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[lBoViHOM NpOCMOTpP pe3ynbTaToB MaMMorpagum Qo
C NPUMEHEHUEM TEXHOIOrMA UCKYCCTBEHHOIO

WHTENJIeKTa: HOBasi MOAENb OpraHM3aLuM MaccoBbIX
npodpunakTUYECKUX UCCnea0BaHUM

10.A. Bacunbes', U.A. Toipos?, A.B. Bnagaumupckuin', K.M. Apsamacos',
WM. Wynbkuu', 0.0, Koxxuxuna', 11,10, Mectperm’

! Hay4HO-NpaKTMYECKWIA KIMHUYECKUA LEHTP AMArHOCTUKM W TENeMeANLIMHCKIMX TexHosormii, Mockea, Poccuitckas ®epepaums
2 [lenaptameHT 34paBooxpaHeHns ropoaa Mockssl, Mocksa, Poccwiickas ®epnepaumsa

AHHOTALUA

06ocHoBaHue. [locTynHOCTb HabOPOB MEAMLMHCKUX [LaHHbIX M TEXHONOMMIA pa3paboTKu NMporpaMMHOro obecneyeHns Ha ocHoBe
WMCKYCCTBEHHOIO WHTENNEKTa B NOCNeAHUe rofbl NPUBENA K YBENMHYEHMI0 KONMYECTBA PeLUeHuii AN MeaULMHCKON AMarHOCTUKYU
W MaMMorpaguu B YacTHOCTM. 3T0 NporpamMMHoe obecneyeHue, 3aperucTpUpOBaHHOE KaK MeAMLMHCKOE M3Aenmne, MOXKET BbiTb
MCMONb30BaHO 1S ONMCaHUA LMPPOBLIX MaMMorpaduii, YTo NO3BONUT B 3HAUUTENBHON Mepe CIKOHOMMUTb BPEMEHHbIE, MaTepuanb-
Hble M KafipoBble PECYpChl B 3[paBOOXPaHEHUM NPU rapaHTUPOBAHHOM COXPaHEHUUM KayecTBa NpOGMNAKTUYECKUX MCCNe0BaHUIA
MOJIOYHBIX JKENE3.

Lenb — obocHoBaTb BO3MOXHOCTb M 3(HEKTUBHOCTL NPUMEHEHUSI NPOrpaMMHOT0 06ecreyeHnst Ha OCHOBE TEXHOOMMIM WUCKYC-
CTBEHHOr0 MHTENNEKTa A1 NepBOi MHTepNpeTaLmMn LIMGPOBBIX MaMMOrPaMM MU COXpaHEHUW MPAKTUKKU BTOPOTO OMUCaHUSA PEHT-
FeHOBCKUX 1306paeHuii BpaioM-pEHTTEHONOMOM.

Matepuanbl u MeTogpbl. Habop aaHHbix 3 100 umMdpoBbix MaMMorpauyeckux uccnefoBaHuid, 3 Hux 50 — «OtcyTcTBme uene-
BOM natonorum», 50 — «[lpucyTcTBrE LeneBoi naTonorum» (C NpM3HaKamMu 3/10Ka4eCTBEHHBLIX HOBOOOpa30BaHuit), bbin 0bpaboTaH
NporpamMMHbIM 00ecreyeH eM Ha OCHOBE TEXHOMOMMI UCKYCCTBEHHOO UHTENNIEKTa, 3aperncTpupoBaHHbIM B Poccuiickoii Peaepa-
LM Kak MeauumnHcKoe usgenue. BeinonHeH ROC-aHanus. OrpaHnyeHus uccneoBaHus: 3HaYEHUS METPUK AMArHOCTUYECKOM TOYHO-
CTW NONyYeHs! ANS BEPCUA NporpaMMHOro obecneyeHns Ha 0CHOBE TEXHOOTUIA UCKYCCTBEHHOIO MHTENNEKTA, aKTyasbHbIX Ha KOHeL|
2022 ropa.

Pesynbtartsl. [pyu HacTpoiike Ha 80,0% YyBCTBUTENBHOCTL CNELMGBMYHOCTL UCKYCCTBEHHOIO MHTENNeKTa cocTasuna 90,0% (95% AN
81,7-98,3), TouHoctb — 85,0% (95% AU 78,0-92,0). Mpu HacTporike Ha 100% cneundrUUHOCTb UCKYCCTBEHHBINM MHTEINEKT NOKa3an
uyscTBMTENbHOCTL 56,0% (95% [N 42,2-69,8), TouHocte — 78,0% (95% AN 69,9-86,1). Mpu HacTpoiike Ha 100% uyBcTBUTEND-
HOCTb CMeLMdUYHOCTb UCKYCCTBEHHOTO MHTENNEKTa cocTaBuna 54,0% (95% [N 40,2—-67,8), TouHocte — 77,0% (95% [IM 68,8-85,2).
MpeanoxeHbl ABa NOAX0Aa, NpeaycMaTpUBALOLLME aBTOHOMHYIO NEpBY0 MHTepRpeTaumio LudpoBoi MaMMorpaduv nocpeacTsoM
WMCKYCCTBEHHOIO MHTeNNeKTa. [epBbiii NOAX0S, 3aK/TI04aeTCs B OLEHKE PEHTTEHOBCKOr0 M300paKeHNs C NOMOLLbIO UCKYCCTBEHHOMO
WHTENNeKTa ¢ bonee BLICOKON YYBCTBUTEILHOCTLIO, YEM Y ABOIHOTO OMMCaHUs MaMMorpadui BpayaMuU-peHTreHonoramMm, Npu co-
MoCTaBUMOM YpoBHe cneumduyHocTU. BTopoit noaxos nogpasymeBaet, YTo nporpamMMHoe obecrieyeHne Ha OCHOBE TEXHOMOTUA
WUCKYCCTBEHHOIO MHTEN/EKTa byaeT onpefensTb Kateropuio MaMmorpadun («0TcyTcTBme LieneBoi natonoruv» unn «MpucytcTeme
LienIeBOM NaToNIOMMW») C YKasaHMEM CTEMEeHW CBOEH «yBEPEHHOCTU» B MOJYYEHHOM pe3ysibTaTe B 3aBUCMMOCTM OT «KOpPUZO0pa»,
B KOTOpbIA NONafiaeT NpeAcKasaHHOe 3HayeHue.

3aknouenue. 06a NpenoxeHHbIX CLEEHApHSA UCMOb30BaHKA NPOrpaMMHOro o0becneyeHus Ha 0CHOBE TEXHOJIOMWIA UCKYCCTBEHHOTO
WHTENNEKTa C Lienblo aBTOHOMHOIO NEepBOr0 OMUCaHWSA LMGPOBbIX MaMMOrpaMM CnocobHbl 06ecneunTb KayecTBo AMAarHOCTUKY,
He ycTynaiolee [BOAHOMY OMUCAHWI0 CHUMKOB BPa4aMWU-PEHTIEHOIOMaMU U laie NpeBblllalollee ero. IKOHOMMYECKas BbIroAa
OT MPaKTMYeCKON peanusaumm JaHHOro NoAxofAa B MacluTabax cTpaHbl MoXeT cocTaBnATb ot 0,6 4o 5,5 Mnpp pybneii exerofHo.

Kniouesbie cnopa: npod)unaKquecxme nccnenoBaHus; MaMMorpad)Vlﬂ; VICKYCCTBEHHin;I WHTEJIIeKT; AUarHoCTu4ecKana TOHHOCTb.
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Double-reading mammograms using artificial
intelligence technologies: A new model of mass
preventive examination organization

Yuriy A. Vasilev', llya A. Tyrov?, Anton V. Vladzymyrskyy', Kirill M. Arzamasov',
lgor M. Shulkin', Daria D. Kozhikhina', Lev D. Pestrenin'

! Moscow Center for Diagnostics and Telemedicine, Moscow, Russian Federation
2 Moscow Health Care Department, Moscow, Russian Federation

ABSTRACT

BACKGROUND: In recent years, the availability of medical datasets and technologies for software development based on
artificial intelligence technology has resulted in a growth in the number of solutions for medical diagnostics, particularly
mammography. Registered as a medical device, this program can interpret digital mammaography, significantly saving time,
material, and human resources in healthcare while ensuring the quality of mammary gland preventive studies.

AIM: This study aims to justify the possibility and effectiveness of artificial intelligence-based software for the first interpretation
of digital mammograms while maintaining the practice of a radiologist's second description of X-ray images.

MATERIALS AND METHODS: A dataset of 100 digital mammography studies (50 — “absence of target pathology” and 50 —
“presence of target pathology,” with signs of malignant neoplasms) was processed by software based on artificial intelligence
technology that was registered as a medical device in the Russian Federation. Receiver operating characteristic analysis was
performed. Limitations of the study include the values of diagnostic accuracy metrics obtained for software based on artificial
intelligence technology versions, relevant at the end of 2022.

RESULTS: When set to 80.0% sensitivity, artificial intelligence specificity was 90.0% (95% Cl, 81.7-98.3), and accuracy was
85.0% (95% Cl, 78.0-92.0). When set to 100% specificity, artificial intelligence demonstrated 56.0% sensitivity (95% Cl, 42.2—
69.8) and 78.0% accuracy (95% Cl, 69.9-86.1). When the sensitivity was set to 100%, the artificial intelligence specificity was
54.0% (95% Cl, 40.2—67.8), and the accuracy was 77.0% (95% Cl, 68.8-85.2). Two approaches have been proposed, providing an
autonomous first interpretation of digital mammography using artificial intelligence. The first approach is to evaluate the X-ray
image using artificial intelligence with a higher sensitivity than that of the double-reading mammogram by radiologists, with
a comparable level of specificity. The second approach implies that artificial intelligence-based software will determine the
mammogram category (“absence of target pathology” or “presence of target pathology”), indicating the degree of “confidence”
in the obtained result, depending on the corridor into which the predicted value falls.

CONCLUSIONS: Both proposed approaches for using artificial intelligence-based software for the autonomous first
interpretation of digital mammograms can provide diagnostic quality comparable to, if not superior to, double-image reading
by radiologists. The economic benefit from the practical implementation of this approach nationwide can range from 0.6 to
5.5 billion rubles annually.

Keywords: artificial intelligence; diagnostic accuracy; mammaography; preventive medicine.
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