion, 41.9% (n=18) of patients with mesenteric approach
and 42.3% (n=63) with standard approach remained alive
without evidence of disease; tumor progression was observed
in 2.3% (n=1) and 1.3% (n=2) of patients, respectively/ Deaths
occurred due to surgical complications: 9.3% (n=4) and 8.7%
(n=13); or disease progression 46.5% (n=20) and 47.7%
(n=71).

Since we found no statistically significant differences in
long-term treatment outcomes based on surgical approach, we
evaluated its impact in combination with the degree of radical

Approach type

Standard Mesenteric (n=43)

(n=149)

| Abs. | % | abs. | % |

Portal and/or superior mesenteric vein resection type

ETET)

Type 108 72,5 36 83,7
Circular Length, cm (min- 3[2,5; 4] 4*[3: 5.8
(1,5-8,0)
max) (0,5-10) 0.0009
Type 41 27,5 7 16,3
Partial wall Length, cm (min- 1,5[1; 2] 2[1,5; 2,5]
max) (0,5-3,5) (0,5-2,5)
Portal and/or superior mesenteric vein reconstruction type
Running suture 41 27,5 7 16,3
Median length, cm (min-max) 1,5[1; 2](0,5-3,5) 2[1,5; 2,5] (0,5-2,5)
76 51,0 21 48,8
End-to-end : - <
Median length, cm (min-max) 2(8[52_435?] 3[2,5; 05:8(]7;1,5-7)
Autovenous prosthesis 4 2,7 2 4,7
Median length, cm (min-max) 3.0[2.,5; 3.5] (2-4) 4,5 [4; 5] (4-5)
30,2
28 18,8 13 ;
Synthetic prosthesis 0,083
Median length, cm (min-max) 5 [4; 6] (3-8)*
0,006
Degree of radicality of the surgery
RO 17 7185 42 =l
’ 0,001
2,3*
R1 29 19,5 1 0,003
R2 S 2,0 - -
MegnaHa onMTensHOCTU 300 [255; 360] 290 [240; 330]

onepauumn, MUH. (MUH-MaKc)

MegwnaHa kpoBonoTepu, Mn
(MMH-Makc)

(190-640)

1800 [900; 3000]
(50,0-8500,0)

(190-460)
1120* [700; 1500]
(200,0-3200,0)
0,0002

**Statistically significant differences as compared to the standard approach,

p<0.05

Table 1. Characteristics of standard and mesenteric approaches
to surgical treatment of patients with cancer of the head of the
pancreas with invasion of the major veins

Tabnuua 1. Xapakmepucmuka cmaHOapmHo20 u 6pbiKee4Ho2o
80CMynoB K Xupypau4eckoMy siedeHuto 60IbHbIX PakoM 20/10BKU
K ¢ uHBasuel MmazucmpasbHbIX BEH
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resection (Fig. 1). This approach allowed identification of a
credibly more frequent development of local recurrences in
non-radically operated patients with standard approach (40.6%
vs. 7.7%, p=0.001).

m DISCUSSION

Considering many years of clinical practice, this
comparative study of mesenteric versus standard approaches
for pancreatic head cancer with portal vein and/or superior
mesenteric vein invasion demonstrates clear advantages of
the mesenteric technique. Although the mesenteric approach
required higher qualification of the operating surgeon, it gives
the opportunity of performing radical surgeries credibly more
frequently (p=0.001). We were able to perform RO resection of
the tumor invading the major veins in 97.7% patients, whereas
similar radical surgeries using the standard approach were
possible only in 78.5% patients.

The mesenteric approach also demonstrates a definitive
advantage of significantly reduced intraoperative blood loss
(p=0.0002). In our study, median blood loss in patients with
mesenteric approach was 1200 ml, whereas in the standard
approach it reached 1800 ml. Maximum individual blood loss
in mesenteric approach was 3200 ml, whereas in the standard
approach is was 2.6 times higher at 8500 ml. We believe that
the reduced blood loss results from the ability provided by the
mesenteric approach to assess tumor extent and resectability
early in the operation, to ligate vessels feeding the tissues of the
operating area, e.g. gastroduodenal and pancreaticoduodenal
arteries.

Our analysis of the options of resection and reconstruction
of major veins depending on the approach to the operating
field showed that the mesenteric approach provides wide
opportunities of end-to-end reconstruction of the portal vein
and/or superior mesenteric vein without using the prosthetic
after circular resection. Formation of only one anastomosis

www.innoscience.ru

Figure 1. Types and frequency of progression of pancreatic head
cancer with invasion of the major veins depending on access to
surgical treatment and the degree of its radicality.

PucyHok 1. Budbl u yacmoma npozpeccupoBaHUsi paka 20/10BKU
XK ¢ uHBasuel MazucmpasbHbIX BEH B 3aBUCUMOCMU om docmyna
K XUpypau4eckoMy ie4eHuto U cmeneHu e2o padukasbHocmu.

significantly reduces the risk of thrombosis development. In the
mesenteric approach, we formed the end-to-end anastomosis
in the statistically greater resection length (p=0.007), which
in individual cases reached 7 cm.

We identified no statistically significant effect of the
approach on the long-term outcomes of surgical treatment
of pancreatic head cancer with invasion into major veins.
However, the analysis of long-term outcomes depending on
the approach type and degree of radicality of surgery showed
a credibly more frequent development of local recurrence
in the standard approach in non-radically operated patients
(40.6% vs. 7.7%, p=0.001). It is to me mentioned that by
the end of the study the single non-radically operated patient
with mesenteric approach survived without signs of tumor
progression for 12 months after the surgery and adjuvant
chemotherapy.

m CONCLUSION

The advantages of mesenteric approach to surgical
treatment of patients with pancreatic head cancer with invasion
into portal and/or superior mesenteric vein were identified
as follows: 1) possibility of assessing tumor extent and
operability early in the procedure, 2) credibly more frequent
RO surgeries performance, 3) credibly reduced intraoperative
blood loss, 4) more opportunities of end-to-end major vein
reconstruction after the circular resection, which decreases
the risk of thrombosis by forming just one anastomosis and
reduces the time of compression of major veins, thus lowering
the risk of ischemia of the liver and the intestines. #=
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Prediction of recurrence-free survival in patients with
renal cell carcinoma and tumor thrombosis of the renal
and inferior vena cava of levels I-Il using an extended
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Abstract

Aim - to compare the predictive accuracy of Cox regression and machine
learning (ML) methods regarding recurrence-free survival in patients with
locally advanced renal cell carcinoma after radical treatment. Additionally, to
investigate an extended Cox model in which the risk function is formed using
a neural network approximator (DeepSurv).

Material and methods. This study conducted a retrospective analysis of
data from patients diagnosed with renal cell carcinoma who underwent
radical nephrectomy with thrombectomy from the renal and inferior vena
cava between 2007 and 2024 at the Federal State Budgetary Institution
“RSC for Radiology and Surgical Technologies named after Academician
A.M. Granov”. The study included 100 patients (54 men and 46 women). The
median age was 61.5 years (IQR: 59.7-63). Of the total observations, disease
progression was recorded in 41 cases, while in the remaining 59 cases, the
data were censored. The models were evaluated based on the concordance
index (C-index) and interpreted using SHAP analysis.

Results. The DeepSurv neural network model demonstrated higher predictive
accuracy on the test dataset compared to the classical Cox model (C-index:
0.8056 vs. 0.7917, respectively). This indicates a superior ability of DeepSurv
to rank patients by individual risk of disease progression. Using SHAP analysis,
the key predictors contributing most significantly to the prognosis were
identified: tumor size, ISUP grade, level of tumor thrombosis, and histological
tumor type. The DeepSurv model enabled the capture of complex nonlinear
interactions between features, thereby improving both the interpretability and
clinical applicability of the results.

Conclusion. The obtained data confirm the feasibility of using machine
learning methods for personalized prognosis and optimization of monitoring
strategies in patients with RCC.

Keywords: recurrence-free survival, renal cell carcinoma, tumor thrombosis,
Cox model, DeepSurv, machine learning, SHAP, prognosis, oncourology.
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AHHOTaUuA

ITens — CPaBHUTH NPOTHOCTHYECKYIO TOYHOCTE perpeccun Kokca u MetonioB
ManHHoro o6yyenust (ML) B oTHoIeHHy Ge3peliu/IMBHON BBDKMBAEMOCTH
IALMEHTOB C MeCTHO-PACIPOCTPAHEHHBIM [10Ye4YHO-KJIETOYHBIM PAKOM I10CIIe
PaJIMKAIBHOTO JIeYEeHHs], a TaKXKe UCCIIeioBaTh paciivpeHHyo Mofens Kokca,
B KOTOPOH PpyHKIMS prcKa GOpPMUPYeTCst C UCIIO0JIb30BAHHUEM HelpoceTeBOoro
anmpokcumaropa (DeepSurv).

Marepuan u Metofbl. B laHHOM HccefjoBaHMM ObUT IIPOBEJIeH peTpoCIiek-
TUBHBIY aHAJIN3 JTJAHHBIX [IAIIMEHTOB C AUArHO30M «II0YEYHO-KJIETOUHBIH PaK»,
IepeHeCIINX Pa/IUKaIbHYI0 HepPIKTOMHIO C TPOMOIKTOMUEN U3 IOYedHOMH U
HIWKHe# 110710# BeHbI B iepuop ¢ 2007 mo 2024 roawbt 8 PTBY «PHIIPXT um.
axaj. A.M. I'paHoBa». B uccienosanue Brirodens! 100 manyenToB (54 Myx4n-
HbI 1 46 sxeHipH). MenuaHHbIi Bo3pacT cocraBuwi 61,5 roma (IQR: 59,7-63). U3
obliero 4rcia HabmosieHni B 41 citydae 65010 3apMKCHPOBAHO IPOrPECCUPOBA-
HYe 3a60/1eBaHusl, B OCTaJIbHBIX 59 ClTyyasiX JaHHbIe ObUIM IIeH3ypUPOBaHHEIe.
OueHka Mojiesiell IPOBOJWIIaCh HA OCHOBe MHjlekca KoHKopzanuu (C-index) u
HHTepIIpeTHpOoBaJlach ¢ Uclonb3oBaHueM SHAP-ananu3a.

Pesynrsrarsl. Heitpoceresast Mojiesib DeepSurv niposieMoHcTpHrpoBasia 6oiee
BBICOKYIO IIPOTHOCTHYECKYIO TOYHOCTb Ha TECTOBOW BEIOOPKE [0 CPABHEHUIO

¢ kiaccryeckoit mogzienieto Kokca (C-index: 0,8056 npotus 0,7917 cootset-
CTBEHHO). JTO CBUZIETeNIbCTBYET O JIyulleil criocobHocT Mofenu DeepSurv
PaHXUPOBATh NMAIMEHTOB 110 MHIUBU/TYaJIbHOMY PUCKY ITporpeccrpoBaHusi. C
nomoIneo SHAP-aHanM3a ycTaHOBIIEHbI KIIFOYeBble MPeJUKTOPbI, BHOCSIIe
HaWOOJIBIIMI BKIIAZ B IIPOTHO3: pa3Mep OITyXOJIH, CTelleHb 3I0KaueCcTBeH-
Hoct# (ISUP-rpeiin), ypoBeHb omyxoneBoro TpoM603a ¥ MOpP$OI0ruueCcKuii
THI onyXoiv. Mogiesib DeepSurv 1103Bosuiia y4ecTb CIIOKHbIe HellMHelHble
B3aMMOJIEHCTBHS MeX/y IPU3HAKAMH, YTO OBBICWIO HHTEPIIPETUPYEMOCTh
Y KJIMHUYECKYIO IPUMEHHUMOCTD pe3yJsIbTaToB.

3akurouenue. [losydyeHHble JaHHBIE [TOJTBEPXK/IAIOT 11eJ1eco06pa3HOCThb
[IPUMEHEHHs] MeTOJOB MAIIMHHOIO 06y4YeHUs AJIs [1epCOHAIU3UPOBAHHOIO
MIPOTHO3a ¥ ONITUMU3ALMY TAKTUKY HaOJTIO[eHusl Y GOJIbHBIX C T0YeYHO-KJIIe-
TOYHBIM PaKOM.

KuioueBsbie ciioBa: 6e3peliuIMuBHas BBDKUBAEMOCTD, TI0Y€YHO-KIIeTOUHBIH
Ppak, oIyxoJieBblii TpoM603, Mogesb Kokca, DeepSurv, marvHHOe o6ydeHue,
SHAP, nporaos, OHKOypoJIOTHsl.

KoH}uKT HHTEpecoB: He 3asBJleH.

Ana uMTMpoBaHus:

MupzabekoB M.K., TuxoHckuii H.[., WkonbHuk M.W., Boromonos O.A.,

Tpyxayesa H.B. MporHosnpoBaHue 6e3peunaMBHON BbDKMBAaEMOCTU GONbHbIX
C NOYe4HO-KJIETOYHbI PAaKOM U ONyXOoneBbiM TPOMGO30M NOYEYHOIA

M HUXHeW nonovi BeHbl I-ll ypoBHel ¢ ucnonb3oBaHUeM paciuMpeHHON
Mozenu Kokca n MeToA0B MalMHHOrO 0By4eHus. Hayka u uHHoBayuu
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m INTRODUCTION

Prediction of recurrence-free survival in patients with renal
cell carcinoma after radical surgery is an important task of

urologic oncology. The accuracy of assessment of individual

progression risk determines both the scheme of post-surgery

supervision and the need for adjuvant therapy.

Traditionally, medical studies use the Cox proportionate risk
model based on the supposition of linear impact of covariates
on the risk function logarithm is used to analyze the time to
event:

¥ biXi

h(t|X) = ho(t) - e 1)

where h, (t) -base risk function; 3’ b, X, —linear combination
of predictors [1].

At the same time, the classic Cox model has several
limitations, especially in the context of complex
biomedical data. The main limitation is the suggestion
of linearity and additivity of covariate influence on the
risk function logarithm. This restricts its capability to
model nonlinear or interacting effects, which is critically
important for the analysis of heterogeneous oncological
populations, e.g. patients with tumor thrombosis of the
venous system.

The development of machine learning methods opened
the possibility of flexible approximation of the dependence
of the risk function from predictors without the need of strict
prerequisites of its form [2-4]. Specifically, the DeepSurv
neural network architecture is an extension of the Cox model,
in which the linear prediction index ir replaced with the
output of the multilayer neural network:

238

h(t) = hg (t) 9™ ®

where hy (1) is the base risk function; g(w,X,) — result of
the work of the neural network on predictors X, and weighted
coefficients w;. Such a model retains the interpretable structure
of the risk function, but demonstrates a significantly higher
flexibility in accounting for nonlinear and highly dimensional
correlations between the variables.

The use of DeepSurv allows for identification of implicit
dependencies, unevident for the classic Cox regression,
especially with complex clinical and morphological
interactions in place. The question of interpretability remains
a highly important aspect as well. This study additionally uses
the SHAP method (SHapley Additive exPlanations) that allows
for a quantitative assessment of contribution of each feature
to the predicted risk [5].

It is thus possible to compare the traditional linear Cox
model and its neural network extension using a single clinical
sampling. This will allow evaluation of the potential of
machine learning methods in the survival prediction tasks, and
study the possibilities of interpretation of results in a clinically
significant context.

m AIM

To compare the predictive accuracy of Cox regression and
machine learning (ML) methods regarding recurrence-free
survival in patients with locally advanced renal cell carcinoma
after radical treatment, and to investigate an extended Cox
model in which the risk function is formed using a neural
network approximator (DeepSurv).

www.innoscience.ru
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m MATERIAL AND METHODS

This study included a retrospective analysis of records
of patients diagnosed with renal cell carcinoma who had
undergone radical nephrectomy with thrombectomy from the
renal vein and the lower hollow vein in the period from 2007
to 2024 at the Federal State Budgetary Institution “RSC for
Radiology and Surgical Technologies named after Acad. A.M.
Granov”. The study included 100 patients (54 men and 46
women). The median age was 61.5 years (IQR: 59.7-63). Of
the total observations, disease progression was recorded in 41
cases, while in the remaining 59 cases, the data were censored.

Exclusion criteria were level III-IV tumor thrombosis
(Mayo classification), severe intraoperative complications
that required access conversion, and lack of morphological
verification of the tumor. The patients in which no progression
had been recorded by the end of the study, were regarded as
censored cases.

The statistical analysis comprised three successive stages.
The primary analysis included an assessment of recurrence-
free survival with the Kaplan-Meier method and the log-rank
test to compare subgroups. Besides, a set of single-factor
Cox regression models was constructed, which enabled
a preliminary assessment of significance of clinical and
morphological predictors [1].

On the stage of multivariate analysis, the classic Cox
model of proportionate risks was developed. It included the
clinically significant predictors, and those predictors that had
p < 0.1 following the outcomes of the univariate analysis.
The statistical significance of the factors was assessed with
the Wald test, and the analysis was performed with the use of
MedCalc and Statistica software suites.

On the final stage, two survival models were built and
compared: the classis linear Cox model and the DeepSurv
neural network [6]. The two models were trained only
on predictors that proved statistically significant in the
multivariate analysis (p < 0.05). DeepSurv is executed as a
neural network approximating the risk function.

In order to assess the quality of the Cox linear model the
following were used: Overall Model Fit, Likelihood Ratio Test,
and the Wald test. To compare the Cox linear model and the
DeepSurv model on the final stage, the concordance index
(C-index) was used that measured the model’s capability of
properly ranking the patients by risk of progression [7]. To
interpret the results of the DeepSurv model, the SHAP method
was used that enabled a quantitative assessment of contribution
made by each predictor to the individual prognosis and the
identification of the most valuable risk predictors in the context
of the neural network model [5].

m RESULTS

On the first stage, the univariate analysis of predictors
was performed using the Cox proportionate regression. The
following were considered significant factors associated with
decrease of time to progression: ISUP degree of malignity (p =
0.0058), tumor size (p < 0.0001), lymphatic node involvement
(p = 0.0070), venous invasion (p = 0.0074), anemia status (p =
0.0003), thrombocytosis (p = 0.0008), Charlson comorbidity
index (p = 0.0105), disease stage (p < 0.0001), and the level
of tumor thrombosis (level 1: p = 0.0016; level 2: p < 0.0001).
Some variables, such as age and arterial hypertension, did not
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Hemoglobin 0.5087
Age 0.3034
Grade (ISUP) 0.0058
Tumor size, cm <0.0001
Lymph nodes: indicator 2 0.0070
Level 1 0.0016
Level 2 <0.0001
Venous wall invasion: indicator 2 0.0074
Anemia (Hb <120): indicator 2 0.0003
Thrombocytosis (PLT>400): indicator 2 0.0008
Charlson (index) score 0.0105
Stage <0.0001
Body mass index 0.1047
LDH_N (lactate dehydrogenase) 0.0520

Table 1. Results of the Cox Univariate Model
Tabnuua 1. Peaynbmamsl 00HopakmopHol Modenu Kokca

demonstrate significant influence and were excluded from
subsequent analysis (Table 1).

On the second stage, the multivariate Cox model was
constructed that included the predictors with clinical
significance and p < 0.1 as per outcomes of the univariate
analysis. The resulting model was statistically significant (y*
=70.686, p < 0.0001). The following covariates retained their
impact on the decrease of recurrent-free survival: ISUP grade
(p = 0.0472), morphological tumor type (p = 0.0195), tumor
size (p = 0.0031), and the level of tumor thrombosis (level 1: p
=0.0236; level 2: p = 0.0406) (Table 2). Some variables were
losing significance, likely due to multicollinearity and probable
nonlinear interactions between parameters [8].

To compare the prediction accuracy of survival models,
the entire sampling was randomly divided 80:20 into the
training (n = 80) and testing (n = 20) subsamples. Based on
the training subsample, both models were built: the classis
linear Cox model and the neural network DeepSurv model.
Both models were trained on the same subset of predictors
chosen as statistically significant following the outcomes
of the multivariate analysis (p < 0.05), which ensured the
correct matching of their prognostic capabilities. In the
process of training of the model, steps were taken to control
overfitting.

The comparative analysis of prognostic accuracy of survival
models is shown in Table 3.

" Corme | o | st | war | p | Eoww

Charlson index, score 0.118 0.182 0.425 0.514 1.126

ISUP grade 0.3586 0.1807 3.9378 00472 1431

Anemia (Hb<120) 0.6395 0.4694 18564 0.1730 1.8956
Body mass index 0.1468 0.09001 2.6593 0.1029 1.15810
Venous wall invasion 0.7418 0.7065 1.1023 0.2938 2.0996
I&Er%a’?‘ogﬁ?;g) 0.3413 05506 0.3842 05354 1.4067
Lymph nodes 0.5176 0.5597 0.8553 0.3561 1.6781
Morphology 1.3723 05874 54572 00195 3.9445
Tumor size, cm 04665 0.1576 87603 0.0031 15943
EE’TO_’QggCV‘OSiS' 06035 05325 12845 02571 1.8284
Level 1 1.0505 04642 51223 00236 2.8591
Level 2 1.3413 06549 41943 0.0406 3.8239

Table 2. Coefficients and Standard Errors in the Multivariate Model

Tabnuua 2. KoagppuyueHmsl u cmaHoapmHble owubKu B
MHo2ogakmopHoU Modenu
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_ C_index (training) C_index (testing)
Cox linear model 0.8500 0.7917

DeepsurvK 0.8537 0.8056

Table 3. Comparison of the Results of the Cox Linear Model and
DeepSurvK

Tabnuuya 3. CpaBHeHue pe3ynbmamoB nocmpoeHusi uHelHou
moodenu Kokca u DeepSurvK

The Cox linear model demonstrated a high concordance
index on the training sample (C-index = 0.8500) and a
moderate decrease on the testing sample (C-index = 0.7917),
which meets the expected degree of generalizing capability of
linear models. The DeepSurv neural network model showed
a similar level of prediction on the training sample (C-index
= 0.8537), while showing a higher accuracy on the testing
sample (C-index = 0.8056).

Significance of features in the DeepSurv model was
visualized with the SHAP method [9]. The respective graph
shows a distribution of SHAP-values for each included feature.
The higher the absolute SHAP value, the greater the contribution
of this feature to the resulting prediction of the risk. The color
scale shows the significance of the feature in a specific patient,
from low (blue) to high (red). The features are organized by the
degree of their influence on the model (Fig. 1).

In the course of our study, we confirmed the applicability
of the neural network extension of the Cox model (DeepSurv)
for survival analysis and compared it with the classic model
using a clinical sampling of patients with renal cell carcinoma
and thrombosis of veins. Both approaches demonstrated high
prediction accuracy (C-index ~0.80), notably, DeepSurv
showed a slightly better result on the testing sample (0.8056 vs.
0.7917 in the Cox model). The increase matches the literature
data: modern deep neural networks may be similar or even
surpass the classic Cox regression in prediction accuracy when
analyzing survivability [6, 10]. In particular, a large multicenter
study involving 2139 patients with non-metastatic renal cell
carcinoma performed by S.-S. Byun et al. (2021) showed that
DeepSurv is better at predicting recurrence-free and specific
survival that the Cox model (e.g., C-index for recurrence-free
survival is 0.802 vs. 0.794) [11].

The major advantage of DeepSurv is the absence of the
strict prerequisite of linear influence of covariates on the log-
risk inherent in the Cox model [6]. The classic Cox regression
describes the logarithm of the base risk as the sum of products

High
Yposehb 1 - cme o oo
Grade (ISUP)

Pazmep onyxonu, cM

wew o ssmm o & . .
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2 —
Mopdcponorusa . ';-.

YpoBseHb 2

T T Low

T T T T T T
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Tumor size, cm
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Figure 1. Results of predictor analysis using the SHAP method.
PucyHok 1. Pe3ynbmam aHanusa npedukmopos MemoooM SHAP.
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of coefficients multiplied by predictor values, which simplifies
interpretation but limits the capability of identifying nonlinear
effects and interactions between features. In our multivariate
analysis, this was manifested in the following: some
variables significant in a univariate analysis (e.g., anemia,
thrombocytosis) lost significance on simultaneous inclusion
in the model likely due to multicollinearity and overlapping
information between related factors. Indeed, high correlation
of predictors is known to result in an unstable assessment
of coefficients in the Cox regression and their complicated
interpretation [ 12]. The neural network approach of DeepSurv,
conversely, is capable of flexible approximation of the
connection between the features and survival without the
prerequisite of additive nonlinearity. The multilayer network
may identify underlying nonlinear dependencies not accessible
to the classic model thereby taking into account the multifactor
interactions (e.g., mutual influence of correlated clinical and
morphological features). Furthermore, implementation of
methods of regularization and decrease of feature dimensions
improves the stability of deep models towards noise and data
multicollinearity [6].

Interpretability remains a significant issue of
implementation of deep learning methods into clinical
practice. We solved this problem by using SHAP, a
contemporary approach facilitating quantitative assessment of
the contribution of each feature to the prediction of the model
[13]. The results of the SHAP-analysis (Fig. 1) show that the
greatest influence on the progression risk in the DeepSurv
model came from the tumor size, degree of malignity (ISUP
grade), level of tumor thrombosis and histological subtype
of the tumor. These features are plotted in the top part of the
graph and are characterized with the greatest scattering of the
SHAP-values. Contribution of factors agrees with clinical
concepts: the larger size of the tumor was associated with
the increased risk of recurrence (red dots on the right of
the graph), which reflects the higher tumor burden and the
aggressiveness of the disease. Higher degrees of malignity
(ISUP 3-4) also significantly increased the predicted risk;
this fact matches the well-known predictive significance of
the degree of nuclear atypia of the renal carcinoma, in which
the badly differentiated tumors have worse outcomes [11].
The presence of level II tumor thrombus (with proliferation
to the inferior vena cava) resulted in a significant increase of
progression risk as compared to levels 0 and I. This coincides
with literature data, according to which the tumor invasion of
the venous system per se, especially with the involvement of
the inferior vena cava, is an independent adverse prediction
factor for patients with renal cell carcinoma.

In is noteworthy that according to SHAP-analysis the
influence of level I thrombosis was even more pronounced
than that of level II. This may reflect the statistical
peculiarities of the specific sample: in this study, there were
significantly less patients with level II (n=16), which might
have resulted in the decrease of stability of assessments in the
training of the DeepSurv model. Besides, tumors with level II
thrombosis could be combined, in individual cases, with less
aggressive morphological characteristics (e.g., smaller size
or lower ISUP grade), which the neural network could have
considered in a cumulative way and partially compensate
the total risk.
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According to H. Park et al. (2019), the presence of the
venous thrombus in the renal cell carcinoma (RCC) is
associated with almost two-fold risk of progression (HR ~1.9)
[14]. In our study, the higher level of thrombosis decreased
the recurrence-free survival in a similar way. Finally, the
neural network identified the significance of the histological
type of the tumor: while the non-clear cell forms (papillary,
chromophobe, and other forms) are usually associated with a
negative outcome of the RCC with venous thrombosis, in our
model the clear-cell histotype showed some increase of the
risk, even though the SHAP scattering was narrow.

A possible explanation of the observed increase of the risk
in the clear-cell RCC could be that this histotype prevailed
in the studied sample, whereas the rare forms (papillary,
chromophobe, medullar) were represented only by a small
sample. This decreases the statistical capacity for the assessment
of their influence and may result in a lowered assessment of
risk associated with them. Besides, clear cell tumors may be
combined with other adverse characteristics, namely, larger
size, high ISUP grade, extended venous thrombosis, which,
in aggregate, increased the predicted progression risk. Finally,
the deep learning model DeepSurv, capable of considering the
nonlinear interactions between variables, was able to identify
the characteristic combinations of features, more typical of the
clear-cell type, and to interpret them as an integral prognostic
marker augmenting the contribution from this histotype.

In our study, the benefit of DeepSurv over the classic
approach in the concordance metrics was rather modest
(difference of ~0.01-0.02), which may be explained by a
limited size of sample (n=100) and the fact that the key risk
drivers for this group of patients are identified quite well by
the linear model. At the same time, even a minor increase
in accuracy assisted by the neural network may be clinically
significant in boundary cases (e.g., in stratification into groups
of high or low risk); what is most important, DeepSurv became
a tool for a deeper understanding of structure of patient data.
On the other hand, the downsides of deep learning include
a more complicated learning process requiring selection of
hyper-parameters and, quite often, large arrays of data for a
reliable generalization. Besides, the “black box” of the neural
networks makes it difficult to provide a direct explanation
why some patient of the other received a certain prognosis.
We demonstrated that this problem may be solved with SHAP
methods. This allowed to make the model conventionally
interpretable, making it close in terms of information value to
the Cox regression known to medical professionals.

The obtained results have practical implications for
clinical practice. The ability to stratify risk in patients with
renal cell carcinoma and tumor thrombosis in a more accurate
way may help optimize treatment strategies and follow-up
care. Firstly, identification of patients with extremely high
risk of progression after surgical treatment may facilitate
addressing the question of adjunctive therapy. The present-
day standard for localized RCC with thrombus remains
the radical nephrectomy with thrombectomy [15]. At the
same time, five-year survival in this group varies greatly
(from ~23% to 70% depending on the tumor volume, level
of thrombosis, and accompanying factors) [15]. Currently,
there is no universally accepted single criterion to identify
which patients from this heterogeneous group would
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truly benefit from adjuvant therapy, such as postoperative
immunotherapy, to improve clinical outcomes [16]. It
follows from our data that a combined model based on
DeepSurv may serve as the basis for such a prognostic tool.
Individual risk prognosis calculated by a neural network
with consideration of a set of clinical and morphological
features may potentially serve as the integral criterion that
is used to select the patients for additional interventions.
For instance, a patient with a large-sized tumor, high ISUP
grade and level II thrombus will be identified as having a
model-predicted high risk of early progression, this warrants
both the intensified surveillance and the consideration of
adjuvant systemic therapy through multidisciplinary team
discussion. Secondly, such models will assist in informing
the patients and planning the follow-up care. Conventional
prognostic schemes (TNM-staging, gradation type factors,
involvement of lymphatic nodes, etc.) do not consider many
nuances, therefore, patients of one group (e.g., stage pT3a
NO) may have different outcomes [11]. The use of a ML-
model aggregating the data on tumor morphology, biomarkers
and thrombus volume, will enable compilation of a more
personalized schedule of clinical examinations: some of the
low-risk patients will avoid redundant visits and check-ups,
whereas the high-risk group should be given more attention.
Thirdly, the use of stratification algorithms at the stage of
planning of examinations and treatment will facilitate a
more justified comparison of various methods. Specifically,
in the context of choosing surgical access (laparoscopy
vs. laparotomy) our analysis confirmed comparability of
oncological outcomes, if the risk factors are spread in the
same fashion. In the future, the DeepSurv type models may
be used to rank patients according to their prognostic index
even before the operation: this will assist correct comparison
of new methods of treatment thereby obtaining higher quality
data for evidence-based medicine. A promising approach
involves integrating clinical variables with molecular and
radiological tumor characteristics (genomic markers, CT/
MRI data) within a unified neural network model [16-18].
Existing examples demonstrate how combining radiomics
with DeepSurv algorithms improves prognostic accuracy
and therapy selection in lung cancer [16]; similarly, adopting
such comprehensive models in renal cell carcinoma could
significantly enhance risk stratification precision.

m CONCLUSION

The neural network Cox model DeepSurv confirmed its
methodological viability in the task of predicting recurrence-free
survival in patients with renal cell carcinoma and thrombosis of
the vein. It allowed consideration of nonlinear links of predictors
and provided a higher (if marginally) prognostic rating. The
use of the SHAP methods provided interpretation of the model
in terms of conventional clinical categories making the results
fit for practical use. These findings demonstrate the potential
for broader implementation of the DeepSurv approach in
oncourology, including patient selection for adjuvant therapies,
development of personalized surveillance protocols, and
treatment strategy decisions based on integrated prognostic
indices. This aligns with the global trend of incorporating
artificial intelligence in medicine to enhance prognostic accuracy
and treatment personalization [5]. P

241


http://www.innoscience.ru

OHKONOIrn4A, ny4eBAA TEPAMNA

Tom 10 (3) 2025

Hayka u UHHOBauUuK B MeauLuHe

ADDITIONAL INFORMATION

JOIIOJIHUTEJIbHAS NTH®OPMAIIUA

Ethical Approval Statement. Extract from the protocol of the LEC No. 03-11/021
dated 11/19/2021.

Omuueckas sxcnepmusa. Brimvicka u3 npotokoia JIOK Ne03-11/021 or 19.11.2021 &

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

Hcmounuk gunancupoBanus. Pabora BbITIONHEHA 110 HHUIMATHBE aBTOPOB 6e3
TpUBIIeYeHust GUHAHCUPOBAHHUSL.

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

Kongnuxm unmepeco8. ABTOpEI IeKIIapUPYIOT OTCYTCTBHE SIBHBIX 1 OTEHIIHATBHBIX
KOHQVIHKTOB MHTEPeCOB, CBSI3AHHBIX C CONEP)KaHHEeM HACTOSIIIeH CTaThu.

Contribution of individual authors. Mirzabekov M.K.: concept development,
statistical analysis, writing of the text. Bogomolov O.A., Shkolnik M.I.: editing and
approval of the text. Trukhacheva N.V., Tikhonskii N.D.: concept development, statistical
analysis, preparation of graphs and editing of the text.

The 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. Mupsa6exos M.K. — paspaboTka KOHIIENIHH, TPOBefieHHe CTa-
TUCTUYECKOTO aHa/u3a, Hanucanue Tekcra. boromonos O.A., llkonsauk M.H. — pe-
JIaKTMPOBAHME U yTBepkaeHue Tekcra. Tpyxauesa H.B., Tuxonckuit H.Jl. — pazpa6otka
KOHIIEIIIMH, TIPOBEJIeHHe CTAaTUCTUIECKOTO aHaJIM3a, IIOITOTOBKA IPapUKOB M PelakTH-
POBaHHMe TEKCTa.

Bce aBTOpbI 0106puH PUHATIBHYIO BEPCHIO CTAThU Ieper] MyO/IMKaLHel, BhIpasii
COmIache HeCTH OTBETCTBEHHOCTD 3a BCe aClIeKThl paboThl, MOApa3yMeBaIOIIy 0 HaJyIexa-
Illee U3y4eHHUe U pellleHre BOIPOCOB, CBSI3aHHbIX C TOYHOCTBIO WM JO6POCOBECTHOCTHIO
1106011 YacTH paboThL.

REFERENCES / JINTEPATYPA

1. Cox DR. Regression models and life tables. Journal of
the Royal Statistical Society: Series B. 1972;34(2):187-220.
DOI: 10.1111/5.2517-6161.1972.tb00899.x

2. Reva SA, Shaderkin A, Zyatchin IV, Petrov SB. Artificial intelligence in
cancer urology. Experimental and Clinical Urology. 2021;14(2):46-51. [PeBa
C.A., lapepxun U.A., 3stuun U.B., u n1p. MckycCTBeHHbIN UHTEIUIEKT
B OHKOYPOJIOTHH. JKCNepUMEeHMAanbHas U KAUHUYEeCKask yporo2us.
2021;14(2):46-51]. DOIL: 10.29188/2222-8543-2021-14-2-46-51

3. Du M, Haag DG, Lynch JW, et al. Comparison of the tree-based
machine-learning algorithms to Cox regression in predicting the survival
of oral and pharyngeal cancers: analyses based on SEER database.
Cancers. 2020;12(10):2802. DOI: 10.3390/cancers12102802

4. Qiu X, Gao J, Yang J, et al. A comparison study of machine learning
(random survival forest) and classic statistic (Cox proportional
hazards) for predicting progression in high-grade glioma after proton
and carbon ion radiotherapy. Frontiers in Oncology. 2020;10:551420.
DOI: 10.3389/fonc.2020.551420

5. Lundberg SM, Lee S-I. A unified approach to interpreting model
predictions. Advances in Neural Information Processing Systems.
2017;30:4765-4774.

6. Gonen M, Heller G. Concordance probability and discriminatory power
in proportional hazards regression. Biometrika. 2005;92(4):965-970.
DOI: 10.1093/biomet/92.4.965

7. Liu Y, Zhou S, Wei H, An S. A comparative study of forest
methods for time-to-event data: variable selection and predictive
performance. BMC Medical Research Methodology. 2021;21(1):193.
DOI: 10.1186/s12874-021-01386-8

8. Katzman JL, Shaham U, Cloninger A, et al. DeepSurv: personalized
treatment recommender system using a Cox proportional hazards deep
neural network. BMC Medical Research Methodology. 2018;18(1):24.
DOI: https://doi.org/10.1186/s12874-018-0482-1

9. Alabi RO, Elmusrati M, Leivo I, et al. Machine-learning explainability
in nasopharyngeal cancer survival using LIME and SHAP. Scientific
Reports. 2023;13(1):8984. DOI: 10.1038/s41598-023-35795-0

10. Kantidakis G, Putter H, Lancia C, et al. Survival prediction models
since liver transplantation — comparisons between Cox models and

machine-learning techniques. BMC Medical Research Methodology.
2020;20(1):277. DOI: 10.1186/s12874-020-01153-1

11. Byun S-S, Heo TS, Choi JM, et al. Deep-learning-based prediction
of prognosis in non-metastatic clear cell renal cell carcinoma. Scientific
Reports. 2021;11(1):1242. DOI: 10.1038/s41598-020-80262-9

12. GraphPad Software. Multicollinearity in Cox proportional hazards
regression. URL: https://www.graphpad.com/guides/prism/latest/statistics/
stat_cox_reg results multicollinearity.htm

13. Moncada-Torres A, van Maaren MC, Hendriks MP, et al. Explainable
machine learning can outperform Cox regression predictions and provide
insights in breast-cancer survival. Scientific Reports. 2021;11(1):6968.
DOI: 10.1038/s41598-021-86327-7

14. Park H, Jeong CW, Yuk H, et al. Influence of tumor thrombus
on occurrence of distant venous thromboembolism and survival
in patients with renal cell carcinoma after surgery. Clinical and
Applied Thrombosis/Hemostasis. 2019;25:1076029618823288.
DOI: 10.1177/1076029618823288

15. Shin D, Lim B, Song C, et al. Comparative analysis of oncologic
outcomes in surgically treated patients with renal cell carcinoma and
renal-vein thrombosis by pathologic subtypes. Scientific Reports.
2025;15(1):15946. DOI: 10.1038/s41598-025-00452-1

16. Yang B, Liu C-X, Wu R, et al. Development and validation of a
DeepSurv nomogram to predict survival outcomes and guide personalized
adjuvant chemotherapy in non-small-cell lung cancer. Frontiers in
Oncology. 2022;12:895014. DOI: 10.3389/fonc.2022.895014

17. Schulz S, Woerl A-C, Jungmann F, et al. Multimodal deep learning
for prognosis prediction in renal cancer. Frontiers in Oncology.
2021;11:788740. DOI: 10.3389/fonc.2021.788740

18. Mahootiha M, Qadir HA, Aghayan D, et al. Deep-learning-assisted
survival prognosis in renal cancer: a CT-scan-based personalized approach.
Heliyon. 2024;10(2):e24374. DOI: 10.1016/j.heliyon.2024.e24374

242

www.innoscience.ru



http://www.innoscience.ru
https://doi.org/10.1111/j.2517-6161.1972.tb00899.x
https://doi.org/10.29188/2222-8543-2021-14-2-46-51
https://doi.org/10.3390/cancers12102802
https://doi.org/10.3389/fonc.2020.551420
https://doi.org/10.1093/biomet/92.4.965
https://doi.org/10.1186/s12874-021-01386-8
https://doi.org/10.1186/s12874-018-0482-1
https://doi.org/10.1038/s41598-023-35795-0
https://doi.org/10.1186/s12874-020-01153-1
https://doi.org/10.1038/s41598-020-80262-9
https://www.graphpad.com/guides/prism/latest/statistics/stat_cox_reg_results_multicollinearity.htm
https://www.graphpad.com/guides/prism/latest/statistics/stat_cox_reg_results_multicollinearity.htm
https://doi.org/10.1038/s41598-021-86327-7
https://doi.org/10.1177/1076029618823288
https://doi.org/10.1038/s41598-025-00452-1
https://doi.org/10.3389/fonc.2022.895014
https://doi.org/10.3389/fonc.2021.788740
https://doi.org/10.1016/j.heliyon.2024.e24374

Science & Innovations in Medicine

Vol.10 (3) 2025

OTORHINOLARYNGOLOGY

Original research | OpurMHanbHoe uccnegoBaHue
DOI: https://doi.org/10.35693/SIM678381

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

Comparative analysis of Streptococcus
pyogenes sensitivity and effectiveness
of antibacterial therapy in chronic tonsillitis

Evgenii S. Burenkov, Pavel N. Zolotarev
Medical University “Reaviz” (Samara, Russian Federation)

Abstract

Background. The rise in antibiotic resistance of Streptococcus pyogenes
in chronic tonsillitis remains a global issue, exacerbated by irrational use
of antibacterial drugs, low patient adherence to therapy, and the spread
of resistant strains. The discrepancy between the relatively high in vitro
sensitivity of microorganisms and the reduced clinical efficacy of drugs in
vivo is of particular concern and requires an in-depth analysis of the causes
of such disparities.

Aim. The study aims to evaluate the efficacy of various groups of antibacterial
drugs in vitro and in vivo used to treat chronic tonsillitis during exacerbations.
Material and methods. Based on outpatient records and microbiological
studies, a group of patients was identified in whom S. pyogenes was the primary
significant factor in the development of chronic tonsillitis. The sensitivity of the
pathogen to commonly used antibacterial drugs was assessed using the disk-
diffusion method. Clinical efficacy of antibiotic therapy was evaluated based
on objective criteria. Additionally, isolates of S. pyogenes co-incubated with
antibacterial agents were analyzed using Raman spectroscopy.

Results. The analysis revealed discrepancies between in vitro disk-diffusion data
and clinical outcomes. According to the disk-diffusion test, 87.6% of patients
showed sensitivity to semi-synthetic penicillins, yet incomplete or absent clinical
efficacy was observed in 28.2% of cases. Slightly better results were obtained
with inhibitor-protected penicillins. Macrolides, demonstrating 88.5% efficacy in
vitro, failed to achieve full therapeutic effects in 26.6% of patients. Comparable
results were observed with cephalosporins. The lowest in vitro sensitivity of S.
pyogenes was noted for fluoroquinolones, leading to inadequate clinical efficacy
in 28.0% of patients. Raman spectroscopy enabled the assessment of sensitivity
to one of the most frequently used antibacterial agents.

Conclusions. The significant gap between laboratory and clinical data is
attributed not only to potential antibiotic resistance mechanisms (which are also
discussed) but also to the influence of internal factors that must be considered
when selecting etiotropic therapy for chronic tonsillitis during exacerbations.
Keywords: chronic tonsillitis, antibiotic resistance, clinical efficacy, Raman
spectroscopy.
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CpaBHMTENbHbIN aHAaNU3 YYBCTBUTENIbHOCTHU
Streptococcus pyogenes n 3(peKTUBHOCTHU
aHTUOaKTepuanbHON Tepanuu Npu XPOHUYECKOM
TOH3UNIUTE

E.C. bypeHkoB, I1.H. 3onorapeB
HYO OBO «MeguuunHckunin yHnsepcutet «PeaBus» (Camapa, Poccuitckas Pegepauus)

AHHOTaumsa

O6ocHoBanme. PocT aHTHOHOTUKOPE3UCTEHTHOCTH Streptococcus pyogenes
[IPY XPOHUYECKOM TOH3WJUIMTE OCTaeTCs [I0DaIbHOM po6JIeMoit, ycyry-
67151eMO¥ HepallOHAIbHBIM HCII0/Ib30BaHHEM aHTHOAKTepHasIbHbIX TIperapa-
TOB, HU3KO# [IPUBEP)KEHHOCTBIO ITAIMEeHTOB K TePAINK U PaCIIPOCTPaHEeHHeM
YCTONHYMBBIX mTaMMOB. OCcOGYIO TPEBOTY BBI3BIBAeT IPOTUBOPEYHE MEXIy
OTHOCHTENIbHO BBICOKOW 4yBCTBUTEILHOCTHIO MUKPOOPTAaHU3MOB in Vitro u
CHIDKEHHOM KITMHIYeCKoi 3¢ GeKTUBHOCTHIO IIPerapaToB in vivo, 4to Tpebyer
yITyG/IeHHOTO aHAIM3a IIPUYKH TaKUX PACXOXKIEHHUM.

www.innoscience.ru

Hens. MccnenoBaHue HApaBieHo Ha OIEHKY 3¢ deKTUBHOCTH pa3iIndHbIX
TPy aHTUOAKTePUAJIbHBIX ITPEIIApaToB in Vitro v in vivo, IpUMeHsIeMbIX JIIs
JledeHHs] XPOHUIECKOTO TOH3WUIUTA B IIeprof] 060CTpeHus.

Marepuan u MeToasl. [10 aHHBIM aMOy/IaTOPHBIM KapT U MUKPOGHOJIOruye-
CKOT'0 MCCJIeJOBAHUSI OIIpefielieHa IPyIIIa alueHTOoB, Y KOTOPBIX S. pyogenes
ObLIT OCHOBHBIM 3HAYMMBIM (HAKTOPOM Pa3BUTHSI XPOHUIECKOTO TOH3HIUIUTA.
[TpoBeneHa oLieHKa pe3UCTeHTHOCTH BO30YIUTENIS IUCKO-TU(Y3HOHHBIM Me-
TozioM. M3ydeHa kirHIYeckKast 3¢pGeKTUBHOCTb AaHTUOHMOTHUKOB Ha OCHOBAHUU
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00OBEeKTUBHBLIX KpUTepHeB. BEIIOIHEHO HCcCieioBaHYe H30JITOB S. pyogenes,
COBMECTHO MHKYOHUPOBAHHBIX C aHTHOAKTepHaJIbHBIM IIPeIapaToM MeTOIOM
CIIEKTPOCKOIIMY KOMOWHAIMOHHOTO PACCesHUSL.

PesynbraThl. [IpoBeneHHbIH aHATU3 BBHISBUJI HECOOTBETCTBUSI MEXAY
[10JIy4YeHHBIMU [JAaHHBIMU JIUCKO-NUPPY3MOHHOTO METOAA in Vitro v Kiu-
HUYECKUMHU pe3ynbTaTtaMu. [1o maHHBIM qucko-nud¢y3HoHHOro TecTa K
[IOJTyCUHTETUYECKUM [IeHUIIWIIIMHAM ObIIIM YyBCTBUTENBHBI TONIBKO 87,6%
[IAIMeHTOoB, IpH 3ToM B 28,2% cily4aeB KIMHUYeCKUH 3 deKT ObIT Hero-
HBIM WJIM OTCYTCTBOBaJI. HesHauuTeIbHO, HO JTydIlvie Pe3ysbTaThl IOy e bl
B CJIy4ae IPHMeHeH s] HHIMOUTOPO3aIHIIeHHBIX IIEHUIWJUTHOB. Makpou-
Iiel, feMoHcTpHpyonye 88,5% 3ddeKkTUBHOCTH in Vitro, He IO3BOJISIIN [0-
cTUraTh NONHOTOo 3¢ deKTa oT 1edenus y 26,6% naruenTtos. CornocraBUMbIe
pe3yJibTaThl ObIIM N10JTy4eHbl IIPY aHau3e IedasnocnoprHoB. HauMenbias

YyBCTBUTEJIHOCTD S. pyogenes in vitro BbIsiBIeHa K GTOPXUHOJIOHAM, UTO
He II03BOJISUIO IOCTUTaTh aJleKBaTHOTO KIMHUYeckoro addexra y 28,0%
nanueHToB. CIIeKTPOCKOIHSI KOMOMHAIIMOHHOTO PACCEesIHUS TI03BOJIHIIA
OLIEHUTH YYBCTBUTEILHOCTH K OTHOMY M3 HauboJiee 4acTo NPUMEHSeMBIX
aHTHOAKTepUaJIbHBIX ITPerapaToB.

BrIBogbl. 3HauMMas pa3HUIA MEXY J1a60paTOPHBIMU U KIIMHUYeCKUMHU
JTAaHHBIMU 00YCIIOB/IEHA He TOJILKO BO3MOXKHOM aHTHOMOTHKOPE3UCTEeHTHO-
CTBIO, MEXaHU3MBI KOTOPOH TaKXKe PACCMOTPEHBI, HO U BIIMSTHAEM BHYTPEHHUX
¢$aKToOpOB, KOTOPHIe CIIelyeT yYUTHIBAThL IIPHU BLIOOPe STHOTPOITHOH Tepaiy
XPOHMYECKOTO TOH3WIIMTA B IIeprozi 060CTpeHusl.

KirroueBbIe cJI0Ba: XpPOHUYECKUI TOH3WUIUT, aHTUOMOTUKOPE3UCTEHTHOCTh,
KIIMHUYeCKHi 3GQeKT, CIIeKTPOCKOITHS KOMOMHAIIMOHHOTO PaCCEesTHUSL.
KoH}auKT HHTEpecoB: He 3asBileH.
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m INTRODUCTION

hronic tonsillitis remains one of the prevalent chronic

diseases among active population [1]. Viruses, bacteria
(Streptococcus pyogenes, Staphylococcus aureus, Haemophilus
influenzae, Streptococcus pneumoniae) and some fungi are
well known as potential causative agents maintaining the
inflammatory reaction in the tonsils, combined with the
action of other exogenous and endogenous adverse factors [2].
Streptococcus pyogenes (S. pyogenes) plays the leading role in
the development of chronic tonsillitis. Being an extracellular
pathogen, it persists in tonsillar tissue by expressing a broad
spectrum of virulence proteins that modify immune cell
response mechanisms [3].

Antibacterial drugs form the base of treatment of chronic
tonsillitis. Their efficiency depends on the structure of the
main substance, dosage, frequency of administration, paths
and duration of administration as well as characteristics of
pathogens showing susceptibility to them [4, 5]. According
to the effective clinical recommendations for the diagnostics
and treatment of chronic tonsillitis, upon finding the S.
Pyogenes in the tonsillar tissue, the drugs of choice for
the conservative treatment are the f-lactams!. According
to study data, S. pyogenes retains high susceptibility to
inhibitor combinations and synthetic penicillins, with
resistance rates not exceeding 1%. Nevertheless, the
frequency of unsatisfactory clinical outcomes remains
significantly higher even with properly administered
antibacterial therapy, representing a persistent challenge
in clinical pharmacology that warrants comprehensive
evaluation [6].

m AIM

To assess both in vitro susceptibility of S. pyogenes and
clinical efficacy of the most commonly used antibacterial
agents for treating chronic tonsillitis (simple and grade I
toxic-allergic form).

m MATERIAL AND METHODS

Random sampling was used to form a group of 144
patients from three urban districts of the city of Samara,
registered in follow-up care by the end of 2020 with simple
and grade I toxic-allergic forms of chronic tonsillitis. The
form of disease was established as per patient records
according to the classification of B.S. Preobrazhensky (1954)
and V.T. Palchun (1977). There were 76 male (52.8%) and
68 female (47.2%) participants of the study. According to the
WHO age criteria (2016), the patients were divided into two
groups: Group 1 (n= 86), young patients (age 18-44); Group
2 (n= 58), middle age patients (age 45-59). The exclusion
criteria were absence of a confirmed chronic tonsillitis
according to patient record data; availability of objective
signs of the toxic-allergic form of grade II chronic tonsillitis
(decompensated form); history of low compliance with or
refusal from intercurrent therapy; history of self-treatment.
The groups had statistically significant differences in the
duration of the disease: in Group 1 patients, it was 7.8+2.9
years, and in Group 2 patients, 14.1+2.7 years.

In both groups, standard microbiological (culture) testing
was performed of palatine tonsil exudate and posterior
pharyngeal wall mucosa for aerobic and facultative
anaerobic microorganisms. The evaluation of the results
only considered etiologically significant pathogenic
microorganisms and their diagnostically significant
growth (over 104 CFU/swab or CFU/mL or CFU/g). The
concomitant microflora (below 104 CFU/swab or CFU/
mL or CFU/g) was disregarded. For patients with S.
pyogenes identified as the primary pathogen, its antibiotic
susceptibility was assessed using the Kirby-Bauer disk
diffusion method in vitro?. The tested antibiotics included:
semi-synthetic peniccilins, inhibitor-protected penicillins,
macrolides, cephalosporins, fluoroquinolones (all commonly
used to treat chronic tonsillitis). The results were interpreted
using the values of measured inhibition zone diameters of

1 Chronic tonsillitis. Clinical recommendations. 2024. URL: https://diseases.medelement.com/disease/84-2024/18329 (Last retrieved: 15.03.2025)
2Russian national recommendations. Identification of microorganism susceptibility to antimicrobial agents. Rev. 2024-02. Smolensk: MAKMAH, SSMU, 2024. 192 p.
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microbial growth (<19 mm, antibiotic-resistant; 20-27 mm,
intermediate; >28 mm, antibiotic-sensitive).

For patients with S. pyogenes identified as the primary
pathogen, a retrospective analysis of clinical efficiency of
antibacterial therapy in the acute stages was performed based
on the criteria of objective assessment of the inflammatory
process of the oropharyngeal cavity (V.T. Palchun, A.I.
Kryukov, 2001) using historical data of patient records.

Additionally, in patients (n=113) with chronic tonsillitis,
sensitivity of S. pyogenes to Amoxiclav was assessed
by Raman scattering spectroscopy (RS). The method is
well known and used successfully to test the validity of
medications. Amoxiclav was chosen at the most frequently
prescribed drug to treat exacerbations of chronic tonsillitis,
according to the patient records, in the Cmax dosage as per
prescribing label, viz. included 105.4 mcg/ml of amoxicillin
and 28.5 mcg/ml of clavulanic acid. The spectroscopy is
performed in a set of samples of oral fluid and phosphate-
buffer saline as solvents with added suspension of S.
Pyogenes, compliant with concentration of 0.5 of the
McFarland standard, and, later, the antibiotic in the desired
dosage. The samples were incubated in a thermostat at 37 °C
for 2, 4, 6 hours, following which RS was performed. The
method was implemented using a set of equipment forming
a test model with a spectrometer. The analysis of spectra was
performed in four zones: 1155 cm’!, 1525 cm!, 1033 cm’!
and 1611 cm; their final processing was done in Wolfram
Mathematica 9.

Statistical methods

Statistical processing of obtained data was performed in
the Statistica for Windows 7.0 software suite. The methods of
descriptive statistics were used for a general characterization
of the obtained data. For group mean comparisons, Student’s
t-test was used. Correlation analysis was performed to assess
relationships between quantitative variables. The strength
and direction of linear associations were determined using
Pearson’s correlation coefficient (for normally distributed
data) or Spearman’s rank correlation (for non-parametric
data). Normality was evaluated with the Shapiro-Wilk test.
Statistical significance was set at p<0.05.

m RESULTS

The main pathogen of chronic tonsillitis in 113 patients of
both groups was S. pyogenes. It was identified as the etiologically
significant pathogen in 82.5% patients in Group 1 and in 72.4%
patients of Group 2. In 12.8% patients of Group 1 and in 19.0%
patients of Group 2, this microorganism was plated with other
significant pathogens, e.g. Streptococcus pneumoniae and/
or Staphylococcus aureus. At the same time, in Group 2 in a
credibly larger number of cases (Group 1: 19.0% vs. Group 2:
4.7%, p<0.001) presence of Candida spp. was identified.

According to patient record data, treatment of exacerbations
of chronic tonsillitis of the simple and grade I toxic-allergic
forms mediated by S. pyogenes, various antibiotics were used.
Most frequently, the following were prescribed: inhibitor-
protected penicillins, macrolides, cephalosporins, semi-
synthetic penicillins, in some cases, fluoroquinolones. The
analysis of clinical efficiency of the use of those groups of
antibacterial agents in the treatment of exacerbations showed
various results (Fig. 1).
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Fluoroquinolones

16,0% 72,0%
12,0%
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Cephalosporins 14,6% 70,8%
14,6%
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Macrolides 14,1% 73.4%
12,5%
I )
Inhibitor prot.e.ct.ed 13.,3% 76,1%
penicillins 10,60%
) . )
Seml-syr?th(-?tlc 13,0% 71.8%
penicillins 15,2%
Good effect m Incomplete effect m No effect

Figure 1. Clinical efficacy of antibacterial agents in the treatment of
exacerbations of chronic tonsillitis (simple and toxic-allergic grade |
forms) in patients.

PucyHok 1. [Noka3zamenu knuHu4eckol aghgpekmusHocmu
mepanuu obocmpeHul XPOHUYECKO20 MOoH3uAIuma npocmodl u
MOKCUKo-annepaudeckol | cmeneHu ¢popM paznuyHbIMU BUdaMu
aHmubakmepuasbHbIX Npenapamos y nayueHmos.

Regardless of the type of the antibacterial drug, 78 (69.0%)
patients did not reach a positive clinical effect or it was
incomplete and required adjustment of the scheme of therapy
(increase of course duration, change of average daily dose,
replacement or addition of a second antibacterial drug). Among
the patients in whom a good clinical effect was reached in the
treatment of exacerbation, no statistically significant variations
were identified that would relate to the selection of a specific
antibacterial drug.

The results of the disk-diffusion method of assessment of
sensitivity of S. pyogenes to various types of antibacterial drugs
in vitro did not identify a single completely resistant strain.
At the same time, data was obtained indicating intermediate
values of measured inhibition zone diameters of microbial
growth of S. pyogenes, which was likely mediated by the active
process of formation of antibiotic resistance (Fig. 2).

The results of the correlation analysis showed the presence
of a moderate positive connection (r=0.607) between the
results of the intermediate sensitivity in vitro and the data on
incomplete or lacking clinical effect in vivo (Fig. 3).

The RS data showed that in the cases of sensitivity of
S. pyogenes to Amoxiclav in the predominant number
of samples, within the first two hours of incubation
disappearance of linear values characterizing the lysis of
the etiological pathogen is found. At the same time, in some
patients, disappearance if linear values was identified only
after six hours of incubation.

m DISCUSSION

Chronic tonsillitis, particularly its toxic-allergic forms,
remains a challenging clinical condition, largely due to the
growing problem of antibiotic resistance. The results of this
study provide direct confirmation of this hypothesis.

Semi-synthetic penicillins (amoxicillin and ampicillin) are
traditionally prescribed in exacerbations of chronic tonsillitis
due to their affordable price and good bioavailability.
However, as the disk-diffusion test showed, in 12.4%
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Fluoroquinolones )
. 15,3% 84,7%
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Semi-synthetic !
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Antibiotic-sensitive ~ m Intermediate  ® Antibiotic-resistant

Fluoroquinolones
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Macrolides
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penicillins

Intermediate antibiotic resistance in vitro
m Incomplete clinical effect

Figure 2. Susceptibility of S. pyogenes to various antibacterial
agents in patients with chronic tonsillitis (simple and toxic-allergic
grade | forms) in vitro.

PucyHok 2. Mokasamenu 4yscmBumesnbHocmu S. pyogenes

K paznuyHbiM BUOaM aHmubakmepuasbHbIX npenapamos y
nayueHmoB C XPOHUYECKUM MOH3W11UmomM npocmoll U MOKCUKO-
annepau4yeckol | cmeneHu ¢opM in vitro.

patients, intermediate values of inhibition of bacterial growth
of S. pyogenes were found, which indicates formation of
resistance. The phenomenon may be explained by the
necessity of performing a lengthy course of therapy with
semi-synthetic penicillins with possible dosage adjustment
and resulting low compliance of patients with the therapy
regime. As little as 8% of patients are capable of keeping this
regime [7]. Besides, bacterial internalization into mucosal
epithelial cells renders them inaccessible to -lactams [8].
Despite rare in vitro penicillin resistance (less than 5%),
clinical treatment failure is typically attributed to biological
and behavioral factors [9].

Transition to penicillins combined with inhibitors such as
amoxicillin or clavulanic acid provided improved results of
treatment of patients with chronic tonsillitis. Their clinical
inefficiency, according to the results of the study, was 10.6%,
which is slightly lower than that of semi-synthetic analogues.
Clavulanic acid inhibits most #-lactamases, however, it is
not efficient against strains with modified penicillin-binding
proteins [10]. This correlates with the data of another study,
in which the reasons of resistance included modification
of targets or hyper-production of enzymes. In order to
prevent the activation of such a mechanism of resistance,
prescription of such inhibitor-protected penicillins require
strict supervision [11].

Paradoxical results were seen in the analysis of macrolides.
With the sensitivity of 88.5% in vitro, their clinical efficiency
was only 73.4%. These results may be explained by several
factors. First, since 2007 the intake of macrolides in Russia
grew by 50%, which directly correlates with the spreading
of resistance via studied mechanisms of erm-mediated
modification of targets [12]. Second, the cross-resistance
within a class lowers the efficiency of all macrolides, even
if in vitro sensitivity remains high [13]. It is to be noted that
in outpatient practice, this group of antibacterial agents is
prescribed for their convenience (a short period of intake with
a modest number of side effects).
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Figure 3. Comparative analysis of intermediate inhibition
zones for S. pyogenes in vitro and absent or incomplete clinical
effects of antibacterial agents in the treatment of chronic
tonsillitis exacerbations (simple and toxic-allergic grade | forms)
in patients.

PucyHok 3. CpaBHUmMerbHbie 0aHHble MeX0y nokasamensMu
NpoMeXymoyHbIX 30H nodasneHusi pocma S. pyogenes in vitro
u omcymcmBsyoWUM USIU HENOJHBIM KITUHUYECKUM 3¢hhekmom
0m NpuMeHeHUs Pa3fuyHbIX BUOOB aHmMubakmepuasbHbIX
npenapamoB npu fieyeHuu obocmpeHull XpoHU4ECcKo20
moH3unauma npocmou u moKcuko-aanepaudeckol | cmeneHu
¢opM y nayueHmos.

Cephalosporins showed a level of inefficiency comparable
with inhibitor-protected penicillins (14.6%). The limit to
their use is related with the prevalence of strains producing
extended spectrum B-lactamases (ESBL) [14]. At the same
time, cephalosporins of third generation remain medications of
choice in exacerbated infections since they retain their activity
against most strains of streptococci.

Fluoroquinolones, despite their low clinical efficiency,
demonstrate the intermediate area of growth inhibition for
15.3% strains. Their limited efficiency against S. pyogenes
is related to the fact that fluoroquinolones are more active
against gram-negative bacteria, whereas gram-positive bacteria
develop resistance via mutation in the gyrA/parC genes and
activation of efflux pumps. This renders their use in chronic
tonsillitis less justified, especially in the regions with high
levels of intake of fluoroquinolones [15].

m CONCLUSION

Thus, the sensitivity analysis of pathogens isolated
from chronic tonsillitis patients revealed no strains of
S. pyogenes fully resistant to the antibiotics used for this
condition. The obtained values of sensitivity of S. pyogenes
in vitro are higher than the values of clinical efficiency in
vivo for the group of semi-synthetic penicillins by 18.0%;
inhibitor-protected penicillins, by 14.9%; cephalosporins, by
19.2%; fluoroquinolones, by 15.0%; macrolides, by 17.1%,
respectively. Currently, inhibitor-protected penicillins and
cephalosporines may remain first-line medications for the
therapy of chronic tonsillitis, while the use of macrolides
and fluoroquinolones in the cases of streptococcus infections
should be restricted reserving them for cases of confirmed
sensitivity. Raman spectroscopy proved to be an effective
rapid method for personalized susceptibility testing and may
find wide application in clinical practice. »=
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Association of post-traumatic pain and knee joint changes
according to magnetic resonance imaging

Andrei E. Karateev, Anastasiya A. Byalik, Vadim A. Nesterenko, Sergei A. Makarov, Daniil M. Kudinsky
Nasonova Research Institute of Rheumatology (Moscow, Russian Federation)

Abstract

Background. Chronic post-traumatic pain (CPTP) occurs in 15-50% of
patients who have suffered knee joint injury (KJ). Post-traumatic pain is
considered as one of the predictors of the development of post-traumatic
osteoarthritis (PTOA). Early changes in the knee joint, characteristic of the
development of PTOA, can be determined using magnetic resonance imaging
(MRYI).

Aim - to evaluate the relationship between CPTP and structural changes in
the knee joint, which are determined using MRI.

Material and methods. The study group consisted of 98 patients, 48%
women and 52% men, aged 39.2 + 14.7 years, who had suffered a knee joint
injury with damage to the anterior cruciate ligament (ACL) and/or meniscus
(confirmed by MRI data), and experiencing pain >4 points on a numerical
rating scale (CRS) of at least one month after the injury. The patients were
followed up for 12 months. CPTP was determined with pain persistence for
at least 3 months at the level of 4 points on the CRS. Repeated MRI was
performed 12 months after inclusion in the study. Changes in the knee joint
according to the MRI data were quantified using the WORMS system.
Results. CPTP was detected in 45.9% of patients. According to the initial MRI
parameters, the groups of patients with CPTP (n=45) and without CPTP (n=53)

significantly differed in cartilage morphology (minimal changes were more often
detected in patients without CPTP), the presence of osteophytes, damage to the
medial collateral ligament and rupture of the medial meniscus body. Almost
all patients in both groups had ligament damage and meniscus rupture (with
varying degrees of severity), as well as synovitis; about a third of the examined
individuals had signs of bone marrow edema. After 12 months observations
between patients with and without CPTP showed a significant difference in MRI
parameters such as cartilage morphology, osteophytes of the medial condyle
of the femur, damage to the posterior cruciate and medial collateral ligaments,
rupture of the body, anterior and posterior horns of the medial meniscus, rupture
of the anterior horn of the lateral meniscus, synovitis. Thus, severe cartilage
damage (>2 by WORMS) was noted in 82.1% of patients with CPTP and 43.4%
without CPTP (p <0.05), synovitis in 95.6% and 24.5% (p <0.05).
Conclusion. CPTP, which occurs after the knee joint injury, is associated
with structural changes in the joint, which can be regarded as an early stage
of PTOA.

Keywords: chronic post-traumatic pain, post-traumatic osteoarthritis,
magnetic resonance imaging.
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AHHOTauus

O0ocHoBaHHe. X poHUYeCKas [TOCTTpaBMarrdeckas 6oib (XI1TH) BosHukaer
y 15-50% narueHToB, nepeHeciux TpaBMy koseHHoro cycrasa (KC). XIITb
paccMaTpyBaeTCs Kak OfIUH U3 IIPeIMKTOPOB Pa3BUTHs TOCTTPaBMaTHYeCKOro
ocreoaprpura (IITOA). Pannue usmenenus KC, xapakrepHble [J1s1 pa3BUTHS
ITTOA, MoryT orpefieNiiTbCsl C IOMOIIBIO MarHUTHO-Pe30HAaHCHOM ToMorpa-
um (MPT).

ens — onennTs B3anMocBsa3b Mexxy XI1TB v cTpyKTypHBIMU M3MEHEeHUSIMU
KC, xoTopbie onpenenstoTcs ¢ nomoinsio MPT.

Marepuan u Metonbl. Mccienyemyto rpymiy cocrapumm 98 marnueHTos, 48%
KEHIIMH 1 52% My>xurH, Bo3pact 39,2 + 14,7 rona, nepenecimx tpasmy KC ¢
HOBpeXXjleHneM NepeiHelt kpecToobpasHoi cas3ku (IIKC) v/ MeHvicka (Ton-
TBep>ieHHOe TaHHBIMH MPT) 1 UCIIBITHIBAIOLIMX OOJIb >4 GAJIOB 110 YMCIIOBOM
peiituaroBoi mikane (YPIL) He MeHee Mecsiia ocyie TpaBMbl. [lanyeHTs! Ha-
6monamce B TedeHue 12 mec. XIITD onpepensacek py nepcucreHIyu 6o
He MeHee 3 Mec. Ha YpoBHe >4 6asoB no YPIII. ITosropuas MPT npoBonwiace
yepe3 12 Mec. nocrie BKimoueHus B ucciiefopanye. Mamenenus KC o raHHbIM
MPT oneHnBanuce kojmyecTBeHHO 110 cucreMe WORMS.

Pesynbrarer. XIITE 6bi1a onpenenena y 45,9% nanyenTos. ITo ucxomaeiM
napamerpaM MPT rpynmne! manuentos ¢ XIITB (n=45) u 6e3 XIITE (n=53)
JIOCTOBEPHO Pa3iM4aIvCh 110 MOPGOJIOTHHU Xpsila (MUHUMAaJIbHbIE U3MeHeH s

yallle BBISBIISUIMCE y nanyeHToB 6e3 XIITB), Hannuuio octeoduToB, IOBPEX-
JIeHUIO Me[IMaJIbHOW KoJulaTepaslbHOM CBSI3KH M pa3phIBY Tejla MeUabHOTO
MeHHcKa. [IpakTHUecky y Bcex NManyeHToB B 06eHx IpyIax 0TMedyasIich
TIOBPE>XX/IeHHe CBS30K M Pa3phIB MEHUCKA (C Pa3HOM CTEeIeHbI0 BBIPAYKEHHO-
CTH), a TaK)Ke CHHOBUT; OKOJIO TPeTH 06CIIeJOBaHHBIX JIUI] UMeJTH IIPU3HAKU
oTeka KOCTHOro mosra. Yepes 12 mMec. HaOimofieHHsl MeXly TaljieHTaMu C
XIITB u 6e3 Hee 6bl1a 3adUKCHPOBaHAa I0CTOBEePHas pa3HuIIa 1o Takum MPT-
rapamerpaM, Kak MOpPOJIOrUs XpsIIia, 0CTeOPUTHl MeIUAILHOTO MBIIIeNIKa
OenpeHHOM KOCTH, NOBpPeXIeHre 3ajHell KpecTooOpa3HOW U Me[luallbHON
KoJlJIaTepajIbHOM CBSI30K, pPa3phIB Tella, IIepeJJHero U 3aIHero pora MeJitalb-
HOTO MEHMCKa, pa3pbIB IlepeJJHero pora jiaTepajlbHOr0 MeHUCKa, CUHOBUT.
Tak, BbIpakeHHOe HOBpexxieHHe xpsiia (>2 1o WORMS) 6b110 otmMeueHo y
82,1% nanuentoB c XIITB ny 43,4% 6e3 XIITB (p <0,05), cunosur y 95,6%
u 24,5% (p <0,05).

3axunrouenne: XIITD, Bo3Hukaromas nociie TpaBMel KC, acconuupoBana co
CTPYKTYPHBIMH M3MeHEeHUSIMU CyCTaBa, KOTOPbIe MOXXHO pPaCIieHUBAaTh Kak
panHioro craputo IITOA.

KitroueBble cj10Ba: XpoHUYecKas I0CTTpaBMaTHdecKas 60Jib, IOCTTpaBMa-
THYeCKHI 0CTe0apTPHT, MarHUTHO-PE30HaHCHAs! TOMOTrpadusl.

KondaukT HHTepecoB: He 3asBIleH.
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AaHHbIM MarHUTHO-PE30HaHCHOW ToMorpaduu. Hayka u uHHoBayuu B MeduyuHe.
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m INTRODUCTION
Post—traumatic osteoarthritis (PTOA) is a prevalent
complication of traumas manifested by chronic pain,
persisting inflammation and progressing disorder of
articular biomechanics. PTOA is most typically localized
in the knee joint [1, 2]. In the event of injury of the anterior
cruciate ligament (ACL) and the menisci of the knee joint,
PTOA is developing in 20-50% cases 5-15 years after
the injury. From the medical and social perspectives, this
pathology has a high impact primarily due to the young
age of patients: with traumas suffered at the age of 20-
30, the characteristic clinical manifestations of PTOA
and pronounced structural alterations severely impairing
functional capabilities and working capacity occur as
early as at the age of 35-45, i.e. at the most active age of
members of modern society [3, 4].

Early identification of signs of PTOA prior to the
onset of irreversible structural changes of the joint (‘pre-
radiographic stage’) and active preventive therapy are the
major vector of improvement of medical aid to patients
suffering a trauma of the knee joint. To that end, PTOA
predictors are sought and target groups of patients are
identified among patients that suffered injuries of the
knee joint and underwent orthopedic surgeries for ACL
and meniscus ruptures and are in need in close supervision,
treatment and rehabilitation [1-4].

The first manifestation of PTOA is the chronic post-
traumatic pain (CPTP). It appears due to biomechanical
disorders persisting after the trauma and/or respective
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orthopedic intervention, inflammatory process involving
the synovia, subchondral bone, ligaments and entheses,
degenerative changes (neoangiogenesis, nerve fiber
sprouting), dysfunction of the nociceptive system and psycho-
emotional problems. In essence, the same mechanisms
underlie the development of PTOA, which opens the
possibility of viewing the CPTP not only as a symptom but
as a predictor of the disease [5, 6].

The analysis of correlation of painful sensations and
structural changes of the joint persisting (or progressing)
after the sustained energy are of principal importance for
the evaluation of the role of CPTP as the factor indicating
the high risk of PTOA development. The major method
ensuring quality visualization of pathology of soft tissues
of the knee joint is the magnetic resonance imaging (MRI).
It is important that MRI allows identification of alterations
in the ligaments, menisci, cartilage and subchondral bone
long before the development of typical radiographic
features of PTOA. Apart from the qualitative assessment
of the pathology (presence or absence of changes), MRI
allows its quantitative analysis using such systems as
WORMS (Whole Organ Magnetic Resonance Imaging
Score), MOAKS (MRI Osteoarthritis Knee Score), ICRS
(International Cartilage Regeneration and Joint Preservation
Society) and others [7, 8].

The characteristic features identified on the MRI of
the knee joint in the post-trauma period are ruptures
(with subsequent degenerative changes) of the ACL and
menisci, as well as general inflammatory changes in the
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articular tissue in the form of synovitis and bone marrow
edema (BME) as a manifestation of the bone ‘contusion’
[9, 10]. There are series of clinical studies and respective
meta-analyses confirming the correlation between this
MRI-identified pathology and the manifestation of CPTP.
Thus, the availability of correlation between the alterations
identified in the MRI and the osteoarthritic (OA) pain was the
subject of the work of P. Dainese et al. [11] who performed
a meta-analysis of 37 studies in 17 of which the correlation
of the clinical manifestations with the status of synovitis
or bone marrow edema was evaluated. Six papers showed
that contrast-enhanced MRI identified moderate positive
correlation between the visualized features of inflammation
and pain status. The systematic review of A. Ghouri et al.
[12] evaluated the correlation between the MRI features of
meniscal rupture and severity of pain. According to the data
of 11 studies, in single-timepoint analyses pain and meniscal
injury were interrelated.

It is to be noted that the combination of MRI-identifiable
alterations of the knee joint and the chronic pain are assessed
by some experts as criteria of the early stage of OA.
Specifically, the evaluation of these features were listed in the
early version of criteria of F. Luyten et al. (as of 2012) [13].

To date, no domestic studies have investigated the
correlation between chronic post-traumatic bone changes
and knee joint alterations using MRI.

m AIM
To evaluate the relationship between CPTP and structural
changes in the knee joint, which are determined using MRI.

m MATERIAL AND METHODS

The study group comprised 98 patients meting the
following inclusion criteria: age 18 to 50 years; traumatic
injury of the knee joint due to which the patient had to seek
medical aid; trauma of soft tissue elements of the knee joint
confirmed by MRI findings; moderate or severe pain in the
knee joint area (>4 points on the numerical rating scale, NRS
0-10, where 0 = no pain, 10 = worst imaginable pain) for > 1
months after the injury; availability of the patient’s informed
consent.

Exclusion criteria were confirmed fracture of bone
structures in the knee joint area (confirmed clinically
and radiologically), availability of credible signs of a
rheumatic disease (including previously diagnosed OA and
fibromyalgia), severe disorders of the musculoskeletal system
and comorbid pathologies precluding regular visits required
by the study protocol.

The study group mainly consisted of young persons with
approximately equal number of male and female patients
with injuries of the ACL, menisci or a combination thereof,
with moderate or severe pain in the knee joint; almost half of
patients required orthopedic intervention (Table 1).

All study participants were advised to use knee braces,
perform regular physical exercise and administer systemic
and/or local non-steroid anti-inflammatory drugs (NSAIDs)
as ointment or gels upon pain onset in compliance with 2024
clinical recommendations on injury of knee joint ligaments
and the Order of the Ministry of Health of the Russian
Federation dated 29.06.2023 No. 331n “On Approval of the
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Medical Care Standard for Adults with Knee Joint Meniscus
Injury (Diagnosis and Treatment)”.

The analysis of clinical manifestations was performed
during the first visit, and 3, 6 and 12 months later. CPTP
was identified during the second visit, 3 months after the
follow-up started. The CPTP criteria was moderate or severe
pain in the knee joint on activity or at rest (>4 on the numeric
rating scale (NRS), where 0 = no pain, 10 = worst imaginable
pain), that persisted for the majority of days in the 3 months
before the evaluation.

All patients underwent MRI at the moment of inclusion
and 12 months after the start of the study with a semi-
quantitative analysis of structural changes as per WORMS
system. The following was assessed: signal intensity and
cartilage morphology in the center of the medial tibiofemoral
joint and lateral tibiofemoral joint in coronary projection;
proximal part of the patellofemoral joint in lateral projection
(0 = norm, 1 = thinning of cartilage, without defects, 2 =
one individual non full-thickness defect, 3 = several partial
defects, 4 = full-thickness defect <50% of cartilage length, 5 =
full-thickness defect >50%); OCD in the medial and lateral
femoral condyles (FC), medial and lateral tibial condyles
(TC), and central tibial plateau (0 = none, 1 = < 25% or the
region area, 2 = 25-50%, 3 > 50%); subchondral cysts in the
medial and lateral FC, medial and lateral TC (0 = none, 1 = <
25% of the region area, 2 = 25-50%, 3 = > 50%); subchondral
edema in the medial and lateral FC, medial and lateral TC (0
=none, 1 = mild, 2 = severe); osteophytes of the medial and
lateral FC, medial and lateral TC (0 = none, 1 = small, 2 =
medium, 3 = large); damage of the anterior cruciate ligament,
posterior cruciate ligament, medial collateral ligament, lateral
collateral ligament (0 = intact, 1 = damaged); tear of the

T S

Sex (F/M, %) 47 (48,0) /51 (52,0)

Age, years; Mto 39,2+ 14,7

Body mass index, kg/m2; Mo 27,1+6,3

ACL 42.0, meniscus 56,0,
combined injury of ACL + meniscus
15.0, ACL + other injury

(tendinitis, cysts, strained
ligaments, etc.) 28.0

Injury of knee joint tissues
as per MRI data, %

Surgical intervention

(ACL reconstruction, meniscal 39.0
repair, meniscal resection, ’
combined surgery), %

Pain on activity;

Me [25t%; 75% percentiles] 5.0[3.5;6.9]
Pain at rest; .

Me [25t%; 75% percentiles] 20[1,0;4.0]
Pain at nighttime; X

Me [25t%; 75% percentiles] 2,0[0.,5; 3.,5]
Functional disorder; .

Me [25t; 75% percentiles] 5.0[2,0;5,9]
KOOS total; Mto 48,6 +19,1
KOOS symptoms; Mto 58,7 +22,3
KOOS pain; Mto 57,4+ 18,1
KOOS activity; Mto 65,6 + 20,4
KOOS sports; Mto 30,5+ 21,7
KOOS quality of life; Mo 39,1+19,8

Table 1. Clinical characteristics of patients at inclusion in the study
(n=98)

Tabnuua 1. KnuHu4eckasi xapakmepucmuka nayueHmoB Ha
MOMeHm BKJIKo4eHus B uccredoBaHue (n=98)
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MRL-symptom >1, n (%) I

Cartilage morphology 26,7 66,7 0,012
Medial TC 26,7 30,2 0,61
Lateral TC 20,0 20,8 0,401
Bone marrow .
e Medial FC 22,2 13,2 0,508
Lateral FC 20,0 13,2 0,803
Central part of femur 20,0 20,8 0,597
Medial TC 11,1 5,7 0,521
Lateral TC 4.4 10,0 0,078
SC Medial FC 6,0 9,4 0,703
Lateral FC 6,0 4,9 0,814
Central part of femur 4,4 4.9 0,612
Medial TC 15,6 7,1 0,332
Lateral TC 2,2 19 0,891
SO
Medial FC 22,2 9,4 0,081
Lateral FC 4,4 3,8 0,901
Medial TC 44,4 20,8 0,042
Lateral TC 31,1 15,1 0,064
Osteophytes
Medial FC 37,8 20,8 0,061
Lateral FC 35,6 13,2 0,041
Anterior cruciate 82,2 86,8 0,533
Ligament Posterior cruciate 37,8 24,5 0,469
damage Medial collateral 244 94 0,048
Lateral collateral 8,9 1,8 0,112
Body of medial meniscus 75,6 49,1 0,008
Anterior horn of medial
TS 48,9 37,8 0,549
Posterior horn of medial
VR TS 75,6 56,7 0,063
tear (>2)
Body of lateral meniscus 44,4 32,0 0,382
Anterior horn of lateral
TS 44,4 28,3 0,204
Posterior horn of lateral
Ty 44,4 28,3 0,311
Synovitis 97,8 88,7 0,204
Osteonecrosis 4.4 1,8 0,611

Table 2. Comparison of structural changes in the knee joint in
patients with and without CPTP (MRI data at the beginning of the
study)

Tabnuuya 2. CpaBHeHUe cmpyKmypHbIX udMeHeHull KofieHHo20
cycmasa y nayueHmoB ¢ XpoHu4eckoll nocmmpasmamuyeckol
bonblo u 6e3 Hee (0aHHble MPT B Hayane uccnedoBaHus)

medial meniscus body, anterior horn of the medial meniscus,
posterior horn of the medial meniscus, body of the lateral
meniscus, anterior horn of the lateral meniscus, posterior
horn of the lateral meniscus (0 = intact, 1 = minor radial or
parrot-beak tear, 2 = non-displaced tear, 3 = displaced tear or
partial resection, 4 = total destruction); synovitis (0 = absent,
1 = present); osteonecrosis (0 = absent, 1 = present).

Frequency and severity of MRI changes (baseline and
after 12 months) was performed between groups of patients
with and without CPTP.

The statistical analysis of obtained data was performed
in the IBM SPSS Statistics 23 software suite. Quantitative
variables were tested to meet the normal distribution law.
Quantitative variables were described as median values

www.innoscience.ru

with respective standard deviation (M+oc), in the event of
absence of normal distribution in groups, as medians with
the interquartile interval Me [25%"; 75" percentiles] and
verified using the Shapiro-Wilk test. Qualitative variables
were presented as absolute values and their respective rates
(%). The following statistical analysis methods were used
to assess the obtained results: x* Pearson’s test (contingency
table analysis), unpaired Student’s t-test, paired comparisons
of quantitative values, Wilcoxon signed-rank test (x%) was
used. Differences were considered statistically significant
at p<0.05.

The study was conducted in accordance with the principles
of the Declaration of Helsinki. All patients provided written
informed consent to participate. The protocol was approved
by the Local Ethics Committee of the V.A. Nasonova
Research Institute (protocol No. 23, dated 23.11.2022).

m RESULTS

Chronic post-traumatic pain, or persistent sensation of pain
>4 NRS for 3 months of follow-up, was diagnosed in 45 or 98
patients (45.9%). By the third month of the follow-up, CPTP+
patients, as compared to non-CPTP patients, demonstrated
credibly higher pain intensity during movement, at rest and
at nighttime, and functional disorders (NRS scale): 5.138 =+
1.512 and 1.771 £ 0.901 (p<0.000); 2.27 + 0.691 and 0.803 +
0.453 (p<0.001); 2.00 + 1.766 and 0.405 + 0.342 (p<0.000);
4.208 + 1.356 and 1.898 = 1.627 (p<0.0302). Similarly, in
the third month of the follow-up, statistically significant
difference between CPTP+ and CPTP- patient groups in all
scores of the KOOS scale: the average value of the KOOS
total was 58.4 = 22.1 and 75.7 £ 23.4 (p=0.012); KOOS
symptoms 58.1 + 25.5 and 78.3 + 29.2 (p<0.018); KOOS
pain 54.6 £ 19.7 and 78.5 £ 28.4 (p<0.02); KOOS activity
57.8 £ 18.6 and 80.3 + 30.3 (p<0.004), KOOS sports 51.9 =
23.2 and 77.8 + 20.4 (p<0.009), KOOS quality of life 46.3 +
16.8 and 67.2 + 21.1 (p<0.025).

In the baseline MRI parameters, the CPTP+ patient group
(n=45) and CPTP- group (n=53) had statistically significant
differences in the cartilage morphology (minimal alterations
were more frequently identified in the CPTP- group), status
of osteophytes of the medial tibial condyle and the lateral
femoral condyle, damage of the medial collateral ligament
and tear of the medial meniscus body. Practically all of
patients in both groups showed injury of the ligaments
of the knee joint (most frequently, the ACL) and tear of
some meniscus or other (with varying severity), as well as
synovitis; about a third of studies patients showed signs of
OCD (Table 2).

After 12 months of follow-up, the differences in the MRI
findings between the CPTP+ and CPTP- groups became more
noticeable. Statistically significant difference was registered
in such parameters as cartilage morphology, osteophytes of
the medial TC, damage of the posterior cruciate and medial
collateral ligaments, tear of the body, anterior and posterior
horn of the medial meniscus, tear of the anterior horn of the
lateral meniscus, positive synovitis status (Fig. 1).

It is to be mentioned that while the initial changes in the
cartilage structure were more pronounced in the non-CPTP
group (due to minimal changes, gradel), by the 12t month
the situation changed: the cartilage deterioration was seen
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Note. Numbers in brackets designate change gradation as per WORMS;
for all indicated parameters, p <0.05..

Figure 1. Significant difference in some of structural changes in the
knee joint in patients with and without CPTP (MRI data
after 12 months).

PucyHok 1. [JocmoBepHoe omu4ue psida CmpyKmypHbIX
usMeHeHull KoeHHO020 Cycmasa y NayueHmoB ¢ XpoHu4eckol
nocmmpasmMamuyeckol 60nbto u 6e3 Hee (0OaHHble MPT
4yepe3 12 mec.).

more frequently and in more severe forms in the CPTP+
group (Fig. 2).

m DISCUSSION
According to the obtained data, initially, the CPTP+
patients, as compared to CPTP- patients, had statistically

significant difference just in several MRI features reflecting
the post-traumatic changes of the knee joint. In CPTP+
patients, the more frequently identified features were the
osteophytes of the medial TC and lateral FC, and damage
of the medial collateral ligament and tear of the body of
the medial meniscus. Meanwhile, the cartilage alterations
(minimally pronounced) were more pronounced in patients
without history of CPTP.

Twelve months later, the MRI findings changed
significantly. The number of patients with changes in the
ligaments and, specifically, menisci of the knee joint among
CPTP+ patients considerably exceeded the number of
individual with the same pathology in the CPTP- patient
group. A particularly significant difference was observed
in both synovitis detection frequency and the dynamic
changes of articular cartilage. Initially, cartilage damage was
registered in CPTP+ patients only in 26.7%, but after 12
months in 93.4%, and in the majority of them (82.1%), the
damage was substantial (>2 WORMS). In CPTP- patients,
such changes were registered only in 43.4%.

The obtained results show a clear correlation between
the CPTP and the structural alterations in the knee joint.
Our data align with the results obtained by foreign
colleagues. K. van Oudenaarde et al. [14] compared
the clinical manifestations and the MRI findings in 174
patients with an injury of the knee joint (follow-up period
up to 6 months). Alterations identified by the MRI are
predominantly trauma of ACL and menisci were found in
39%. There was credible correlation between changes in
the MRI, severity and duration of symptoms persistence.
The correlation between post-traumatic alterations found
in the MRI and clinical manifestations of the knee joint
injury was demonstrated in the works of O. Babalola et
al. [15] and J.Wasser et al. [16].

Correlation of the MRI findings and OA symptoms was
shown in a series of clinical studies. According to D. Felson
et al. [17], who evaluated progression of OA in 110 patients,
the pain in the knee joint was credibly more frequently
observed in cases when bone marrow edema was identified
by MRI: for grades >2 WORMS the odds ratio (OR) was

33.9%
22.6%
6,6% 3.8% I 3.8%
| = -

73,3%
42,2%
33,3% 33,9%
15:5% 11,1%
17
819%2 s 00%
14 /0
22 il
CPTP+ initially CPTP+ 12 mos.

CPTP- initially
m(Qm] m2 m3 m4

50,9%

39,6%

11,3%

CPTP- 12 mos.

Figure 2. Dynamics of changes in articular cartilage in the CPTP+ and CPTP- groups (MRI data after 12 months).
PucyHok 2. [JuHamuka uameHeHul cycmaBHozo xpsiua B epynnax X[Tb+ u XINTb- (0aHHble MPT yepe3 12 mec.).
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3.2 (95% CI 1.5-6.8, p<0.002). The study of C. Hill et
al. [18], which involved 270 patients with OA, showed a
correlation between severity of MRI-identified signs of
synovitis and pain: r = 0.21, p<0.0003. According to the
MOST study, lateral osteophytes of the patellofemoral
joint, synovitis of the knee joint and infrapatellar synovitis
correlated with pain in the anterior part of the knee joint:
OR 5.0 (95% CI 1.7-14.6]); 4.7 (95% CI 1.3-16.2), 2.8
(95% CI 1.0-7.8) [19]. Moreover, the follow-up of 1185
patients in the MOST study showed that MRI findings of
the cartilage damage (>2) and of osteophytes (>2), with
signs of bone marrow edema or synovitis (>1) have higher
sensitivity and specificity (over 90%) for the identification
of both symptomatic and radiologic progression of OA [20].
According to the study program “Osteoarthritis Initiative”,
MRI features of meniscus damage in patients with OA
correlate with presence of pain in the joint (OR = 2.82,
95% CI 1.79-4.43) [21]. In the study of Z. Zhao et al. [22],
who used the method of computer-assisted analysis (a total
of 421 affected knee joints), correlation was shown between
the pain and such MRI findings as bone marrow edema and
destruction of the joint cartilage.

The correlation between symptoms and structural
alterations of the knee joint confirms significance of CPTP
as a predictor of PTOA development. It is evident that the
persistence and progression of MRI-identified alterations in
the CPTP+ patient group may be regarded as a manifestation
of the early stage of the disease. Especially important is the
increase in the alterations of the joint cartilage. This MRI-
identified feature seems important for the development of

early OA even with the absence of manifested pain in the
joint. Cartilage deterioration has even greater predictive value
if symptoms indicating damage of the knee joint persist and
progress [23].

It is to be noted that persistence of symptoms assessed
with a standard KOOS questionnaire is one of the major
classification criteria of early OA as defined by the research
group of F. Luyten et al. (updated in 2018: assessment using
two scales KOOS < 85 and presence of pain, functional
disorder or crepitation of the knee joint) [24]. Recently, two
papers were published that assess the outcome of the ACL
trauma in which changes after 1 and 3 years were analyzed in
accordance with the updated criteria of Luyten. In the study
of A. Cronstrém et al. [25], 106 patients were involved after
an injury of the knee joint and surgical reconstruction of the
ligament. After 1 year and 3 years, the number of persons
meeting the Luyten criteria for early OA was 82% and 78%.
The study of M. Harkey et al. [26] assessed the condition
of 82 patients (aged from 13 to 35) after the trauma and
subsequent reconstruction of the ACL. Their meeting the
Luyten criteria for early OA in the follow-up visits after 6
and 12 months was registered in 22% patients.

m CONCLUSION

Development of CPTP after knee joint injury is related
to higher rate of progression of structural changes of the
affected joint. Persistence of mild or severe pain in the knee
joint for over three months after the trauma may be seen
as an important predictor of development of early stages of
post-traumatic osteoarthritis. 2=
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Scientific and pedagogical school
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(commemorating the 95th anniversary of his birth)
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Abstract

August 28, 2025 marks the 95th anniversary of the birth of Aleksei A.
Lebedev, the founder of the Samara Scientific and Pedagogical School of
Pharmacologists, which has all-Russian and international recognition in the
field of “Pharmacology of the Kidneys and Water-Salt Metabolism”.

The milestones of A. A. Lebedev’s biography are presented. His influence
on the development of pharmacology, training of scientific and pedagogical

personnel in the field of pharmacology, clinical pharmacology and clinical
medicine in Russia is analyzed.
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Hay4yHo-neparoru4yeckas wkosna
npodeccopa A.A. JlebeneBa
(x 95-neTunro co AHA poXAaeHUs)

A.B. lybuuwes, E.H. 3aiueBa, E.B. ABgeeBa

Prb0Y BO «Camapckuii rocyaapCTBEHHbIM MeOUUMHCKUIA yHuBepcuTe™» MuHagpasa Poccum
(Camapa, Poccuiickas depepauust)

AHHOTaumsa

28 aBrycra 2025 roma ucronHuiIoch 95 et co qHs poxkeHus Asekces: AJiek-
canzipoBr4a Jlebenesa, 0CHOBOIOMOXKHIKA CaMapCKOi HayYHO-11e/{arOr M4eCKO
IKOJTB! (hapMAKOJIOrOB, MMEOIIeH OBIIIePOCCHICKOe ¥ MEeXTyHAPOIHOE IIPH-
3HaHWE 10 HANpaBJIeHH0 « PapMaKoIoryst II0YeK 1 BOJHO-CONEBOro 0OMeHay.
B crarbe npencrasiieHbl OCHOBHBIE 3Taribl 6rorpaduu A.A. Jlebenera. I[Ipo-
BeJIeH aHaJIN3 ero BIIUSHUS Ha Pa3BUTHe (HapMaKOJIOTHH, IIOJTOTOBKY HAy4HO-

MeJjarornieckyx KaipoB B obyiacTy ¢papMaKoIOruy, KITIMHAYEeCKOH papMaKo-
JIOTHHY Y KIIMHUYeCKo¥ MenunuHbl B Poccuiickoit ®eneparym.

KorioueBble cjI0Ba: DKCIIePUMeHTAJIbHAS U KIMHUYecKas: GapMaKoJIOTHs;
JleKapCTBeHHbIe CPeJICTBa; IpernoaBaHre GpapMaKoJIOTHH; HayIHbIe UCCIle-
JOBaHHUSL.

KondaukT HHTEpecoB: He 3asBIleH.

[ins uMTUpOBaHUs:

[Oy6uwes A.B., 3aiiueBa E.H., ABgeeBa E.B. HayuHo-negaroruyeckas wkona
npodpeccopa A.A. Jle6epeBa (k 95-neTuio co AHA poxaeHus). Hayka u UHHoBayuu B
meduyuHe. 2025;10(3):255-258. DOI: https://doi.org/10.35693/SIM689011
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Aleksei Aleksandrovich
LEBEDEV
(28.08.1930 - 09.03.2008)

A GLIMPSE INTO A REMARKABLE LIFE

leksei Aleksandrovich Lebedev, Honored Scientist of

the Russian Federation, Doctor of Medicine, Professor
Emeritus of the Ivanovo State Medical Academy and Samara
State Medical University, was born on 28 August 1930, in the
town of Suzdal of the Vladimir Region in a family of doctors.
Having moved to the town of Ivanovo, Aleksei Aleksandrovich
followed the family traditions and entered the Ivanovo State
Medical University; in 1953, he graduated with honors.

He chose his field of scientific interest in the third year of
studies, when he joined the students’ club of the pharmacology
department; he kept the interest to pharmacological science until
the very end. His formation as a scientist was greatly influenced
by his tutor, Georgy Mikhailovich Shpuga, who had developed
the method of kidney autotransplantation to the cervical vessels
as early as in 1937. The method involves anastomosing the
carotid artery to the renal artery, and the jugular vein with the
renal vein. It was found that the kidney transplanted to the
neck functioned 30-40% worse compared to the intact kidney,
which was likely due to denervation occurring during organ
transplantation. The idea suggested by Prof. G.M. Shpuga, on
the necessity of reinnervating the transplanted kidney to improve
its function and trophicity, later formed the basis of the doctoral
dissertation of A.A. Lebedev.

It proposed an original idea of restoring the innervation
during surgery by anastomosing the central end of the vagus
nerve with the peripheral ends of the renal nerves severed during
transplantation. A brilliant experimenter, Aleksei Aleksandrovich
proved that both afferent and efferent innervation of the kidneys
recover after anastomosing of the nerves. Reinnervation was
confirmed in the works of his students: long-term monitoring of
test animals demonstrated gradual adequation of the functions of
the intact and the auto-transplanted kidneys. Owing to the works
of A.A. Lebedev and his students one of the debatable issues of
organ physiology found its solution: the question of the role of
renal nerves in the kidney physiology.
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SCIENTIFIC SCHOOL OF A.A. LEBEDEV

In 1964, A.A. Lebedev was elected as the Chair of the
Department of Pharmacology of the D.I. Ulyanov Kuybushev
Medical Institute (now the Samara State Medical University).
He worked in this position for 36 years. Under his guidance,
there started a large-scale research in the areas of kidney
physiology and salt and water metabolism. One of strategic
areas that had to be developed and justified was the research of
the very close connection between the kidney function and the
blood circulation system. Even at the time, it was established
that while performing the excretory function kidneys perform a
not less important homeostatic function maintaining adequacy of
the blood circulation. It meant that the obvious excretion of salt,
water and metabolites from the body is appended on a not less
crucial yet invisible function of retaining electrolytes and liquid
in the body, which ensures the bodily homeostasis: volume of
the circulating blood, its composition, arterial blood pressure and
other parameters. When studying the activity of acetylcholine,
nitroglycerin, benzohexonium and hygronium a decrease in the
peripheral resistance of the vessels was established. Despite the
different chemical structure and the mechanism of action of
the substances, they cause a unidirectional reaction of keeping
sodium and water in the body by increasing reabsorption of these
components in the renal tubules. At the same time, the circulatory
blood volume (CBV) increases. It was found that due to the effect
of ephedrine, adrenaline, noradrenaline, occlusion of the common
carotid arteries the peripheral resistance of vessels increases, as
well does the excretion of sodium, potassium and water with a
decrease of the CBV.

Manipulations with CBV also demonstrated the homeostatic
function of the kidneys: volume reduction induced by phlebotomy
elicits antinatriuretic and antidiuretic effects; conversely, increased
blood volume produces the opposite renal response. These
investigations led to the formulation of the theory of blood volume
vascular capacity matching as a regulator of renal homeostatic
function. Subsequent studies focused on elucidating specific
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renal and extrarenal mechanisms mediating these responses,
including the roles of renal nerves, the sympathoadrenal system,
and the renin-angiotensin system, under both pharmacological
interventions and pathological conditions. In all of these cases,
excretion of sodium and water correlates more with the level of
peripheral resistance of vessels than with the level of arterial blood
pressure. Homeostatic reactions of the kidneys drastically change
under hypertensive disease, myocardial infarction, heart failure,
and under intervention of pathogenic factors into this process.

In the course of analysis of homeostatic reactions of the
kidneys ensuring maintenance of the blood circulation adequacy,
Prof. Lebedev clearly saw that the intricate mechanisms of kidney
excretion could not be understood without an in-depth study
of the nephron functions. It was necessary to study the tubule
reabsorption of the principal ion of the internal medium, sodium,
which determines its osmotic concentration, alkaline potential,
volume of intravascular and extracellular fluid. Research in this
direction assumed a large-scale character. It became necessary
to re-conceptualize the transport of sodium and chloride in the
nephron. The existing model of sodium transfer from the lumen
to the interstitium at the start of the work stated that the ion moves
passively through sodium channels in the luminal membrane of
nephrocytes along the concentration gradient, while across the
basolateral membrane, sodium was believed to be transported
against the electrochemical gradient via an active transport
mechanism. Chlorine follows the sodium ion, creates an oncotic
gradient in the basal labyrinth, mediates the fluid flow in the
extracellular pathways from the tubule lumen to the interstitium.
In this way, cell reabsorption of water occurs due to primary
reabsorption of sodium.

Aleksei Aleksandrovich made a proposition that the ion
transport may fulfil not only in a transcellular way but also by
transfer in the intercellular space. There appeared the theory of
fixed charges of the nephron wall that explained and proved
the possibility of transcellular transport. In the experiments
using biomembranes performing sodium transfer from the
internal surface to the external (wall of the urinary bladder of
a frog), the possibility of transfer of sucrose, ions of iodide,
chloride, lithium and fluoresceine in the intercellular space was
demonstrated multiple times. Subsequently, it was established
that cations are always transported in greater quantity from the
mucosal to the serosal surface, while anions move in the opposite
direction. The charge hypothesis provided an explanation for
this phenomenon, attributing it to fixed charges creating flow
asymmetry. It was hypothesized that within the nephron, at the
entrance to the intercellular spaces on the luminal side, negative
charges are present, promoting cation movement and hindering
anion transport, while on the basolateral surface in the region
of the intercellular spaces, positive charges exist, facilitating
the opposite phenomenon. This mechanism contributes to the
generation of a transepithelial potential across the nephron wall.

The theory of gate charges of cell junctions proved very useful
for the interpretation of mechanism of action of some diuretics.
Such diuretics as etacrynic acid, osmotic diuretics, mercurial
diuretics expand the gates of the cell junctions, while the gate
charges lose their role and the selectivity of ion flows decreases.

The problem of localization and tubular effect of diuretics
became the center of many dissertations supervised by the
professor. However, this path was full of methodological
complications. The nephron, the main structural unit of the
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kidney, is microscopic in size, it is not possible to study it directly;
therefore, model experiments were performed on epithelial
structures performing directed transfer of sodium: the skin and
the wall of the urinary bladder of a frog, the wall of large intestine
of mammals.

Early research performed in the laboratory of A.A. Lebedev
in 1970s demonstrated that the inhibitors of metabolic processes,
such as strophantine, directly blocked the active transfer of
sodium through biological membranes, and some diuretics, such
as Mercusal, Novurit, Hypothiazid caused a significant increase
in the permeability of cell membranes. The effect of Novurit was
confirmed in experiments with micropuncture examination of the
rat nephron, and in experiments utilizing the Na24 radioactive
isotope. The obtained data demonstrated the capability of diuretics
to influence bypassing sodium flows in the nephron presumably
traveling through intercellular spaces. This proposal was later
confirmed in multiple experiments.

The doubts completely vanished when micropuncture
experiments on rat nephrons with fluorescein, marker of
intercellular permeability, showed that Novurit and Mannitol
significantly change the paracellular transport, while Furosemide
had no effect on it. Expansion of intercellular spaces increases the
bypassing flow of sodium from the interstitium to the nephron
lumen, which balances the active transport and leads to an
increase of natriuresis. Furosemide does not affect the intercellular
transport of ions, and its effect is mediated by binding to one
of the enzymes of the renal epithelium and secondary effect on
the Na+-2Cl--K+ cotransporter of the luminal membrane of the
ascending limb of Henle’s loop. Based on the obtained data, A.A.
Lebedev proposed an original classification of diuretics based on
the mechanism of their action.

The search for new agents with a diuretic effect has always
been the focus of interest of the department of pharmacology.
This involved establishment of contacts with chemists of
Kuybyshev (today, the city of Samara) and other regions to
study the pharmacology of heterocyclic spirans and isoindoles
(Saratov State University), triazines (Leningrad Institute of
Chemistry and Pharmacology), sulfamoylbenzoic acid (Research
Institute of Medicinal Products of Kupavna). Active diuretics
were identified for future in-depth research. It was found that the
lithium and furfurylamin salts of furosemide have especially high
activity surpassing the effect of Furosemide. The Department of
Pharmaceutical Chemistry of the Kuybyshev Medical Institute
synthesized several compounds based on etacrynic acid and
bumetanide that had a marked diuretic effect. These works
had very high theoretical importance for they opened ways of
synthesis of new biologically active compounds.

In the late 1980s, the Department of Pharmacology of the
Kuybyshev Medical Institute became the base for research of
diuretic agents. The All-Union Research Institute of Chemistry
and Pharmacology (Moscow) received the state order for
the development of domestic diuretic agents that involved
novel synthesis of Furosemide, Hypothiazid, Triamterene,
Spironolactone, and the Department performed a comparative
assessment of their diuretic properties. The analysis showed that
the protective action of the products is not related to their structure
(they belong to different chemical classes) but was determined
by the diuretic effect itself. The scientists concluded that the
prophylactic action of the drugs stems from the hemodynamic
effect developing on the nephron level. Thus, Furosemide
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increases the lumen of proximal and distal tubules, reduces the
swelling and deterioration of nephrocytes, increases the tubule
flow of the fluid, and increases the hydrostatic pressure in the
lumen: this enables the tubules resist the ischemic stress. The
similar effect of Furosemide was confirmed in the experiments
with acute hemorrhagic hypotension and toxic nephropathy. It was
demonstrated that the domestically produced Furosemide does not
differ from the imported analogs. After that, domestic production
of Furosemide started in the country. At present, diuretics are used
in acute kidney failure both as prevention and treatment drugs, in
the initial period of development of kidney failure, if the arterial
blood pressure and the circulating blood volume are normalized. It
is to be remembered that the clinical use of diuretics was justified
experimentally.

The method of nephron micropuncture, biological modeling
of sodium transport, methods of fluorescent analysis of individual
nephrons facilitated development of a classification of diuretics
described in the article “Diuretic Agents” in the Great Medical
Encyclopedia. Prof. Lebedev was the editor of five monothematic
collections of articles.

A.A. Lebedev is the co-author of 16 patents on biologically
active substances, including those with a diuretic action. He wrote
240 scientific works, among them 4 monographs.

TRAINING OF SCIENTIFIC
AND PEDAGOGICAL STAFF

A.A. Lebedev gave great attention to training of scientific
research and pedagogical staff; he initiated and pioneered the
Pharmaceutical Faculty of the Kuybyshev Medical Institute. He
was the tutor of 11 doctors of science and 28 candidates of science.
In the course of his work in Samara, he created a scientific school
of pharmacologists within a single scientific field, “Pharmacology
of the kidneys and salt and water metabolism”. To date, this
school shapes the development of this area of research in the
country. In 1964, A.A. Lebedev organized the Regional Society
of Pharmacologists and chaired its work for many years. He was
also a member of the Russian Society of Pharmacologists, and
a member of the editorial board of the “Journal of Experimental
and Clinical Pharmacology”. In the Scientific Council on
Pharmacology and Pharmacy, A.A. Lebedev supervised the

“Pharmacology of the Kidneys” branch. Aleksei Aleksandrovich
spared no effort and energy in working with aspiring specialists:
for 35 years, he was the academic advisor of the Students’
Scientific Society of the Samara State Medical University.
Under his leadership, five national conferences on kidney
pharmacology and salt and water metabolism, and one national
symposium. For his constructive academic and pedagogical
activity, training of academic staff A.A. Lebedev was awarded
with the Order of Peoples’ Friendship, second-class Medal of
the Order of “Merit for the Motherland”, signs of the “Expert
of Healthcare”, “Foe Exceptional Achievement in the Work”,
and the Medal of “Veteran of Labor”. Cambridge International
Bibliographic Database awarded him with a prize for exceptional
contributions to science. In 1978, for his merit in the development
of Soviet pharmacology, the Academic Council of the Institute of
Pharmacology of the Academy of Medical Sciences of the USSR
awarded A.A. Lebedev with the medal of the founder of Russian
pharmacology, Nikolay Pavlovich Kravkov.

A.A. Lebedev was Professor emeritus of the Samara State
Medical University and Ivanovo State Medical Academy. He
was elected as a Fellow of the Eurasia International Academy of
Sciences. In 1999, the American Biographical Institute, following
the recommendation of Academy Fellow D.A. Kharkevich, listed
A.A. Lebedev on the International Directory of Distinguished
Leadership.

Aleksei Aleksansrovich Lebedev passed away on 9 March,
2008 at the age of 78 years. The cherished memory of him stays
in our hearts.

CONCLUSION

In 2008, the Rectorate of the Samara State Medical University
gave the name of the Honored Scientist of the Russian Federation
Prof. A.A. Lebedev to the Department of Pharmacology. The staff
and faculty of the Department of Pharmacology, students of Prof.
Lebedev, continue developing the lines of science pioneered by
Aleksei Aleksandrovich, and, inspired by the vigor and the range
of thought of the scientist, they blaze new trails. The contribution
of A.A. Lebedev in the national medicine constitutes a solid
foundation of ongoing research in the area of pharmacology of
the kidneys and related fields of experimental pharmacology. =
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