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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.
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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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