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HoBasa Mogenb opraHusauumM MaccoBbix NMPoPUNAKTUYECKUX UCCIIef0BaHUM,
OCHOBaHHaA Ha aBTOHOMHOM UCKYCCTBEHHOM UHTeJIJIeKTe ANA COPTUPOBKU
pe3synbTaTtoB ¢silooporpadpum

10.A. Bacuneeg’, N.A. Teipog?, A.B. BnadsumupcKkull’, K.M. Apzamacog’, J1.[. lMecmpeHur’, .M. LLlynbKuH’

"I'BY3 2opoda MocKsbl «Hay4Ho-npakmuyecKul KAuHUYecKull yeHmp duaaHOCMUKU U mesieMeduyUHCKUX mexHos102ull
Henapmamerma 30pasooxpaHeHus 2opoda Mockael», yn. [Memposka, 0. 24, cmp. 1, 2. Mockaa, 127051, Pocculickas @edepayus
2 [lenapmameHm 38pasooxpaHeHus1 20poda MocKabl, OpyeliHbilti nep., 9. 43, 2. Mockaa, 127006, Poccutickaa ®edepayus

Pe3siome

BgedeHue. B HacTosLee BpeMsA oTMeyaeTcA BypHoe pasBuTHE NporpamMMHoro obecrneyeHnsA Ha OCHOBE TEXHOJSIOMMMN UCKYC-
CTBEHHOI0 MHTEJINIEKTA, B TOM YnCe ANA aHanmsa undposbix ¢plooporpaMm. 3To NporpaMMHoe obecrieveHne, npeasaputesib-
HO 3aperucTpMpoBaHHOE Kak MeULMHCKOe nsfenve, MoXeT 6biTb MCMOosb30BaHO A/1A aBTOHOMHOIO aHanu3a 1 COpTUPOBKU
MccneaoBaHWi, YTo NO3BONT BpadaM-peHTreHosioram choKycnpoBaTb BHMUMaHME Ha UCCIef0BaHNAX C NaTosIorMen.

Llenb uccnedosaHus: 060CHOBAaTh BO3MOMHOCTb U 3G GEKTUBHOCTL MPUMEHEHUA NMPOrpaMMHOro obecreyeHVA Ha OCHOBe
TEXHOJI0M MM UCKYCCTBEHHOIO MHTE/INIEKTa A1 aBTOHOMHOIO aHasM3a M COPTUPOBKM pesyibTaToB umMdpoBol dpniooporpadum.

Mamepuarnsi u Memodsi. C noMoLLblo NporpaMMHoOro obecrneyeHnsa Ha OCHOBE TEXHOJSIOMMU UCKYCCTBEHHOIO MHTESIIeKTa,
3apernctpupoBaHHoro B PO Kak MeanumHcKoe nsgenue, bbino obpabotaHo 88 048 undpoBbix ¢ilooporpamm, BbINoSTHEHHbIX
B nepBoM KBapTasie 2023 r. NposegeH ROC-aHanu3 rnosyyYeHHbIX JaHHbIX.

Pe3ynbmamel. Mpuy TeRyLLMX HACTPOMKax NporpaMMHoro obecrnevenuns: YyBcTBuTenbHocTb 90,4 % (95 % OW: 88,2-92,7),
cneunduyHocTb 75,5 % (95 % OWN: 75,2-75,8), TouHocTb 75,6 % (95 % OW: 75,3-75,9). Mpu HacTpoiKe nporpaMMHoro obe-
creyeHmnsa Ha MaKCUMasibHYI0 YyBCTBUTENBHOCTL: YyBcTBUTENBbHOCTL 100,0 % (95 % [OW: 100-100), cneunduyHocts 77,4 %
(95 % OW: 74,8-80,0), TouHocTb 77,9 % (95 % OWN: 75,3-80,5). MNpennorkeHa Moaenb opraHM3aumm MeamuUMHCKOM MOMOLLM,
npegycMaTpvBaloLLan aBTOHOMHYIO COPTUPOBKY pe3ynbTaToB NpodunakTuyeckon gpniooporpadun: nsobparkeHma aHanmnsm-
pyloTcA NporpaMMHbIM obecriedeHneM, pesynbTaThl ¢ «<HopMoii» coxpaHAlTcA B MeANUMHCKOM OOKYMeHTauun 6e3 onmcaHns
Bpa4YoM-peHTreHo0roM, pesysbtaThl ¢ «He HoOpMoK» HaNPaBNAIOTCA Ha ONMcaHWe BPa4YOM-pPEeHTIEHOI0MOM (B NMepcrneKTuBe, Mo
Mepe COBEepLUEHCTBOBAHNA TEXHOIOMMI MCKYCCTBEHHOIO MHTEJIJIEKTA, Cpasy HanpasAlTCA Bpayy KIMHUYECKOW CNeumanbHOCTH).

3akodeHue. ONTUMarbHBLIM cLeHapyeM BUOUTCA UCMO/Ib30BaHWE NPOrpaMMHOro obecrneyeHnA Ha OCHOBE TEXHO0MMU
MCKYCCTBEHHOIO MHTesI/IeKTa ANA BbIABEHWNA UCCNe4oBaHUM KaTeropun «HopMa», nepecMoTp KOTOpbIX Bpa4YOM-peHTreHo-
JIOrOM MpU HacTPOMKe anropyMTMa Ha MaKCUMaribHyI0 YyBCTBUTENIbHOCTb HeobAsaTeneH. 06A3aTensHoMy nepecMoTpy 6yayT
rnoABepraTbCA TOSIbKO Te UCC/IeA0BaHWA, KoTopble by ayT KnaccmduuMpoBaHbl MPOrpaMMHbIM obecrieveHneM Kak «He HopMar.
3KOHOMMYeCcKan Bbiroa OT NMPaKTUYeCKoW peanusaumm AaHHOro noaxofa B MacluTabax cTpaHbl MOMET cocTaBNATh Ao 5,6 Mipa
py6neit exkerogHo.

KnioueBble cnoBa: npopunaktudeckne uccnefoBanua, Griooporpaduma, MCKYCCTBEHHbIM MHTESIEKT, AuarHocTu4ecKan
TOYHOCTb, 3KOHOMUYECKUN 3PP EKT.

[na umtuposanua: Bacunses 10.A., Toipos W.A., Bnagsummnpckuin A.B., Apsamacos K.M., MectpenuH J1.., LLynbkuH .M. HoBaa Mogenb
OpraH13aLmnM MaccoBbiX MPOGUIAKTUYECKUX MCCNe0BaHWIA, OCHOBaHHAA Ha aBTOHOMHOM UCKYCCTBEHHOM VHTE JI/IeKTe [J1A COPTUPOBKM
pe3ynbTaTtoB dnooporpadum // 3nopoBbe HaceneHua u cpeda obutanua. 2023. T. 31. N2 11. C. 23-32. doi: 10.35627/2219-5238/2023-
31-11-23-32

A New Model of Organizing Mass Screening Based on Stand-Alone Artificial
Intelligence Used for Fluorography Image Triage

Yuriy A. Vasilev," llya A. Tyrov,? Anton V. Vladzymyrskyy," Kirill M. Arzamasov,’ Lev D. Pestrenin,’ Igor M. Shulkin’

" Research and Practical Clinical Center for Diagnostics and Telemedicine Technologies of the Moscow Department
of Health, Bldg 1, 24 Petrovka Street, Moscow, 127051, Russian Federation
2Moscow Department of Health, 43 Oruzheynyy Lane, Moscow, 127006, Russian Federation

Summary

Introduction: A rapid development of artificial intelligence software, including that for the analysis of digital fluorography
images, has been noted recently. Pre-registered as a medical device, this software can be used for stand-alone analysis and
triage of test results, allowing radiologists to focus on pathological findings.

Objective: To substantiate the possibility and efficiency of using artificial intelligence software for stand-alone analysis
and triage of digital fluorography images.

Materials and methods: 88,048 digital fluorograms obtained in the first quarter of 2023 were processed using the artificial
intelligence software registered in the Russian Federation as a medical device and a ROC analysis of the findings was carried out.

Results: We established that default software settings with the sensitivity of 90.4 % (95 % Cl: 88.2-92.7) produced specificity
of 75.5 % (95 % ClI: 75.2-75.8) and accuracy of 75.6 % (95 % Cl: 75.3-75.9). At the maximum sensitivity of 100.0 % (95 % ClI:
100-100), specificity was 77.4 % (95 % Cl: 74.8-80.0) and accuracy was as high as 77.9 % (95 % Cl: 75.3-80.5). We have proposed
a model of organizing health care which provides for stand-alone sorting of fluorography images by the software, saving normal
results without their verification by a radiologist, and sending images with abnormal findings to a radiologist for diagnosis (in
the future, as artificial intelligence improves, the latter will be immediately sent to a physician of the clinical specialty).

Conclusions: The established optimal scenario includes the use of artificial intelligence software to identify normal findings,
which examination by a radiologist is optional when the algorithm is set to maximum sensitivity. Only the findings classified
as abnormal will be subject to mandatory revision. The annual economic benefit gained by practical implementation of this
approach nationwide can reach 5.6 billion rubles.

Keywords: screening, fluorography, artificial intelligence, diagnostic accuracy, cost-benefit analysis.

For citation: Vasilev YuA, Tyrov IA, Vladzymyrskyy AV, Arzamasov KM, Pestrenin LD, Shulkin IM. A new model of organizing mass screening
based on stand-alone artificial intelligence used for fluorography image triage. Zdorov’e Naseleniya i Sreda Obitaniya. 2023;31(11):23-32.
(In Russ.) doi: 10.35627/2219-5238/2023-31-11-23-32
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BBepneHue. B HacToALlee BpeMA naeT akTmB-
HaA umdpoBana TpaHcpopMauma 34paBoOOXPaHEHUA
Poccuiickon @epgepaumu. JingepoM cooTBeTCTBY-
IOLLMX MPOLIeCCOoB ABMAETCA JiyyeBaA OMarHOCTUKA.
OTMeyYaeTca LUeHTpanmMsauma onmcaHnsa peHTreHoso-
rMYecKMX nccnenoBaHUM ¢ NpUMeHeHWeM TenleMeau-
LUMHCKMX TexHonorun [1]. Tak, exxeaHeBHo B MocKBe
npoBoauTcsA 6onee 45 000 nccnegoBaHuin, KoTopble
OMNKUCbIBAOTCA Bpa4vaMU-peHTreHosioraMm OUCTaH-
LUMOHHO MNpu nomMolwm EgmHoro paguonornyeckoro
nHdopMaumoHHoro cepsuca EguHon MeguuUmMHCKom
MH$OPMaLMOHHO-aHaANMNTUYECKOM CUCTEMBI I'. MOCKBbI
(EPUNC EMUAC). OcHoBHOM 06beM mnccnenosBaHum
NpUXoamMTCA Ha MaccoBble NpodunaKkTUYecKme nccne-
nosaHusa — ¢niooporpaduio (OJ1MN) opraHoB rpyaHom
KNneTkn n Mammorpadwmio. CornacHo oTyeTy riaBHoOro
BHeLWTaTHoro creumanucta MmHsgpasa Poccum no
Ny4YeBOM N UHCTPYMeHTanbHon auarHocTtuke, B 2020
rogy B cTpaHe 6b1110 BbiNosiHeHo 74 856 124 ¢nioopo-
rpadwui, 80 % 13 KoTopkIx 6biM B UMdpoBoM dpopmarTe’.
XapaKkTepHasa 0cobeHHOCTb MPOdUIAKTUHMECKMX UCCe-
[0BaHUIN — 3TO HU3KUI yaAesbHbIA BEC UCCIeA0BaHNN C
natonoruein. Mo nuTepaTypHbIM AaHHbIM B Poccum npum
npoBeaeHun Gprooporpadun BeIABIAEMOCTb Pas/IUYHbIX
MaTosiIorui OpraHoB rpyaOHON KNeTKU KonebneTca oT
0,07 po 18,4 % [2-6]. MNMpwn 3TOM Hanboee BbiICOKME
rMoKa3saTtesi XapaKTepHbI 417 COBOKYMHOMO BbIAB/IEHUA
pasnn4HbIX 3aboneBaHui (TybepKynes, OHKOMoruA,
MHble cocTtoAnuA) — 10,1-18,4 %; MeHbLUMe 3HaYeHuA
XapaKTepHbl UMeHHO O/ 06HapyKeHUA NPU3HaKoB
Ty6eprynesa — 0,07-0,76 %.

Anpuiopu 60/1bLLUMHCTBO pe3y/ibTaToB Npodunax-
TUYECKMX UCCNefoBaHUM OTHOCATCA K KaTeropum
«Hopma» (Npy HeceneKTUBHOM CKpUHUHIE). Mpn
WHTeprnpeTaLum BpayoM COOTBETCTBYIOLLEro NOTOKa
MccnefoBaHWMA NOBLILLAETCA PUCK NPOoMyCcKa NaTos1ornu.
Mo3ToMy 06LLENPUHATON CUYMTAETCA CUCTEMA ABONHOIO
UTeHuWA, Korga ogHo UcciiefoBaHMe NpocMaTpUBaeTCA
OByMA crneumanuctamu. Takon noaxon HOpMaTUBHO
ycTaHoBJIeH AnA npodunakTnyeckon MaMmMorpadum,
a ero Hay4Hylo OCHOBY COCTaBJiAlOT yb6eauTesibHble
cMcTeMaTuyeckue o63opbl M MeTaaHanusbl [7, 8]. [nA
OJII, cornacHo akTyasibHbIM HOPMaTUBHO-MPaBOBbLIM
aKTaM, NpegnonaraeTcaA TO/IbKO 04HO YTeHue. [1BoiHbIe
MPOCMOTPbI HOCAT NULLb PpeKoMeHAaTe IbHbIM XapaKTep.
BMecTe c TeM exerofHo B Poccum BbINOMHAIOTCA OECATKU
MWIJIMOHOB NPodunakTUYecknx gniooporpaduryeckmx
nccnedoBaHUN, MHTeprpeTaumsa KoTopbIX TpebyeT
KoJsloccasibHbIX KAAPOBbIX M MaTepuasibHbIX pecypcoB.

CornacHo nocsiegHUM UCCiIe0BaHNAM, OOCTUMEHNA
B 06/1aCTV TEXHOIOMMIN UCKYCCTBEHHOIO UHTESINIEKTa
(TUN) nossonunu BpayaM-peHTreHosioraM apdex-
TUBHO MCMOJMb30BaTh MX ONA oNTUMM3aLum pabounx
MPOLIeCCOB U NOBbILUEHUA TOYHOCTU AMArHOCTMKM, YTO B
KOHEYHOM cYyeTe NPMBOOUT K [OKa3aHHbIM CHUMEHNAM
3KOHOMMYecKux 3aTpar [9, 10]. NMoKkasaTenu To4HOCTU
anropuTMoB, NpeaocTaBsiAeMble pa3paboTumKkamm,
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[aocTaTtoyHo Bbicoku [11-13], gocTuraloT nokasaTenen

Bpayen peHTreHonoroB [14], a No oTAeNbHbLIM peLue-
HUAM Oaxe npe.biwaioT mx [15].

Mo cocToAHUo Ha aexkabpb 2022 roaa, B Mmpe 29
nMporpamMMHbIX NpoayKToB Ha ocHoBe TUW nMmeloT eB-
pornercKyto cepTudUKaumio Kak MeaMLUUHCKoe usgenve
(CE MDR/MDD)?. Ba)H0o OTMeTUTb, YTO OOUH TaKoMn
nporpammHbii npoayKT (ChestLink®), gonyLeHHbIn K
obpalleHnio Kak MeguLMHCKoe 1sgenuve, npegHasHa-
YeH OJ1A NoJSIHOCTbio aBTOHOMHOro aHanusa PIT OMK3. B
Poccurickon @egepaumu, rno cOCTOAHMIO Ha AeKabpb
2022 roga, ctatyc MeauLUMHCKOro nsgenuvs rnosy4eH
22 NporpaMMHbIMK NMPOAYKTaMM Ha OCHOBE TEXHOJTOMUIA
VW, B ToM uncne OBymMA — s aBTOMaTU3NPOBaHHO-
ro aHanmsa pesynbtatos OJI n PI™ (koMnanum 000
«MeguunHCKMe CKpUHUHE cucTembl» (P3H 2021/14449)
n 000 «DT1m3smncbnoMepn» (P3H 2022/17406)).

Llenb nccnepgoBaHua — 060cHoBaTh BO3MOMHOCTb
1 3pPEeKTUBHOCTb NPMMEHEHUA NPorpaMMHoro obe-
crneyenus (MO) Ha ocHoBe TEXHOOMMW UCKYCCTBEHHOM O
WHTeNNIeKTa AN1A aBTOHOMHOIMO aHanm3a U COpTUPOBKM
pe3ynbTaToB UMdpposor droporpadum.

Marepuansl u MeTofbl ViccnegoBaHue BbINOSIHEHO
B paMKax «3KcnepuMeHTa Mo UCMosib30BaHUI0 MHHO-
BaLMOHHbIX TEXHOIOMM B 0611acTV KOMIMBIOTEPHOIO
3peHuA ANnA aHanMsa MegUUMHCKUX U306paXeHnin n
OarnbHenwero NpUMeHeHWs B cUCTeMe 34paBooxpa-
HeHuA ropoga MockBsbl», nposoagmmMoro ¢ 2020 r. npu
noanep:xKe MpaButenbcTea Mockebl (Mosmed.ai)“.

WccnepoBaHve ogobpeHo fIoKasnbHbIM 3STUYECKUM
KoMUTEToM (BbINMUCKa 13 npoTokona N2 2 HIK MPO
POPP ot 20 ¢eBpana 2020 roga), a Tak»Ke 3aperu-
cTpupoBaHo Ha ClinicalTrials (NCT04489992).

[u3aliH nccnegoBaHWA: CMeLLaHHbIN (Konn4yecTBeH-
HbI KOMMOHEHT — PETPOCMEKTUBHOE AMarHoCTUYeCcKoe
nccnefoBaHWe, KaYecTBEHHbIN KOMMOHEHT — aHau-
TUYecKoe nccriegoBaHue).

TexHoMormm NCKycCTBEHHOI O UHTesINeKTa. B
MccnenoBaHUKM MCMoOJb30Banu pesysibTaTbl paboTol
Jlyyllero nporpamMMHoro obecrieveHus rno MaTpuue
3peniocTn 6e3 yroM1UHaHUA ero HasBaHuA C Lesibio
aKLUEeHTUPOBaHWA BHMMaHWA Ha acreKkTax umdppoBom
TpaHcpopmMaLMM NPOLIEeCcCoB Jly4eBOM AMArHOCTUKM, a
He Ha 0CO6EHHOCTAX TOFO UM MHOFO KOMMEPYeCKOoro
nNpoayKTa.

MO 6bino nHTerpmposaHo B EPUC EMUAC B pamKkax
Hay4HOro 3KCrepuMeHTa, yKasaHHoro Bhiwwe. M0 Ha
ocHoBe TUWM npuHumano Ha Bxoa umndposyio OJII B
¢dopmate DICOM, aHanusmpoBaso ee 1 Bo3BpaLlaso
B KauecTBe oTBeTa TeKcTtoBoe onmncaHue (DICOM SR),
n3obparkeHne c pasMeTKoM NaTosiormyecknx obnac-
Ter (DICOM SC), BepoATHOCTb HaNN4UMA NaTosiorum B
nccnenoBaHum B LiesioM. MNMepeyunciieHHble pesynbTaThl
paboTbl NporpamMMHoro obecneyeHna BMecTe C UC-
XOOHbIMU pe3ysibTaTaMn UcciiefoBaHUA CTAaHOBUIINCH
goctynHel B EPUC EMUAC. Ha puc. 1 npuBeaeH npumep
o6HapyeHua Leneson natonorum M0 Ha ocHoBe TUN.

" TiopuH W.E. OtyeT 3a 2020 r. rnaBHOro BHewTaTHOro cneuymanucta MuHsapasa Poccum no ny4eBoi U MHCTPYMEHTaNbHOM AMarHoCTUKe

TiopuHa W.E. 2020.

2 Al for radiology [3nexTpoHHbIn pecypc]. URL: https://grand-challenge.org/aiforradiology/?subspeciality=Chest&modality=X- rayRce_
under=All®ce_class=AllRfda_class=AllRsort_by=last modified®search= (nata obpatieHus: 24.12.2022).

3 CE Mark for First Autonomous Al Medical Imaging Application [3nekTpoHHbIM pecypcl. URL: https://oxipit.ai/news/first-autonomous-

ai-medical-imaging-application/ (naTta obpatuenua: 24.12.2022).

“ Bacunbes 0.A., Bnagsumupckuii A.B., pea. KoMnbloTepHoe 3peHue B Sly4eBoi AUarHoCTUKe: nepBbli 3Tarn MoCKOBCKOM0 3KCNepuMeHTa:

MoHorpadus. M.: agatensckue pewenus, 2022. 388 c.
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TABRO B HCCTETOBATE TR HETHS

Puc. 1. I'IpMMep paﬁOTbI nporpaMMmHoro obecrieveHns Ha OCHOBE TEXHOJIOMUN MCKYCCTBEHHOIO MHTeJI1eKTa. LiseTHon
KOHTYp — pe3ynbTaTt pa60TbI npencrtassieHHOro nporpaMMHoOro obecneveHus, BblaeneHa 06s1acTb ¢ pPeHTreHosiorn4eckmn-
MU NMpU3Hakamn HEBOCTOPOHHEVI BerHe,D,OHEBOVI NMHEBMOHUA

Fig. 1. The example of fluorography image processing by Al software: the Al-generated colored contour on the right
outlines the area with radiological signs of left upper lobe pneumonia

AHanusupyemble daHHble. MpoaHanusmpoBaHo 88 048
UMPpPOBbLIX GII00POrpamMM, BbIMOSIHEHHBLIX B MeOULIMH-
CKUX OpraHmsaumax ropoga MocKBbl, OKasbIBaOLLMX
NepBUYHYI0 MeQVKO-CaHUTaPHYI0 MOMOLLb B3pOC/IOMY
HaceneHuio, 3a nepuog c 01.01.2023 no 31.03.2023.

Paspenenve nccnegoBaHuii Ha Kateropumn «Hopmax
1 «He HopMa» ocyLlecTBNANOCh HA OCHOBAHUK 3a-
KJTI0YeHUI BpaYen-peHTreHos10roB, ONMCbIBaBLLMX
3Tn uccnepoBaHuA. Npu 3ToM B Ka4vecTBe LiesieBoMn
rnaTosiorum B MccnefoBaHUAX paccMaTpuBanuCh cre-
aylolme naTosiormyeckmne npusHaku: «neepanbHbIN
BbINOT», «[lHEBMOTOpaKc», «ATenektas», «Ouar
3aTeMHeHusA», «MHPunbTpauua/KoHconugaumay»,
«dncceMrHaumsa», «MonocTtb ¢ pacnagoM U ypoBHEM
MUOKoCcTU», «KanbumHaT», «HapyluieHve uenoctHocTH
KOPTUKAJIbHOIO C/10A». YOesbHbIN BeC pasn4HbIX TU-
rMoB NaToNIorMYecKnx HaxoaoK B rpynne «He HopMa»
COMOCTaBMM C pacrnpocTpaHeHHOCThLI0 B nonynaumm (no
pesynbTaTaM aHanusa paboTbl OTOeNeHUN Sly4YeBon
OVarHoCTUKN MeAMLMHCKUX OpraHn3auun rocyap-
CTBEHHOW CUCTEeMbI 30paBoOXpaHeHuA . MocKBbl).

Memodura ¢popmuposaHuUs cmoumMocmu HOBbIX
MeduyuHcKux ycye. B paMKkax HacTosLen paboTbl
npegnonaraeTca onpeaeneHve onTUMasbHbIX JoSen
KOMMOHEHTOB CTPYKTYpbl CTOUMOCTM yciyrn. Tak, cTou-
MOCTb MeOULMHCKOM YCyru, BKKOYaIOLLEN BbINOHEHWE,
VMHTeprpeTauuio 1 onnucaHne Bpa4yoM-peHTreHOs1I0roM
nyyeBoOro muccrefoBaHua (MpodunakTnyeckom ¢opo-
rpadum), 6epetca 3a 100,0 %. B cTpyKTypy CTOMMOCTH
yCNyry cTaHOapTHO BXoAAT: ¢oHA onnatel Tpyaa (OOT)
MeOVLMHCKOro nepcoHarna, pacxoaHble MaTepuarsbl 1
VHble pacxofbl, CBA3aHHbIE C COAeprKaHVeM 30aHUN U
COOPYXHEHUN N T. AO.

Cmamucmuyeckas obpabomka daHHbIx. 0bpaboTka
pesynbTaToB OCyLLecTB/IA/Iacb METOAOM MOCTPOEHUA U

aHanu3a xapaktepuctuyeckon Kpmsor (ROC-aHanumsa)
Ha crneumanbHo paspaboTaHHOM web-UHCTpyMeHTe
https://roc-analysis.mosmed.ai/>®. B KauecTBe UCTUH-
HbIX 3Ha4YeHUI ncnonb3oBanack bMHapHasA pa3MeTKa
nccnegosanusa (0 — Npy oTcyTcTBUM NaTonorum, 1 — npu
Hasn4uK LieneBon natonorum). B kavecTse pesynbTaTta
NpUHMMasnack BEPOATHOCTb HANNMYUA NaToNornm, onpe-
nenAemasn N0 Ha ocHoBe TUW. MNMonyyeHHble gaHHbIE B
TabnMYHOM BM[e 3arpyranmcb B 3/IEKTPOHHYI0 GopMy,
W OCYLLECTBJIANIOCh MOCTPOEHME XapaKTepUCTUYECKOMN
KpWBOW. B MHTEPaKTUBHOM pexumMme (T. e. C BO3MOXHOCTbIO
npocMoTpa noKasartesnier AMarHoCTUYeCKOM TOYHOCTHU
OnA Kaxaon Toukm Ha ROC Kprsol B perkmnmMe Mo Ha-
BeeHMI0 Kypcopa MbilLW) onpeaenanmnck Noporosbie
3Ha4YeHusA, COOTBETCTBYIOLLME CaMOW KpanHeWn /1eBoOM
TouKe c vyBcTBUTENBbHOCTEIO 100 %. [anee aHanusu-
poBanmcb ocTasibHble MoKasaTenn QMarHoCTUYeCKom
TOYHOCTM A1A YCTaHOB/IEHHOIO MOPOroBOro 3HAYeHUA.
AHanus ocyLecTBAAICA B TepPMMHAX KlacCUYecKom
YeTblpexmnosibHoN Tabnuupbl. VICTUHHO NONOMUTENIbHBIM
(VM) cumTanocb KOppeKTHOe OTHeCeHMe UccefoBaHWA
K rpynne «He HopMa», UCTUHHO oTpuUaTenbHbIM (M0)
CUMTaNoChb KOPPEKTHOE OTHeCeHMe UccsieoBaHuA
K rpynne «HopMmax. JloxHononoxutensHsiM (J111)
pe3ysbTaToM cYUTaNoch oMboYHOe OTHeceHue
nccnegosaHua «HopMax» K rpynne «He Hopmay, co-
OTBETCTBEHHO JIO¥HoOTpULaTenbHbIM (J10) AaBnAnca
pe3ynbTaT KaccupuKraLmm nccrefoBaHUA U3 rpynnbl
«He HopMma» Kak «HopmMa». Bce nokasaTtenu, npea-
CTaBJIeHHble B pe3yJsibTaTax, paccumTtaHbl ¢ 95 %
LoBepuUTesibHbIM MHTEPBasioM METOA0M CJlyYalrHbIX
BbIBOPOK € BO3BpPaTOM (T. H. ByTCTpennuHra ot aHri.
«bootstrapping») ¢ KonnyectBoM UTepaumin 1000.
PesynbTtatbl. Pe3ysismamsi pabomsi 10 Ha ocHoge
TWHW 8 3aBucuMocmu om e20 HacmMpoeK U xapakmepa

5 CBMOeTenbCTBO O MrocyAapCTBEHHOM perncTpaumm nporpaMMbl ana 3BM N2 2022617324 Poccuiickaa @epepauns. Be6-MHCTpyMeHT
onA BbinonHeHnA ROC aHanusa pe3ynbTaToB AnarHocTUYecKux TectoB : N2 2022616046 : 3aaBn. 05.04.2022 : ony6n. 19.04.2022 / C.IM.
Moposos, A.E. AHgpeityeHKo, C.®. YeTBepunKoB 1 Ap.; 3aABuTeNb [ocyaapcTBeHHoe bioaKeTHoe yupeaeHre 34paBooXpaHeHns ropoaa
MockBbl «Hay4HO-MpaKTUYECKMI KITMHUYECKUI LeHTP AMarHOCTUKM U TenleMeANLMHCKMX TexHoorun [lenapTaMeHTa 34paBooXpaHeHnsa
ropoaa MocKBbI»

5 Morozov SP, Vladzimirsky AV, Klyashtornyy VG, et al. Clinical Acceptance of Software Based on Artificial Intelligence (Radiology).
Moscow: Research and Practical Clinical Center for Diagnostics and Telemedicine Technologies, Moscow Department of Health; 2019.
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sblbopru @JI. Becero MO Ha ocHoBe TUWU 6bino 06-
paboTaHo 88 048 ®OJII. U3 Hmx 87 378 nccnenoBaHui
(99,2 %) Bpay KnaccnduumpoBan Kak «HopMa», 670
(0,8 %) — Kak «He HopMa». B To e BpeMA nporpamMMHoe
obecneyeHune KnaccudpuumpoBano 66 043 nccneno-
BaHuM (75,0 %) Kak «HopMa», 22 005 (25,0 %) — KaK
«He HopMay.

M3 66 043 nccnegoBaHuii, KoTopble 6bISIM OTHe-
ceHbl 0 B rpynny «Hopma», 65 979 nccnegoBaHui
(99,9 %) TaKKe 6bIIM oTHeceHbl B rpynny «Hopma»
BPa4OM-pPEHTIeHOJI0rOM.

Ha cnegytoliemM stane nccnegoBaHusa bbinu no-
CTPOEHbI 1BE XapaKTepuUcTUYeCcKne KpmBble:

1) ansa pe3ynbTaToB paboTsl 10 Ha Bcel Bbi6opKe
MpyY TEKYLLMX HACTPOMKax;

2) ona pesynbtaToB paboTsl [10 Ha ogHoON ThicAYe
nccreoBaHUn, KoTopble 6bISIN onMcaHbl BpavaMu «Bbl-
COKOro AoBepuA»’, MpU HAacTPOMKe Ha MaKCUMarbHYIo
UyBCTBUTEIbHOCTb (CM. pUC. 2).

[Npwn BbicTaBneHMX MOPOroBoro 3Ha4veHunA 34,0,
COOTBETCTBYIOLLEr0 MakcumanbHoMy MHaekcy l0geHa

Total studies: 88048, with results: 88048

TN: 65979 FN: 64 FP: 21399 TP:606

https://doi.org/10.35627/2219-5238/2023-31-11-23-32

U[JVIFI/IHaﬂbHaﬂ uccneposartenbCcKan CcTatbA

npu Tekywmx HacTporkax 0 Ha ocHoBe TUW, nonyya-
eM KoppeKTHoe onpegeneHue 65 979 nccnegoBaHnin
(75,0 %) n3 rpynnbl «<HopMa», KoTopble He MNOTpebyioT
BpayvebHoro nepecMoTpa. OgHaKo npu atom 64 nccnepo-
BaHuA (9,5 %) us rpynnbl «He Hopma» byaeT owmnbo4HO
MHTEeprpeTUpoOBaHO MporpaMMHbIM obecrneyeHnemM
Kak «Hopmanx. [Mpn Takmx HacTponkax N0 Ha ocHoBe
TUN nony4vaem cnegytowme 3Ha4eHWA rnoxkasartenen
OWarHoCTUYeCKOM TOYHOCTU: YyBCTBUTENbHOCTL 90,4 %
(95 % OW: 88,2-92,7), cneunduuHoctb 75,5 % (95 %
OW: 75,2-75,8), TouHocTb 75,6 % (95 % OW: 75,3-75,9).
OTgenbHo 6bina NnpoaHanmMsMpoBaHa pabota N0 Ha
0[HOW ThiCAYe NCCNeAoBaHUIA, KOTopble BbISIV ONMCaHbI
BpayaMn «BbICOKOIo AoBepuA». 3TN UccriefoBaHUA
661111 NonyYeHbl U3 obLuen Bbibopku DJIT 3a nepBbIf
KkBapTan 2023 roga. lNpu BbICTaBEHUM MOPOroBOro
3Ha4eHuA 49,0, cooTBETCTBYIOLWEr0 MaKCUMasbHOM
uyBcTBUTENIbHOCTM 10 Ha ocHoBe TUW, nony4yaemM Kop-
peKTHoe onpeneneHue 758 uccnegosanuii (77,4 %) ns
rpynmnbl «Hopma», KoTopble He NOTpebytoT BpavebHoro
nepecMoTpa. [Npn 3ToM HM ogHO uUcciegoBaHMe U3

plotted by http://roc-analysis.mosmed.ai
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Puc. 1. XapakTtepuctuyeckune Kpusble [10 Ha ocHoBe TUWN: A — pesynbTaTt paboTbl Ha BCel BbIGOPKeE NMpU TEKYLLMX
HacTporiKax; B — pesynbTaTt paboTbl Ha 04HOM ThicAYe UCC/Ie[0BaHNIA, KOTopble HblIM oNMcaHbl BpavaMu «BbICOKOIO

agosepuaA», nNpu HaCTpOl‘/‘IHe Ha MaKCUMaJibHYI0 YyBCTBUTEJIbHOCTb. OTQenbHo BblgeneHbl 3KCnepuMeHTalibHble

3Ha4yeHuA, cCooTBeTCTBYOLWMe MaKCUMMalsilbHOMY 3Ha4YeHuto Mhpekca l0geHa (A) n MakcuMarbHom 4YyBCTBUTEJIbHOCTU B).

Lna kaxaon ns atnx 3KCnepuMeHTasibHbIX TOYeK B NPAMOYIroJibHUKe YKa3aHbl 3Ha4YeHnA rnokasaresnen
OMarHoCTUYeCKoM TOYHOCTHU NMpu COOTBETCTBYOLLEM NMOPOroBOM 3Ha4YeHUU

Fig. 1. Curves plotted by the Al-based software: A — for the entire sample at the current settings; B — for 1,000
images that were read by doctors of “high confidence”, when set to maximum sensitivity. The experimental values
corresponding to the maximum value of the Youden Index (A) and the maximum sensitivity (B) are highlighted.

For each of these experimental points, the rectangle shows the values of diagnostic accuracy indicators
at the corresponding threshold value

7 Bpat-m «BbICOKOIo aoBepuA» — crneunanmncTbl, KOTopble NpoLIn ayauT KOHTPOJ1A KayvecTBa M UMeIoT OLeHKY KayecTBa paéOTbI >95 %.
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rpynnbl «<He HopMa» He 6yaeT oWwWMHO4YHO UHTeprpe-
TUPOBaHO NMporpaMMHbLIM obecreveHreM Kak «HopMan.
Mpun Takmnx HacTporikax N0 Ha ocHoBe TUW nony4aem
cnegyouime 3Ha4YeHUN NoKasaTesnen guarHoctuye-
CKOW TOYHOCTU: YyBcTBUTEsIbHOCTL 100,0 % (95 %
ON: 100-100), cneunduyHoctb 77,4 % (95 % ON:
74,8-80,0), TouHocTb 77,9 % (95 % OW: 75,3-80,5).

Pacnpegenenue nccnegosanuy no rpynnam (UM,
MO, NO, JTM) B 3aBMCMMOCTU OT BblBpaHHOI0 NOporo-
Boro 3HayeHuA anA M0 Ha ocHoBe TUW npencraBneHo
B Tabn. 1.

@opmuposaHue cmouMocmu HoBbIX MeCGUYUHCKUX
ycs1y2. SMNUMPUYECKUM NyTEM HaMW YCTaHOBJIEHO, YTO
aBTOMaTM3auMA MHTeprpeTaumm U ornMcaHuA pesysb-
TaToB JIy4eBOro UccieoBaHUA NO3BOJIAET CHU3UTb
ctouMocTb ycnyrn oo 50,0 %. MNpu 3ToM MeHAeTcA
ee cTpyKTypa: ®OT MeguLMHCKOIo NepcoHana —
60,0 %; ®OT HeMeaMUMHCKOro nepcoHana — 15,0 %;
pacxogHble MaTepmanbl — 15,0 %; vHble pacxoabl —
10,0 %. Ona obecneyeHmna paboTbl CrieLUnanmncToB Mo
rnpoBeeHunio MOCTPEerncTPaUmMoHHOIr0 MOHUTOPUHIA,
a TaKMKe TeXHUYECKUX CreumasiMcToB C Lesibio nog-
AepHanHna GYHKLUMOHMPOBaHWA 1 06HOBEHWA BepCUn
M0 Ha ocHoBe TUWN npegycMoTpeHa cTaTbA pacxonoB
«®OT HeMeOMUMHCKOro nepcoHanax» [16]. 3aTpatbl
Ha npuobpeTteHue nmueHsun Ha M0 Ha ocHoBe TUU
npeanaraeTca 3a50KUTb B CTaTbio pacxo4oB Ha pac-
XoOHble MaTepuans.

3KoHoMu4ecKul 3¢pperm om nepexoda HO ABMOHOM-
Hoe 10 Ha ocHose THW dna copmuposKU pe3y/ibmamos
npogunaxkmuyecKol ¢oopoepaguu. B 2022 rony
B aMbynaTopHO-MOSIMKIMHUYECKUX LieHTpax ropoaa
MockBbl 6b1s10 BbinosiHeHo 1,07 MnH ¢nooporpadu-
Yeckux uccnegosaHuii. C yyetomM pasmepa Tapuda
Ha onucaHwne ogHoi OJ1I" BpayoM-peHTreHos10roM B
190,46 py6.8 06LUMe 3aTpaTbl Ha oNMcaHKe BCeX UC-
cnefoBaHWK BpavaMmn-peHTreHosioramm B 2022 rogy
coctaBunu 204,2 M1H py6.

Mcnonb3oBaHne B aBTOHOMHOM perxkume M0 Ha
ocHoBe TV ¢ ueneBbIMM HacTponKamu A CopTUPOB-

Ku 1 onncanua 77,4 % nccnenoBaHUM U3 KaTeropmm
«HopMa» MoxKeT obecneymTb 3KOHOMUIO CPeacTB Mo-
poAackKoro 6ioaxeTta B pasmepe 115,2 MiH py6. B rog
(cM. Tabn. 2). B oTHoCcUTESbHBIX 3HAYEHNAX 3KOHOMUA
cpeacTB rofgoBoro 6ioaxeTa npu nposeneHun OJIT B
COOTBETCTBMM C NpennaraeMon MeTogMKOM COCTaBUT
56,4 %.

TaKe bbi1a paccumMTaHa TouKa 6e3y6bITO4YHOCTH
oana ncnonsb3oanHua MO Ha ocHoBe T B aBTOHOMHOM
pernMe B aMbynaTopHO-MNOSIMKIIMHUYECKUX LIeHTpaxX
ropoga MockBbl. NMpu npaBunbHoM nHTepnpeTauum N0
Kak MrHUMyM 21,02 % umdposbix OJII ¢ «Hopmor»
pacxonbl bl0grKeTa OCTaHYTCA Ha TEKYLLEM YpPOBHe
(cM. Tabn. 2).

B cpegHeM B PO erkerogHo BbinonHAETCA 74 MH
npodunaxkTuyeckmx ¢riooporpadmnyecknx nccneqo-
BaHun®. C y4eToM ycpeiHeHHoro pasMepa Tapuda Ha
onucaHue ogHoun OJII BpavyoM-peHTreHosnoroM B 150
py6nen obLme 3aTpaTthbl Ha ONMcaHWe BCeX UccrefoBa-
HWI Bpa4aMU-pPeHTreHo1I0oramMm CoOCTaBIAIOT NnopaaKa
11,1 mnpa py6. B roa.

Mcnonb3oBaHne B aBTOHOMHOM pexunme 10 Ha
ocHoBe TUW c ueneBbIMM HAaCcCTpoOMKaMKn 4nA COPTUPOB-
Ku 1 onncanua 77,4 % nccnenoBaHUM M3 KaTeropum
«HopMa» MoxeT obecrneymnTb 3KOHOMUIO CPeacTB
6roarkeTta Poccuiickon ®enepaunm B pasmepe 5,6
Mnpa py6bnen B roq (cM. Tabn. 3). B oTHocuUTesIbHbIX
3HaYeHUAX 3KOHOMWSA CpecTB ro40BOro bloaXKeTa npu
nposegeHun OJII B cooTBETCTBUM C Npeasiaraemon
MeToauKom coctaeBut 50,8 %.

TaKKe bblna paccumMTaHa TouKa 6e3ybbITOYHOCTH
ana vcnonb3oBanua N0 Ha ocHoBe T B aBTOHOMHOM
perkmMe B MacluTabax Bce cTpaHbl. [py npaBusibHom
nHTepnpeTaumu MO Kak MUHUMYM 27,0 % undpoBbIX
®JII ¢ «Hopmoin» pacxoabl 6loaxeTa ocTaHyTCA Ha
TeKyLLeM ypoBHe (cM. Tabn. 3).

O6cyxaeHue

Llenesast Modesib 0bpabomKu pe3ysibmamos
npogunakmu4ecKol ¢oopoepagduu. Hamu npen-
naraetcsa UeneBas Mofesib 06paboTKuN pe3ynbTaTos

Tabnuya 1. YeTbipexnonbHaa Tabnuua pesynbtaTtoB pabotbl M0 Ha ocHoBe TUU B 3aBUCUMOCTHU
OT ero HacTpoeK U xapaktepa Bbl6opku ®JII

Table 1. A four-field table of Al-based software results depending on the settings and the fluorogram sample

PesynbTatsl pabotbl Ha Beedt Bbibopke

PesynbTatel pabotel Ha 1000 uccnenoBanmii*

False negative

9.5 %**

Ipynna / Group Pesynbrar / Result MPM TEKYLUMX HACTpOiiKax / MPM HaCTPOIAKE Ha MAKCUMaIbHYI0 YyBCTBUTENbHOCTb /
Results for the entire sample with the default settings | Results for 1,000 fluorograms* read at maximum sensitivity
«He Hopmax / Abnormal | McTuHHo nonosutenbHbIi / 406 2
True positive
Jlo*KHOOTpULATENbHBIA / A 0

[] %**

«Hopma» / Normal WcTuHHo oTpLaTeNbHBIA /

True negative

65979

758
77,4 %***

Jlo*KHONONOKMTENbHbIN /
False positive

21399

21

ﬂpUME’-IﬂHUE.' *— BbIﬁDpKa 1ccneoBaHuiA, OnMMcaHHbIX BpayvaMu «BbICOKOro [0BEPUAY; e NPOLEHT NI0KHOOTPULATENbHbIX Pe3yNbTaToB paccyMTaH OTHOCUTENbHO obbema

*kk

rpynnbl «He HopMa»;

— NPOLEHT UCTUHHO OTpULATENbHbIX Pe3yNbTaToB paccyuTaH OTHOCUTENIbHO obbeMa rpynnol «HupMa».

Notes: * the sample of fluorograms read by doctors of “high confidence”; ** the proportion of false negative results is calculated against the number of abnormal findings;
*** the proportion of true negative results is calculated against the number of normal findings.

8 Mpunoxkenne N2 6 K TapndHoOMy cornalleHuio Ha oniaTy MeaULUMHCKOWM MOMOLLM, OKa3biIBaeMoli Mo TeppuTopuanbHoi NporpaMMe o6s-
3aTeflbHOro MeULMHCKOro cTpaxoBaHuA ropoaa Mockebl Ha 2023 roa ot 30 gekabpa 2022 roga.
° TiopyH W.E. OTueT 3a 2020 r. rnaBHOro BHeLTaTHOro crieymanvcta MmuHsgpasa Poccum no ny4eBoi U MHCTPYMeHTasIbHOM ANarHocTuKe

TiopuHa WN.E. 2020
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OpuruHanbHas uccnepfoBaTenbcKas cTaTba

Tabnuya 2. ®uHaHcoBbIM 3¢pPeKT oT ucnonbsosaHua MO Ha ocHoBe TUU B MocKBe
B pacyeTe Ha rofoBoM NOTOK UcC/lef0BaHUN

Table 2. The amount of financial benefit gained by using Al software in Moscow given the annual number
of fluorography tests

. . 06bexT pacyetos/ | KonuyecTso uccnesoauii / . Jatparsl 3a 2022 rop, MAH pyb. /
Cueriapuit / Scenario Calculation object Number of tests Tepud, pyo. / Tariff, rubles Costs in 2022, million rubles
1. 100 % uccnepnoBanuii onucbiBaer Bpay /
100 % of images are read by a radiologist HTOr® / TOTAL 1072087 190,46 204,2
2. Bpau + asToHomHo 110 10/ Software 1072 087 40 629
77 4 % wcenenosanuii onuekisaer M0,
22,6 % —Bpau / Bpau / Radiologist 242 292 190,46 46,1
Radiologist + stand-alone software pa4/ Radiologi ' '
77.4 % of images are processed by the software _
and 22.6 % are read by a radiologist WTOr0 / TOTAL 1072087 8
Ounancoblii 3¢ pekr cuenapua N° 2 / _115.2
Financial benefit of Scenario 2 !
3. Bpau + aBToHoMHo M0 *
21,02 % uccneposanmit onucsisaet 10, M0/ Software 1072087 ‘0 k2.9
78,98 % — Bpau / S
Radiologist + stand-alone software Bpau / Radiologist 846 734 190,46 161,3
21.02 % of images are processed by the
software and 78.98 % are read by a radiologist HTOr0 / TOTAL 1072 087 - 204,2
Ounancosblii 3¢ppexr cuenapua N° 3 / 0.0
Financial benefit of Scenario 3 !

[lpumeyaHue: * — CTOMMOCTb ONMCaHNA 0AHOTO GIH0OPOrPahUUECKOro UCcCejoBaHNA BpayoM-peHTreHonorom B Mockse B 2023 rogy'®; ** — cpeHas cTouMocTb 06paboTku
1 ¥ccneaoBaHMA NporpaMMHbIM 06eceyeHreM no pesysnbTataM onpoca pa3paboTymKoB.

Notes: * the cost of reading a fluorography image by a radiologist in Moscow in 2023'%; ** the average cost of reading a fluorography image by the Al software according

to its developers.

Tabnuya 3. ®uHaHcoBbIM 3¢deKT oT ucnonbsosaHuA MO Ha ocHoBe TUU B Poccum B pacuete
Ha roqoBoM NOTOK UccnenoBaHUMN

Table 3. The amount of financial benefit gained by using Al software in Russia given the annual number
of fluorography tests

. . 06bexT pacyetos / | KonuuecTso vccnepsoBakmid, MH / . Jarpari 3a 2022 rog, Mnpg py6. /
Cuewaphii / Scenario Calculation object Number of studies, million Tapng. py6. / Tarif, rubles Costs in 2022, billion rubles
1. 100 % uccnepoBannii onucbiBaer Bpa4 / %
100 % of images are read by a radiologist HTOr0 / T0TAL 74,0 150 i
2. Bpau + aBToHomHo N0 .
77 4 % nceneposanuii onuckisaer 10, M0/ Software 10 ‘0 30
22,6 % — Bpau / o
Radiologist + stand-alone software Bpa / Radiologit 167 150 25
77.4 % of images are processed by the software
and 22.6 % are read by a radiologist HTOr0 / TOTAL 74,0 ) 5,3
OunancoBblii apdext cuenapua N 2 / 56
Financial benefit of Scenario 2 '
3. Bpau + aBTonomHo N0 "
27,0 % wvccnepoBanuii onuceiaer M0, M0/ Software 70 0 30
73,0 % — Bpau / .
Radiologist + stand-alone software Bpa / Radiologist 5.0 150 1
27.0 % of images are processed by the software
and 73.0 % are read by a radiologist HTOr0 / TOTAL 74,0 - 1
Ounancoblii a¢ppekr cuenapua N° 3 / 0.0
Financial benefit of Scenario 3 !

[pumeyarue: * — ycpeaHeHHbI pa3mep Tapuda no Poccun Ha yenyry AD6.09.006.001 Oniooporpadma nerkux uudposas; ** — cpeHas cTouMocTb 0bpaboTkm 1 uccnepo-
BaHWA NPOrpaMMHbIM 0becrneyeH1eM no pesynbTataM onpoca paspaboTumKoB.
Notes: * the average tariff in Russia for the medical service A06.09.006.001 Digital lung fluorography; ** average cost of one fluorographic examination processing by Al-
based software, based on the developers survey results.

npodunakTniecKkomn niooporpadum: nsobpaxmeHuna
aHanusupytotca MO Ha ocHoBe TUW, pesynbTaTthl €
«HopMown» coxpaHAITCA B MEAMLIMHCKON JOKYMEH-
Tauuu 6e3 onmcaHMA BPaYoM-peHTreHoJs10roM, pe-
3ynbTaThl € «<He HOpMOI» HaNpaB/ATCA Ha onucaHue
Bpa4oM-peHTIreHos10roM (a B nepcrexkTuee, no Mepe
cosepLueHcTBoBaHMA TUW, cpasy HanpaBnAloTcA Bpayy
KJIMHWYECKOM cneLmanbHOCTH).

PesynbTaThl pabotsl 10 ocHoBe TUW Ha ogHomn
TbICAYE UCCNEeA0BaHWI, KOTopble bbIv MHTEpNpeTUpO-
BaHbl BpayaMmn «BbICOKOI0 [0BepUA», NpU HacTporKe
Ha MaKCcUMarsbHYI0 YyBCTBUTESIbHOCTb JEeMOHCTPU-
pyloT BO3MOMKHOCTb @aBTOHOMHOI0 onucaHma 77,4 %
Bcex OJII, KoTopble OTHOCATCA K rpynne «HopMax.
Mpw 3ToM NponycK naTtonorum co ctopoHsl [0 byaeT

OTCYyTCTBOBATb, YTO MO3BOJZINT COXPaHNTb oBepue

9 MpunoxeHne N2 6 K TapndHOMy cornaLleHuio Ha oniaTy MeauLMHCKOM NMOMOLLM, OKa3biBaeMol Mo TeppuTopuanbHoi nporpamMe obsa-
3aTenbHOro MegUUMHCKOro cTpaxoBaHuA ropoga Mockebl Ha 2023 rog ot 30 gexkabpa 2022 roga.
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K paboTe MCKYCCTBEHHOO MHTEINIEKTa CO CTOPOHbI KaK
BpayebHoro coobLiecTsa, TaK U NaLUWEHTOB.

B cpegHeM B PO exkerogHo BbinosHAeTCA 74 MAH
npodunakTuyeckux enwoporpadpuin’''. BHegpeHue
B K/IMHWYECKYI0 NMPaKTUKY NpeasiorKeHHOM MeTo40/10rm
HacTpounku N0 Ha ocHoBe TUW Ha MaKcMMarbHyto YyB-
CTBUTENIBHOCTb MO3BOJIUT He nepecMaTpuBatb 77,4 %
nccnegosannii (57,3 MIH UccrieoBaHWN), KoTopble 6yayT
BepHO MHTepnpeTypoBaHbl 10 Ha ocHoBe TUN Kak «Hopmany.

B rnobanbHoM nepcneKTuBe ye cyllecTByeT
npeuegeHT aBTOHOMHOIO OMUCaHUA pe3yJsibTaToB
peHTreHorpadum c «<Hopmom». MegmumnHcKoe nsgenve
ChestLink® anHanuaupyeTt nsobparkeHus, Npu oTcyT-
CTBMM NATONIOMMYECKUX M3MEHEHUI cpasy dopMupyeT
aBTOMaTUYEeCKUN NMPOTOKOJ 6e3 yyacTua YesioBeKa,
rpwv BbIAIBNIEHUM NPU3HaKoB 60s1e3HM peHTreHorpadus
MapLIpyTU3VpyeTCcA Ha MHTeprpeTaumio 1 onmcaHmne
Bpa4voM-peHTreHosiorom [15].

Hawwm pesynbTaThbl yKasbiBalOT HAa BO3MOMHOCTL aB-
ToHOMHoro npumeHeHuA M0 Ha ocHose TUIN. OueBngHo,
UTO AJ1A NPaKTUYecKol peanusaumm noTpebyeTca
ONTMMM3NPOBaTb NMPOrpaMMHble MPoaYyKTel AnA 6onee
3¢ deKTMBHOro BbifB/IeHNA «HopMbl», a TaK»Ke nepe-
HacTpouTb NMoporu cpabaTtbiBaHWA O KOHKPETHOM
KNMHWYeCcKoM 3adayn. 3TO NO3BOSIUT adanTUpoBaTh
paccMoTpeHHoe B HacTosAwen paboTe MO Ha ocHoBe
TUW, a Take niobble apyrue pelueHus.

C TOYKM 3peHnA opraHMsaummn 3qpaBooOXpaHeHus,
B LieniAx obecrneyeHnsa MaccoBbIX MPOGUIaKTUYECKMX
OCMOTPOB NpeasiaraeTcA BBECTU OBe YC/yru:

1) dnooporpadua nerknx unppoBan — BKAYaeT
rnposefeHne, aBTOMaTU3NPOBaHHYIO MHTEprpeTaLuio 1
ornvcaHue pesysibTaToB NOCPenCTBOM MPOrPaMMHOI0
obecrneyeHus ¢ MpUMeHeHUEM TEXHOJOMMIA UCKYCCTBEH-
HOIro MHTEeNIeKTa, AOMNYLEHHOro B YCTaHOB/IEHHOM
3aKoHOoaTeNIbCTBOM MopAAKe K 06palleHuio B KayecTse
MeOWLMHCKOro Usgenus;

2) onucaHue 1 nHTepnpeTauma AaHHbIX LUndpoBoi
¢nooporpadumm nerknx — BKAKYaET MHTeprnpeTaumio
M onucaHue pesyibTaToB BPa4OM-pEHTIreHOJ/10MOM.

MNpepnaraeTtcA NnponsBoACTBEHHLIM MpoLecc,
BKJ1IO4AIOLLMIA PAL OCHOBHbIX 3TaMNoB.

1. HasHayeHwne uccnegoBaHuA, 3anncb, NpoBegeHue.

2. ABTOMaTu3MpoBaHHaA HTepnpeTauma n onucaHve
pe3ynbTaToB NocpeAcTBOM MPOrpaMMHOIro obecrneyeHus
C NMPUMEHEHNEM TEXHOIOMMN UCKYCCTBEHHOMO UHTEST-
nekTa (MeguUMHCKoe n3fenue) — okasaHa ycnyra Ne 1.

3. Mpw oTCYyTCTBUM U3MEHEHWUI Ha OUArHOCTUYECKNX
nsobparkeHuax («<Hopma») aBToMaTUyeckn chopmu-
poBaHHOEe ornMMcaHue CoXpaHAeTCA B MeANLIMHCKOMN
MHPOPMALMOHHOM cMcTeMe MeaULMHCKOWM opraHn-
3aUMM KaK 3/1eKTPOHHaA MeAMUMHCKanA 3anmck'? — 3To
pe3ynbTaT oKasaHuA ycnyru N2 1.

4. Mpy HanUUKUK NP6LIX U3MEHEHUI Ha AMarHoc-
TUYeCKNX n3obparkeHnax («<He HopMa») pesynbTaThl
dnooporpadum HanpasnAlTCA Ha UHTepnpeTaumio 1

onucaHue BpayYoM-peHTreHosI0roOM — OKasaHa ycsyra
N2 2. Ee pe3ynbTaTtoM ABnAeTcA NpoToKon'® — 31o
pe3ynbTaT oKasaHuA yciyrmn N2 2.

MeToponorna ¢opmMrpoBaHmMA CTOMMOCTU Me-
anumHekom yenyrmn N2 1 6biia onvcaHa B pasgene
«Pe3ynbTaTbl», ANnA MegnumHcKom ycnyrm N2 2 npeg-
naraeTca coxXpaHuTb NosiHyio ctommocTb (100,0 %) 3a
cyeT 3appeKTa MacwTaba. B gaHHOM ciiyyae cunTaem
L0rMnyCTUMbIM COXpaHeHUe HanuymnA B CTPYKTYpe CTO-
MMOCTU onJiaThbl BbINOSIHEHUA UCCe]0BaHUA.

Konnuectso OJII, BKMOYEHHBIX B HACTOALLYIO paboTy,
Mo HalleMy MHEHMIO, MOXHO CYMTaTb OJOCTATOYHbIM,
a Bblbopry OJIIM — penpe3eHTaTUBHOW, MOCKOJIbKY
B UccnepoBaHue 6binn BKAoYeHbl Bce OJIT7, BbiNoHeHHbIe
B 1-M kBapTane 2023 roga B aMbynaTopHO-NONMKIMHU-
YEeCKMX YYpeXOeHMAX, OKa3biBAOLLMX MEOULIMHCKYIO No-
MOLLb B3pOCJIOMY HacesieHuio ropoa MocKBbl, 1 Npo-
aHanMsMpoBaHHble NPOrpaMMHbIM obecreyeHneM Ha
OCHOBE TEXHOJI0MMU UCKYCCTBEHHOIO MHTEJSIEKTA.

HaMu 6bi510 NpUHATO peLleHre NpoBecT aHanms3
paboTkl 10 Ha ocHoBe TUW Ha ogHOM ThicAYe Uccre-
[0BaHUN, KOTOpble MHTEPMNPEeTMPOBaINCL Bpavamu
«BbICOKOI0 [JOBEPUSA», B CBA3U C TEM, UTO, MO AaHHbIM
NUTepaTypbl, YPOBEHb YyBCTBUTENIbHOCTU BPayYen-peHT-
reHos10roB NMpu aHannse pPeHTreHOBCKUX CHUMKOB
Ol'K 3aBmcKUT OT onbiTa Bpaya v Buga natonormm
M HaxoOuTcA B AManasoHe ot 53,6 oo 95,5 % [17-20].

OmsemcmgaeHHocmb. Bonpoc 0TBETCTBEHHOCTU NpU
ucnonb3oBaHn TN B 3gpaBooxpaHeHun octaeTcA
ONCKYCCUOHHBIM. C y4eTOM Hay4HOro U MeToaos10-
MMYecKoro ornbiTa MOCKOBCKOIO 3KCNepMMeHTa HaMm
caenaHo cnegyloulee nNpakTUYecKoe npeasiorKeHue:
OTBETCTBEHHOCTb 3a AMarHocTUYecKyio TouHocTb M0
Ha ocHoBe TUW nerkuT Ha paspaboTymnKe 1 opraHmsa-
LUMAX, MPOBOAMUBLUUX TEXHUYECKMNE U KITMHUYECKMe
UCMbITaHMA B NpoLecce Nosly4YeHns permcTpaumoHHoro
yOOCTOBEpPeHUA MeaULMHCKoro nsgenua [21-23]'415.
KoHeuHbIl Nofib3oBaTe b NporpaMMHoro obecreveHuns
(B TOM unce, MEOULIMHCKUI PaboTHUK) OOJIHKEH HECTU
OTBETCTBEHHOCTb 3a NPAaBUJIbLHOCTb MPUMEHEHNA KOHKPET-
HOro MeULMHCKOro U3aesvsa B NoJSIHOM COOTBETCTBUM
C MHCTpYyKUMen no 3KcnnyaTtauuun. Npn BHegpeHun
B KJIMHNYECKYI0 MPaKTMKy aBTOHOMHoro N0 Ha ocHoBe
TUWN HeobxoauMo obecrnevnTb BXOOHOW KOHTPOJIb
KayecTBa. B ganbHenweM HeobxoamuMo obecrneyunTb
obA3aTesNbHble MPOBEPOYHblE MepOoNpUATUA (ayauTbl),
HanpasneHHble Ha obesieHMe 001 UcCle40BaHUMN
C TEXHONIOMMYECKUMU U/UNN KITMHUYECKMMUN AedeKTaMmu,
YTO NO3BOJIUT JaBaTb ONepaTUBHYO 0bpaTHYIO CBA3b
pa3paboTuMKy ANA COBEpLIEHCTBOBaHME MeAMUMHCKOro
nsgenusa [16]. OueBnaHo, YTO NPETBOPEHME B *KU3Hb
npeasiorKeHHbIX KoHLenumin notpebyet BHeceHus
M3MeHeHWI B Lesbil pag HopMaTUBHO-MNPaBOBbIX aK-
ToB. CooTBeTCTBYIOLME NPpeasioXKeHNA B HacTosLLee
BpemMA dopmmpyioTca cneunanuctamm '6Y3 r. MockBebl
«HMKU OnT O3M».

"' TiopuH W.E. OTueT 3a 2020 r. rnaBHoOro BHeLUTaTHOro cneumanmcta MuHsapasa Poccum rno siy4eBoi M MHCTPYMEHTanbHOM AUarHOCTUKe

TiopuHa W.E. 2020.

12 MpwuKkas MuH3gpaBa Poccuu ot 7 ceHTAbpsa 2020 r. N2 947H «06 yTBepaeHuM MNopsaaKa opraHv3aumnm cucTeMbl JoKyMeHToo6opoTa B
chepe oxpaHbl 300poBbsA B YacTy BefgeHuA MeOULMHCKOM JOKYMeHTaunm B GopMe 3/1eKTPOHHbIX [JOKYMEHTOB».

'3 Mpwuka3 Munsgpasa Poccum ot 9 nioHA 2020 r. N2 560H «06 yTBepxaeHun MNpaBun npoBeeHNA PEHTIeHOI0OMMYECKNX NCCIe0BaHUN.

'4 Caring-Research. Can Al Generate Clinically Appropriate X-Ray Reports? Judging the Accuracy and Clinical Validity of Deep Learning-
generated Test Reports as Compared to Reports Generated by Radiologists: A Retrospective Comparative Study // RSNA. 2019.

> UCO - ISO 13485 UN3penua MeanumHcKue [3neKTpoHHbIM pecypc]. URL: https://www.iso.org/ru/iso-13485-medical-devices.html (nata

obpalyeHus: 25.12.2022).
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ObocHosaHue nepexoda Ha asmoHomHoe 10 Ha
ocHogse TUW dna copmuposKu pe3y/ibmamos npogu-
nakmu4ecKol ¢ioopo2paduu ¢ op2aHU3ayuoHHoU U
3KOHOMU4YecKoU mMoYKU 3peHus. MNepexod K aBTOHOMHOM
COPTUPOBKe pe3ysibTaToB NpoduiakTuyeckon Gpno-
porpadum obecneumT KOMNpPoMUCC: BO-MNepBbIX, byaeT
COXpaHeH MaccCoBbIM CKPUHWHI Tyb6epKye3a 1 UHbIX
3aboneBanui OK Ha cyulecTByloLLelt annapaTHon 6ase,
6osee TOro, 3Ha4YMMO MOBbLICUTCA €ro SOCTYMNHOCTb U
KayecTBO, @ BO3MOXHO, M 06eMbI; BO-BTOPLIX, MOABATCA
HOBble BO3MOMHOCTU /1A pa3BUTUA OTeYecTBEeHHOM
MHAOYCTPUU MeOULIMHCKOro rnpubopocTtpoeHus (3a
cyeT MHTerpaumm TexHonormn MM HenocpencTBeHHO
B annapaTypy Ass Jiy4eBor ANarHOCTUKN); B-TPETbUX,
3HauuTesIbHble GPUHAHCOBbIE pecypchl byayT C3Ko-
HOMJIEHbI U MepeHanpassieHbl Ha bonee akTyasibHble
3afauum, NoTeHUWan Bpa4ven-peHTreHosioros byaet
3aeNCTBOBaH Ha pelleHne KOFHUTUBHO CIIOMHbIX
OVarHoCTUYeCKMX 3a4au.

3aknto4veHue. [JokazaHa BO3MOXHOCTb U MepCreK-
TMBHOCTb NPUMEHEeHNsA NporpaMMHoro obecrieyeHus
Ha OCHOBE TEXHOJI0MMM UCKYCCTBEHHOIMO UHTEJIIeKTa
[0J1f aBTOHOMHOIO aHanu3a pesysibTaTtoB LUmMdpoBomn
npodunakTnyeckom enwooporpadun. ONTMManbHbIM
cueHapweM BManTcA ncnonb3oBaHue 0 Ha ocHose TUN
OJ1A BbIABNIEHWA UCCIIeA0BaHnN KaTeropum «Hopmay,
rnepecMoTp KOTOPbIX Bpa4YOM-peHTreHos10roM npm
HacTpoWKe afnropnTMa Ha MaKCUMasibHY YyBCTBU-
TenbHOCTb HeobAzaTesneH. HanpoTtus, uccnegoBaHus,
KnaccuduumpoBaHHble Kak «He Hopmax, byayT Ha-
NMpaBnATLCA Ha ONMUCaHWe Bpa4vy-peHTreHosory.

lMpennoxkeHa Mofesnb opraHv3aumMn MeguULMHCKOM
rnomoLuu, NpegycMaTpuBaloLLas aBTOHOMHY0 COPTUPOB-
Ky pe3ynbTaToB npodunakTnyeckon ¢nwoporpadum
(HoBble MeAMUMHCKME YyCiyrn, Noaxoabl K obecneve-
HUIO 6e30MacHOCTM U KayYecTBa MegULIMHCKOW NMOMO-
LM, yperympoBaHue npobaemMbl OTBETCTBEHHOCTU).
Bnaropnapsa BHeapeHuio Mogenu 6yaet obecriedeHo
COXpaHeHWe Nn Oaxe yBesiMdYeHne oxBata HaceneHus
npodunakTnyeckon enooporpadmein, NoBbILLIEHbI
[OCTYMHOCTb U KAYecTBO COOTBETCTBYIOLLMX UCCTIe-
[0BaHMIA. JKOHOMUYECKan Bbiroa OT NPaKTUYecKomn
peanusauuuv JaHHoro rnoaxoda B MacwTabax cTpaHbl
MOMKeT coCcTaBnATb A0 5,6 Mpa pybnen exerogHo.
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