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MarHuTHo-pe3oHaHCHas ToMorpapus —

MEeTOA OL,eHKU BJIMSAHUA NUTbEBbIX MUHEPaNIbHbIX
BOA Ha 3BaKyaTOpHYI0 GYHKLMIO XKenyaKa

npu GYHKLMOHANbLHOW AUCNENnCUM

K.3. ManTenees, K.B. Makcumos, A.E. LLknsaes

WeBcKan rocynapcTteeHHaa MegULMHCKaA akajgemus, WeBck, Poccus

AHHOTALIUA

060cHoBaHue. OHUM W3 OCHOBHbIX NATO(U3NONOTMYECKUX MEXaHU3MOB (YHKLMOHANBHON AUCTIENCHM SBNISIETCA HapyLUeHWe
nocTnpaHauanbHoro pecbneKTopHoro pacciabneHus NPOKCMManbHOTo OTAeNa enyaKa, UTo BbI3bIBAET HapyLLEHWe ero 3BaKy-
aTopHoi yHKUmK [1], BepudmMUMpyeMoe Npy MarHUTHO-Pe30HAHCHOM ToMorpadum ¢ Harpy304HbIM NUTLEBLIM TecToM [2]. Kop-
PEKUMA HapyLUEHUI penaKkCcaUMoHHOW aKKOMOoJaLMK XenyaKa npyu GyHKUMOHANBHOW AMCNENCUN BO3MOXHA C NOMOLLbIO MK-
TbeBbIX MUHeparnbHbIX BOA [3], ofHaKo TpebyeTca uccnefoBaHme X BAUAHUA HA MOTOPHO-3BaKyaTOpHY0 QYHKLMIO enyaKa.
Lilenb — npoBecT# CpaBHUTENbHYI0 OLEHKY BAMAHWA NpUEMa neyebHoi cpegHeMUHepann3oBaHHO# CynbdaTHo-HaTpueBo-
KanbLMeBOW MUHEpanbHOM Bofbl U 0BbIYHOW MUTLEBOM BOLLI HA 3BAKYaTOPHYI QYHKUMIO XenyaKa C MOMOLLbI0 MarHUTHO-
Pe30HaHCHOM ToMorpaduu.

Marepuanbl u Metogpl. Ha annaparte 3akpbitoro tvna Philips Intera 1.5T (Philips, Hugepnangbl) npoBeaeHa AByKpaTtHas
MarHWUTHO-pe3oHaHcHas ToMorpaduma xenyaka Hatowak 10 nauventam B Bo3pacte 22,8+1,2 roga ¢ AnarHo3oM «(yHK-
UMOHanbHas aucnencus». B nepsblil aeHb ucnonb3oBanock 200 Mn nutbeBoi Boapl, Bo BTopoit — 200 mMn MuHepanbHoM
BOAbl. MccnefoBaHne npoBoaunock B abaoMMHaNbHOM peXMMe NEXa Ha CruHe C TONLUMHOW cpe3a 3 MM B KOpOHasbHOW,
aKCMaNbHOW U CaruTTanbHON NPOEKLMAX Kaxable 5 MUHYT B TedeHne 20 MuHyT. cnonb3oBanuch cneayowmnin pexumel: T1,
T2-B3BeLweHHble u306paxenns, T2 Spair, b-FFE. B nporpamMme RadiAnt DICOM Viewer (Medixant, Monblwa) paccumtbiBanm
06BEM KeNyL0YHOr0 COAEPIKMUMOr0 U CKOPOCTb 3BaKYaLMU XKUAKOCTY.

PesynbTatbl. Y naumeHToB ¢ GyHKUMOHANBHOW Aucnencuen Ha 1-i MUHYTe UcciefoBaHUA 00BEM MUAKOCTU B enyaKe no-
cne npuéma 200 mn nuTbeBon Boabl coctaBun 163,71+28,9 mn, nocne npuéMa MuHepanbHon Bogbl — 101,57+26,88 mn,
a 00BEM 3BaKYMPOBAHHOM XWAKOCTU Nocne NpUEMa MUHepankHoii Boapl 6bin B 1,04-2,5 pa3a 6onble. K 15-i MuHyTe wnc-
CNefoBaHMsA Mocne NpuéMa MuHepanbHOW Bodbl 00bEM MuAKOCTM B enyake coctasun 8,0+6,16 mn, nocne nuTbeBOH
Boabl — 58,85+40,06 mn. CpeaHss CKOPOCTb 3BaKyaLyW COLEPHUMOr0 XenyaKa B UCCNeA0BaHUM € 0ObIMHOM NUTLEBOM BOLO
coctasuna 12,9+5,29 Mn/MuH; ¢ MuHepanbHoi Bopoi — 24,1+4,53 mn/muH (B 1,07-3,76 pasa bonblue). YBenmueHve ckopoctu
3BaKyaLuUW COLLEPKUMOTO JKenyaKa y 06CNef0BaHHbIX NPU UCNOSIb30BaHUM MUHEPanbHbIX BOA, coctasmio ot 7,58% ao 276,21%.
3aksioyeHne. MarHuTHo-pe3oHaHcHas ToMorpadus xenyaka BepuduuMpyeT BIUSHUE MUHEPaNbHOW BOLLI HA €ro 3BaKya-
TOPHYI0 YHKLMIO, N03BONAA OLIEHUTb CKOPOCTb OMOPOXHEHMA XenyaKa. OfLHOKpPaTHbIA NPUEM UcCnef0BaHHON MUHEPaTbHOM
BOZbl OKa3blBAeT MPOKMHETUYECKOE [IEICTBUE, UTO MOXKET ObITb UCTIONB30BAHO ANS KOPPEKLMW MOTOPHBIX HapyLUEHWIA y na-
LMEHTOB € YHKLMOHANBHON AUCNENCUei.

KnioueBble cioBa: MarHUTHO-pe30HaHCHas ToMorpadus; GpyHKUMOHaNbHas AMUCNencus; 3BaKyaTopHasn GYHKLMA XenyaKa;
6anbHeoTepanus.
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Magnetic resonance imaging as a method
for evaluating the effect of drinking mineral water
on motor-evacuation function

Kirill E. Panteleev, Kirill V. Maksimov, Alexey E. Shklyaev

Izhevsk State Medical Academy, Izhevsk, Russia

ABSTRACT

BACKGROUND: One of the primary pathophysiological mechanisms of functional dyspepsia is a disruption in the postprandial
reflex relaxation of the proximal part of the stomach, which results in an impairment of its motor-evacuation function. This
impairment can be verified by magnetic resonance imaging with a stress drinking test. Correction of gastric relaxation
accommaodation disorders in functional dyspepsia is possible with the help of drinking mineral waters. However, further studies
are required to assess the effect of these waters on the motor-evacuation function of the stomach.

AIM: The study was aimed at comparative evaluation of the effect of intake of therapeutic medium mineralized sulfate-sodium-
calcium mineral water and ordinary drinking water on gastric evacuation function using magnetic resonance tomography.
MATERIALS AND METHODS: A two-fold magnetic resonance imaging procedure was conducted on an empty stomach using a
closed-type Philips Intera 1.5T device (Philips, Netherlands) in 10 patients aged 22.8+1.2 years with a diagnosis of functional
dyspepsia. On day 1, 200 ml of drinking water was used, and on day 2, 200 ml of mineral water was used. The examination
was conducted in abdominal mode, with the subjects lying on their back. A slice thickness of 3 mm was used in coronal, axial,
and sagittal projections, with images acquired every 5 minutes for 20 minutes. The following imaging modes were employed:
T1, T2-weighted images, T2 Spair, and b-FFE. The volume of gastric contents and the rate of fluid evacuation were calculated
using the RadiAnt DICOM Viewer program (Medixant, Poland).

RESULTS: In patients with functional dyspepsia, the volume of liquid in the stomach after ingestion of 200 ml of drinking water
was 163.71 + 28.9 mL, while after ingestion of mineral water, the volume was 101.57 + 26.88 mL. Furthermore, the volume
of evacuated liquid after ingestion of mineral water was 1.040-2.5 times greater. By minute 15, the volume of liquid in the
stomach was 8.0 + 6.16 mL after mineral water intake and 58.85 + 40.06 mL after drinking water. The mean gastric evacuation
rate following ingestion of ordinary drinking water was 12.9 + 5.29 mL/min, while that following ingestion of mineral water
was 24.1 + 4.53 mL/min (1.07-3.76 times greater). The increase in gastric evacuation rate observed in the examined subjects
when using mineral water ranged from 7.58% to 276.21%.

CONCLUSIONS: Magnetic resonance imaging of the stomach allows for the verification of the effect of mineral water on its
motor-evacuation function, thus enabling the estimation of the rate of gastric emptying. A single intake of the studied mineral
water has a prokinetic effect, which can be used to correct motor disorders in patients with functional dyspepsia.

Keywords: magnetic resonance imaging; functional dyspepsia; gastric evacuation function; balneotherapy.
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M03ULMOHHO-CUNOBOW KOHTPOJIb NPU MAEHTUPUKALUU
TKaHEeBbIX CTPYKTYp CNeKTPo(oTOMEeTPUYECKUM
MEeTOJ0M

M.H. Benbluesa, A.B. l'ycesa, ®.A. Konepa, .B. Mypnuna, J1.1. CadoHoBa

MoCKOBCKUI rocynapCTBEHHBIN TeXHUYECKUiA yHUBepcuTeT uMeHn H.3. BaymaHa (HaumoHanbHbI UccnefoBaTenbckui yHuBepeuTeT), Mocksa, Poccus

AHHOTALINA

06ocHoBaHue. CnekTpohOTOMETPUA C BPEMEHHBIM pa3peLLeHneM 06ecneunBaeT KOHTAKTHOE 30HAMPOBaHWe 61oNOrMYecKux
TKaHel Ha rnybuHy oT ABYX MUNIMMETPOB [10 HECKOJTBKWUX CaHTUMETPOB C MPOCTPAHCTBEHHBIM pa3peLLeHeM 0T OAHOTO 10 NATH
MUNMMETPOB. Mpu 3TOM 0OCYLLECTBNIAETCA KOIMYECTBEHHASA OLIEHKA ONTUYECKUX MOKa3aTenei, KOHLEHTpaLmii OCHOBHbIX XpO-
MOo(OpOB, UAEHTUDMKALMA TUNA TKAHU U BKIIKOYEHUI B 00bEME, YTO aKTyaNbHO A MHTpaonepaLmMoHHoi auarHoctuku [1-3].
N3MeHUMBOCTb ONTUYECKUX CBOWCTB MPM CAABNMBAHMM 30HAOM OMPeAensieT HeobXOAMMOCTb CUNIOBOFO KOHTPONS Mpuxa-
TS, YTO, KaK M MO3ULMOHMPOBAHUE, UCMOMb3YETCA B pOBOTM3MPOBaHHON XMPYPrumM U anarHoctuke [4—11], rae nepcnektuBHa
peanu3auus COYETaHHOro MeXaHWYecKoro U cnekTpodoToMeTpuyeckoro noaxoaa. OgHako TpebytoTca JoNONHUTENbHbIE UC-
Cnef0BaHus, KacaloLLmecs HacTPOKKK cneKkTpodoToMeTpa, pa3paboTky TecT-06BEKTOB, onpefieneHUs BO3MOXHOCTEN CreK-
TpohOTOMETPUM C NO3ULIMOHHO-CUIIOBLIM KOHTPOJIEM [1S1 UAEHTUDUKALMM TKAHEN U BKIHOYEHMIA.

Llenb — pa3paboTka NOAX0A0B K aKTUBHOMY MO3ULMOHHO-CUI0BOMY KOHTPOJTIO AJ1S1 UCCefoBaHUs QYHKLMOHaNbHbIX BO3-
MOXHOCTel CNeKTpodoTOMETPUN B MAEHTUDUKALMM TKAHEBbIX CTPYKTYP.

Matepuanbl u MeToAbl. [TOArOTOB/EH IKCNEPUMEHTANIBHBIA CTEH/, HA OCHOBE [BYXBOMHOBOMO CMEKTPOJOTOMETpPA C 4acToT-
HbiM nogxofoM OxiplexTS (ISS Inc., CLUA) ¢ BO3MOXHOCTbIO NO3ULMOHHOMO KOHTPOMA OMTUYECKOr0 30HAA C MOMOLLbIO Po-
6oTusmpoBaHHoro MuHu-mManunynstopa (U-Arm, Kutai). PaspabotaHo nporpammHoe obecnedyeHve onis perucTpaumuu cuibl
NPUKaTUS U3rOTOBJIEHHOMO 30HAA B MHAMBMAYaNbHOW HacafKe Ans Manunynstopa. MpeanoxeH anroputm 06paboTku aKkc-
NepUMEHTaNbHBIX JaHHbIX ANs OLEHKU BUOMEXaHUYECKMX, ONTUYECKUX U DU3NONOrMYecKUX NapaMeTpoB TKaHW. B TectoBoM
3KCMEePUMEHTANbHOM UCCIE0BaHUM NPUHUMAN y4acTUe OfUH 3A0POBbIA UCTILITYEMBIN. I3MepeHns NpoBOAMAMCH Ha Thiflb-
HOM W BHYTPEHHEN NOBEPXHOCTAX NpeAneybs U Ha MUNoTEHape IafoHu.

Pesynbtathl. [laHHble cuna—nepeMeLleHre No3BONIAIOT KONMYECTBEHHO OLEHMBATb YNpyrie CBOMCTBA MccnepyeMoi buono-
rM4eckon TkaHu. OLHOMOMEHTHO perucTpupyeMmble, B IMHAMUKe NpUXaTUs 30HAA, OMTUYECKME MOKA3aTeNu, KOHLEHTpaLmm
(paKkuuit remornobuHa B eauHULE UccnieayeMoro 06bEMa W TKaHeBas caTypaLus NO3BONSKOT OLEHUTb MUKPOLMPKYIATOPHbINA
KPOBOTOK, BbISIBUTb HaNlMuKe W TUM KPYMHBIX COCYAOB. [IpuMeHsieMble A1S1 HACTPOIKK CreKTpodoTOMeTpa CTaHLaPTHbIE CUKN-
KOHOBbIE TECT-00BEKTHI HE COOTBETCTBYHOT BUOTKAHSAM MO MEXaHWYECKWUM CBOICTBAM, YTO MPM ManbIx rabaputax OnTUYECKOro
30H[a BHOCUT [,ONONTHUTESNbHYI0 HEONPeLEeNEHHOCTb B KOJIMYECTBEHHBIE OLLEHKM CBOICTB TKaHeiA.

3akunoyenue. [lobaBneHue aKTUBHOMO CMIOBOTO KOHTPOSIA M aBTOMATWU3WUPOBaHHOI0 MO3WULMOHUPOBaHWA ONTUYECKOr0 30HAA
npu cnekTpodoTOMETPUM NO3BONSET YBENUUUTL €€ QYHKUMOHAMbHBIE BO3MOXHOCTU AN UAEHTUDUKALMM TKAHEBbIX CTPYK-
Typ, pacwmpuTb e€ 061acT NpUMeHeHUs B pob0TM3MPOBAHHOMW NpeL-, MHTPa- U NOCTONepPaLMOoHHOM AarHocTuKe. [ina nanb-
HeMWWX MccnefoBaHuii BoMbLIEro KOMMYECTBA TKaHEW, TKAHEBbIX CTPYKTYP W UMUTUPYHOLLMX MX pa3pabaTbiBaeMbix TecT-
06bEKTOB TpebyeTcs YCOBEPLUEHCTBOBAHME 3KCMEPUMEHTANIHOMO CTEHAQ: YBEIMUYEHME YYBCTBUTENILHOCTM AaTYMKa CUAbl,
MNaBHOCTU M UCKPETHOCTM X0L,a NPY NO3ULMOHUPOBaHWM, HanpUMep, 3aMeHON MUHU-MaHUMYNATOPa KoNnabopaTUBHLIM po-
DoTOM. YnyuLleHue nporpaMMHOI YacTy npegnonaraeT peanusaumio cuHxpoHusaumm ¢ OxiplexTS yepes ero uHTepdencHbIi
MOZy”Nb BBOAQ, HanNMCcaHWe NporpaMMbl 4J1s aBTOMATUYECKOr0 CKAHUPOBaHMS NMOBEPXHOCTU.

KnioueBble cnoBa: CI0BOM KOHTPOJIb; ONTMHECKUE CBOMCTBA; MEXaHUYECKME CBOMCTBA; BUOTKaHb.
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Position-force control in the identification of tissue
structures using the spectrophotometric method

Mariia N. Belsheva, Anastasia V. Guseva, Fedor A. Koleda, Polina V. Murlina, Larisa P. Safonova

Bauman Moscow State Technical University, Moscow, Russia

ABSTRACT

BACKGROUND: Time-resolved spectrophotometry enables the contact probing of biological tissues at a depth of two millimeters
to several centimeters, with a spatial resolution of one to five millimeters. This technique provides a quantitative assessment
of optical parameters, concentrations of main chromophores, identification of tissue type and inclusions in the volume, which
is relevant for intraoperative diagnostics [1-3]. The variability of optical properties during probe squeezing necessitates
the implementation of force control of squeezing, which, like positioning, is used in robotic surgery and diagnostics [4—11].
A combined mechanical and spectrophotometric approach holds promise in this regard. However, further research is required
concerning spectrophotometer setup, the development of test objects, and the determination of the possibilities of positioning-
force-controlled spectrophotometry for the identification of tissues and inclusions.

Development of approaches to active positional force control to study the functionality of spectrophotometry in identifying
tissue structures.

MATERIALS AND METHODS: An experimental bench was constructed based on a two-wavelength spectrophotometer with
OxiplexTS frequency approach (ISS Inc., USA). This bench allows for the position control of the optical probe using a robotic mini-
manipulator (U-Arm, China). Additionally, a software program was developed to record the pressing force of the fabricated probe
in a customized nozzle for the manipulator. Finally, an algorithm was proposed for processing experimental data to estimate
biomechanical, optical, and physiological parameters of the tissue. A single healthy subject participated in the experimental study.
Measurements were conducted on the dorsal and ventral surfaces of the forearm and on the palmar surface of the hypotenar.
RESULTS: The quantitative assessment of elastic properties of biological tissue can be achieved through the use of force-
displacement data. The simultaneous registration of optical parameters, concentrations of hemoglobin fractions in a unit of the
investigated volume, and tissue saturation in the dynamics of probe pressing allows for the estimation of microcirculatory blood
flow, the revelation of the presence and type of large vessels. The standard silicone test objects used for spectrophotometer
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calibration do not align with the mechanical properties of biological tissues. Given the diminutive dimensions of the optical
probe, this discrepancy introduces an additional degree of uncertainty in the quantitative assessment of tissue properties.

CONCLUSIONS: The addition of active force control and automated positioning of the optical probe during spectrophotometry
enhances its functional capabilities for identifying tissue structures and expands its applications in robotic pre-, intra- and
post-operative diagnostics. For further studies on a larger number of tissues, tissue structures and mimicking tissue test
objects, an improvement of the experimental bench is required: increase of the sensitivity of the force sensor, smoothness and
discreteness of the motion during positioning, e.g. by replacing the mini manipulator by a collaborative robot. The improvement
of the software part implies the implementation of synchronization with OxiplexTS through its input interface module, writing

a program for automatic surface scanning.

Keywords: force control; optical properties; mechanical properties; biotissue.
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lipuMeHeHne MeToauku T2-KapTUpoBaHUA ANA OL,EHKH
CYCTaBHOI0 Xpsillia Y NaLMEHTOB C PUCKOM pasBUTUSA
XOHAPOMaNAUUU

0.10. 3ybapesa’, 0.5. boromakosa'?, A.A. Tynynos'?

! HoBoCMBMpCKMIA HaLMOHabHBIN UCCNIE[0BaTENLCKNIA FOCY1apCTBEHHBIN YHUBEpcUTeT, HoBocnbupck, Poccus;
2 YHCTUTYT «MexayHapoaHbIi ToMorpaduueckmi ueHTp», Hosocubupck, Poccus

AHHOTALINA

06ocHoBaHMe. XoHApOMansALWa — pacnpocTpaHEHHas NaTonorus CycTaBoB, NPUBOASALLAS K CHMXEHWIO KauyecTBa HM3HM Na-
LMeHTa. MarHuTHo-pe3oHaHcHas ToMorpadus ABnseTca MeToAoM Bblbopa i auarHocTuku gedekTa cyctaBHoro xpsawa [1].
T2-KapTMpOBaHWe XpsLLa — 3T0 HEUHBA3MBHAsA KOIMYECTBEHHAS METOAMKA, NO3BONIAIOLLAS OLEHUTb ero BpeMs T2-penakcaumm,
YTO MOJET BbITb aKTyasbHO MaLMEHTaM, KOTOPbIM PEKOMEHA0BaHO HabnoLeH e 3a CycTaBHbIM XpSLLOM [2-5].

Llenb — 13yunTb MarHUTHO-Pe30HaHCHBIE XapaKTEPUCTUKM XPALLA KONEHHOr0 CyCTaBa C UCMOSb30BAHWEM PYTUHHOIO Mpo-
TOKOJIa U MeTOAMKM T2-KapTUpOBaHWA Y NaLMEHTOB C PUCKOM Pa3BUTUS XOHLPOMAnNALMUHK.

Martepuansl u Metoapl. [lpocnektusHo B nepuop, ¢ 2022 no 2023 r. BbINOMHWUAM MarHUTHO-PE30HAHCHOE UCCel0BaHNE KO-
neHHoro cycTasa 35 naumeHTam B Bospacte 18—70 net, nognucaslumMM MHGOpMMpoBaHHoe AobpoBonbHoe cornacue. Mccnepo-
BaHWe 0J00pEHO JIOKa/bHBIM 3TUYECKUM KOMUTETOM MHCTUTYTa «MexayHapoaHbii ToMorpaduyeckuit LenTtp» (HoBocnbupck)
Kputepum uckniouenms: ctagus 0bocTpeHns KoMopbuaHbix 3aboneBanuii, AeopMUpyrOLLIMIA 0CTE0APTPO3 KOJIEHHOrO CYCTaBa
[1I-IV cTenexu. OcHoBHYtO rpynny cOCTaBUNM NaLMEHTHI C MPU3HAKaMM XOHAPOMaNALMY; FPYNNY C HaYanbHLIMU AereHepaTuB-
HBbIM1 U3MEHEHUSIMU — MaLMEHTI C JIOKabHBIMM Y4aCTKaMKU UCTOHYEHUA U/UI U3MEHEHUS CUTHAMbHbBIX XapaKTepUCTUK Cy-
CTaBHOIO XPALLA NPW HE3HAYNUTESBHBIX JereHepaTUBHbIX U3MEHEHUSX CYCTaBa MM UX OTCYTCTBUM; FPYNMY KOHTPOJIS COCTaBUNM
nauueHTbl 63 U3MEHEHWN CUTHAMNBHBIX XapaKTEPUCTUK XPALLA, TPaBMaTUYECKUX U [ereHepaTuBHbIX U3MEHEHUI KONEHHOro
cycTaBa. MccnepoBaHue KoNEHHOro cycTaBa MpOBOAMSIOCH HA MarHUTHO-pe3oHaHcHoM ToMorpade Philips INGENIA (c Hanps-
XeEHHocTblo 1,5T) ¢ Mcnonb3oBaHUEM PYTUHHOMO NPOTOKONA: T2-B3BeLUeHHble M3obpaxenus, PD-SPAIR, PD-B3BeLLeHHIe U30-
bpamenus, T1-B3BelleHHblE 1300paxeHUs U MeToaWKM T2-KapTMpOBaHWA C PacyeToM BpeMeHu T2-penaKcaumn XpALLEeBOi
TKaHW. CTaTMCTUYECKUW aHanW3 NpoOBOJMICA C UCMOJb30BaHWEM HernapaMeTpuyeckux MeTofoB uccnepoBanus (U-kputepui
MaHHa-YuTHu, KoadduumeHT koppensiummn CnvpMeHa). Kputnueckuii yposeHb 3HauuMocTu p <0,05.

Pesynbratbl. MeamnaHa Bo3pacta B rpynne KoHtpona — 28,0 [24,0; 38,0] net, B ocHoBHo# rpynne — 48,0 [37,2; 55,7] ner,
B rpynne ¢ HayanbHbIMM [ereHepaTuBHbIMU u3MeHeHuaMu — 48,0 [38,2; 59,5] net. pu aHanuse nokanusauum pedekra
XpALLA KONEHHOro cycTaBa BbisBNeHo, yto y 11 (91,6%) nauneHToB XOHApPOManAUMA onpeaensnace Ha MeauanbHoi da-
CETKEe HAAKONEHHUKA, Y 4 (33,3%) — Ha natepanbHon daceTKe HAAKONEHHUKA, Y 4 (33,3%) — Ha MeAManbHOM MblLLenKe
beppeHHon KocTu. Mpu M3MepeHUM TONLWMHBI XPALLA BbISBIEHA BbICOKAs MHAMBUAYa/bHasA BapuabenbHOCTb 3HaUeHui C eé
L0CTOBEPHLIM YMEHBLLEHUEM TOMbKO B 06nacTu aedexta (p <0,05), 663 AOCTOBEPHBIX PasnMuMin MEXAY rpynnaMu B 0CTalb-
Hbix otgenax (p >0,05). Mpu oueHKe 3HayeHMii BpeMeHW T2-penaKcauuu XpsLla BbISIBIEHO ero CTaTUCTUYECKW 3HauMMoe
yBENMYEHWe B 00NacTu Xpsilia HaJKONEHHUKA — Yy MaUMEHTOB U3 OCHOBHOW IPYMMbl U C HaYaNbHbIMU JereHepaTMBHLIMU
nameHenusmu (p <0,001 n p <0,01), xpswa MeananbHOro Mbllenka 6eapeHHoN KOCT — Y MauMeHToB C AereHepaTUBHbI-
MW u3MeHeHusmMm (p <0,05), B cpaBHEHUM C FPYNMON KOHTPONS. Bbin NpoBeAEH KOPPENALMOHHBIA aHanu3 MeX Ay TOSLUMHOM
XpALlLa u BpeMeHeM T2-penakcauuy, BbisiBNEHbI 3Ha4MMbIe Napbl: B FPyMne KOHTPONS — B 061acTy naTepanbHOro MblLLenka
benpeHHoi Koctu (p=0,011, r=0,636), B 0CHOBHOM rpynne — Ha MeamanbHon daceTke HapKoneHHuka (r=—0,591, p=0,043)
¥ B 0651aCTM MeAManbHOro MoilLesika beapeHHon Koctu (r=—0,760, p=0,004). B ocTanbHbIX ciy4asx AOCTOBEPHBIX 3HAYUMBIX
KOPpensLmiA MeX Ly TONLLMHON XpALLA U FpyNnamMu NaUMEHTOB He BbISIBEHO.

3aksioyeHme. BbiSIBNEHO CTaTUCTMYECKW 3HAUMMOE NOKANIbHOE YBENMUYEHWe BpeMeHU T2-penakcaumu B rpynnax nauueHToB
B CPaBHEHWW C FPYNMoON KOHTPOJIA NP BbICOKOW BapuabenbHOCTU TOMWMHBI XpAla. [peAcTaBneHHbIe pesynbTaThl CBUAE-
TENbCTBYIOT O TOM, YTO NpeobnajalmWwmuM SUarHoCTUHECKUM KpUTEPUEM SIBNIIETCA U3MEHEHME CUMHAMbHBIX XapaKTepUCTUK
¥ noBblleHWe BpeMeHu T2-penakcaumu B CTPYKTYpe XpsiLLa.

KntoueBble cnoBa: MarHMTHO-pe3oHaHcHas ToMorpadus; T2-KapTUpoBaHue; XpALL; XOHAPOManALmA.
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Application of T2 mapping to assess articular
cartilage in patients at risk of developing
chondromalacia

Daria Yu. Zubareva', Olga B. Bogomyakova'?, Andrei A. Tulupov'?

! Novosibirsk State University, Novosibirsk, Russia;
Z International Tomography Institute, Novosibirsk, Russia

ABSTRACT

BACKGROUND: Chondromalacia is a common pathology of joints, leading to a decrease in the patient's quality of life. Magnetic
resonance imaging is the method of choice for the diagnosis of articular cartilage defects [1]. T2 mapping of cartilage is a non-
invasive quantitative technique that allows estimation of its T2-relaxation time, which may be relevant in cases where articular
cartilage surveillance is recommended [2-5].

AIM: To study the magnetic resonance characteristics of knee cartilage using a routine protocol and T2 mapping technique in
patients at risk of chondromalacia.

MATERIALS AND METHODS: Magnetic resonance research of the knee joint was prospectively performed on 35 patients aged
18-70 years who signed informed voluntary consent in the period from 2022 to 2023. The study was approved by the local
ethical committee of International Tomography Center (Novosibirsk, Russia). Exclusion criteria: exacerbation stage of comorbid
diseases, knee joint osteoarthritis of stages 3—4. The main group consisted of patients with signs of chondromalacia; the group
with initial degenerative changes — of patients with local areas of thinning and/or changes in the signaling characteristics of
articular cartilage with minor/no degenerative changes of the joint. The control group consisted of patients without changes
in cartilage signaling characteristics, traumatic and degenerative changes of the knee joint. The study of the knee joint was
performed on a Philips INGENIA magnetic resonance tomograph (1.5T intensity) using the routine protocol: T2-weighted
images, PD-SPAIR, PD-weighted images, T1-weighted images and T2 mapping technique with calculation of the T2-relaxation
time of the cartilage tissue. Statistical analysis was performed using non-parametric research methods (Mann—Whitney U-test,
Spearman correlation coefficient). The critical level of significance (p) is 0.05.

RESULTS: The median age in the control group was 28.0 [24.0; 38.0] years, in the main group 48.0 [37.2; 55.7] years, and in
the group with initial degenerative changes 48.0 [38.2; 59.5] years. Analysis of the localization of the cartilage defect of the
knee joint revealed that chondromalacia was determined on the medial facet of the patellain 11 (91.6%) patients, on the lateral
facet of the patella in 4 (33.3%) patients, and on the medial femoral condyle in 4 (33.3%) patients. When measuring cartilage
thickness, a high individual variability of values was revealed with its significant decrease only in the defect area (p <0.05),
with no significant differences between the groups in the other sections (p >0.05). When evaluating the values of cartilage
T2-relaxation time, its statistically significant increase was revealed in the area of patella cartilage in patients from the main
group and with initial degenerative changes (p <0.001 and p <0.01), cartilage of medial femoral condyle in patients with initial
degenerative changes (p <0.05) in comparison with the control group. Correlation analysis between cartilage thickness and
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T2-relaxation time was performed, significant pairs were found: in the control group — in the area of lateral femoral condyle
(p=0.011, r=0.636), in the main group — on the medial facet of the patella (r=—0.591, p=0.043), and in the area of medial
femoral condyle (r=—0.760, p=0.004). In other cases, no significant correlations between cartilage thickness and patient groups
were found.

CONCLUSION: A statistically significant local increase in the T2-relaxation time in the patient groups revealed in comparison
with the control group at high variability of cartilage thickness. The presented results indicate that the predominant diagnostic
criterion is the change in signaling characteristics and increase in T2-relaxation time in the cartilage structure.

Keywords: MRI; T2 mapping; cartilage; chondromalacia.
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Ludposon aHanus u3obpakeHMH WEUKU MaTKK
C Ucnoab3oBaHMEM nporpaMMHoro obecnevyeHus
ImageJ

AL Oywkun', M.C. Adanacees?, C.C. Adanacbes®, T.I. Mpuwavesa®, A.B. Kapaynos?

! MockoBCcKas ropo/ickas oHKonornyeckas 6onbHuua N® 62, Mockosckas o6nacts, noc. Mctpa, Poceus;
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“ Nepebiit CankT-MeTepbyprckuit rocyaapCTBEHHbIA MeAMLMHCKVIA YHUBEPCUTET UMeHM akademuka W.1. Maenosa, CankT-Metepbypr, Poccua

AHHOTALIUA

06ocHoBaHMe. Bu3yanbHbIii 0CMOTP U KOMbNOCKOMMYECKOE UCCNef0BaHMe ABNAIOTCA CyObEKTUBHBIMYA METOLAMU OLIEHKM CO-
CTOSHWA LelKW MaTKu. B HacTosLee BpeMs 60MbLUMHCTBO KOMbMOCKOMNOB MMEIOT BO3MOXHOCTb LIM(POBOIA Nepesaqn 1 3anu-
C1 n306paxeHns COCTOAHMA LLIEMKU MaTKK, a COBPEMeHHOe nporpamMmHoe obecrnedyeHue obpabatbiathb uX. [1ns 06bEKTUBHON
OLLEHKM, NpeaynpexaeHUs pasBUTUA U OLEHKU PUCKOB Pa3BUTUA NPeApaKoBbIX M3MeHeHui (SIL+) 1 paKa LWeiKu MaTku He-
06x0a1MO0 MCNOb30BaTh COBPEMEHHbIE METOALI 06paboTKM U30bpaxeHmiA.

Llenb — npoaeMoHCTpMpoBaTh BO3MOXHOCTU LMGBPOBOro aHanM3a U3obpaKeHuii LKW MaTKU Ha OCHOBE MPOrpaMMHOro
obecneyenus ImageJ [1].

Matepuanel n Metoabl. 500 Konbnockonuyeckux nsobpaxeHnuii Tecta LLUunnepa, nonyyeHHbIX BO BpeMs NpoBefeHUs pac-
LUMPEHHOM Konbnockonuu. LindpoBoii aHanu3 npoBoamnm ¢ UCnob3oBaHWeM NporpaMMHoro obecnedenms ImageJ Ha ocHoBe
MUHUManbHoro (MinGV), MakcuManbHoro (MaxGV) sHaueHuii ceporo nukcens (0—255) u nnowwaam nopaxEHHON NOBEPXHOCTH
(%Area). M30bpaeHus bbinn pasgeneHbl Ha 4 rpynnbl COrNacHo NPOBEAEHHOMY LIMTONOMMYECKOMY UCCef0BaHMI0: 340p0-
Bble foHopbl (n=19; 3,8%); NNOCKOKNETOYHOE MHTPa3NUTENMaTIbHOE NopaXKeHWe Nérkon ctenenm (n=113; 22,6%); nnocKokne-
TOYHOE MHTPA3NUTENIMANbHOE NOpaeHue TAKENON ctenenn (n=327; 65,4%) U MHBA3WBHLIN PaK LWeKK MaTku (n=41; 8,2%).
MateMaTnueckuii M CTaTUCTUMYECKWUIA aHanu3 MOYYEHHBIX JaHHbIX NPOBOAMIM C UCMO/b30BAHMEM NaKeTOB A3bIKa Mporpam-
mupoBanua Python B cpene Google Colab. CpaBHeHWe KoNMUECTBEHHBIX NOKa3aTeniel Mexay TpeMsa 1 bonee rpynnam npo-
BOAMIM C MCroNb30BaHWeM Kputepus Kpackena—Yonnuca u anocTepuopHbIM CpaBHEHWAM Mo KpuTepuio [laHHa ¢ monpaBKoi
Xonma.

Pe3synbTtatbl. Ctatuctuyecky 3Haummo MinGV (p=0,035), MaxGV (p <0.001) n %Area (p=0,022) HapacTanm oT nérxoii (88/141/31)
K TshKEnon (83/142/32) cTeneHn NNOCKOKNETOYHOTO WHTPAsNUTENMANbHOMO NOPAXKEHUs U paKy Leiiku MaTku (88/162/36).
Mosy4eHbl 06BEKTUBHbIE MApaMeTpbl OLEHKU CTEMEHW MOpaXKeHWs NOBEPXHOCTU LUEAKU MaTKK MpuM NpoBefeHUn LMbpoBoii
Konbnockonuu. poBeaeHe uMdpPoBOro aHanu3a NOBEPXHOCTH LUEAKU MaTKU MOXET NOMOYb KJIMHUYECKOMY CrieLmanucTy
B ONpefeneHnmn fanbHellen TaKTUKW BeAEHUS NaLMEHTKU, B YaCTHOCTU NPOBELEHUM CKAPUGDUKALMOHHOM UM UHLM3UOHHON
Buoncun ¢ nocneayroLWMM MopdoIOrMYeCcKUM UCCNEA0BAHUEM.

3akntoyenune. Mcnonb3oBaHue LMGPOBOro aHanW3a KONbMOCKOMMYECKUX M300paKeHUA MOMET CHU3UTb CyOBbEeKTUBHYIO
OLIEHKY COCTOSIHUA LUEKW MaTKK, NoBblcUTb 3 @EKTUBHOCTb NepBUYHOTO NMpUEMA Bpaya rMHeKonora W oTbopa naumeHToK
ANs NpOBefeHNS LUTONOTMYECKOr0 UCCNeA0BaHNS.

KnioueBble cnoBa: LMdpoBon aHanu3; Welka MaTky; ImageJ; nporHos.
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Digital approach to estimate clinical images
of the cervix with ImageJ software

Alexander D. Dushkin', Maxim S. Afanasiev?, Stanislav S. Afanasiev3, Tatyana G. Grishacheva®,
Alexander V. Karaulov?

! Moscow City Oncology Hospital No 62, Moscow region, Istra village, Russia;

2 The First Sechenov Moscow State Medical University, Moscow, Russia;

3 6.N. Gabrichevsky Research Institute for Epidemiology and Microbiology, Moscow, Russia;

“ Academician I.P. Pavlov First St. Petersburg State Medical University, Saint Petersburg, Russia

ABSTRACT

BACKGROUND: Visual inspection and colposcopy are subjective methods of cervical evaluation. Currently, the majority of
colposcopes are equipped with the capacity to digitally transmit and record cervical images, in addition to modern software for
image processing. For the objective assessment, prevention of development, and risk assessment of precancerous changes
(SIL+) and cervical cancer, it is essential to use modern methods of image processing.

AIM: The study aimed at demonstrating the capabilities of digital analysis of cervical images based on ImageJ software [1].
MATERIALS AND METHODS: A total of 500 colposcopic images of the Schiller test were obtained during dilated colposcopy.
Digital analysis was performed using ImageJ software, which employed minimum (MinGV) and maximum (MaxGV) gray
pixel values (0-255) and lesion surface area (%Area) as parameters. The images were divided into 4 groups according to the
cytologic examination performed: healthy donors (n=19; 3.8%), mild grade squamous cell intraepithelial lesion (n=113; 22.6%),
severe grade squamous cell intraepithelial lesion (n=327; 65.4%), and invasive cervical cancer (n=41; 8.2%). Mathematical and
statistical analysis of the obtained data was performed using Python programming language packages in the Google Colab
environment. Comparisons of quantitative measures between three or more groups were conducted using the Kruskal-Wallis
criterion and posteriori comparisons by Dunn’s criterion with Holm’s correction.

RESULSTS: Statistical significance was observed in the increase of MinGV (p=0.035), MaxGV (p<0.001) and %Area (p=0.022)
from the mild (88/141/31) to the severe (83/142/32) degree of squamous cell intraepithelial lesion and cervical cancer
(88/162/36). Objective parameters for the assessment of the degree of cervical surface lesions during digital colposcopy
were obtained. Digital analysis of the cervical surface may assist the clinical specialist in determining further management
strategies, including scarification or incisional biopsy with subsequent morphological examination.

CONCLUSIONS: The application of digital analysis to colposcopic images has the potential to reduce the subjective assessment
of cervical condition, enhance the efficiency of the initial appointment with a gynecologist, and facilitate the selection of patients
for cytologic examination.

Keywords: digital approach; cervix; ImageJ; prognosis.
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TeXHO/I0rMM UCKYCCTBEHHOr0 UHTEJIeKTa
B AeATENIbHOCTU NEepBUYHOIr0 3B€HA 34paBOOXpaHEeHUs
ropoaa Mocksbl

E.B. bnoxuna, A.C. be3biMAHHbIN

,U,MPEKLWIFI Nno KoopAuHauun feAtesibHoCTU Me AULMHCKUX opraumaaumﬁ, Mockga, Poccus

AHHOTALINA

O6ocHoBaHue. B nocneptue rogbl chepa 34paBoOXPaHEHUs CTAHOBUTCA OJHOW M3 KIloYeBbIX 0bnacTei, rae TexHONOrmm
MCKYCCTBEHHOrO MHTENNIEKTa npuobpeTaloT crpaternyeckoe 3HaueHue. Ocobas aKTyanbHOCTb M 3HAUMMOCTb MPOSIBNISETCA
BO BHEJPEHWW AaHHbIX TEXHONOrUiA B NepBUYHOE 3BEHO 3apaBooxpaHeHus [1-3].

Llenb — paTb XapaKTepUCTUKY 3TanoB BHEAPEHUS TEXHOMOMMA UCKYCCTBEHHOTO MHTENIEKTA B EATENbHOCTb FOPOACKMX No-
JKIMHUK . MOCKBI.

Matepuanbl M MeTogpl. [l aHanu3a AaHHbIX UCMOb30BaNM CTAaTUCTUHECKWIN, COLMANbHO-TUIMEHNYECKMIA U 3KCMEPUMEH-
TanbHbIA METOAbI.

Pe3ynbtathl. OcHOBHO/ 3aAayeli BBEJEHNS UCKYCCTBEHHOTO MHTENIEKTa B AeATENIbHOCTb FOPOACKUX MOSUKIIMHUK Bbino no-
BbileHUe 3ddeKTMBHOCTU 06paboTKU MeAMLIMHCKO UH(OPMaLIMK, CHUKEHUSA PUCKOB NpodeccroHanbHbIX OWKUBOK U ynyy-
LUEHME KOOPAMHALMM B3aUMOAEHACTBUA MEXY Pa3NIMYHBIMU CNeLManmCcTamu.

B pelueHun nepBoit 3afauu no 06paboTku MaccuBa MHdOpPMaLMK ONpeLeneHo, YTO UCMOMb30BaHNUE UCKYCCTBEHHOMO UHTES-
NeKTa B aHann3e JaHHbIX U3 3MIEKTPOHHBIX MEAULMHCKUX KapT NO3BOJIAET CO3AaTb MHTErPUPOBaHHbIE M Be30nacHble cucTe-
Mbl, A€ AaHHble 0 MaUMeHTaX JIerko A0CTYNHbI ANS Bpayen M MeLMUMHCKOro nepcoHana, Ans NPOBeAEHUs aHaNUTUYeCKOM
paboTbl KauecTBa MeAULIMHCKOW NOMOLLM.

B peluennmn BTOpoi 3apayumn No UCMONb30BaHUI0 TEXHOMOMUI UCKYCCTBEHHOMO MHTEJINEKTa [1A OKa3aHWs KOHCYNbTaLUMOHHbIX
yCnyr BpayaM B NOCTaHOBKe AMarHo3a pabota NpoBOAMNach B HECKOJBKO 3Taros.

B 2020 ropy BHepeHa cucTeMa NOAAEPIKKU NPUHATUA BpayebHbIX peLueHuin «Ton-3», KOTopas NoMoraeT TepaneBTaM CTa-
BMTb NPeABapuUTeNbHble AuarHo3bl Ha ocHose MKB-10.

C 2023 ropa aKTMBHO MCMOMbL3YETCA cUCTEMA «[JMarHOCTUHECKUIA ACCUCTEHT», KOTOpas aHaIU3uUpyeT LaHHble 3JIEKTPOHHO
MeJMLIMHCKOI KapTbl MauMeHTa 1 NpejsiaraeT BTOPOe MHEHWe 0 NOATBEpXAEHHOM AuarHo3e. Ceryac 3Ta cucTeMa BRIOYaeT
95 KogoB MexayHapoaHoi KnaccuduKaumm 6onesHen 10-ro nepecMoTpa U CX0XME AMArHo3bl, NNAHUPYETCS pacluMpeHue
dyHKUMOHana o 268 auarHo3oB. B pesynbTate 06y4eHus M BHeAPEHUS paclLMpeHus cucTeMa NoKpoeT okono 85% Hanbonee
YacTo YCTaHaB/MBAEMbIX MOATBEPHAEHHBIX AUArHO30B.

B npoLecce HacTpoMKu M TeCTUpPOBaHKA CUCTEM 33[€MCTBOBANIUCH HECKOJIBKO AECATKOB Bpa4en-3KCNepToB, bbino pasobpaHo
6onee 10 000 Keiicos.

B nekabpe 2023 rofa npoBefiEH NUNOTHLIN NPOEKT B paMKax paboTbl [opofckon nonmkmnimky Ne 64 (MockBa) ¢ npuenieyeHm-
eM noutn 100 Bpayei fAHHOrO MEAMLIMHCKOTO YYPEXIEHMUS B LIENSX BbIABIEHUS BO3MOXHOCTM NOBLILLEHNUS AOCTOBEPHOCTM
Mogenu. Mo ero pesynbrataM YCTaHOBAEHO, YTO AWArHO3bl, NOCTAB/IEHHbIE BPAYOM M CUCTEMOW UCKYCCTBEHHOTO UHTENNEKTA,
coBnagatoT Ha 89%. HecMoTps Ha BneyaTnsioLimMe [OCTUKEHUS TEXHONOMMMN, BaXKHO NOAYEPKHYTb, YTO MCKYCCTBEHHBINA UHTEN-
NeKT He NpU3BaH 3aMeHUTb Bpaya, a CKopee CRYXUT AN NOACTPAX0BKM B KayecTBe BTOPOr0 MHeHWs B paboTe creumanucta.
3aksioyeHmne. BHegpeHue UCKYCCTBEHHOIO MHTENNIEKTA B AEATENLHOCTb NONMKIMHUK ropoda MocKBbI He TONbKO COKpaLLaeT
BpeMs, Heobxoaumoe Ans noucka u 0bpaboTku 6onbluoro 06bEMa MHdopMaumu, u noMoraeT u3bexxatb NPOdeCCUOHANBHBIX
oLwmM6OK, Ho 1 noBbIlwaeT 3bdeKTUBHOCTL paboTbl NEPBMYHOT0 3BEHA 34paBoOXPaHEHUS ropofia MocKBbI B LESIoM.

KnioyeBble cnoBa: TEXHOJIOMMW B MeAULIMHE; MCKYCCTBBHHbIVI MHTEJIJIEKT; Bpa4 NepBUYHOI0 3B€Ha; NOJIMKJIMHUKK; 3[,paBo-
OXpaHeHue.
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Artificial intelligence technologies in the activities
of primary healthcare in Moscow

Ekaterina V. Blokhina, Alexey S. Bezymyannyy

Directorate for Coordination of Medical Organizations' activities, Moscow, Russia

ABSTRACT

BACKGROUND: In recent years, the healthcare sector has emerged as a key area where artificial intelligence technologies are
gaining strategic importance. In particular, the implementation of these technologies in primary healthcare has demonstrated
particular relevance and importance [1-3].

AIM: The aim of the study is to characterize the stages of implementation of artificial intelligence technologies in the activities
of urban polyclinics in Moscow.

MATERIALS AND METHODS: Analytical, statistical, socio-hygienic, and experimental methods were used.

RESULTS: The primary objective of integrating artificial intelligence into the operations of city polyclinics was to enhance
the efficacy of medical data processing, mitigate the likelihood of professional missteps, and optimize the coordination of
interactions between different medical professionals.

The initial challenge of processing a vast quantity of information was met by the implementation of artificial intelligence in
the analysis of electronic medical records. This approach resulted in the development of integrated and secure systems that
facilitate the accessibility of patient data to physicians and medical staff for the purpose of quality of care analysis.

In addressing the second task of using artificial intelligence technologies to provide consulting services to physicians in
making a diagnosis, the work was carried out in several stages. In 2020, the top three medical decision support systems were
implemented, which assist therapists in making preliminary diagnoses based on the International Classification of Diseases
10th revision (ICD-10).

Since 2023, the Diagnostic Assistant system, which analyzes data from a patient’s electronic medical record and offers a
second opinion on a confirmed diagnosis, has been actively used. Currently, this system includes 95 codes of ICD-10 and similar
diagnoses, with plans to expand its functionality to 268 diagnoses. As a consequence of the training and implementation of the
expansion, the system will be capable of covering approximately 85% of the most frequently established confirmed diagnoses.
A considerable number of expert physicians were involved in the establishment and evaluation of the systems, with over
10,000 cases being handled.

In December 2023, a pilot project was conducted at the City Polyclinic No. 64 (Moscow) with the involvement of almost
100 doctors of this medical institution to identify the possibility of improving the reliability of the model. According to its
results, it was found that the diagnoses made by the doctor and the artificial intelligence system coincide by 89%. Despite the
impressive achievements of technology, it is important to emphasize that the use of artificial intelligence is not intended to
replace the doctor, but rather serves as a second opinion in the work of a specialist.

CONCLUSIONS: The integration of artificial intelligence into the operations of Moscow’s polyclinics not only reduces the time
required to search and process a substantial volume of information, but also helps to avoid professional errors. Furthermore,
it enhances the efficiency of primary health care in Moscow as a whole.

Keywords: technologies in medicine; artificial intelligence; primary care physician; polyclinics; healthcare.
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lporHosupoBaHue passutus Gpubpunnauum
npeacepAuN y KOMOpPOMAHBIX NaLUEHTOB

C apTepuasibHOM rUNepTeH3ued U XpPOHUYECKOM
00CTPYKTUBHOMN 060J1€3HBI0 NErKUX MO AAHHBbIM
nabopaTopHbiX METOA0B UCCJ/IeA0BAHUSA:

noAXof € UCNOJIb30BaHWEM MaLUMHHOIO 06yueHus

E.B. KasaHueBa, A.A. ViBaHHuKoB, A.W. TapauMaHoBa, B.W. Noa3onkos

[epBbiii MockoBCKMI rocyAapCTBEHHbIA MeauUMHCKUIA yHuBepeuTeT uMenn U.M. CeueHoBa, MockBa, Poccus

AHHOTALUA

0O6ocHoBaHMe. ApTepuanbHas rMNepTeH3Ns U XPOHUYecKas 0bCTPYKTMBHAA 6onesHb NETKWUX OKasblBalOT narybHoe BAUAHWE
Ha CTPYKTYpy cepAaua, NpuBoAA K pa3suTuio Gubpunnaumm npefcepamii, KOTopas OCTaéTCA OCHOBHOW MPUYMHOW pasBuTHSA
MO3r0BOr0 MHCY/bTa U NpexaeBpeMeHHon cMepTu [1]. Tak, paHHss auarHocTUKa dakTopoB pucka dubpunnsumum npencep-
OWA Y NaLMEHTOB C apTepuanbHOM TMNepPTEH3NEN U XPOHUYECKON 06CTPYKTUBHOW 60NE3HbI0 NErKMX UMEET BaHelLee 3Ha-
yeHue ans npodunakTMku. MIMeHHo NoaToMy B NpeAUKTMBHOM KapAMOMOrMW MUCMOMb3YIOT METofbl MALUMHHOTO 0By4eHus,
KOTOpble NPEeBOCXOAAT Kiaccuyeckue CTaTUCTMYECKUe MeToAbl MPOrHO3UpOBaHUa [2—4].

Lieno — pa3pabotatb nporHocTM4ecKylo Mogenb passuTua Gbubpunnaumm npeacepani y KOMopoUaHbIX NaLMEHTOB ¢ apTe-
p1anbHOM runepTeH3Mel N XpOHUYECKO 0O6CTPYKTUBHOW BONE3HBI0 NIEFKMX HA OCHOBE MHOOC/IONHOMO MEpLENTPOHa.
Marepuanbl U MeToabl. B uccnepnosanue bbino BrtoueHo 419 naumeHToB, NPOXOAMBLUMX fieYeHWe B YHUBEPCUTETCKON KIM-
HU4ecKoi BonbHuue N° 4 Teporo MocKoBCKOro rocyaapCTBEHHOrO0 MeAMUMHCKOro yHuBepcuteta umenn WM. CeyeHosa.
Mepsyto rpynny coctaBun 91 (21,7%) naumeHT ¢ BepudULMPOBAHHLIM OMArHO30M «hubpUANAUMA Npeacepaui», BTOPYH
rpynny — 328 (78,3%) naumeHToB 6e3 ¢pubpunnsumm npeacepamin. ANrOpUTMOM MaLLMHHOTO 06YYeHUs «CrydaiHbIi Nec»
OCYLLIeCTBJIEH 0TOOp NpeaMKTOPOB, C KOTOpbIMK Bbina pa3paboTaHa HelpoHHas CeTb TUMA «MHOTOCOMHbIN NEPLENTPOH», CO-
CTOSIBLUAsA U3 [1BYX CNI0EB — BXOJHOr0 c1os 3 12 HelipoHOB, Ucnonb3ytowmx GyHKUMIo akTuBaumm ReLU, v BeixogHoro crios,
KOTOpbII NOJTy4aeT BXOAHbIE AaHHble OT NpefbIAYLLEro CIoA U NepeaaeT WX Ha OfMH BbIX0S, UCMONb3yA QYHKLMI0 aKTUBaLMK
curMmouabl. OnpefieneHne NoporoBoro 3HaueHWs, YyBCTBUTENIBHOCTH, CNELM@UYHOCTU M AnarHocTudeckon 3ddeKTUBHOCTH
Mnonyd4eHHoN Mofeny nposoamncs ¢ noMolbio ROC-aHanusa ¢ pacyétoM niowaam noa Kpuson (AUC).

Pesynbtartbl. [lepBbiM 3TanoM pa3paboTKu NpOrHOCTUYECKOW MOAENN anrOpUTMOM MALUMHHOMO 00yYeHUs «CRyYaiiHbIi Nec»
Bbinn oT0bpaHbl Hanbonee 3HaUMMble MPEAMKTOPbI Pa3BUTUA GUBpPUANALMM Npefcepauii: KoHueHTpaumsa C-peakTuBHOro
benka (oTHoweHue waHcoB 1,04; 95% poeeputentHbin uHTepan 1,015-1,067; p=0,002), ckopocTb ocefiaHus 3puUTPOLMTOB
(oTHowweHwe waHcos 1,04; 95% poseputenbHbi uHTepsan 1,019-1,08; p <0,001) u KoHUEHTPaUMA KpeaTMHWHA (OTHOLLEHKE
waHcoB 1,03; 95% pnoseputenbHbi HTepean 1,011-1,042; p <0,001), koTopble Mcnonb30BanUch A1 pa3paboTku Momenu
MHOrOC/I0/HOro nepLenTpoHa, obyuyaBlueiics Ha TecToBoi Bbibopke B TeueHne 500 anox. Mocne okoHuaHWsA 0byyeHus pas-
paboTaHHas Mofenb MMena YyBcTBUTENBHOCTL 85%, cneunduuHocts 80%, amarHoctuyeckyio adhdexrtueHocTb — 79,6%. AUC
cocrasuna 0,900.

3akunioyenue. B xone uccnegosanus bbina paspabotaHa mporHocTMYecKas Mofeslb Ha OCHOBE NMPUMEHEHUS| METOAO0B Ma-
LWKMHHOro 06y4eHus, 0bnapatoLLas XopoLLMMM NOKa3aTeNsMM METPUK, YTO NO3BOJISET pacCMaTpUBaTh €€ B KA4eCTBe BCMOMO-
raTeslbHOr0 CPeACTBA B KJIMHUYECKON NPaKTUKe.

KnioueBble cnoBa: ¢pubpunnaumsa npeacepami, NporH03, MallMHHOe 0by4YeHue, HelpoceTy.
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Predicting atrial fibrillation in comorbid patients
with arterial hypertension and chronic obstructive
pulmonary disease using laboratory research
methods: a machine learning approach

Evgeniya V. Kazantseva, Aleksander A. Ivannikov, Aida I. Tarzimanova, Valeriy |.Podzolkov

The First Sechenov Moscow State Medical University, Moscow, Russia

ABSTRACT

BACKGROUND: Arterial hypertension and chronic obstructive pulmonary disease have a deleterious effect on the structure of
the heart, leading to the development of atrial fibrillation, which remains the leading cause of cerebral stroke and premature
death [1]. Consequently, the early identification of atrial fibrillation risk factors in patients with arterial hypertension and chronic
obstructive pulmonary disease is of paramount importance for the prevention of such conditions. This is why predictive cardiology
employs machine learning methods, which are demonstrably superior to classical statistical methods of prediction [2—4].
AIM: The study aimed to develop a prognostic model of atrial fibrillation in comorbid patients with arterial hypertension and
chronic obstructive pulmonary disease based on multilayer perceptron.

MATERIALS AND METHODS: The study included 419 patients treated at the University Clinical Hospital No. 4 of the .M. Sechenov
First Moscow State Medical University. Group 1 consisted of 91 (21.7%) patients with a verified diagnosis of atrial