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Classification of optical coherence tomography
images using deep machine-learning methods
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ABSTRACT

BACKGROUND: Optical coherence tomography is a modern high-tech, insightful approach to detecting pathologies of the retina
and preretinal layers of the vitreous body. However, the description and interpretation of study findings require advanced
qualifications and special training of ophthalmologists and are highly time-consuming for both the doctor and the patient.
Moreover, mathematical models based on artificial neural networks now allow for the automation of many image processing
tasks. Therefore, addressing the issues of automated classification of optical coherence tomography images using deep
learning artificial neural network models is crucial.

AIM: To develop architectures of mathematical (computer) models based on deep learning of convolutional neural networks
for the classification of retinal optical coherence tomography images; to compare the results of computational experiments
conducted using Python tools in Google Colaboratory with single-model and multimodel approaches, and evaluate classification
accuracy; and to determine the optimal architecture of models based on artificial neural networks, as well as the values of the
hyperparameters used.

MATERIALS AND METHODS: The original dataset included >2,000 anonymized optical coherence tomography images of
real patients, obtained directly from the device with a resolution of 1,920x969x24 BPP. The number of image classes was
12. To create the training and validation datasets, a subject area of 1,100x550x24 BPP was “cut out”. Various approaches
were studied: the possibility of using pretrained convolutional neural networks with transfer learning, techniques for resizing
and augmenting images, and various combinations of the hyperparameters of models based on artificial neural networks.
When compiling a model, the following parameters were used: Adam optimizer, categorical_crossentropy loss function, and
accuracy. All technological operations involving images and models based on artificial neural networks were performed using
Python language tools in Google Colaboratory.

RESULTS: Single-model and multimodel approaches to the classification of retinal optical coherence tomography images
were developed. Computational experiments on the automated classification of such images obtained from a DRI OCT Triton
tomograph using various architectures of models based on artificial neural networks showed an accuracy of 98—100% during
training and validation, and 85% during an additional test, which is a satisfactory result. The optimal architecture of the model
based on an artificial neural network, a six-layer convolutional network, was selected, and the values of its hyperparameters
were determined.

CONCLUSION: Deep training of convolutional neural network models with various architectures, as well as their validation and
testing, resulted in satisfactory classification accuracy of retinal optical coherence tomography images. These findings can be
used in decision support systems in ophthalmology.

Keywords: artificial intelligence; medical data; dataset; machine learning; convolutional neural networks; optical coherence
tomography.
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Knaccudukaums cCHUMKOB oNnTUYECKOW KOrepeHTHOM
ToMorpagum ¢ ucnonb3oBaHMeM METOA0B rny6okoro
MaLUMHHOro 06y4yeHus
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AHHOTALIUA

06ocHoBaHMe. OnTiYecKan KorepeHTHast TOMOrpagua — COBPEMEHHBINA BbICOKOTEXHOOMMYHBIA U UHOPMATMBHBIA MeTo[,
BbISIB/IEHWS MATONIOMMW CETHATKU N1a3a U NpepeTUHaNbHbIX CI0EB CTEKI0BMAHOMO Tenla. OfHaKo onucaHue 1 MHTepnpeTauus
pe3ynbTaToB UCCef0BaHUA TPebYIT BbICOKOM KBanU(UKaLMM U cneumanbHoOM NOAroTOBKM Bpaya-odTanbMosiora, a Takke
3HauuUTeNbHBIX BPEMEHHBIX 3aTpaT Bpada M nauueHTa. BMecTe ¢ TeM ucnonb3oBaHWe MaTeMaTUYeCKUX MOJENEN Ha OCHOBE
annapara MCKYCCTBEHHBIX HEMPOHHbIX CETEl B HACTOALLEE BPEMS MO3BOJISIET aBTOMATU3MPOBaTL MHOMME NPOLLECChl, CBA3aH-
Hble ¢ 06paboTKoi 130bpaeHuii. IMeHHO NO3TOMy aKTyaNbHO peLUeHWe 3afad, CBA3aHHbIX C aBTOMaTM3auMeid npolecca
KnaccuduKaLumMm CHUMKOB OMTUYECKOW KOTePEHTHOI ToMorpadumu Ha ocHoBe rybokoro obyueHns Mogenen UCKYCCTBEHHbIX
HEMPOHHBIX CETEMN.

Llenb — pa3pabotaTb apxuTeKTypbl MaTeMaTU4eckux (KOMMbOTEPHbIX) MOZENel Ha OCHOBE ryboKoro 0bydyeHus cBEpTOY-
HbIX HEMpOHHBIX CeTel, NpeAHa3HaueHHbIX LI KnaccUUKaLmMM CHUMKOB OMTUYECKON KOTePEHTHOW ToMorpadmm ceTyaTku
rnasa; CpaBHUTb Pe3ynbTaThl BbIMUCIIUTENBHBIX 3KCMEPUMEHTOB, NPOBEAEHHBIX C UCMONb30BaHMeM cpefcTe Python B Google
Colaboratory npu ofHoO- M MHOTOMOZENBHOM MOAXOAAX, W BbIMOSHUTL OLEHKM TOYHOCTU KNaccuuKaumu; caenatb BbIBOAbI
06 onTMManbHOW apXUTeKType MoJenei MCKYCCTBEHHBIX HEMPOHHBIX CETEM W 3HAYeHMSX UCMOMb3yeMbIX rMnepnapamMeTpoB.
Marepuanbl U MeToapl. VcxoaHbIl faTaceT, NpeacTaBnsoLLmMA cob0i 006€3NIMYeHHbIE CHUMKU ONTUYECKOW KOrepeHTHOM To-
Morpaduu peanbHbIX nauueHToB, BKItovan tonee 2000 mM3obpaxeHWH, NoNy4eHHbIX HEMOCPeACTBEHHO ¢ npubopa B pas-
pewenun 1920x969x24 BPP. KonuyecTtBo KnaccoB usobpawenun — 12. [lna cospanus obyyaioliero U BanuaaLMOHHOMO
HabopoB JaHHbIX OCYLLECTBNIANM «Bblpe3aHue» npeaMeTHoi obnactu 1100x550x24 BPP. W3yuanu pasnuuHble nogxopnbi:
BO3MOXHOCTb WUCMOb30BaHUS NpefobyyeHHbIX CBEPTOYHbIX HEMPOHHBIX CETel C NEPEHOCOM 0bY4eHUs, METOANKU U3MEHeE-
HWA pa3Mepa M ayrMeHTaumu u3obpaxkeHui, a TaKKe pasfMyHble COYETaHWs runeprnapameTpoB Mofenen UCKYCCTBEHHbIX
He/pOHHbIX ceTel. [pu KoMNUNALMK MOAENM UCMONb30BaNM CleAyloLLMe NapaMeTpbl: onTuMu3atop Adam, gyHKuMIO noTepb
categorical_crossentropy, MeTpuKky accuracy. Bce TexHonornyeckue npouecchl ¢ M300paXeHUsIMU U MOJENSAMM UCKYCCTBEH-
HbIX HElipOHHbIX CETEN NMPOBOAMIM C UCMONb30BaHUEM cpeAcTB A3blka Python B Google Colaboratory.

Pe3ynbtathl. [lpeanoxeHsl 0AHO- U MHOMOMOAEMbHBIA MPUHLMIBI KNaccubUKaumum U300paeHnin ONTUYECKOW KOrepeHT-
HOM TOMorpaduu ceTyaTku rnasa. BelumcnuTenbHbIE 3KCMEPUMEHTLI N0 aBTOMATU3MPOBAHHOM KNACCMUKALMU TaKWX WU30-
bpaxeHui, nonyyeHHbix ¢ Tomorpada DRI OCT Triton, ¢ Mcnonb3oBaHWeM Pa3fMYHbIX apXUTEKTYp MOLenei UCKYCCTBEH-
HbIX HEWpOHHbIX CETEW MOKasanu TOYHOCTb npu 0byyeHun u Banupaumm 98-100%, v Ha pononHuTenbHoM Tecte — 85%,
uYTO AB/IAETCA YAOBNETBOPUTENBHBIM pe3ynbTaToM. BbibpaHa onTuManbHas apXUTeKTypa MOAENW UCKYCCTBEHHOIM HEMPOHHOM
CET — 6-CNONHaA CBEPTOYHAA CETb, — M ONpefeneHbl 3HaYeHUs e€ r1nepnapameTpos.

3aknovenune. Pesynbtathl rnybokoro 0byyeHus Mopeneit CBEPTOYHbIX HEMPOHHBLIX CETEN C PA3/IMYHON apXUTEKTYPOM, WX
Ba/MAaUMM M TECTUPOBAHMA MOKa3anmn yA0BNETBOPUTENBHYIO TOYHOCTb KNACCUPUKALMM CHUMKOB ONMTUYECKON KOTepEHTHOI
ToMorpadmm cetyatku rnasa. [laHHble pa3paboTku MoryT ObiTb MCMONb30BaHbl B CUCTEMAX MOAAEPHKM NPUHATUS peLLeHUi
B 0bniacTn odTanbmMonoruu.

KnioueBble cnoBa: VICKYCCTBEHHbIVI WHTENNEKT, MeJULUMHCKWE [aHHble; OaTaceT; MallMHHOoe oﬁyqume; CBépTO‘-IHbIe
HeVIPOHHbIe CeTH; onThyecCcKana KorepeHTHas TOMOFpadJVIFI.
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Exploring the possibilities of an artificial intelligence
program in the diagnosis of macular diseases
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ABSTRACT

BACKGROUND: Macular diseases are a large group of pathological conditions that cause vision loss and visual impairment.
Early diagnosis of such changes plays an important role in treatment selection and is one of the crucial factors in predicting
outcomes.

AIM: To examine the potential of an artificial intelligence program in the diagnosis of macular diseases using structural optical
coherence tomography scans.

MATERIALS AND METHODS: The study included patients examined and treated at the Federal Research and Clinical Center
of Specialized Medical Care and Medical Technologies and Moscow Regional Research and Clinical Institute. In total, 200
eyes with macular diseases were examined, as well as eyes without macular pathologies. A comparative clinical analysis of
structural optical coherence tomography scans obtained using an RTVue XR 110-2 tomograph was conducted. The Retina.Al
software was used to analyze optical coherence tomography scans.

RESULTS: In the analysis of optical coherence tomography scans using Retina.Al, various pathological structures of the macula
were identified, and a probable pathology was then determined. The results were compared with the diagnoses made by
ophthalmologists. The sensitivity, specificity, and accuracy of the method were 95.16%, 97.76%, and 97.38%, respectively.
CONCLUSION: Retina.Al allows ophthalmologists to automatically analyze optical coherence tomography scans and identify
various pathological conditions of the fundus.

Keywords: optical coherence tomography; artificial intelligence; diagnosis; macular edema; age-related macular degeneration.
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U3syyeHue Bo3MOXKHOCTEM NpOrpaMMbl
MCKYCCTBEHHOr0 MHTENNIeKTa B AUArHOCTUKE
3aboneBaHuM MaKynspHou obnactu

M.P. Xaba3osa', E.H. MoHomapesa', W.A. JlockyTos?, E.A. Katanesckas®,
A.10. Cuzos®*, M. [abapaes'

! DepepanbHbIfA HayYHO-KIMHUYECKMIA LIEHTP CeLMann3upoBaHHbIX BULOB MeNLIMHCKON NOMOLLM U MeMUMHCKUX TexHonorwiA, Mocksa, Poccus;
2 MOCKOBCKWiA 061aCTHOM Hay4HO-WCCTIE[0BATENLCKUIA KIMHUYECKMUA MHCTUTYT uMeHn M.O. Bnagumupckoro, Mocksa, Poccus;

3000 «Oumumran Buxn ContowHe», Mocksa, Poccus:;

“ Hyeropo/ICKuiA rocynapCTBEHHbIN TeXHUYecKun yHuaepcutet um. P.E. Anexceesa, Huwnuii Hosropoa, Poccus

AHHOTALIUA

06ocHoBaHue. 3aboneBaHUs MaKyNspHOM 061acTv NpeaCcTaBnAT coboi 60bLLYI rpyNNy NATONOrUHECKUX COCTOSHUM, NPU-
BOAALUMX K NOTepe 3peHus U cnaboBuaeHno. PaHHAS AWMarHoCTUKa Takux U3MEHEHW UrpaeT bonbLUylo posib B Bbibope Tak-
TUKM JIEYEHUA U ABNSAETCA OAHOM U3 onpefensioLLmxX B NPOrHO3MpOBaHUW pe3ynbTaTos.

Lienb — u3yunTb BO3MOXKHOCTH MPOrpamMMbl MCKYCCTBEHHOTO MHTEN/IEKTA B AMArHOCTMKE 3a00NeBaHNU MaKynsipHoi obnacTu
Ha OCHOBE aHaNN3a CKaHOB CTPYKTYPHOW OMTUYECKON KOrepeHTHOM ToMorpadum.

Martepuanel u Metoabl. B uccnegoBanue Bbinn BKIKOYEHbI NaLMEHThI, MpoxoaumBLUKe obcnepoBaHue u nedenne B Qepe-
PaNIbHOM Hay4YHO-KIMHWUYECKOM LIEHTpe CMeuManu3npoBaHHbIX BULOB MEAMLIMHCKOM MOMOLUM U MEeAULIMHCKUX TEXHOMOTMIA
1 MocKoBcKoro 0611acTHOro Hay4Ho-MCCe0BaTeNIbCKOr0 KIMHUYECKOro MHCTMTyTa uM. M.®. Brnagummupckoro. 06cnesoBaHo
200 rna3 ¢ 3aboneBaHMAMM MaKynapHoi obnacTu, a Takxe rnasa 6e3 MakynspHoit natonoruu. MNpoBeféH CPaBHUTENbHLIN
K/IMHWYECKUIA aHaNW3 CKaHOB CTPYKTYPHOW ONTUYECKON KOFEpPEHTHOW TOMOrpaduy, BbINOSHEHHbIX HA 0(TaNbMOIOrUYECKOM
Tomorpade RTVue XR 110-2. [ins aHanu3a cKaHOB OMTUYECKOW KorepeHTHOW ToMorpadmu UCMoNb30Banock NporpaMMHoe
obecneuenue Retina.Al.

Pe3ynbTathl. B xoae aHanu3a cKaHOB ONTUYECKOI KOrepeHTHOW TOMOrpadum ¢ NOMOLLI0 MPOrpamMMbl 6binn BbISIBNEHbI pas-
JIMYHBIE MATONIOrMYECKME CTPYKTYPbI MaKynspHOW 0bnacTy, a 3ateM chopMyNMpOBaHO 3aK/I0YEHNE 0 BEPOSTHOM MaToNOMUK.
MonydyeHHble pe3ynbTaThl CPaBHMBAIUCH C 3aK/IIOUEHUSIMU Bpayeii-odTanbMonoroB. YyBCTBUTENBHOCTL METOAA COCTaBMIA
95,16%; cneumduyHocts — 97,76%; TouHoCTE — 97,38%.

3aknoyenue. MNnatdopma Retina.Al nossonset odranbMonoraM ycneLHo NpoBOANUTL aBTOMATM3MPOBaHHbI aHanM3 CKaHoB
CTPYKTYPHOW ONTUYECKOI KOrepeHTHOW ToMorpaduu 1 BbISBNIATL Pa3fuyHbIe NaToslorMyeckue COCTOSHMS F1asHOro AHa.

KnioueBble cnoBa: onTuyeckas KorepeHTHas ToMorpadms; UCKYCCTBEHHBIA UHTENNEKT; BUTPEOMAKYNAPHbIA UHTepbeic;
AVarHOCTUKa; AnMabeTU4ecKnin MaKyNApHLIA OTEK; BO3PACTHAA MaKyNApHas AereHepaums.
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ABSTRACT

BACKGROUND: Aortic aneurysms are known as “silent killers” because this potentially fatal condition can be asymptomatic. The
annual incidence of thoracic aortic aneurysms and ruptures is approximately 10 and 1.6 per 100,000 individuals, respectively.
The mortality rate for ruptured aneurysms ranges from 94% to 100%. Early diagnosis and treatment can be life-saving. Artificial
intelligence technologies can significantly improve diagnostic accuracy and save the lives of patients with thoracic aortic
aneurysms.

AIM: This study aimed to assess the efficacy of artificial intelligence technologies for detecting thoracic aortic aneurysms on
chest computed tomography scans, as well as the possibility of using artificial intelligence as a clinical decision support system
for radiologists during the primary interpretation of radiological images.

MATERIALS AND METHODS: The results of using artificial intelligence technologies for detecting thoracic aortic aneurysms on
non-contrast chest computed tomography scans were evaluated. A sample of 84,405 patients >18 years old was generated,
with 86 cases of suspected thoracic aortic aneurysms based on artificial intelligence data selected and retrospectively assessed
by radiologists and vascular surgeons. To assess the age distribution of the aortic diameter, an additional sample of 968 cases
was randomly selected from the total number.

RESULTS: In 44 cases, aneurysms were initially identified by radiologists, whereas in 31 cases, aneurysms were not detected
initially; however, artificial intelligence aided in their detection. Six studies were excluded, and five studies had false-positive
results. Artificial intelligence aids in detecting and highlighting aortic pathological changes in medical images, increasing the
detection rate of thoracic aortic aneurysms by 41% when interpreting chest computed tomography scans. The use of artificial
intelligence technologies for primary interpretations of radiological studies and retrospective assessments is advisable to
prevent underdiagnosis of clinically significant pathologies and improve the detection rate of pathological aortic enlargement.
In the additional sample, the incidence of thoracic aortic dilation and thoracic aortic aneurysms in adults was 14.5% and 1.2%,
respectively. The findings also revealed an age-dependent diameter of the thoracic aorta in both men and women.
CONCLUSION: The use of artificial intelligence technologies in the primary interpretation of chest computed tomography scans
can improve the detection rate of clinically significant pathologies such as thoracic aortic aneurysms. Expanding retrospective
screening based on chest computed tomography scans using artificial intelligence can improve the diagnosis of concomitant
pathologies and prevent negative consequences.
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AHHOTALIMA

06ocHoBaHUe. AHEBPU3MbI a0pTbl — «TUXWE YOMiALbI», pa3BuBaIoTCA 683 CUMMTOMOB WU MOTYT NPUBECTU K JIETAIbHOMY UCXOLY.
ExxeronHo 3aboneBaeMocTb aHeBpU3MOiA IpyaHON aopTbl cocTaenseT okono 10 ciyyaes Ha 100 000 yenosek, a yacToTa paspbl-
BOB aHEBPU3Mbl — 0Kof10 1,6 cydas. PaHHAS aMarHocTUKa 1 iedeHve MoryT CNacTi Xu3Hb NaumeHTa. Mcnonb3oBaHue TexHo-
NOTUIA UCKYCCTBEHHOTO MHTESIIEKTA MOKET 3HAUMUTENbHO YYYLLMTb KAa4yecTBO AMarHOCTUKU M NpeaoTBpaTUTL JIeTaslbHbIA UCX0A,
Lienb — oueHUTb 3 HEKTUBHOCTL NPUMEHEHUS TEXHONOMMIA UCKYCCTBEHHOTO MHTEJNIEKTA B BbIAIBJIEHUM aHEBPU3M IPYAHOI0
OT/e1a aopTbl Ha KOMIbKOTEPHOI TOMOrpaduW OpraHoB rPpyAHON KIETKW U UCCNeA0BaTb BO3MOXHOCTM UCMOMb30BaHUS 3TUX
TEXHOJOMMIA B KAQYECTBE CUCTEMBI MOAAEPHKM NPUHATUS BPayebHbIX peLleHmii Bpaia-peHTreHonora npy nepBuYHOM onuca-
HWM NIy4eBbIX UCCNELOBaHMA.

Matepuanbl U MeToAbl. Bbin OLEHEHBI pe3ynbTaThl MCMNOIb30BaHWUA TEXHOMOMMIA UCKYCCTBEHHOMO UHTENNEKTA 418 BbISBNE-
HWA aHeBPM3Mbl FPYAHON a0OpPThl HA KOMMBIOTEPHOM TOMOrpadmM OpraHoB rPyAHOM KIETKW Be3 KOHTPACTHOro ycunenus. beina
chopmmpoBaHa Bbibopka u3 84 405 cnyyaeB obcnenoBaHus NauMeHTOB cTapwe 18 neT, U3 KoTopbix 0TOBpaHo M peTpocnek-
TUBHO NMEPECMOTPEHO COCYAMCTBIMM XMpypramm HayuHo-uccneoBaTeslbCcKoro MHCTUTYTa cKopoi nomoluy umenm H.B. Cknm-
docoBckoro 86 uccnefoBaHWM € MOJO3PEHVEM HA HanWuMe aHeBpU3Mbl FPYAHOT0 OTAENa aopThl MO AAHHBIM TEXHONOMUA
MCKYCCTBEHHOIO MHTENNEKTA. 3TU UCCNeL0BaHWs ObINM TaKKe PETPOCTEKTUBHO OLIEHEHBI ABYMS BpauaMU-PEHTTEHOIOraMu.
Bbina chopMupoBaHa gononHUTeNbHas BbIDOpKa U3 968 mMccnefoBaHUiA, B3ATLIX B Cy4YaiHOM MOpsAKe U3 obLuero uucna,
ANS OLEHKW KOpPensLMM Bo3pacTa NaLyeHToB U AMaMeTpa rpyAHOro OTAeNa aopThl.

PesynbTtatbl. AHanM3 NoKasan, 4To B 44 MCCNefoBaHMAX aHeBpu3Ma Obia MepBUYHO BbISIBNIEHA BPaYOM-PEHTTEHONONOM,
B 31 cnyyae aHeBPM3MbI He BbIM ONKUCaHbI, HO TEXHONOTUS UCKYCCTBEHHOMO MHTENNIEKTA NOMOrTIA BbISBUTL Natonoruio. Ewe
6 viccnefoBaHWiA BbiM UCKITKOYEHBI U3 BLIBOPKU, @ B 5 ciyyasx bbinm 00HapYKEHbI NOXKHOMOMOXUTENBHBIE Pe3yNbTaThl aHanu3a.
Wcnonb3oBaHne TEXHOMOTUI WCKYCCTBEHHOO WMHTEN/eKTa 0bHapyXuBaeT U BbiAeNseT MaToforuyeckue U3MeHeHWs aopThbl
Ha MeAMLIMHCKMX U306paXKeHmMsX, TEM CaMbIM MOBbILLAA BbIAB/IAEMOCTb aHEBPU3MbI MPYLHON aopThbl NMpWU MHTEpPNpeTaLum pe-
3y/bTaToOB KOMMbIOTEPHOW TOMOrpadmm opraHoB rpyaHoii KneTku Ha 41%. [py NepBMYHOM OMMUCaHWUM NYYEBLIX UCCNEL0BaHWM
1 B peTPOCMEKTUBHBIX UCCNef0BaHUAX LienecoobpasHo UCMoNb30BaTb TEXHOOMMW UCKYCCTBEHHOMO MHTEN/IEKTa AAs npodunak-
TUKU MPOMYCKOB KIIMHAYECKW 3HQUMMBIX NATONOTUIA — KaK B KauecTBe CUCTEMbl MOAAEPHKN MPUHATUA BpauebHbIX peLLeHuii
ANA Bpaya-PeHTreHos1ora, TaK 1 151 NOBbILLEHMS BbISBNSEMOCTY NATONONMYECKOr0 PacLLMpeHns PyAHOro OTAeNna aopThl.

Mo pononHUTenbHO BbIGOPKE B MOMYNALMM B3POC/Or0 HaCeNeHUs YacToTa Aunartaumm rpyaHoro oTAena aopTbl COCTaBuna
14,5%, a aHeBpu3M rpyaHoro otaena aopTel —1,2%. [laHHble TaKKe NOKa3anu BO3pacTHYHO 3aBUCMMOCTb AvaMeTpa rpyAHo-
ro OTAeNa aopThl 418 MYXUUH U EHLLMH.

3aksnitoueHue. IpuMeHeHNe TEXHONOMIA UCKYCCTBEHHOMO MHTESIEKTa B NPOLLECCe MEPBUYHOIO ONUCaHMS Pe3ynbTaToB KOM-
NbIOTEPHON TOMOrPaduu OpraHoB rPYAHON KNETKU MOXET NOBLICUTL BbISBIAEMOCTb KITMHUYECKW 3HAYMMBIX NaTONIOMMYECKUX
COCTOSIHWM, TaKMX KaK aHeBPM3Ma rpyHOro 0TAena aopTbl. PaclumpeHue peTpOCNEKTUBHOMO CKPUHUHIA MO AaHHBIM KOMIbO-
TEpHOI TOMOrpadumn OpraHoB rpyAHON KNETKM C UCMOJIb30BaHUEM TEXHOSIOMMI UCKYCCTBEHHOMO MHTENEKTa MOXKET YyULLIUTb
KaueCTBO AMArHOCTUKM CONYTCTBYHOLLMX NaTONOrMiA M NPeS0TBPaTUTbL HEraTUBHLIE NOCNEACTBUS )1 NALMEHTOB.

KnioueBble cnosa: KOMMNbKOTEPHaA TOMOFpaCIJMFl; aHeBpMU3Ma aopThbl; MCKYCCTBEHHbIVI WHTEJIeKT.
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FEIkRE R EREA (154 &) h, B R
R TE S04 R0 i = B0 ik B oK ELAR O TR L 2
5t (p>0.05) . [\, 7E96844 B REA T (M stk
BEMLIMI , TR Lo P AR 45 88 R0 i 5 3h ik i K B
B AR S ZE R (p<0.001) o X UL L 2]
SE T ) R AR WS AR E SR IR SRR A 1 Il . N T B 4
Eiﬂﬁ%ﬁﬂﬁ%%ﬂ%ﬁﬁ, FHERATE 2L 18T
T

XTI RRR B

A FAERIBUE AT FE 8 TN TR RE S, el
S B KIRE B A PN, IKAESE 1 ESE Rl
X — BT SR RPN RTAT 1 0, VR TsUR
BHEAEEYDD IR MU A BN 1B TR . AN,
FAMEE = 2B LBV IR . 28757k
A LAE i AT SRR AN IR S R
Fik[20-22].

65

y=0,118x+ 28,6
R? = 0,346
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Possibilities for using the Vimedix 3.2 virtual
simulator to train ultrasound specialists

Valeri A. Vasilev, Svetlana N. Kondrichina

Petrozavodsk State University, Petrozavodsk, Russia

ABSTRACT

BACKGROUND: In recent years, it has been critical to modify training methods and programs in numerous areas, including
ultrasound diagnosis, with the use of various virtual and simulation devices. Because practical experience with employing such
technologies in the teaching process is limited, there are few original studies on the subject in Russian and foreign literature.
AIM: To determine the possibilities and algorithms for using a virtual ultrasound simulator to train ultrasound specialists based
on the results of related work, as well as to assess the benefits and drawbacks of simulators in comparison to conventional
teaching methods.

MATERIALS AND METHODS: The results of using the Vimedix 3.2 virtual simulator in the teaching process were analyzed.
Simulations of abdominal ultrasound, transthoracic echocardiography, and triplex scanning of major vessels were performed.
The study included 26 residents specializing in ultrasound diagnosis and 37 physicians undergoing professional retraining
courses.

RESULTS: Using a virtual simulator during the initial stage of training helps eliminate many of the challenges that residents and
trainees encounter in clinical practice. The use of a simulator during testing appears to be less beneficial than during a practical
examination employing ultrasound scanners and real patients.

CONCLUSIONS: The use of a simulator at the initial stage is advisable to get familiar with this research methodology. It is
recommended to develop and use of additional teaching materials and programs in training. The advantages of the virtual
simulator include ease of use during the initial stages of training, a steep learning curve, and the availability of an extensive
database of pathological cases. The identified noncritical shortcomings require correction during further training in the clinic.

Keywords: simulation training; virtual simulator; ultrasound simulator; ultrasound diagnosis.
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Bo3M0)XXHOCTU MCNOJIb30BaHUA BUPTYaJIbHOIO
cumynatopa «Vimedix 3.2» B npouecce obyuyeHus
no cneuuanbHOCTU «Y/bTpasBYKOBas AUArHOCTUKA»

B.A. Bacunees, C.H. Kongpuunna

[NeTpo3aBofcKuin rocyAapcTBEHHbINA YHUBepcuTeT, eTpo3aBoAck, Poccus

AHHOTALMA

O6ocHoBaHMe. B nocneaHue rofpl akTyanbHO M3MeHeHWe METOAMK W NMpOrpamMM MpenoAaBaHns MHOTUX AWCLMNIMH, B TOM
uucne yNbTPa3BYKOBOW AMArHOCTUKM, C BKIIIOYEHWEM B HUX Pa3/IMYHbIX BUPTYaNbHbIX M CUMYNALMOHHBIX YCTPOMCTB. [paKTu-
YECKWI OMbIT UCMOb30BaHUA NOAOBHBIX TEXHONOMWN B NpoLecce 06y4eHUs [OCTAaTOYHO HEMPOAOIIKUTENEH, B CBA3U C 3TUM
B OTEYECTBEHHOI U 3apybexHO IUTepaType MMEKTCA UL HEMHOTOYUCNIEHHBIE OpUTMHAMbHBIE PaboThl, MOCBSALLEHHBIE 3TOM
TEME.

Lienb — onpenenutb BO3MOXHOCTM WU anropuTM UCMOMb30BaHUS BUPTYaNbHOTO CUMyNATOPA YNbTPa3ByKOBOrO MCC/eA0Ba-
HWSA B mpoLiecce MpenofaBaHns AUCLUMMIIMHBI «y/bTPa3ByKoBas AMArHOCTUKa» Ha OCHOBaHWM pe3ynbTaToB paboThbl C HUM.
OueHuTb MpeuMyLLEecTBa U HEA0CTATKV NPUMEHEHUS CUMYJIAITOPA B CPABHEHWM C TPaAULMOHHON METOAMKOW NpenoaaBaHus.

Martepuansl u MeToabl. [lpoaHanu3vpoBaHbl pe3ynbTaThl NPUMEHEHUS BUPTYanbHOro TpeHaxepa «Vimedix 3.2» B yyebHOM
npouecce. Ha HEM npoBoAMAUCHL CUMYNALMK TpaHcabA0MUHAMBHOMO YNBTPa3BYKOBOr0 UCCIe,0BaHUA OpraHoB OpIOLLHOI No-
NOCTU, TPAHCTOPaKasbHO! 3XoKapamorpadmm, TPUNNEKCHOr0 CKaHMPOBaHMs MarucTpabHbIX COCyAoB. B npouecce uccnepo-
BaHWA y4yacTBOBanW 26 OpAMHATOPOB MO CMELManbHOCTU «yNbTPasByKoBas AWarHOCTUKa» U 37 Bpayei, NpoxoamBLUMX 06-
yueHue Ha Kypcax npodeccroHanbHoW NepenoaroToBKy.

PesynbTathl. [lpuMeHeHne BUPTYanbHOTO CUMYNIATOPA Ha HaYanbHOM 3Tane B y4ebHOM NMpoLecce MOXKET YCTPaHWUTb MHOTUe
npobnembl, C KOTOPLIMU CTANIKUBAKOTCA OPAMHATOPLI U KYpcaHTbI NPY 06y4eHMM Ha KMHUYecKuX basax. Mcnonb3oBaHue cu-
MynsiTopa B NpoLiecce TECTUPOBaHUS NPEeACTaB/IAETCA MEHee MPeAnoyTUTENbHLIM, M0 CPABHEHMIO C MPaKTUYECKUM 3K3aMe-
HOM C MCMO/b30BaHWEM YNbTPA3BYKOBbIX CKAHEPOB W PeasnbHbIX NALMEHTOB.

3aknouenune. Cumynatop LenecoobpasHo UCMob30BaTh Ha HAaYaNbHOM 3Tane Ans 0TpaboTKM MeTOAMKM uccneaoBaHms. Pe-
KomeHAyeTcs paspaboTka W ucnonb3oBaHue B 0byyeHUM SOMONHMTENBHBIX y4ebHO-MeToaNYecKUX MaTepuanos 1 yuebHoi
nporpamMbil. MpenMyLLiecTBamMK BUPTYanbHOr0 CUMYNATOpa ABASAOTCA KOM(OPTHOCTb paboThl Ha HayanbHOM aTane obyueHus,
Marioe BpeMsl ero 0CBOEHMs, Hanuume 0BLIMpHOM Ba3bl AaHHbIX NaTONOrMYECKUX CyyaeB. BoiABNEHHbIE HEKPUTUYHBIE HE[0-
CTaTKW TPebYIOT KOPPEKLMM NPU JanbHENLLEM 00YYEHUN B KITMHUKE.

KnioueBble cnioBa: CUMyNALMOHHOE 0By4YeHWe; BUPTYaNbHbI TPEHAXEp; CUMYNATOP YbTPa3BYKOBbIX MCCNeL0BaHUI;
yNbTPa3BYKOBasA AMarHOCTUKA.
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Machine-learning technology for predicting intraocular
lens power: Diagnostic data generalization
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ABSTRACT

BACKGROUND: The implantation of recent intraocular lens (I0Ls) allows ophthalmologists to effectively solve the surgical
rehabilitation problems of patients with cataracts. The degree of improvement in the patient’s visual function is directly
dependent on the accuracy of the preoperative calculation of the optical IOL power. The most famous formulas used to calculate
this indicator include SRK II, SRK/T, Hoffer-Q, Holladay II, Haigis, and Barrett. All these work well for an “average patient”;
however, they are not adequate at the boundaries of input variable ranges.

AIM: To examine the possibility of using mathematical models obtained by deep learning of artificial neural network (ANN)
models to generalize data and predict the optical power of modern IOLs.

MATERIALS AND METHODS: ANN models were trained on large-scale samples, including depersonalized data for patients in
the ophthalmology clinic. Data provided in 2021 by ophthalmologist K.K. Syrykh reflect the results of both preoperative and
postoperative observations of patients. The source file used to build the ANN model included 455 records (26 columns of input
factors and one column for the output factor) for calculating IOL (diopters). To conveniently build ANN models, a simulator
program previously developed by the authors was used.

RESULTS: The resulting models, in contrast to the traditionally used formulas, reflect the regional specificity of patients to
a much greater extent. They also make it possible to retrain and optimize the structure based on newly received data, which
allows us to consider the nonstationarity of objects. A distinctive feature of such ANN models in comparison with the well-
known formulas SRK II, SRK/T, Hoffer-Q, Holladay Il, Haigis, and Barrett, which are widely used in surgical cataract treatment,
is their ability to consider a significant number of recorded input quantities, which reduces the mean relative error in calculating
the optical 0L power from 10%—-12% to 3.5%.

CONCLUSIONS: This study reveals the fundamental possibility of generalizing a significant amount of empirical data on
calculating the optical I0L power using training ANN models that have a significantly larger number of input variables than
those obtained using traditional formulas and methods. The results obtained allow the construction of an intelligent expert
system with a continuous flow of new data from a source and a step-by-step retraining of ANN models.

Keywords: artificial intelligence; medical data; dataset; machine learning; intraocular lenses.
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ANA NPOrHO3MpOBaHMA ONTUYECKOMU CUNbI
MHTPAOKYNAPHBIX JIUH3:
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AHHOTALIUA

060cHoBaHMe. MMnnaHTauus CoBPEMEHHbIX MHTPAOKYNSAPHBIX JIMH3 N03BOASET 0hTanbMonoram 3sQQeKTUBHO peLlaTh 3aaaqm
XMPYPrUYECKOi peabunuraumm NauMeHTOB C KaTapakToid. CTeneHb ynydlleHus 3puTenbHbIX GYHKUMIA MauueHTa Hanmpamylo
CBAiI3aHa C TOYHOCTbHO MpesonepaLroHHOr0 pacyéTa ONTUYECKON CUIbl MHTPAOKYAAPHBIX IMH3. [Ina pacuéTta 3Toro nokasa-
Tens ucnonb3ayiotcs Takue dopmynel, Kak SRK I, SRK/T, Hoffer-Q, Holladay II, Haigis, Barrett. Bce onu xopolo paboTatot
LNS «CPeJHero naumeHTa», 0jHaKO He SBNAKTCA B JOCTAaTOYHOW CTeNneHU afieKBaTHbIMM Ha rpaHMLaX A1ana3oHoB BXOLHbIX
nepeMeHHBIX.

Lienb — u3yyeHne BO3MOXHOCTM UCMONb30BaHUSA MaTEMaTUYECKUX MOJENeN, MoslyyYeHHbIX B pe3yfbTate rnybokoro obyye-
HWA UCKYCCTBEHHbBIX HEMPOHHBIX CETEN, [JIA reHepanu3aumum SaHHBIX U NPOrHO3MPOBAHWSA ONMTUYECKOW CUSIbI COBPEMEHHBIX
MHTPAOKYNSAPHBIX JIMH3.

Matepuansl u MeTogbl. 0byyeHe Mogenen, OCHOBaHHBIX HA MCKYCCTBEHHBIX HEMPOHHBIX CETSX, MPOBOAMIOCh HA MacLuTab-
HbIX BblOOpKax, B TOM YMC/e Ha 00e3MYeHHBIX AaHHbIX MALMEHTOB 0(TanbMONIOrMYecKol KIMHUKKW. [laHHble, NpefocTaB-
NenHble B 2021 rogy BpadoM-odtanbmonorom K.K. Coipbix, oTpaxaroT pesynbTaTbl Kak NpeonepaunoHHbIX, Tak U nocie-
OMepaLMoHHbIX HabnogeHn 3a naumeHTamu. McxogHbin daiin, “cnonb3oBaHHbIA ANA NOCTPOEHUS MOAENM, OCHOBAHHOM
Ha MCKYCCTBEHHO HEMPOHHOM CeTu, BKoYan 455 3anuceii (26 cTonbuoB BXxoAHbIX GAKTOPOB U OAUH CTONbEL, BbIXOAHOMO
(aKTopa) npu pacuéTe MHTPAOKYNAPHbIX K3 (aTNp). Ons ynobHoro nocTpoeHus Moaenei UCNonb30Baau NporpaMMy-cuMy-
NATOP, paHee paspaboTaHHylo aBToOpaMy.

PesynbTathl. [lonyyeHHble Mofienu, B OTAMYME OT TPAAMLMOHHO MCNoNb3yeMblx GopMys, B ropa3ao bonbluen cTeneHu oT-
PAXKAIOT PErMOHaNbHYI0 CneLmMduKy nauneHToB. OHK TakKe NO3BONAKT NepeobyyaTb U ONTUMU3MUPOBATL CTPYKTYpY MoLenu
Ha OCHOBE BHOBb MOCTYMALLMX LaHHBIX, YTO NO3BOMSET YUUTHIBATh HECTALMOHAPHOCTL 06beKTa. OTNNUUTENBHON 0CODEHHO-
CTbH0 TaKWUX MOJENEN, 0CHOBAHHBIX Ha MCKYCCTBEHHbIX HEMPOHHBIX CETSAX, N0 CPABHEHMIO C U3BECTHBIMU (HOpPMYNaMu, LUMPOKO
UCMO/b3YEMBIMU B XUPYPrUYECKOM JIeYEHUN KaTapaKTbl, SBMIAETCA BO3MOXHOCTb YYETa 3HAUMTENBHOMO YMCNa perucTpupye-
MbIX BXOAHBIX BEJMYMH. 3TO NO3BOMIIO CHU3UTb CPEAHION OTHOCUTENBHYIO MOMPELLHOCTb PacYETOB ONTUYECKON CUITbI MHTPa-
oKynspHbIX K3 ¢ 10-12% po 3,5%.

3aksitoueHme. [laHHoe UcCie0BaHUe NOKA3bIBAET MPUHLMMNUANBHYI0 BO3MOXHOCTb FeHEpPanM3aLmMv 3HaUUTENBHOTO KoNnye-
CTBA 3MMUPUYECKUX JaHHBIX MO PACYETY ONTUYECKOW CUNbI UHTPAOKYNSPHBIX IMH3 C MCMONb30BaHWeM rNyboKoro obyyeHus
MOZENEN UCKYCCTBEHHBIX HEMPOHHBIX CETEN , KOTOPbIE UMEKIT 3HAUUTESIbHO BoJIbLLIEE KONMYECTBO BXOLHBIX MEPEMEHHBIX, YEM
NPy UCNONb30BaHUW TPAAULMOHHBIX GOpPMYN U MeTof0B. [lofyyeHHbIe pe3ynbTaThl NO3BOAKT NOCTPOUTL UHTENEKTYaNbHYIO
3KCMEPTHYH CUCTEMY C AMHAMUYECKUM MOCTYMIEHNEM HOBbIX AaHHBIX M M03TanHbIM nepeobyyeHneM mMomene.

KnioueBble cnoBa: MCKYCCTBEHHbIVI WHTENNEKT, MeAULUMHCKWUE [laHHbIE; Bbl60pKa; MallKnHHOEe oﬁyqume; MHTPAOKYNApHbIe
JINH3bI.
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Machine-learning and artificial neural network
technologies in the classification of postkeratotomic
corneal deformity

Ekaterina K. Tsyrenzhapova', Olga . Rozanova', Tatiana N. lureva® %3, Andrey A. Ivanov',
lvan S. Rozanov*

! The S. Fyodorov Eye Microsurgery Federal State Institution, Irkutsk, Russia;

2 Irkutsk State Medical University, Irkutsk, Russia;

3 Russian Medical Academy of Continuous Professional Education, Irkutsk, Russia;
4 LLC Transneft Technology, Irkutsk, Russia

ABSTRACT

BACKGROUND: A thorough analysis of both optical and anatomical properties of the cornea in patients after anterior radial
keratotomy is important in choosing the optical power of an intraocular lens in the surgical treatment of cataracts and other
types of optical correction. Improving the classification of postkeratotomic corneal deformity is crucial in modern ophthalmology
due to its diverse clinical presentation.

AIM: To develop an automated classification system for postkeratotomic corneal deformity using machine learning and artificial
neural networks based on the analysis of topographic maps of the cornea.

MATERIALS AND METHODS: Depersonalized data from medical records of 250 patients aged 46—76 (mean, 59.63+5.95) years
were analyzed. Moreover, 500 topographic maps of the anterior and posterior surfaces of the cornea were analyzed, and three
stages of machine learning for postkeratotomic corneal deformity classification were performed.

RESULTS: Stage |, which involved topography analysis of the anterior and posterior surfaces of the cornea, allowed for the
measurement of anterior and posterior corneal elevation in three ring-shaped zones. At stage Il, a direct distribution neural
network was selected and created during deep machine learning. Eight auxiliary parameters describing the shape of the
anterior and posterior surfaces of the cornea were established. In Stage Ill, classification algorithms for postkeratotomic
corneal deformity were developed based on the test-to-training sample ratio, which ranged from 75% to 91%.

CONCLUSION: The proposed artificial neural network classifies of postkeratotomic corneal deformity types with an accuracy
of 91%. The potential for further improving the training quality of this artificial neural network has been established. Neural
network algorithms can become a useful tool for the automatic classification of postkeratotomic corneal deformity in patients
after radial keratotomy.

Keywords: anterior radial keratotomy; artificial intelligence; machine learning; corneal topography.
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TexHO/IOrMM MALUMHHOIO 06y4eHUA U UCKYCCTBEHHOM
HeMpPOHHOM ceTU B KNaccupuKauum
NOCTKepaToTOMUYECKOU AedopMaLMK poroBuLibl

E.K. Ubipenxanosa’, 0.W1. PozaHosa', T.H. I0pbesa’ %3, A.A. MsaHos', U.C. Po3aHos*

! HauoHanbHbIi MeAULMHCKMA UCCEA0BATENbCKUIA LIEHTP «MeXoTpac/ieBoit Hay4HO-TEXHUYECKUA KOMNTIEKC “MUKpoXMpyprva rnasa”
uMeHm aKapemuka C.H. ®égoposanr, UpkyTck, Poccus;

2 YIpKYTCKWIA TOCYapPCTBEHHBIN MEAMUMHCKWI yHUBepcuTeT, MpKyTck, Poccus;

3 PoccuiicKan MeMUMHCKas aKaZeMna HenpepbIBHOro npodeccoHansHoro obpasosatms, MpkyTck, Poceus;

“ 000 «TpaHcHedTb-TexHonormm», UpkyTck, Poccusa

AHHOTALIUA

06ocHoBaHMe. TLiaTeNbHBIA aHaIM3 KaK ONTUYECKMX, TaK M aHaTOMUYECKUX CBOWCTB POrOBULbI Y MALMEHTOB Moc/e nepe-
HeCEHHOW nepefiHeN paauanbHoi KepatoToMun npuobpeTtaeT ocoboe 3HaueHKe B BbIGOpe OMTUYECKOW CUITbl UHTPAOKYISPHOM
JIMH3bI NPU XMPYPrUYECKOM JIEYEHUM KaTapaKTbl U ApYrux BULAX OMTUYECKOM KOppeKLuW. BapnabenbHocTb KIMHUYECKOI Kap-
TUHbI NOCTKEPATOTOMMYECKOMN fedopMaLmm onpefenseT HeobxoaMMocTb pa3paboTky eé KnaccUdUKaLmmM 1 SBNSIETCSA BaXKHOM
3ajiayei coBpeMeHHOI ohTanbMoorum.

Llenb — pa3paboTaTb aBTOMaTU3MUPOBaHHYH CUCTEMY KilacCUUKALMM NOCTKEPaTOTOMUYECKOW AedopMaLmM poroBuLibl C UC-
Mo/ib30BaHNEM MaLLMHHOTO 06Y4eHUs U UCKYCCTBEHHOM HEPOHHOM CETU Ha OCHOBE aHanM3a YUCNIEHHBbIX 3HaYeHWii Tonorpa-
(UYECKUX KapT poroBuLbl.

Marepuansl u MeToabl. B KauecTBe MaTepnana Ucnosb3oBanMch 00e3NMYeHHbIe Pe3yNbTaThl aHaIN3a MeULMHCKON JOKY-
MeHTauum 250 nauueHToB B Bo3pacTe OT 46 [0 76 net (cpenHuii BospacT — 59,63+5,95 ropaa). MpoeenéH aHanus 500 Kapt
penbed-Tonorpadun nepefHeit 1 3afHei NOBEPXHOCTEN POrOBULLI M 3 3Tana MaLUMHHOTO 0byyeHMs KnaccuduKaumum nocr-
KepaToToMWYecKoin AedopMaLmu.

Pe3synbTartsl. | 3Tan — aHanu3 penbed-Tonorpadmmn nepeaHen u 3agHel NOBEPXHOCTEN POrOBMLbI — MO3BOAMA 3aUKCUpPO-
BaTb YMC/IEHHbIE 3HAYEHWUSA 3/1EBALMM NepefiHel 1 3afHel NOBEPXHOCTM POroBULbI B TPEX KOMbLEBUAHBIX 30Hax. Ha Il atane
B X0A4e rnyboKoro MalumHHoro obydyeHus bbina BblbpaHa M co3faHa HEMpOCeTb MPAMOr0 PacrpocTpaHeHUs. YCTaHOBNEHbI
8 BcnoMorartenbHbIX MapaMeTpoB, ONMCLIBAOLWMX GOpMy nepefHen M 3agHen nosepxHocTei porosuupl. |l 3Tan conpoBo-
XAancs noayy4eHWeM anropuTtMOoB KnaccuuKaLmm NoCTKepaToTOMUYECKON AedopMaLMM poroBuLbl B 3aBUCUMOCTM OT COOT-
HOLLIEHMS TeCTOBOM W 0ByyatoLLeii BbIGOPOK, KoTopoe BapbupoBaso oT 75 fo 91%.

3akuioyeHme. PaspaboTaHa UCKYCCTBEHHAs HeMpOHHas CeTb, YCMELLHO peLualollas 3aAady KiaccuduKaLmm TMNoB nocTkepa-
TOTOMUYECKOW AedopMauun poroBuLbl € To4HOCTbI0 91%. YcTaHoBNEH moTeHUMan Ans fanbHeNLero yyylleHns KayecTBa
00y4eHNs faHHO HEMPOHHO ceT. [IpUMeHeHWe anropUTMOB UCKYCCTBEHHOM HEMPOHHOM CETU MOKET CTaTb NOJIe3HbIM UH-
CTPYMEHTOM aBTOMATMYECKOW KNaccupUKaLMM NOCTKepaTOTOMUYECKOW AedopMaLmMv pOroBuLbl y MaLMEHTOB, NEPEHECLLUMX
paHee pagnanbHy KepaToToMMIO.

KnioueBble cnoBa: nepefHAs pagvanbHas KepaTOTOMMS; WUCKYCCTBEHHbIA WHTEIEKT; MalluMHHoe 0byueHue; penbed-
Tonorpacus poroBuLbl.
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Organizing follow-up care for patients
with macular retinal pathologies using artificial
intelligence systems

Aleksandr D. Chuprov', Irina P. Bolodurina? 3, Aleksandr 0. Lositskiy', Artur Yu. Zhigalov?

! The S. Fyodorov Eye Microsurgery Federal State Institution, Orenburg, Russia;
2 Orenburg State University, Orenburg, Russia;
3 Orenburg State Medical University, Orenburg, Russia

ABSTRACT

BACKGROUND: The Order of the Ministry of Health of Russia “On Approval of the Procedure for the Provision of Medical Care
to the Adult Population for Diseases of the Eye, Appendages, and Orbit” provides for equipping consultation and diagnostic
departments of outpatient clinics with optical coherence tomographs. However, case follow-up in of patients with retinal
pathology is most commonly performed in ophthalmology centers, limiting treatment accessibility for patients with primary
(newly diagnosed) pathologies requiring immediate treatment initiation. The available approach requires modification and
intensification, including the use of artificial intelligence technologies.

AIM: To develop methodological foundations for organizing follow-up care for patients with posterior segment eye diseases
using an artificial intelligence-based clinical decision support system.

MATERIALS AND METHODS: The existing regulatory framework was analyzed based on the Constitution of the Russian
Federation, federal laws, by-law framework, and judicial practice. A structured medical document describing an optical
coherence tomography image was created using an expert method: a survey of 100 ophthalmologists with an appropriate
education level, including additional professional training, engaged specialized medical care for patients with posterior segment
eye diseases was performed.

RESULTS: Using an expert method, 123 binary features were selected to describe the structure of the macular area of the
retina under normal and pathological conditions, with 26 features identified as predictors of a worsening clinical course of the
disease.

CONCLUSION: The proposed classifier enabled the creation and training of a medical decision support system based on 60,000
medical images, which, as an information service, without making a diagnosis, can change the case follow-up process. Routing
of patients is a primary service of the proposed system. If the clinical picture shows signs of deterioration, a referral to an
ophthalmology center is considered to assess the course of the disease and provide specialized services, including high-tech
medical care.

Keywords: clinical decision support system; artificial intelligence; optical coherence tomography; pathology; macular.
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C naronoruvei MaKynsipHou o06n1acTu ceTyaTKu
C UCNO0JIb30BaHMEM CUCTEM UCKYCCTBEHHOI0 MHTENJIeKTa
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! HawoHanbHbIi MeAULMHCKMA UCCEA0BaTENbCKUIA LIEHTP «MeXoTpac/ieBoit Hay4HO-TEXHUYECKUA KOMNTIEKC “MUKpoXMpyprva rnasa”
uMeHu aKapemmka C.H. ®egoposar, OpeHbypr, Poccus;

Z OpeHbByprekuii rocyapcTBeHHbIN yHuBepcutet, Openbypr, Poccus;
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AHHOTALIMA

06ocHoBaHMe. HecMoTps Ha To, 4TO B NpuKase MunucTepcTea 3apaBooxpaHenuns Poccuitckon ®eaepaunm «06 yTBepxaeHM
nopsiiKa OKa3aHWs MedMLMHCKOWA MOMOLLM B3POC/IOMY HacenieHuio npu 3aboneBaHusx rnasa, ero NpuAAaToyHOro anmnapara
1 opbUTBI» CKa3aHO NPO OCHALLEHWE MEeAMLIMHCKOrO KOHCYNbTaTUBHO-AUArHOCTUYECKOTO OTAENEHUS MOSUKIIMHUKYA ONTUYe-
CKWUM KOTepeHTHbIM ToMorpadoM, AMHaMMYecKoe HabmofeHue MaLMEHTOB C NaToNorMe CeTYaTKy NOCNe Havyana JieyeHus
OCYLLECTBJIAETCA YaLle BCEr0 B MEAULIMHCKOM 0(TaNbMONIOTMYECKOM LIEHTPE, YTO CHUXAET LOCTYMHOCTb JIeYeHWs A1A naLm-
€HTOB CO BrepBble BbISBEHHOM (NepBMYHOI) NaTosormen, TpebytoLen Kak MoxHo bonee paHHero Hadana nievexus. Umeto-
LLanCcsA TEXHONOTUA HYXAETCA B U3MEHEHUM W MHTEHCU(UKALMK, B TOM YKCNe — C NPUMEHEHNEM TEXHOMOMMIA UCKYCCTBEH-
HOr0 MHTENIEKTA.

Lleno — paspaboTka MeToaMYECKMX OCHOB OPraHM3aLMOHHON TEXHONIOMMW AUCMAHCEpHOro HabnloAeHns NauMeHToB ¢ na-
TONOrMelt 3aJiHero 0Tpe3Ka rnasa ¢ UCMosb30BaHWEM CUCTEM MOALEPIKKU NPUHATUA BpauebHbIX peLueHuii Ha 0CHOBE MUCKYC-
CTBEHHOI0 MHTEJINEKTA.

Matepuanbl u MeTogbl. OLEHKa CyLLeCTBYHOLLEH HOpMaTUBHOK 6a3bl NpoBeaeHa Ha ocHoBe aHanm3a KoHctutyummn Poccui-
ckoit Mepepaunm, heaepanbHbIX 3aKOHOB, NOL3aKOHHOM HOPMATUBHOM Ba3bl U cynebHoi npakTukW. Co3aaHne CTPYKTYpUpO-
BaHHOr0 MeAMLIMHCKOr0 AOKYMEHTa 0n1caHus CHUMKA OMTUYECKON KOrepeHTHOM ToMorpaduy nMpoBeAeHo C UCMONIb30BaHUEM
3KCMepTHOro MeTofa: aHKketupoBanus 100 Bpauei-odTanbMONIOroB, UMEKLWMX COOTBETCTBYIOLLMIA YPOBEHb 00pa30BaHus,
B TOM YuMC/e LONONHUTENBHOE NPOMECCUOHANBHOE, 3aHUMAIOLLMXCSA OKa3aHUEM MeLULMHCKUX YCIyr — Cheuuani3npoBaH-
HOM MeAMLIMHCKOM NOMOLLM NaLMeHTaM C NaToNorMen 3aiHero oTpesKa rnasa. CTpyKTypupoBaHHbIA MeAULIMHCKMIA [OKYMEHT
MOCAYXWUN 0CHOBOM A GOPMMPOBaHUS NPeAUKTOPOB UCKYCCTBEHHbIX HEMPOHHBIX ceTel. 0BydyeHMe HelipOHHbIX CeTeit npo-
n3BefeHo ¢ ucnonb3oBaHueM 60 000 MeAMLIMHCKUX M300paKeHUiA C NOMOLLbK0 MeTofa KiaccubuKaLmmn U cerMeHTaLmm B 3a-
BMCMMOCTM OT NPU3HaKa.

Pe3ynbTathl. JKcnepTHbIM METOAOM 0T06paHo 1 onucaHo 123 BuHapHBbIX MPU3HaKa, NO3BONSIOLLMX ONUCATb CTPYKTYPY MaKy-
nspHoi 06nacTu ceTyaTKU B HOPME W NpY NATONOMUK, U3 KOTOPbIX BbISIBNIEHO 26 MPU3HAKOB, KOTOPbIe MOrYT bbITb MHTEpMpE-
TUPOBaHbI B KA4ECTBE NPEAUKTOPOB YXYALIEHUS KIIMHUYECKOro Te4YeHUs 3aboneBaHus.

3akntouenune. PaspaboTaHHblin Knaccudmkatop no3sonun co3aathb U 06yuntb Ha ocHose 60 000 MeAMLMHCKMX M306paXeHuil
cUCTEMY NOALEPIKKM NMPUHSATUSA BPauebHbIX peLLeHni, KoTopas B KauecTse MHdopMaLMoHHOro cepsuca, 6e3 nocTaHoBKY Auna-
rHO3a, MOKET M03BOUTb U3MEHUTb OpraHU3aLMIo Npouecca AuHamMmuyeckoro Habmogenns. GopmMupoBaHue MapLUpyTU3aLmmn
NauMeHTOB — MepBUYHas ycnyra pa3paboTaHHON CUCTEMBI NOLAEPHKN NPUHATUA BpadebHbIX peLueHuid. Npu Hanuumu npu-
3HaKOB YXYALLEHWUS KIIMHUYECKON KapTUHbI NpeanoniaraeTcsl MapLIpyTM3aumMa B MeAULMHCKUIA 0(TanbMOOTMYECKUN LEHTP
ANS OLEHKN AMHAMUKK U OKa3aHUA CMeLMann3vupoBaHHOi, B TOM YMCNE BbICOKOTEXHOMOMMYHOM, MEAMLIMHCKON NOMOLLM.
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ABSTRACT

BACKGROUND: The incidence of circulatory system diseases in the Russian Federation has been steadily increasing during
the last two decades, growing 2,047 times between 2000 and 2019. Vascular calcification involves the deposition of calcium
salts in the artery wall, which leads to vascular wall remodeling. X-ray imaging is the gold standard for diagnosing of vascular
calcification. However, because of the need to process an increasing amount of data in a shorter period of time, the number
of diagnostic errors inevitably increases, and work efficiency inevitably decreases. The active development and introduction of
artificial intelligence into clinical practice have created opportunities for specialists to address these issues.

AIM: To analyze the national and international literature on the use of artificial intelligence in the diagnosis of various vascular
calcifications, summarize the prognostic value of vascular calcification, and evaluate aspects that prevent the diagnosis of
vascular calcification without using artificial intelligence.

MATERIALS AND METHODS: A search was performed in PubMed, Web of Science, Google Scholar, and eLibrary. The search was
conducted using the following keywords: artificial intelligence, machine learning, vascular calcification, and their analogues in
Russian. The search covered the period from inception till July 2023.

RESULTS: The studies included in the review compared the diagnostic abilities of clinicians and artificial intelligence using the
same images , with subsequent assessment of the accuracy, speed, and other parameters. The sites of vascular calcification
varied, resulting in differences in their prognostic value.

CONCLUSION: Artificial intelligence has proven to be effective in the diagnosis of vascular calcification. In addition to improved
accuracy and efficiency, the level of detail is superior to manual diagnosis methods. Artificial intelligence has advanced to
the point that imaging specialists can automatically detect vascular calcification. Artificial intelligence can contribute to the
successful development of X-ray imaging in the future.

Keywords: artificial intelligence; machine learning; vascular calcification; radiology; diagnostic imaging.
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lIpMeHeHMe UCKYCCTBEHHOr0 MHTENNIeKTa
B AMArHOCTUKe KanbuupuKauum apTepum
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AHHOTALMA

060cHoBaHue. lNokasaTtenu 3aboseBaeMocTi Hacenenust Poccuiickon ®eaepaumn NaTonorvsiMM CUCTeMbl KpoBOODpaLLieHUs
3a npoLuefLumne ABa LeCATUNETUS NOCTOAHHO NoBblwanuc, U ¢ 2000 r. go 2019 r. ysenmumnucs B 2,047 pasa. Mpouecc Kanb-
UMPUMKALMKM COCYLOB BKIOYAET OT/IOKEHME CONEN KanbLmMsi B CTEHKE apTePWM, YTO NPUBOAMT K PEMOAENIMPOBaHUI0 COCYau-
CTOW CTeHKM. Jly4eBble METOAbI MCCNeA0BaHNA — 30/10TOW CTaHAAPT AMArHOCTUKM KanbLmduKaumm cocynos. 0fHaKo B CBS3N
C BO3pacTaloLLMM 00BEMOM AaHHbIX U He0bX0AMMOCTbI0 COKpaLLIEHWS BpeMeHU NOCTaHOBKM IMarH03a Hen3bexHo CHUKaeTcs
3(heKTMBHOCTb paboThl. AKTUBHOE pPasBUTME M BHEAPEHWE B KIIMHUYECKYIO NPAKTUKY UCKYCCTBEHHOTO MHTENEKTA OTKpPLIIO
nepef creuuanncTami BO3MOXHOCTU ANs PeLLeHns 3TuX npobem.

Lenb — npoaHanuanpoBaTb OTEHECTBEHHYIO W 3apybexHyl ITepaTypy, NOCBALLEHHYIO UCMOJb30BaHMI0 MCKYCCTBEHHOMO
WHTENINIEKTa B AMArHOCTMKE Pa3fiMYHbIX TUMOB KasbLM(UKaLMM COCYA0B, a TakkKe 0600LUMTL NPOrHOCTUHECKYHD LIEHHOCTb
KanbumduKauum COCyAO0B W OLEHWUTb acneKTbl, NpenaTcTBYOLLME AMArHOCTUKE KanbLM@UKaLMM cocynoB 6e3 npuMeHeHus
MCKYCCTBEHHOO MHTEJIIEKTA.

Marepuansb! n MeToabl. ABTOpbI MPOBEU NOUCK NYOMKaLMIA B 3NIEKTPOHHBIX 6a3ax faHHbIx PubMed, Web of Science, Google
Scholar u eLibrary. Mouck npoBoauncsa no crenylolwmM KoyeBbiM cnosaM: «artificial intelligence», «machine learning,
«vascular calcification», «MCKYCCTBEHHBIA UHTEIEKT», «MaLLMHHOE 0byYeHne», «KanbuMuKaumsa cocynos». Mouck nposo-
LWICA BO BPEMEHHOM MHTEpBaJe C MOMEHTa OCHOBaHWSA COOTBETCTBYHoLLei 6a3bl AaHHbIX Ao uionsa 2023 ropa.

Pe3ynbratbl. OcHOBHasi METOAONOMMA BKIIOYEHHLIX B 0030p MCClef0BaHUA 3aK/loyanacb B CPaBHEHUM AMArHOCTUYECKUX
CMOCOBHOCTEN KIMHULMCTOB M UCKYCCTBEHHOTO UHTENIEKTA C MPUMEHEHNEM OJIHWX U TeX e U300paxKeHuii n nocneaywoLlein
OLLEHKOM TOYHOCTM, CKOPOCTU W APYruX NOKasaTesiel. Y4acTKM BO3HUKHOBEHWUA COCYAMCTbIX KanbUMpMKaLMiA BeCbMa pasHo-
06pasHbl, YTO 00YCNOBNMBAET MX PA3NIMYHYID NPOrHOCTUYECKYIO LIEHHOCTb.

3aknoueHune. VIcKycCTBEHHBIA MHTENNEKT OT/IMYHO 3apeKoMeH[0Bas cebs B AMarHoCTMKe COCYAMUCTON KanbLmdukaumm. Mo-
MUMO MOBBILIEHWS TOYHOCTM U 3QPEKTMBHOCTM, CMOCOBHOCTU K AeTanM3aumn NpeBOCXOAAT BO3MOXHOCTM pPy4HOro MeTona
AVarHoCTUKM. VICKYCCTBEHHBIN MHTENEKT JOCTU YPOBHSA, NO3BONSAIOLLErO NOMOraTh BpaiyaM MHCTPYMEHTAIbHOW AWMArHOCTUKM
B aBTOMATM4ECKOM BbISIBJIEHUM KanbUMUKaLMmM cocynoB. Bo3MOKHOCTM MCKYCCTBEHHOMO MHTEJIIEKTa MOMYT CNOCODCTBOBaTL
3(peKTMBHOMY Pa3BUTMIO PEHTIEHONOMMK B byayLLeM.

KnioueBble cnoea: MCKYCCTBEHHbIVI WHTEJUIEeKT, MalunHHOe 06y’-IEHVIe; KaJ'IbLI,VId)VIKaLI,VIFI COCyn0B; peHTreHonoruns;
OUarHoCcTn4yecKaa susyanusauma.
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Prospects of using computer vision technology to detect
urinary stones and liver and kidney neoplasms on
computed tomography images

of the abdomen and retroperitoneal space

Yuriy A. Vasilev'?, Anton V. Vladzymyrskyy"3, Kirill M. Arzamasov', David U. Shikhmuradov',
Andrey V. Pankratov', Iliya V. Ulyanov', Nikolay B. Nechaev'

! Research and Practical Clinical Center for Diagnostics and Telemedicine Technologies, Moscow, Russia;
Z National Medical and Surgical Center Named after N.I. Pirogov, Moscow, Russia;
3|.M. Sechenov First Moscow State Medical University, Moscow, Russia

ABSTRACT

The article presents a selective literature review on the use of computer vision algorithms for the diagnosis of liver and
kidney neoplasms and urinary stones using computed tomography images of the abdomen and retroperitoneal space. The
review included articles published between January 1, 2020, and April 24, 2023. Pixel-based algorithms showed the greatest
diagnostic accuracy parameters for segmenting the liver and its neoplasms (accuracy, 99.6%; Dice similarity coefficient, 0.99).
Voxel-based algorithms were superior at classifying liver neoplasms (accuracy, 82.5%). Pixel- and voxel-based algorithms
fared equally well in segmenting kidneys and their neoplasms, as well as classifying kidney tumors (accuracy, 99.3%; Dice
similarity coefficient, 0.97). Computer vision algorithms can detect urinary stones measuring 3 mm or larger with a high degree
of accuracy of up to 93.0%. Thus, existing computer vision algorithms not only effectively detect liver and kidney neoplasms and
urinary stones but also accurately determine their quantitative and qualitative characteristics. Evaluating voxel data improves
the accuracy of neoplasm type determination since the algorithm analyzes the neoplasm in three dimensions rather than only
the plane of one slice.

Keywords: computed tomography; neural networks; deep learning; abdomen; urolithiasis; renal neoplasms; liver neoplasms.

To cite this article:

Vasilev YuA, Vladzymyrskyy AV, Arzamasov KM, Shikhmuradov DU, Pankratov AV, Ulyanov IV, Nechaev NB. Prospects of using computer vision technology
to detect urinary stones and liver and kidney neoplasms on computed tomography images of the abdomen and retroperitoneal space. Digital Diagnostics.
2024;5(1):101-119. DOI: https://doi.org/10.17816/DD515814

Submitted: 27.06.2023 Accepted: 22.12.2023 Published online: 11.03.2024
V-2
ECO®VECTOR Article can be used under the CC BY-NC-ND 40 International License

© Eco-Vector, 2024


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.17816/DD515814
https://doi.org/10.17816/DD515814

102

HAYHHBIE OB30PHI T.5, N1, 2024 Digital Diagnostics
DOI: https://doi.org/10.17816/DD515814

llepcneKkTuBLI NPUMEHEHUA KOMMbIOTEPHOr0 3peHuUs
ANA BbiABIEHUS KaMHeX B MOYEBbIZe/IUTEesIbHOU
CUCTEeMe M HOBOOOpa3oBaHMIK NevyeHU U NoyeK

Ha M306pa)KeHMAX KOMNbIOTEpHOU TOMorpaduu
OpraHoB 6pIOLLIHOM NOJIOCTM U 3a6PIOLIMHHOIO
NPOCTPaHCTBA

10.A. Bacunbes'?, A.B. Bnagaumupckuii'-3, K.M. Apsamacos’, [1.Y. LLnxmypanos’,
A.B. Naukpartos', U.B. YnbsHos', H.B. Heuaes'

! Hay4HO-NpaKTUYECKMIl KIMHAYECKII LLEHTP AMarHOCTUKM 1 TeNneMeaMUMHCKIX TexHomnorui, Mockea, Poccus;
2 HaumoHanbHbI MeauKo-xupypriadeckmit Lientp umenn H.W. Muporosa, Mockea, Poccus;
3 NMepabiii MoCKOBCKWIA rocyAapCTBEHHbIA MeAMUMHCKIA yHUBepcuTeT MMenm M.M. CeueHosa, Mockea, Poccua

AHHOTALIUA

B pabote npefcraBneH cenekTMBHbIA 0630p IUTepaTypbl, MOCBALIEHHBIA UCTIONB30BAHMIO aNrOPUTMOB KOMMBIOTEPHOTO 3pe-
HWA ANS OWMarHOCTUKM HOBOOOpPa30BaHUiA MeYeHW M NOYeK, a TaKKe KaMHEeW B MOYEBLIAENUTENIHON CMCTEME Ha U30bpae-
HWSAX KOMMbIOTEPHOI TOMOrpadumn opraHoB HpIOLLHOI NOIOCTM W 3abpIOLLIMHHOMO NPOCTPaHCTBA.

B 0630p bbinn BKKOUEHDI CTaTbk, 0nybnnMKkoBaHHbIe 3a nepuog ¢ 01.01.2020 no 24.04.2023 rr.

B 3agaue cermMeHTaummn neyeHn u eé HoBoobpasoBaHMii anropuUTMbl, ONepUpYIOLLIME NMUKCENAIMM, NOKasanu HaubonbLume 3Ha-
YeHUst NapaMeTPOB AMArHOCTUYECKOW TOYHOCTY (TOUHOCTb gocTuraeT 99,6%; koadduumenT cxoactea daiica — 0,99). 3agaun
KnaccuduKaumum HoBoobpa3oBaHUA NEYEHN Ha TEKYLUMI MOMEHT NyYLUe PELLAloTCA BOKCEbHbIMW anroputMamMm (TOYHOCTb
no 82,5%).

CermMeHTaums NoYeK M WX HOBOOOpPa30BaHWiA, a TaKKe KiaccuduKaums onyxosiell NoYeK OfMHAKOBO XOPOLUO BbIMOJHAKTCA
anropuTMamu, aHasM3MpYIOLLMMK KaK MUKCEM, Tak U BoKcenu (TouHocTb aocturaet 99,3%, koadduumeHt cxopcTsa [aii-
ca—0,97).

AnropuTMbl KOMNbBIOTEPHOIO 3PEHUS B HACTOSAILLEE BPEMS TakKe COCOBHBI C BBICOKOW CTEMEHbI0 TOYHOCTU ONpefensTh KOH-
KpPEMEHTbl B MOYEBbIAENMTENBHON CUCTeMe pa3Mepami oT 3 MM (TouHocTb gocturaet 93,0%).

TakuM 06pa3oM, CyLLeCTBYIOLLME anrOpUTMbl KOMIBIOTEPHOTO 3peHNs MO3BONSIOT He TONbKO 3P heKTUBHO BbISBNATL HOBOOD-
Pa30BaHWSA NEYEHM U MOYEK, a TAKHKE KOHKPEMEHTbI B MOYEBBILENUTENBHON CUCTEME, HO U C BbICOKOW TOYHOCTBIO ONpesensTh
X KOSIMYECTBEHHBIE M KaYECTBEHHbIE XapaKTEPUCTUKU.

bonee BbiCOKas TOYHOCTb OMpeAeneHus BuAa HOBOODOPa30BaHUSA MOXET ObiTb AOCTUMHYTA 33 CYET OLEHKM BOKCESbHbIX
AaHHBIX, MOCKOMbKY B 3TOM C/ly4yae ajnroputM aHanuaupyeT HoBoobpa3oBaHMe MOSHOCTbHO B TPEX U3MEPEHUSX, @ He TONIbKO
B MJIOCKOCTW OJIHOIO Cpe3a.

KnioueBble cnoBa: KOMMblOTEpHas TOMOrpadus; HelpoHHble ceTu; rnyboKoe MaliMHHOE 0by4yeHWe; opraHbl BpioLLHOM
nosocTH; MoyYeKaMeHHas 6onesHb; 06pa3oBaHus NoYeK; 06pa3oBaHNA NeveHHU.
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Epistemic status of artificial intelligence
in medical practice: Ethical challenges

Angelina V. Baeva

Lomonosov Moscow State University, Moscow, Russia

ABSTRACT

Advances in artificial intelligence have raised controversy in modern scientific research regarding the objectivity, plausibility,
and reliability of knowledge, and whether these technologies will replace the expert figure as the authority that has so far
served as a guarantor of objectivity and the center of decision-making. In their book on the history of scientific objectivity,
modern historians of science L. Duston and P. Galison discuss the interchangeability of “epistemic virtues,” which now include
objectivity. Moreover, selecting one or another virtue governing the scientific self, i.e., serving as a normative principle for a
scientist when adopting a perspective or scientific practice, depends on making decisions in difficult cases that require will and
self-restriction. In this sense, epistemology and ethics are intertwined: a scientist, guided by certain moral principles, prefers
one or another course of action, such as choosing not a more accurate hand-drawn image but an unretouched photograph,
perhaps fuzzy, but obtained mechanically, which means it is more objective and free of subjectivity. In this regard, the epistemic
standing of modern artificial intelligence technologies, which increasingly perform the functions of the scientific self, including
influencing ultimate decision-making and obtaining objective knowledge, is intriguing. For example, in medicine, robotic
devices considerable support and are assigned some of the responsibilities of a primary care physician, such as collecting and
analyzing standardized patient data and diagnosis. It is expected that artificial intelligence will take on more tasks such as data
processing, development of new drugs and treatment methods, and remote interaction with patients. It remains to be seen
whether this implies that the scientific self can be replaced by artificial intelligence algorithms and another epistemic virtue will
replace objectivity, thus breaking the link between ethics and epistemology.

Keywords: modern scientific practices; objectivity; epistemic virtue; scientific self; artificial intelligence technologies.
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InucTteMmUYecKum CTaTyC UCKYCCTBEHHOro UHTeJIN1eKTa
B MEAULIMHCKUX NPaKTUKaX: 3ITU4ECKUe Bbi30BbI

A.B. baeBa

MocKoBCKWI rocyfapcTBeHHbIN yHuBepcuTeT MMen M.B. JlomoHocoBa, Mocksa, Poccus

AHHOTALIMA

B coBpeMeHHBbIX HayuYHbIX UCCNEA0BAHNAX B MOCNELHEE BpEMS BCE Yalle MOSBNSTCA AUCKYCCUMM O TOM, YTO B CBS3Y C pas-
BMTUEM TEXHONOMMA UCKYCCTBEHHOTO MHTENNEKTA BCTAT BONpoCckl 06 06BEKTMBHOCTH, NPaBAoNOA0bHOCTY M JOCTOBEPHOCTH
3HaHMs, a TAKKE 0 TOM, He 3aMEHST 1K 3TU TEXHONOTMM QUIYpy SKCMepTa KaK Ty MHCTaHLMI0, KOTOpas A0 CUX Nop BbICTynana
rapaHTOM 0OBEKTMBHOCTM M LIEHTPOM NPUHATUA pelueHmii. CoBpeMeHHble UCTOpuKky Haykm J1. [lacToH u [1. ManucoH B cBoen
KHWUre, NOCBALLEHHON UCTOPUM Hay4HOW 06BEKTUBHOCTU, FOBOPAT O CMEHSIEMOCTU «3NUCTEMUYECKUX fobpofeTeneii», B Ka-
YecTBe OJHOMW M3 KOTOpBIX C ONpeeNeHHOro MOMeHTa YTBEpPAMIach U 06bEKTUBHOCTL. [1py 3TOM BbIABUMXKEHWE TOW UK UHOM
L0bpoAeTeny, perynupyroLLen Hay4HYH CaMoCTb, TO €CTb BbICTYMAOLLEN HOPMATUBHBIM NPUHLMIMOM A7 YYEHOrO Npy Bbibope
cnocoba BUAEHUA U HAYYHOI NPAKTUKMK, 3aBUCUT OT NPUHATUSA PELLEHWUN B TPYAHBIX Cydasnx, TPEOYIOLLMX BOSM U OpaHUYeEHUs
camocTu. B 3TOM cMbicne anucTeMonorus CoeauHAETCA C STUKOM: YYEHBINA, PYKOBOACTBYACH ONPeLeNnéHHBIMUA MOpanbHLIMU
MPUHUMNaMK, OTAAET MPeAnouTeHUe TOMY WM MHOMY cnocoby noBeAeHws, Bbibupas, HampuMep, He Boniee TOYHOE W30-
BpaxKeHue, CAenaHHoe OT PYKM, a HepeTyLUIMPOBaHHY0 doTorpaduio, BO3MOXKHO, HEUETKYIO, HO MOMTYYEHHYK MeXaHUYeCK!,
a 3HauuT — Bonee 06BEKTUBHYIO M CBOOOAHYI0 OT KaKoii-nMbo npuMecy cybbeKTUBHOCTW. B 3ToM cBA3M Hebe3bIHTEpECHBIM
NpeLCTaBNIAeTCA IMUCTEMUYECKMIA CTaTyC COBPEMEHHBIX TEXHONIOMMIA HA OCHOBE WCKYCCTBEHHOTO WHTEN/IEKTA, KOTOPble BCE
bonblue bepyT Ha cebs BYHKUMM HAy4HOW CaMOCTU, B TOM YUCTIE M B YaCTU OKa3aHUA BIUSIHUA Ha MPUHATUE KOHEYHBIX pe-
LUEHMIA U NONyYeHUe 0OBEKTUBHOO 3HaHWSA. TaK, HanpuMep, B 06nacT MeauUMHBEI poboTU3MPOBaHHbIE annapaThl e OKa-
3bIBalOT CYLLECTBEHHYHO NOALEPIKKY: UM NepefaeTcs YacTb GYHKUMK, HanpuMep, Bpaya NepBoro 3BeHa ans cbopa u aHanu3a
CTaHAapTM3MPOBaHHbIX AaHHBIX O MaLWeHTe W AMarHoCTMKW. EcTb npepnonoxeHue, yto B brmkaiilee BpeMs BCE Bonblue
o0bs3aHHoCTel byneT nepenaBaTbcs UCKYCCTBEHHOMY MHTENNEKTY: 06paboTka faHHbIX, pa3paboTKa HOBbIX IEKAPCTB M CMo-
c0DO0B NleyeHus, HanaxmBaHUe AMCTAHLMOHHOIO B3aUMOAENCTBUA C MALMEHTOM W p. 3HAUUT M 3TO, YTO Hay4Has caMoCTb
MOXET BbITb 3aMEHEHa afropuTMaMK Ha OCHOBE UCKYCCTBEHHOMO MHTENNIEKTA, @ Ha CMeHY 00BbEeKTMBHOCTU NpUAET fpyras
anucTeMMyeckas [,obpoaeTenb, OKOHYaTENbHO Pa3pbiBaloLLas CBA3b 3TUKU WU 3MUCTEMONOMMW, — 3TOT BOMPOC HYMAeTcA
B MCCNEA0BaHMN.

KnioueBble cnosa: CoBpeMeHHble Hay4Hble NMPaKTUKHK; 00bEKTUBHOCTb; ANUCTEMUYECKAA ,U,OGpO,U,E‘TEJ'Ib; Hay4Haa CaMoCTb;
TEXHOJIOTMN Ha 0CHOBE MCKYCCTBEHHOI0 MHTENIEKTA.
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