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AnHotauuA. CyLLecTBeHHbIM pOCT KONIMYECTBA TPaHCKATETEPHbIX MPOTE3MPOBaHUIA KnanaHa
aopTbl BeAET K PasBUTUIO BCMIOMOraTesibHbIX CUCTEM, peLlaloLlux 334ady MHTpa- unm
L00MnepaumMoHHOro accucTMpoBaHus. OCHOBOM MNOoA06HbLIX CUCTEM CTAaHOBUTCA KOHLLeNumA
KOMMbIOTEPU3UPOBAHHOIO aBTOMaTUYECKOr0 aHAaTOMUYECKOI0 Pacno3HaBaHWUA OCHOBHbIX
OPWEHTVPOB, KITloYeBbIX ANA npoueaypbl. B crnyyae TpaHcKaTeTepHOro npoTesvpoBaHmA —
3/1eMeHTOB KOpHA aopTbl U OOCTaBOYHOM cucTeMbl. HacToAwaa pabota noceALlieHa
[AEMOHCTpaLMKM NoTeHUMana npuMeHeHNA MeToA0B MaLLMHHOIO 0By4YeHWsA — COBpEMEHHOM
aApPXUTEKTYpPbl CBEPTOYHON HelpoHHoM ceTu ResNet V2 onA 3agayn uHTpaonepaLmMoHHOro
OTCNEXMBAHUA peasi-TaliM OCHOBHBIX aHaTOMMYECKMX OPUEHTUPOB BO BPEMs TPaHCKaTETEPHOIO
MPOTe3UPOBaHWA KianaHa aopTbl. OcHoBOM Ay1A 06y4eHMA BbIGpaHHOM apXUTEKTYpbI HEMPOCETU
CTanu KNMHWYecKue rpaduyeckme OaHHble NATU MaLUMEeHTOB, KOTOPbIM OCYLLECTBAAM
TpaHCKaTeTepHOEe MPOTE3MPOBaHME KilanaHa aopTel KOMMepYeckuMu cuctemamm CoreValve
(Medtronic Inc., CLLIA). MNMony4eHHble B x0[€e TaKOro BMeLLATENbCTBa MHTPaonepaumoHHbIe
aopTorpadum ¢ BU3yanu3aumelt 0CHOBHBLIX aHAaTOMUUECKUX OPUEHTMPOB: 3/1EMEHTOB pUOPO3HOIo
KonbLia KnanaHa aopTbl, CUHOTY6YNAPHOr0 COYNIEHEHMA U 3IEMEHTOB [OCTaBOYHOW CUCTEMB,
CTanu BXOAHbIMW OaHHbIMM ANnA paboTbl BbibpaHHONM HelpoceTw. ObLLee KOMMYecTBO
n3obparkenni coctaemno 2000 wwT., KoTopble ObIN CllyYaliHbIM 06pa3oM pacnpedesneHsbl
Ha ase noapebibopKu: 1400 nzobparkeHnin ons obydenna, 600 — ons sanuoaumu. MNokasaHo,
YTO MCMOJIb30BaHHAA apXUTEKTYpPa HEMPOHHOW CEeTU CnocobHa OCYLLECTBAATL OETEKLMIO
C To4HOCTb 85-96% Mo MeTpMKaM KNacCUPMKaLMOHHOM U NOKaNM3aLMOHHON KOMIMOHEHT,
0[HaKo B 3HAYMTENbHOM Mepe He yOoBneTBopAeT TpeboBaHWAM MPON3BOAUTENBHOCTY
(ckopocTn 06paboTKM): BpeMA aHanm3sa ogHoro Kagpa aoptorpadum coctasuno 0,097 cek.
lMonyyeHHble pe3ynbTaThl oNpedensioT AanbHeNLLee HarnpaBeHWe pasBUTUA aBTOMaTUYECKOTO
aHaTOMW4YeCKOro pPacrio3HaBaHWA OCHOBHBIX OPUEHTUPOB MPW TPAHCKaTETEPHOM NPOTE3VPOBaHN
KrlanaHa aopTbl C MO3ULMM CO3AaHMA aCCUCTUPYIOLLIEN CUCTEMbI — CHUMEHWE BPEMEHW aHaNMN3a
KaXOoro Kagpa 3a CYeT OMUCaHHbIX B IUTEpaType MeToAoB ONTUMU3aLMKU. TeM He MeHee
NpeLJI0XeEHHbI BapUaHT ABMAETCA NEPCMNEKTUBHOMN BbICOKOTOYHOM OCHOBOW O/1A MPUKNagHOM
peanu3aumm nofo6Horo NporpaMMHoOro obecrneyeHus.

KnioueBble cnoBa: cBepTOYHaA HEMPOHHAA CeTb, a0pTorpaduA, TpaHCKaTeTepHOe NMPOTE3MPOBaHME KaanaHa
aoptbl, TAVR, F1-score, nokanusauma
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Abstract. A significant increase in the number of transcatheter aortic valve replacements
entails the development of auxiliary systems that solve the problem of intra- or preoperative
assistance to such interventions. The main concept of such systems is the concept of
computerized automatic anatomical recognition of the main landmarks that are key to the
procedure. In the case of transcatheter prosthetics — elements of the aortic root and delivery
system. This work is aimed at demonstrating the potential of using machine learning methods,
the modern architecture of the ResNet V2 convolutional neural network, for the task of
intraoperative real-time tracking of the main anatomical landmarks during transcatheter aortic
valve replacement. The basis for training the chosen architecture of the neural network was
the clinical graphical data of 5 patients who received transcatheter aortic valve replacement
using commercial CoreValve systems (Medtronic Inc., USA). The intraoperative aortographs
obtained during such an intervention with visualization of the main anatomical landmarks:
elements of the fibrous ring of the aortic valve, sinotubular articulation and elements of the
delivery system, became the output data for the work of the selected neural network. The total
number of images was 2000, which were randomly distributed into two subsamples: 1400
images for training; 600 — for validation. It is shown that the used architecture of the neural
network is capable of performing detection with an accuracy of 95-96% in terms of the metrics
of the classification and localization components, however, to a large extent does not meet the
performance requirements (processing speed): the processing time for one aortography frame
was 0.097 sec. The results obtained determine the further direction of development of automatic
anatomical recognition of the main landmarks in transcatheter aortic valve replacement from
the standpoint of creating an assisting system — reducing the time of analysis of each frame due
to the optimization methods described in the literature.
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BeBepeHue

naHa aoptsl (Transcatheter aortic valve

replacement - TAVR) cranoButcst pyTus-
HOU MIPOIICAY PO JIEUeHNUS IPUOOPETEHHBIX TIOPO-
KOB BO BCEM MUpE, B TOM uuciie U B Poccuiickoi
®enepanuu. [lo craTucTUYECKUM JJAHHBIM PSijl
KJIMHUK BeimonHset 0oiee 100 mogoOHBIX BMe-
IaTEIbCTB B IO, U UX YHCIIO C MOBBIIIEHHEM

| PAaHCKATETEPHOC IMPOTE3UPOBAHUC KJld-

JOCTYITHOCTH W BBIXOZOM HOBBIX MOJENei Tpo-
TE30B MpojoixkaeT pactu [1, 2]. B ocHoBe naH-
HOW MpOIEypHI JIKAT UMIUTAHTAIUS KIlallaHa
cepJilla 4epe3 COCYIUCTYI0 CUCTEMY I10 IpPHH-
LIMITY, CXOKEMY C KOPOHAPHBIM CTEHTUPOBAHUEM.
IIpore3 knanana cep/ua, ckaTblid 10 MaJIOTO JIU-
ameTpa 6—8 MM, TTPOABHUTACTCS II0 KPYITHBIM ap-
TEPHUSM IO CEPLIA, TTOCIIE YeTO eT0 PACKPHIBAIOT
Pa3IMYHBEIMUA METOJaMU, TIPUIaBast pabouuii u-
ameTp 19-25 MM. YuutsiBas, 4To AaHHAs MPoO-
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