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AHHOTALINA

06ocHoBaHMe. CBoeBpEMeHHas M Ka4ecTBEHHas AMarHoCTUKa 3aboneBaHus SBNAETCA OCHOBOI rPaMOTHOM TaKTUKU NeYeHus
naumeHTa. B cBOEM mccneoBaHMM aBTOPbI MOKA3bIBAKT, YTO OTOIAPUHIONIONK OLUMOAKITCA B KAX/AOM YETBEPTOM AMarHose,
a Bpauu o0LLell NPaKTMKK (TepaneBTbl, NeanaTpbl, Genballiepbl) — B KaXAoM BTOPOM. B pesynbtate 310 npuBoaMT K BO3-
HWKHOBEHMIO OC/IO3KHEHWI, XPOHU3aLMKU MPOLIECCOB, YBEIMUEHUIO CPOKOB NeYeHus U peabunutaumm, yxyaLeHuo Tpyaocno-
COBHOCTM HaceneHus 1 NageHuto foBepust nauveHTos [1].

CeronHs B 3apybexHON MeaWLMHE CPeLiCTBa UCKYCCTBEHHOMO MHTEN/IEKTA aKTUBHO CTasi BHEAPATLCA U B OTOPUHOMAPUHIO-
noruio. Haubonee pacnpocTpaHeHo MCNoJb30BaHWE KOMMbBIOTEPHOTO 3pEHUS KaK MHCTPYMEHTa NPUMEHEHUS UCKYCCTBEHHOTO
WHTENNEKTa B 06y4eHWM, a B JarbHEWLLIEM B UCMOMb30BaHUM B AMArHOCTUKE M JieyeHUW 3abosieBaHuii yxa, ropia M Hoca.
Mo aaHHBIM MuHMcTepcTBa 3apaBooxpaHeHus Poccuitckoii Oepepaum, B cpeaHeM exkeronHo bonee 6% HaceneHus CTpaHbl
obpalLaeTca K 0TOPMHONAPWHIONOrY C NAaToA0rMeN HaPYKHOTO M CpefHero yxa. 3T0 COOTBETCTBYET TOMY, UTO KOHCY/bTaLus
oTopuHonapuHronora Tpebyerca 9 000 000 yenoBek exerofHo. B oTopuHonapuHronorun ans obyveHus HelipoceTen uc-
Nonb3yloT M306paeHns, NoNyyYeHHbIE NPY IHAOCKONUYECKOM 0bcejoBaHUM NaLMEHTOB (HanpuUMep, NpU BULEOApPUHIOCKO-
num) [2-4].

Pa3spaboTKa W BHepeHWe B KIIMHUYECKYHD NPaKTUKY TEXHOMOMMIA, OCHOBAHHBIX HAa MPUMEHEHWM anropUTMOB UCKYCCTBEHHOMO
WHTENNEKTa, ABNSAETCA OHUM W3 NPUOPUTETOB Pa3BUTUA MEAMLIMHCKUX TEXHOMOTWI 1 TPebyeT TLLATeNIbHOM0 U B3BELUEHHOIO
nogxofa K paspaboTke u 0byyeHunio NofobHbIX cuCTEM.

Lleno — paspaboTka u obyyeHue HelipoceTn (anropuTMOB MCKYCCTBEHHOTO WHTESNEKTa) [NIA OnpefeneHns naTonorum yxa
Ha 0CHOBe LM(POBbLIX 3HAOCKONMUYECKUX U306paXKeHu.

Matepuanbl u MeTogbl. HauanoM Hawwen paboTbl cTano co3faHue 6asbl AaHHbLIX UMGPOBBIX 3HAOCKONMMYECKUX PoTorpaduii.
[ina atoro Bo Bpems CTaHLAPTHOrO OTOXMPYPruyeckoro npuéma bein nposeféH cbop aHpoBuaeodoTorpacduii HOpManbHbIX
W NaTosIorMyeckn U3MeHEHHbIX bapabaHHbIX nepenoHoK B 0be3nnyeHHoM dopmate. Cnefyowmm 3tanoM beina chopmmpo-
BaHa CUCTEMa KpUTEPUEB OLIEHKWU CHUMKOB ANA AanbHeuwleid pa3MeTku. CHopMMpoBaHO «JepeBo AMarHO30B» YLUHBIX 3a-
BoneBaHmiA, 0CHOBaHHBIX Ha BU3yanbHbIX MPU3HAKaX, 415 CO3AaHWSA MbIC/UTENBHOMO aaropuTMa pacno3HaBaHWs COCTOSHUA
(HopMa/naTonorus) HapyHoro cnyxoBoro npoxofa v 6apabaHHoi nepenoHkU. CHUKeHUe cTeneHn CybbEKTUBHOCTU OLIEHKM
n306paxeHuii bbIN0 LOCTUrHYTO NOCPELCTBOM CO3LaHUA KOMNErManbHoro noaxoa B hbopMate KOHCUIMYMa.

[ina 0byyeHus HelpoceTU KONNEKTUBOM aBTOPOB ObINO BLIMOMHEHO, 3arpyXeHo M pa3MedeHo 5750 uMdpoBbIX 3HAOCKO-
nuyeckux usobpaxenuii B dopMarte jpg, jpeg. KonnuyectBo HopManbHbIX M300paXKEHWA HApYKHOrO CyXOBOro Npoxoda
C He U3MeHEHHol bapabaHHoI nepenoHKoi coctaBuno/ 50, natonornyeckyt uaMeHeHHbIX — 5000 cHUMKOB. Pa3MeTKa CHUM-
KOB NMPOBOAMNIACh C YY4ETOM pa3paboTaHHbIX KPUTEPUEB OLIEHKM BM3YallbHbIX MPU3HAKOB C MOCNEAYIOWMUM NPUCBOEHUEM HO-
30/10rM4ecKoro cTatyca 3aboneBaHus/HOpMbI.

Pesynbtathl. B pesynbTate npoBeAEHHOr0 MCCNefoBaHWsA BbIM M3YUYeHbl OCHOBHbIE METPUKU: CMELMdUYHOCTb, TOYHOCTb
W YyBCTBUTENBHOCTb. Pe3ynbTathl 3HaueHuii Ans 11 knaccos (HopMa 1 10 pasnnyHbIX HO30/10MMIA): BapbMpOBaHUE NoKa3aTens
cneuudmyHoctn coctasmno ot 0,846 no 0,982; TouHoct — ot 0,422 po 0,950; wysctButensHoct — ot 0,433 mo 0,900.
3aksioyeHune. BeinonHeHHas uccnepoBatenbckan pabota UNNIOCTPUPYET BO3MOXKHOCTb CO3AaHWA U 0ByyeHUn HerpoceTu,
OCHOBAHHOM Ha NMPUMEHEHWM anrOpUTMOB MCKYCCTBEHHOTO MHTEIEKTA, [J1S OLIEHKWU COCTOSHUS HapY}KHOTO CNYXOBOrO Mpo-
xona v 6apabaHHoi nepenoHku. [py 3TOM BaXHbIMM KOMMOHEHTaMK ABNSIOTCS He TOJbKO COHOp KauyecTBEHHbIX CHUMKOB,
HO M rpamMoTHas pa3MeTKa AaHHbIX, CO3AaHNe «[epPeBa AMarHo30B», OCHOBAHHBIX HA BU3YyaslbHbIX MpU3HaKax. [lanbHeliwee
MOBLILLEHWUM TOYHOCTM Pacno3HaBaHWs OCHOBHBIX 3ab0EBaHMIA yxa MOXET CTaTb OCHOBOW [J1 CO3JaHNS CUCTEMbI MOMOLLM
MPUHATUA BPa4ebHOro PeLLEHNA 1 OKa3blBaTb HENOCPEACTBEHHYI0 NMOMOLLb B MPAKTUHECKON MeULMHE.
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ABSTRACT

BACKGROUND: Timely and accurate diagnosis of the disease is the foundation for effective treatment strategies for the patient.
The authors demonstrate in their study that otolaryngologists are incorrect in approximately one-quarter of their diagnoses,
while general practitioners (internists, pediatricians, and paramedics) are incorrect in approximately one-half of their diagnoses.
Consequently, this results in the emergence of complications, the chronicization of processes, an increase in treatment and
rehabilitation time, a deterioration of the population’s ability to work, and a decline in patient confidence [1].

In the field of foreign medicine, artificial intelligence tools have been actively introduced in otorhinolaryngology. The most
prevalent application of artificial intelligence in otorhinolaryngology is the use of computer vision as a tool for training and
subsequently for the diagnosis and treatment of diseases of the ear, throat, and nose. According to the Ministry of Health of
the Russian Federation, on average, more than 6% of the population of the country consults an otorhinolaryngologist annually
with pathology of the external and middle ear. This aligns with the observation that approximately 9 million individuals require
consultation with an otorhinolaryngologist on an annual basis. In otorhinolaryngology, images obtained from endoscopic
examinations of patients (e.g., videolaryngoscopy) are used to train neural networks [2—4].

The development and introduction of technologies based on the application of artificial intelligence algorithms into clinical
practice is one of the priorities of medical technology development and requires a careful and balanced approach to the
development and training of such systems.

AIM: The study aimed to develop and train a neural network (artificial intelligence algorithms) to detect ear pathology from
digital endoscopic images.

MATERIALS AND METHODS: The initial phase of our research involved the creation of a digital database comprising endoscopic
photographs. For this purpose, endovideos of normal and pathologically altered tympanic membranes in an anonymized format
were collected during a standard otosurgical appointment. The subsequent step was to establish a system of criteria for
evaluating the images for subsequent annotation. A diagnostic tree of ear diseases based on visual features was constructed
to develop a reasoning algorithm for identifying the condition (normal/pathological) of the external auditory canal and tympanic
membrane. The subjective nature of image evaluation was mitigated by implementing a collegial approach in a consilium format.
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In order to train the neural network, the research team performed, uploaded, and labeled 5,750 digital endoscopic images in
JPEG format. A total of 750 images of the external auditory canal with an unaltered tympanic membrane were identified, while
5,000 images exhibited pathological alterations. The images were subsequently labeled in accordance with the established
criteria for evaluating visual features, which were then used to assign the nosological status of the disease or norm.
RESULTS: The study yielded insights into the main metrics, namely specificity, accuracy, and sensitivity. The results of the
values for 11 classes (normal and 10 different nosologies) revealed a considerable degree of variation in the metrics. The
specificity metric exhibited a range of values from 0.846 to 0.982, while the accuracy metric demonstrated a similar range from
0.422 to 0.950. The sensitivity metric exhibited a narrower range of values, from 0.433 to 0.900.

CONCLUSIONS: This study demonstrates the potential for developing and training a neural network based on the application
of artificial intelligence algorithms to assess the condition of the external auditory canal and tympanic membrane. In this case,
the collection of high-quality images is not the sole crucial component; equally important is the competent annotation of data
and the creation of a “tree of diagnoses” based on visual features. Further improvement of the accuracy of recognizing the main
ear diseases can serve as the basis for the creation of a system of assistance in medical decision-making and provide direct

assistance in practical medicine.

Keywords: ear disease; normal ear; otitis; neural network; artificial intelligence.
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