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Llenb: cospatb Telegram-60T B KauecTBe HOBOrO MHCTPYMEHTA A/1A OLLEHKM aKTUBHOCTU BOCMAUTE/IbHOTO NPOLIECCa B NepesHei Kamepe r1asa.
Martepuan u meToabl: 419 UCCAea0BaHNUA BblN0 BbiNONHEHO 132 CHMMKa B BUAE paaManbHbIX M NMHENHbIX cpe3oB B pexxume AC-OCT Ha Tomorpade
«SOCT Copernicus REVO 60» (Optopol Technology SA, Zawiercie, Poland) BocbMu naumeHTam ¢ yBEMTOM Pa3HOM CTENeHU aKTUBHOCTM BOCNaneHus
no knaccuomkauum SUN. Hesasucrmbim Habtogatenem ans uccnefoBaHus U3 HUX 6b110 0TO6paHO 27 CHUMKOB BbICOKOTO Ka4yecTBa € pa3pelleHnem
1566x956, KoTopble OblIM COXPaHEHbI B UAEHTUYHOM GOpMaTe, C OAMHAKOBLIM KOHTPACTOM M HeboNbWwMM pa3bpocom B cTeneHn apkocTu (ot -10
[10 4), Ha KOTOPbIX 6bIN PA3NUUMMbI KNETKM BOCNANIEHWSA, OH e U NPOBOAMA MOACYET KAETOK B NPUNOKEHWUU. B KauecTBe KOHTPOAIA BbicTynanu 27
pe3ynbTaToB NOACYETA KNETOK CTaHAAPTHBIM METOA0M. B KayecTBe meToza cTaTucTUYecKoi 06paboTku ctponnace ROC-KpuBas, NoACHNTLIBAIUCD YyB-
CTBUTE/IbHOCTb, CNeLMUYHOCTb, TOYHOCTb, MONHOTA U F1-mepa. CHUMKM NoABeprannch oLeHKe akTMBHOCTM BOCMAIUTE/IbHOMO NpoLiecca B nepeaHen
Kamepe B crneLmanbHo paspabotaHHom Telegram-60Te, Lenblo KOTOPOTo ABAANOCH OBHAPYKEHME U NOACYET KONMYECTBA K/IETOK BOCMANEHUA.
Pe3ynbTaTtbl: METOZ KOPPEKTHO OMPEeAEnsn Cyyau Kak oTpuuaTebHble Uan «380poB» B 96,5% caydyaes. MpeLnsMoHHOCTb (MPOrHOCTUYECKan LeH-
HocTb) cocTasuia 0,964, 4To rOBOPUT O TOM, YTO M3 BCEX C/Iy4aeB, KOTOPble METOZ, MPEACKasa Kak NoNOKUTENbHbIE, T.e. «BONeH», OH bl KOPPeKTEH
B 96,4% cnyyaes. MonHoTa coctasuna 0,926, T.e. U3 BCeX UCTUHHO MONOXKMUTENbHBIX CYYaeB METOZ Cymen UAeHTUOMLMPOBaTb NpaBuabHO 92,6%
cnyyaes. CpeaHee rapMOHUYECKOE MEXAY TOUHOCTbIO M nosHoToW (F1-mepa) coctasuno 0,945, 4To roBopuT 0 XopoLuem HanaHce MexAy ABYMA STUMM
napameTpamu.

3akntoueHme: Telegram-60T ABNAETCA [OCTATOYHO TOUHBIM, HECMNIATHBIM, JOCTYMHBIM ANA LMPOKOTO Kpyra Bpayel, He TpebytowWwmm cneLmanbHbIX
3HAHWM, HaBbIKOB M 060PYAOBAHMA AN1A NO/Ib30BAHUA UHCTPYMEHTOM /17 OLEHKM aKTUBHOCTM BOCMAAWUTEIbHOTO NPOLIeCcca B NepeaHel Kamepe r1asa.
[ocTaTouHO HaNUYMA [OCTYNa B UHTEPHET 1 YCTPOICTBA C peructpaumeit B Telegram.

KnioueBble cnoBa: crneyuanusuposaHHoe npozpammHoe obecrnieyeHue, Telegram-6om, ygeum, onmu4eckas KozepeHmHas momozpaghus, socrnasne-
Hue 8 nepedHeli Kamepe.
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Objective: To create a Telegram bot as a new tool for assessing anterior uveitis.

Methods: A total of 132 images, including radial and linear sections in the AC-OCT mode, were captured for a study using the SOCT Copernicus REVO
60 tomography device (Optopol Technology SA, Zawiercie, Poland). The study involved eight patients with uveitis of varying degrees of inflammatory
severity, classified according to the Standardization of Uveitis Nomenclature (SUN) criteria. These examinations were conducted at the Nigoh Eye
Surgery Clinic in Dushanbe, Republic of Tajikistan, from March to May 2024. For the study, an independent observer selected 27 high-quality images
with a resolution of 1566x956, which were saved in an identical format, with the same contrast and negligible variations in the level of brightness (from
-10 to 4), on which inflammatory cells were distinguishable, he also counted the cells in the application. Twenty-seven results of cell counting by the
standard method served as a control. The ROC curve was constructed as a statistical processing method; sensitivity, specificity, accuracy, completeness,
and Fl-measure were calculated. The images were subjected to an assessment of the activity of the inflammatory process in anterior uveitis in a
specially developed Telegram bot to detect and count the number of inflammatory cells.

Results: The method correctly identified cases as negative or "healthy" in 96.5%. The positive predictive value (PPV), or precision, was 0.964. This
means the method was correct among all the cases predicted as positive —i.e., "sick" —in 96.4% of cases. The recall was 0.926, i.e., of all true positives
(TP), the method was correct in 92.6% of cases. The F1-score, the harmonic mean of precision and recall, was 0.945, indicating a good balance between
these two parameters.

Conclusion: The Telegram bot provides an impressively accurate and intuitive platform for evaluating the activity of the inflammatory process in
anterior uveitis. Designed as a complimentary tool, it aims to reach a wide range of medical professionals, allowing easy access without requiring
specialized training, advanced medical skills, or complex equipment. Users only need a device compatible with Telegram and a reliable internet
connection to get started. This straightforward approach enhances the tool's usability and transforms it into an essential resource for healthcare
providers aspiring to improve their diagnostic capabilities.
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587



Mirakhmedova PK et al Ocular inflammation in the anterior segment

AVICENNA BULLETIN
Vol 26 * No 4 » 2024

For citation: Mirakhmedova PK, Ostanaeva PM, Yuldasheva SA, Dzhabarov AZ. Novyy metod otsenki vospaleniya v peredney kamere glaza pri pomoshchi
programmnogo obespecheniya [A new method of assessing ocular inflammation in the anterior segment using software]. Vestnik Avitsenny [Avicenna Bulletin].

2024;26(4):587-95. https://doi.org/10.25005/2074-0581-2024-26-4-587-595

BBEAEHMUE

BocnaneHwve nepeaHel Kamepbl ABNAETCA BaKHbIM KNMHUYECKUM
MapKEPOM [/1A OLLEHKM aKTMBHOCTU NpoLiecca Npy BOCMAAUTENbHbIX
3aboneBaHuAx mMas. TpaguMUMOHHO BOCManeHWe Knaccuduumpyetcs
Ha OCHOBE KO/IMYECTBA BOCMA/IMTENbHBIX KJIETOK, Hab/loAaeMblIX B re-
peaHel kamepe npu 6ruommkpockonum [1]. TekyLimii cTaHAAPT onpe-
[eNeHnA CTeneHy BocManeHus Obin ycTaHoBAeH MexayHapoaHbIM
cemmHapom Standardization of Uveitis Nomenclature (SUN), koTopbliii
OnpeAenun cTeneHun BocnaneHus ot 0 (HeT BocnaneHws) o 4+ (Taxé-
JIoe BOCMa/ieHVe) Ha OCHOBAHWM KONMYECTBA BUAMMbIX KNETOK B ne-
peHel Kamepe Yepes LieHTPaNbHYHO YacTb POroBHLLbI B Iyye CBeTa Lie-
NeBoit namnbl pasmepom 1x1 mm [2]. XOTs OLEHKa KoMYecTBa KNeTok
4eNOBEKOM MO, KOHTPOMIEM 3pEeHUA NPU UCCNefoBaHUM C NMOMOLLbIO
LLleNIeBOM Namrbl CTana «30/10TbIM CTAaHAAPTOMY A1 OLEHKU aKTUBHO-
CTV BOCManeHws [3], cyllecTByeT paj, COPHbIX MOMEHTOB. OgHUM U3
HUX ABNAETCA BapMabUNbHOCTb CTEMEHW BOCMAJIEHUA NPU OLEHKe ero
Y OZIHOTO 1 TOTO Ke NaLyeHTa NpU OCMOTPE B CBETE LLENEBON NaMMbl
pasHbiMK cneupanuctamu. TaK, aBTopbl UccnefoBaHus [4] otmevator,
YTO NPUCBOEHME ONpPeaenEHHOM cTeneHun no HomeHkaType SUN 3asu-
CUT OT OMbITa U YMEHUA KOHKPETHOrO CreLmnanmncTa MHTepnpeTMpoBaTL
YBWAEHHOE NPU UCCNeOBaHUM NepeaHei Kamepbl Y NaLMEHTOB C yBeu-
ToMm. B T0 ke Bpems pabota Kempen JH et al nokasana HU3KKI Uan yme-
PEeHHbIN ypoBeHb cornacusa (kanna=0,34-0,43) mexay cneuyannctamu
no yBeMTaM NpuW NPUCBOEHWUM CTEMEHW BOCMANUTENBHOMY MpoLeccy B
nepesHer Kamepe ogHOTO M TOro e masa [5]. BapuabenbHocTb cTe-
NEeHW BOCNANEHNA TaK:Ke MOXKET ObITb CBA3AHA C PA3IMUMAMM B CAMOM
060opynosaHun. O6HapyKEHO, YTO 3 OTAE/bHBIX, HO MAEHTUYHbIX anna-
paTa C LeneBoi 1aMnol CO3AaL0T Pas/IMYHbIE CXEMbI OCBELLEHNS, YTO B
KOHEYHOM WTOre BJIMAET Ha KOJIMYECTBO KNETOK [6].

Bcé BbllEyNnOMAHYTOE CBUAETENbCTBYET B MO/b3Y TOrO, YTO
onpeAennTb YyBCTBUTENbHOCTb HOMeHKNaTypbl SUN Kak meToza onpe-
[leNeH1A aKTUBHOCTM BOCMANWUTENIbHOIO NPOLLECca C/IOXKHO U Bbl3bIBa-
€T 3aTPyZAHEHNS, B CBA3M C YeM, BUAVMMO, aBTOPaMM UCCeA0BaHNA He
06HapyKeHO HayYHbIX TPYAO0B, MOCBALLEHHBIX 3STOMY BONpocy. B To ke
BPEMA, HAaYMHAA C CaMbIX PAHHUX BEPCUI ONTUYECKOW KOrepeHTHOW
Tomorpadum (OKT), BocnaneHue B nepeaHe Kamepe OLEHNBANOCh C
nomolbto OKT nepesiHero cermeHTa U, Kak bbi10 MOKa3aHo, CUABbHO
KOppenmpyeT ¢ pesy/nbTaTamu, Nosy4eHHbIMU C MOMOLLBHO LLeNeBow
namnbl [6]. CoBpemeHHble YCOBEPLIEHCTBOBAHHbIE YCTPOWCTBA Ha
6a3e OKT 1 gocTuKeHWs B 061aCTv NPOrpamMmmHOro obecrneyeHuns mo-
ryT BHECTM CBOM HEMAbI BKNAA B PeLLEHNe UCCaelyeMoro Bonpoca.

LLENIb UCCNEQOBAHUA

Co3gatb Telegram-60T B KayecTBe HOBOrO MHCTPYMeHTa As
OLEHKM aKTMBHOCTM BOCMaAMTENbHOIO NpoLiecca B nepeaHei kamepe
rna3a B MOMOLLb Bpa4yam v UCCNeLoBaTENAM.

MATEPUAN U METOAbI

[Onsa uccneposanna 6bi10 BbiNoNHeHO 132 cHUMKa B BUAE pa-
[MaNbHbIX U NMHENHBIX cpe3oB B pexkume AC-OCT Ha onTuyeckom
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INTRODUCTION

Anterior chamber inflammation is a crucial clinical marker
for evaluating the activity of various inflammatory diseases af-
fecting the eye. Traditionally, the assessment of inflammation has
relied on observing the quantity of inflammatory cells present in
the anterior chamber using slit-lamp biomicroscopy [1]. The Inter-
national Workshop on Standardization of Uveitis Nomenclature
(SUN) has established a widely accepted standard for defining
the grade of inflammation, categorizing it from 0 (no inflamma-
tion) to 4+ (severe inflammation). This grading system is based
on counting the number of cells visible in the anterior chamber
using a 1x1 mm slit lamp beam directed at the central cornea
[2]. While the human visual assessment of cell count during a slit
lamp examination has become the accepted "gold standard" for
measuring inflammatory activity [3], several controversies sur-
round this method. One significant issue is the variability in in-
flammation ratings assigned by different observers during the ex-
amination of the same patient. The authors of a referenced study
[4] highlight that determining inflammation grade, according to
the SUN nomenclature, heavily relies on the individual specialist's
experience and interpretative skills when examining the anterior
chamber in uveitis patients. Furthermore, the kappa statistics for
exact agreement among uveitis specialists on grading inflamma-
tion in the same eye showed only low to moderate agreement,
with a range of 0.34 to 0.43, according to Kempen JH et al (2008)
[5]. Inconsistencies in grading inflammation can also stem from
differences in the equipment utilized during examinations. For
instance, the authors discovered that three identical slit lamp ma-
chines produced varying illumination patterns, which ultimately
influenced the observed cell counts [6].

Together, these factors suggest significant challenges in ac-
curately determining the sensitivity of the SUN nomenclature as
a method for evaluating inflammatory activity. This complexity
may explain the lack of scientific literature explicitly addressing
this issue. Promisingly, the evolution of optical coherence tomog-
raphy (OCT) technologies offers potential solutions. From its ear-
liest iterations, anterior segment OCT has been utilized to assess
inflammation in the anterior chamber, demonstrating a strong
correlation with results obtained through slit lamp examinations
[6]. The advancements in modern OCT devices and accompanying
software are poised to greatly enhance our ability to evaluate an-
terior chamber inflammation.

PURPOSE OF THE STUDY

To develop a Telegram bot, an innovative tool for evaluat-
ing the inflammatory process activity in patients with anterior
uveitis. This resource aims to assist healthcare professionals and
researchers in monitoring and understanding the condition more
effectively. By utilizing the convenience of Telegram, the bot will
facilitate data collection and analysis, ultimately enhancing the
assessment and management strategies for this condition.
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KorepeHTHOM Tomorpade «SOCT Copernicus REVO 60» (Optopol
Technology SA, Zawiercie, Poland) BocbMM naupyeHTam C yBeUTOM
pa3HOW CTeneHn aKTMBHOCTU BOCManeHus no Knaccudumkaumm SUN,
npoweawmnx obcnegosarHme B 000 «Yappoxmm yawm Hurox» B nepu-
of, ¢ MmapTa no mavi 2024 roga. U3 HUX He3aBUCMMbIM HabaogaTenem
[19 UccnenoBaHma 6bi10 0TobpaHo 27 CHUMKOB BbICOKOTO KavecTsa ¢
paspelueHem 1566x956, KoTopble OblNN COXPaHEHbl B UAEHTUYHOM
dopmaTe, C OAMHAKOBbIM KOHTPACTOM M Hebosblwum pasbpocom B
cTeneHu apkocTy (o1 -10 Ao 4), Ha KOTopbIX ObIAK PA3ANYNMbI KNETKK
BOCMaNeHNs, 3TOT e HabioaaTenb NPOBOAUA NOACYET KNETOK Npu
nomolum Telegram-60Ta. B KauecTBe KOHTPOAA BbICTYNUAN 27 pe3yib-
TaTOB NOACYETA KNETOK BOCNANEHWA CTaHAAPTHLIM METOA0M Y TeX e
naLueHToB.

Mpw BbINOAHEHUW UCCNeA0BAHMA NPUAEPHKUBANNUCH XENbCUHK-
CKoWi aeknapaummn 1975 roga. Bce naumeHTbl ganmn cBoé nHGopmmupo-
BaHHOE COrMiacue Ha 06paboTKy NepcoHasibHbIX AaHHbIX.

Bcem naumeHTam OAHOMOMEHTHO MPOBOAWMNOCH OGTaNbMO-
Noryeckoe 06cnefoBaHVe, BKAIOYABLUEE OMpeseNeHne OCTPOThI
3peHus ¢ KoppeKLWei, NTHEBMOTOHOMETPUIO U TOHOMETPUIO No [oN1b-
ZAMaHy, BMOMMKPOCKONMIO Ha LeneBom mMukpockone SL-9800 (CSO,
Florence, Italy) c onpegeneHnem akTMBHOCTM BOCMANeHUA B NepeaHen
Kamepe no knaccuoumkaumm SUN, ocMoTp r1a3HOro AHa B COCTOAHUM
MeAMKaMEHTO3HOro MMUAPMasa NP1 NOMoLLM nH3 cunoit 60, 78, 90 D
(Volks USA, Inc, CA, USA) 1 OKT B pexkumax Retina u Anterior Chamber
Radial/Full Range Ha onTuyeckom KorepeHTHom Tomorpade «SOCT
Copernicus REVO 60» (Optopol Technology SA, Zawiercie, Poland).
KntoueBble xapaKTepucTMKM Tomorpada: 4s1Ha BonHbl — 850 HM, CKo-
pOCTb CKaHMpoBaHMA — 60000 “3mepeHUIt B CEKYHAY, OCEBOE paspe-
WweHue — 2,6 Hm (undpoBoe), 5 HM — B TKaHW, MONepeYHoe paspelLle-
Hue — 12 HM, obLas mybuHa CKaHMposaHusa — 2,8 MM/OKO/I0 6 MM
B pexxume Full Range. 115 BbINOMHEHMA CKaHOB B pexume Anterior
Chamber gononHuTenbHan Hacaaka/AnH3a He TpeboBanac.

KpuTepuu BKAOYEHMA B UccneaoBaHue: aeTu ctapwe 14 net u
B3poC/ible C UHOEKLMOHHBIM Y HEMHPEKLMOHHBIM YBEUTOM, AMArHO-
CTUPOBAHHbLIM CTAHAAPTHbIM MeToAOM. Kputepum uckaoyeHua: na-
LIMEHTbI C NOCNeonepaLMoHHbIM YBEUTOM, AeTu 40 14 ner.

B KauyecTBe MeTOAa CTAaTUCTUYECKOW 06paboTKM CTpomnach
ROC-kpuBas, MOACYMTLIBAUCL YYBCTBUTENBHOCTb, CNELUMOUYHOCTD,
Npeumn3noHHOCTb, NOAHOTa MeToga v F1-mepa.

CHUMKM nofBeprasucb OLEHKe aKTMBHOCTM BOCMA/JMTENbHO-
ro npouecca B nepefHelt Kamepe B CrneupanbHO pa3paboTaHHOM
Telegram-60Te, Lenblo KOTOPOTO ABAANOCH OOHAPYKEHWE U NOACHET
KOMIMYeCTBa KNeTOK BocrmaneHua. CHUMKM COXPaHANUCL C MOCTOAH-
HbIM KOHTpacToM 128 1 ApKOCTbIO B AnanasoHe oT -10 Ao 4 (¢ makcu-
MasbHO YépHbIM dpoHoMm) B dopmate PNG nam JPG. O6paboTka CHUM-
Ka HauMHanacb ¢ nepeBoAa 60TOM CHUMKa B YEPHO-6enblit OTTEHOK C
MaKCUMa/IbHOM APKOCTbIO M KOHTPACTHOCTbIO M 0BPaTHOM 3arpy3Koit
B YaT 60Ta Npeobpa3oBaHHOMO M30OpaKeHUs, 3aTeM, NONb30BaATENb
BbIZENAN KPACHOW KUCTbIO MHTEPECYHOLLYIO ero 3aMKHYTY0 06acTb
Ha npeobpa3oBaHHOM YEpHO-HEN0M CHUMKe, B KOTOPOM MPOW3BO-
OWNCA TOUCK ToYeK 6M3KuxX K ety HCDCDCD u nexalmx B Ana-
nasoHe ugeToB #9BIBIB-#FFFFFF (uBET OTTEHKA TOYEK AOCTUraembIX
nocne npeobpasoBaHMA CHUMKA B YEpHO-b6enoe). MporpammHoe
obecneyenye (M0) N03BOMANO NOACUMTATb TOUKM Pa3HOTO pa3mepa (B
nukcensx): 1x1, 2x2, 3x3. B 3aBMCMMOCTM OT BbIBPaHHOrO pasmepa
TOYeK A/19 NOMCKa NPOrpamma BbIMOAHANA HECKONbKO LLAroB: ANA To-
yek pasmepom 1x1 npomcxoamn NOWUCK TOUeK BHYTPU OrpaHUYEHHOM
KpacHbIM LiBETOM 06/1aCTV LiBETOB, NIeXalLyMX B Avana3oHe #9BIBIB-
HFFFFFF , @ ana Toyek pasmepom 2x2 60T BbIMOAHAA NPeablayLLmit
Lar, nocne NPoBePA, BXOAAT AW bAM3NEKaLLMe NUKCeNW B AMana3oH
ot #9B9B9IB no #FFFFFF, n 06BoAMA 3aiaHHbIM LIBETOM TOYKM, OTBEYA-

METHODS

The study involved a meticulous collection of 132 images
taken as radial and linear slices in the AC-OCT mode using the
SOCT Copernicus REVO 60 tomography device (Optopol Tech-
nology SA, Zawiercie, Poland). This research focused on eight
patients diagnosed with uveitis exhibiting variable inflammatory
severity according to the SUN classification. These patients were
examined at the Nigoh Eye Surgery Clinic in Dushanbe, Republic
of Tajikistan, from March to May 2024.

An independent observer evaluated these images and se-
lected 27 high-quality ones, each with a 1566x956 pixels reso-
lution. The selected images were saved uniformly, ensuring con-
sistent contrast with minor brightness adjustments ranging from
-10 to 4 while allowing clear inflammatory cell visibility. The same
observer then utilized a Telegram bot to count these cells. The
findings from this automated counting process were compared
against 27 results derived from traditional counting methods per-
formed on the same group of patients.

The study adhered to the ethical principles outlined in the
Declaration of Helsinki 1975. Informed consent was obtained
from all patients, allowing for processing of their personal data.

Patients underwent a comprehensive ophthalmological as-
sessment, which included determining visual acuity with correc-
tion, measuring intraocular pressure using pneumotonometry
and Goldman tonometry, and conducting biomicroscopy with a
Slit Lamp SL-9800 LED converting microscope (CSO, Florence,
Italy). This assessment evaluated the intensity of inflammation in
the anterior chamber according to the SUN classification. Addi-
tionally, fundus examinations were performed under pharmaco-
logically induced mydriasis with 60, 78, and 90 diopters fundu-
scopic lenses (Volks USA, Inc, CA, USA), alongside OCT scans for
Retina and Anterior Segment analysis using the SOCT Copernicus
REVO 60 tomography device (Optopol Technology SA, Zawiercie,
Poland). Key specifications of the tomographic device included an
850 nm wavelength SLED light source, a scanning speed of 60,000
measurements per second, an axial resolution of 2.6 um digital,
5 um in tissue, a transverse resolution of 12 um, and an overall
scan depth of 2.8 mm to ~6 mm in Full Range mode. Importantly,
no additional attachments or lenses were required for scans per-
formed during the Anterior Segment analysis.

The inclusion criteria for this study comprised individuals
aged 14 and older, both children and adults, diagnosed with ei-
ther infectious or non-infectious uveitis through standard medi-
cal procedures. Conversely, patients who had undergone ocular
surgery leading to postoperative uveitis, as well as children under
14, were excluded from the study.

Statistical analysis was conducted using the ROC curve
method, calculating sensitivity, specificity, precision, recall, and
F1-score metrics.

The assessment of inflammatory activity in the anterior
chamber utilized a bespoke Telegram bot designed to identify and
count inflammatory cells from the images. The images were con-
sistently saved with a constant contrast level of 128 and bright-
ness adjusted within the range of -10 to 4 against a dark back-
ground in either PNG or JPG formats. Processing commenced
with the bot converting the images to black and white, maximiz-
ing brightness and contrast before re-uploading them to the chat.
Users then selected areas of interest on the high-contrast black-
and-white images using a red pencil or brush, allowing the soft-
ware to search for dots that fell within the specified color range
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folLme HeobxoamMMbIM napameTpam. U3obparkeHns obpabaTbiBasnch
KaK Ha KomnbtoTepe B npunoxeHun «dotorpadum» u «Paint» 8 OC
Microsoft Windows 10 Pro (Microsoft Corp., USA) Tak # BO BCTpoO-
eHHbIX doTopesakTopax cmapTdoHoB Samsung Note 20 (Samsung
Electronics, South Korea) u iPhone 15 (Apple Inc., USA). BoT ¢yHKUK-
OHMPYET Ha TPEX A3bIKaX — PYCCKOM, TAAMKMKCKOM U aHIJIMICKOM — Ha
BCEX YCTPOMCTBAX C 3anyLeHHbIM npunoxeHnem Telegram. Asbik
pa3paboTku nporpammHoro obecneuyenus: Python 3.11.9 (Python
Software Foundation, USA). Kog MO 6bin HanucaH B MHTErpupoBaH-
Hol cpeae pa3paboTku (IDE) PyCharm Community Edition 2023.3.1
(JetBrains, Czech Republic). Mcnonbayemble 6ubnnoteku: telebot, PIL
(Pillow), numpy, cv2 (OpenCV).

PABOTA BOTA

1. MpuBeTcTBME M ONMCaHUe GYHKLMOHaNA: NpK 3anycKke 6oT
NPMBETCTBYET NO/Ib30BATENA W ONMCbIBAET CBOU GYHKLMK,
npeanaras HayaTb 06paboTKy CHUMKa.

2. 3anpoc ®10 naumeHTa: 60T 3anpawmnsaet PUO naumeHTa,
[Ns KoToporo byaeT Npon3BoaMTbCA 06paboTKa CHUMKa, U
COXPaHAET 3Ty MHbOPMALIMIO ANA NOCAEAYIOLEro UCNoNb-
30BaHUs.

3. Ha puc. 1 nokasaH npoLecc nepsuYHoM 06paboTkm CHUM-
Ka: nonb3oBaTesb 0TNpPaBaseT UcxofHbii SD-OCT CHUMOK.
BoT npeobpasyeT ero B YEpHO-HenbIii GopmaT C MOBbILWIEH-
HOW IPKOCTbIO M KOHTPACTHOCTBIO.

4. Ha puc. 2 nokasaHo BblaeneHve obnacten AnA nowcka
ToYek: nocne 06paboTkM BOT NPOCUT NONL30BATENS BblAE-
NINTb KPACHbIM LiBeTOM 061acTv Ha 1306paxeHuw, rae He-
06X04MMO HalTM TOUKK, 6inskue K useTy #CDCDCD.

Ophthalmo Bot

== /Ins Havana paboTsl ¢ 60TOM, Noxanyiicta BbibepuTe OaHY 13
Npe/CTaBNeHHbLIX KHONOK HIXe, YTO6LI B3aMO/je/icTBOBaTL Aanee
c 60ToM Ha ygo6HOM Bam sisbike.

= bapowv or03 kapaaHu kop 60 60T, nyTdaH sike a3 TyrMaxou aap
3ep 6yaapo MHTMX06 KyHes, To 60 60T 60 3a60HM ANNXOXATOH
MYOLUMPAT KyHez,

B8 To start working with the bot, please select one of the buttons
below to further interact with the bot in your preferred language.

O6paboraTs CHUMOK
Moxanyiicra, BBeauTe PUO NauveHTa. ¥
HeuagecTHbI NaLyeHT

Tenepsb otnpasbTe SD-OCT cHUMOK NauueHTa. CHUMOK A0MXeH
6bITb B OpMaTe KAPTUHKY 1 MMETb pacluMpeHiie .png vnu jpg

Puc. 1 HavanbHsil uHmepdgpelic Telegram-6oma u 3anpoc Ha nepsuY-
Hyt0 06paboMKy CHUMKA

Fig. 1 User interface for the Telegram bot and a request for initial
image processing
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of #CDCDCD, with adjacent dots limited to a color spectrum be-
tween #9B9BI9B and #FFFFFF (the shades achieved post-conver-
sion). The software was adept at counting dots of different pixel
sizes: 1x1, 2x2, and 3x3. Depending on the size selected for the
searching dots, the bot followed a multi-step process for detec-
tion. For the 1x1 size, it sought out dots within the defined red
area. At the same time, for 2x2, it also examined neighboring pix-
els within the same color range, highlighting the dots that met
the required criteria with a designated color. Image processing
occurred on various platforms, including the Photos and Paint ap-
plications within Microsoft OS Windows 10 Pro on computers and
on built-in editors of smartphones like the Samsung Note 20 and
iPhone 15. The bot offered multi-language support, including
Russian, Tajik, and English, across all devices equipped with the
Telegram application. The programming language Python 3.11.9
software (Python Software Foundation, USA) was used for the
project. The software code was developed using the integrated
development environment (IDE) PyCharm Community Edition
2023.3.1 (JetBrains, Czech Republic). The project leverages a va-
riety of powerful libraries to enhance its functionality, including
“telebot” for interacting with Telegram's Bot API, “Pillow” (im-
ported as PIL) for image processing tasks, “numpy” for efficient
numerical computations, and “cv2” from OpenCV for advanced
computer vision operations.

BOT FUNCTIONALITY OVERVIEW

1. Greeting and Introduction: Upon launch, the bot greets
the user warmly and provides a clear overview of its
capabilities, inviting them to begin the process of pho-
to analysis.

Ophthalmo Bot

MNoxanyiicta, Boigenute KPACHbBIM kapaHAaLWoM nan KUCTbIO
06/13CTH, BHYTPY KOTOPBIX HYXHO HalATV TOUKM, He Kacanch
POrOBULbI, PECHUYHOTO TeNa v APYriix aHaTOMUYECKNX CTPYKTYP.
06nacTb BoigeneHns OBA3ATE/IbHO fonxHa 6biTb 3aMKHYTOM.
CHUMOK C Bbl\eNIeHHO 061aCTbIo 0TNpaBbTe 06paTHO 60Ty kak
o6bluHoe poTo.

Puc. 2 [lepsu4Has 06pabomka CHUMKaA U 8bideneHue obnacmu 0714
noucKa moyek

Fig. 2 Initial image processing and selecting an area to search for
points
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5. Bbibop pasmepa MCKOMbIX TOYEK: BOT npeanaraer BbibpaTh
pa3mep Todek Ana nomcka (1x1, 2x2 nnm 3x3 nukcens).

6. TOWCK 1 BblaeNeHne ToYeK: BOT WLLET TOYKM YKa3aHHOro
pa3mepa BHYTPWU BblAENEHHbIX 0bnacteln u 06BOAUT MX
KENTbIM LBETOM. TaKKe OH MNOACYMTbIBAET KOAMYECTBO
HalAEeHHbIX TOYEK.

7.  Puc. 3 4eMOHCTPMPYET BbIBOZ pe3y/ibTaTa Ha 3KpaH (Nonb-
30BaTeNlb MOAYYAET Pe3y/bTUPYLoLLEe 306pakeHue C Bbl-
[EeNeHHbIMM TOYKaMM U UX Konndectsom). MpeanoxeHne
60TOM BbibOpa AaNbHENLLNX AEACTBUIA — NPOAOMKMUTL MNO-
MCK TOYEK APYroro pasmepa Uam 3aBepLunTb 06paboTKy —
MoKa3aHo Ha puc. 4.

PE3Y/NbTATHI

Ha ocHOBe NOACYMTAHHBIX pPe3yabTaToB bOblna MOCTPOEHa
ROC-KkpvBas (puc. 5): 0Ha ONMCHIBAET B3aMMOCBA3b MEXAY YYBCTBU-
TenbHocTbio MeToga (TPR, uawm true positives rate — gonsa UCTUHHO
NONOXKUTENbHBIX NPUMEPOB) U e€ cneundUyYHOCTbIO (OnMCbIBaEMO
B OTHOLUEHWM [ONEN NOMKHOMOMONKUTENbHbIX pe3ynbTaToB: 1-FPR).
Bbina BbibpaHa 6uHapHaa mogenb, B KOTOPOU onpeAenanmch Aga na-
pameTpa — «TPaAMLMOHHbIN meToa» v «Telegram-60T». B Kavectse
NopOroBoro 3HaueHua BblbpaH nokasatesns 0,5.

B nonosHeHWe K CTaHAAPTHbIM MapameTpam YyBCTBUTEIbHOCTU
1 cneundryHOCTY BbIIM NOACYNUTAHbI NPELIM3MOHHOCTD (precision) u
No/HOTa AaHHbIX (recall) — 3To KaloYeBble METPUKM, UCMIONb3YEMbIE B
MALIMHHOM 0BYYeHWUM ONA OLEHKM KayecTBa mogenei knaccuduka-
LMK, 0cOBEHHO B 3aZa4ax bHapHOM KnaccudurKaumu, a Takxke F1-me-
pa (F1-score), KoTopas NpeacTaBAseT coboi rapMOHUYECKOE CpeaHee
3TUX ABYX METPYK (Tabn.).

Mcxoasa M3 nonyyeHHbIX pe3y/ibTaToB YCTaHOBIEHO CAeaytoLLee:

e YacToTa MCTMHHO OTPMLATENbHbIX C/ly4aeB, KOTopble bblan
OXapaKTepu30BaHbl KaK oTpuuaTensHble, coctasuna 0,965,
W 3TO 03HAYaEeT, YTO METOA KOPPEKTHO onpeaenseT cnyqan
KaK oTpuLaTeNbHble Uan «340poB» B 96,5% cnyyaes.

e TOYHOCTb (MPOrHOCTMYECKAA LEHHOCTb) cocTaBuna 0,964,
YTO FOBOPUT O TOM, YTO M3 BCEX C/Iy4aeB, KOTOPbIE METOZA
npefckasan Kak NonoXuTeNbHble, T.e. «6oneH», oH 6bin
KoppeKTeH B 96,4% cnyyaes.

Ophthalmo Bot

BeibepuTe pazmep NCKOMbIX TOYEK:

2x2

Konnuectso Touek, oTBeualowmx TpebosaHmnam 2x2: 433

Puc. 3 Bbibop pasmepa UcKoMbIX moyek, NoOCYEM U omnpasKa pe-
3Y/IbMUPYIOUWE20 U30OPAMEHUS C MOYHBIM KOMUYECMBOM HAUOEHHbIX
moyex

Fig. 3 Selecting the size of the searched points, counting and sending
the resulting image with the exact number of points found

2. Patient Information Request: The bot then prompts the
user for the patient's full name. It captures this essen-
tial information for future reference during the image
processing.

3. Initial Image Processing: As depicted in Fig. 1, the user
uploads the original SD-OCT image. The bot enhances
the image by converting it into a high-contrast black-
and-white format, optimizing brightness for better vis-
ibility.

4. Area Selection for Point Detection (Fig. 2): After pro-
cessing the image, the bot invites the user to identify
specific areas where points need to be located. The
user highlights these areas in red on the image, focus-
ing on regions that contain the color #CDCDCD.

5. Point Size Selection: The bot presents options for the
size of the search points — 1x1, 2x2, or 3x3 pixels — al-
lowing users to customize their search parameters ac-
cording to their needs.

6. Point Detection and Highlighting: The bot diligently
searches for the specified point size within the high-
lighted areas. It outlines the detected points in yellow
and counts how many points it has identified.

7. Output of Results: In Fig. 3, the user receives the pro-
cessed image showcasing the highlighted points and
their corresponding count. Fig. 4 depicts the bot's next
steps, allowing the user to either continue searching
for points of a different size or conclude the processing
session.

RESULTS

Based on the results obtained from the calculations, a Re-
ceiver Operating Characteristic (ROC) curve was created (Fig. 5).
This curve illustrates the interplay between the sensitivity of the
method, also known as the true positive rate (TPR), which re-
flects the proportion of accurately identified positive cases, and
its specificity, measured in terms of the false positive rate (as in-
dicated by 1-FPR). In this analysis, a binary classification model
was chosen, focusing on two distinct parameters: the "traditional

Ophthalmo Bot
a

B BuiGepuTe pasmep UCKOMBIX TOUEK:

1x1

Konuuectso Touek, otevatowmx TpebosaHmam 1x1: 1605

BuibepuTe AanbHellwee AencTBUE:

0O6paboTka CHUMKOB 3aBepLueHa. Yaauu!

Puc. 4 3asepuieHue pabomsi
Fig. 4 Completing the image processing
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ROC Kpusas

=== Cells quantity
=== OnopHas NuH1s

YyecTBuTenbHocThb / Sensitivity

00 02 04 06 08 10

1 - Cneundmnyroctb / 1 - FPR

Puc. 5 ROC-kpusasn
Fig. 5 ROC-curve

e [lonHoTa coctasuna 0,926, 4TO AEMOHCTPMPYET BO3MOXK-
HOCTb AnddepeHLMpoBaTbh NPU NOMOLLM NPOrPaMMHOro
obecrneyeHns MONOKUTENbHbIE CyYan «BONEH» W3 BCeX
WCTUHHO NONOXKWUTENbHBIX CNy4aes B 92,6% cnyyaes.

e CpefHee rapMOHMYECKOE MEXAY TOUHOCTbIO M MONHOTOMN,
KOTOpOe CBMAETENbCTBYET O AOCTUXEHUM BanaHca cocTa-
810 0,945, yTo roBOPUT 0 XOpoLUem banaHce Mexay ABy-
MA 3TUMU NapameTpamm.

OBCYXAEHUE

ABTOpbI HEMHOTOYMUCAEHHBIX PaboT B TeyeHue nocneaHux 10
NIeT MbITaNUCb NepeiTn OT MOACYETA KIETOK BOCMaNeHUA nog, KOH-
TPoNem 3peHus (Tak Ha3bIBAEMbI Py4YHOW MOACYET) K aBTOMATU3M-
pPOBaHHOMY METOZY B CBA3M C UMEOLLENCA Aonel cybbeKTUBHOCTH
HomeHKNaTypbl SUN 1 HEBO3MOMKHOCTbIO alEKBATHO OLEHUTb €€ YyB-
CTBUTENBHOCTL [1-6].

HepasHo Kopelickne konnern Kang TS et al [7] npeanpuHanm
NOMbITKY CO34aHUA aBTOMATUYECKOTO MOACYETA KNETOK BOCMaseHUs

TaGana Knroyesble cmamucmuyeckue napamempeol

method" and the "Telegram bot." The threshold for distinguishing
between positive and negative outcomes was set at 0.5.

We also calculated precision and recall alongside the stan-
dard sensitivity and specificity parameters. These metrics are
essential for assessing the effectiveness of classification models
in machine learning, particularly in the context of binary classifi-
cation problems. Additionally, we considered the F1-score, which
serves as the harmonic mean of precision and recall. This com-
prehensive evaluation is presented in Table.

Based on the data collected, several key findings were es-
tablished regarding the performance of the method:

e The true negative rate (TNR) or specificity: The meth-
od demonstrated a high true negative rate of 0.965,
indicating that it accurately classified healthy cases as
negative 96.5% of the time. This suggests a solid ability
to identify individuals who do not have the condition.

e The positive predictive value (PPV), or precision: The
overall precision was found to be 0.964, meaning that
when the method predicted a case as positive—de-
noting a "sick" individual — it was correct 96.4% of the
time. This high precision reflects the reliability of the
method in making correct predictions.

e Recall: The recall rate was recorded at 0.926, showcas-
ing the software's effectiveness in identifying true pos-
itive cases among all those who were truly sick. Spe-
cifically, the method successfully distinguished positive
cases from true positives in 92.6% of instances.

e F1 score: The harmonic mean of precision and recall,
which indicates a balance between these two import-
ant metrics, was calculated to be 0.945. This figure il-
lustrates that the method achieves a commendable
equilibrium, ensuring that neither precision nor recall
significantly outperforms the other, which is crucial for
reliable diagnostic performance.

Table Key validation metrics for binary classification

YacToTa MCTUHHO OTpULATENbHbIX Cy4aeB

KoNM4ecTBO MCTUHHO OTPULLATE/IbHBIX C/ly4Yaes, KOTopble 6blin

. e OXapaKTepu30oBaHbl Kak OTpULATENbHblE 0.965
The true negative rate (TNR)/specificity The probability that an actual negative will test negative
TouHoctb (TP/ (TP+FP) 3HayeHMe NPOrHOCTUYECKOW LEeHHOCTH 0.964
Precision (TP/ (TP+FP) The proportion of predicted positives, which are actual positives ’
Mepa Toro, HaCKoO/IbKO MOHO MeToA, 06HapYKMBAET BCe
MonHota NOMIOXKUTENbHbIE CyYaun 0.926
Recall/True Positive Rate (TPR)/sensivity The proportion of all actual positives that were classified ’
correctly as positives
F1-mepa (F1-score) (2x ((TP/(TP+FP)xTPR)/  CpeaHee rapMOHMYECKOE MENK/Y TOYHOCTbIO U MOHOTOM 0.945
((TP/ (TP+FP)+TPR) The harmonic mean of precision and recall :
YacToTa UCTUHHO NONOMKUTENbHbIX
YyBCTBUTE/ILHOCTb
pe3ynbTaToB Sensitivity 0.926
TPR
YacToTa JI0XKHO NONOKMUTENbHbIX
PO — CneunduryHocTb (1-FPR) 0.034

False Positive Rate SRy (A

Mpumeyanus: TP — true positives (MCTMHHO NonoxuTeNbHble pesynbTathl), FP — false positives (McTMHHO oTpuuaTenbHble pesynbtatsl), TPR — true positive rate (4acTorta
MCTUHHO NONOXUTE/NbHbIX pe3ynbtatos), FPR — false positive rate (4acTota 0KHO NONOKUTENBHBIX PE3YNLTATOB)
Notes: TP — true positives (true positive results), FP — false positives (true negatives), TPR — true positive rate (proportion of true positive results), FPR — false positive rate

(proportion of false positive results)
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npu nomoly OKT. Ux paboTa OTIMYaeTCs OT TEKYLLEN TEM, YTO OHMU
MCMONb30BaZIM CHUMKM 6Gonee BbICOKOTO pa3pelleHus, fae TOYKM
BbIABUTb ObINO 3HAUMTENbHO Nerye. B ntore umu bl BbIOpaH cpes-
HWIA pasmep 0bHapyKMBaeMon ToUKM — 3x3 nukcensa u bonblue. OHK
NOLN CNeAyoLWMM NYTEM: CHavYana TpeboBanoch HalTU TOUKM pas-
Mepom 3x3 MUKcens, nocne CHUMOK MPOXOAWA HECKOMbKO 3Tanos
dunbTpauum: 1) nepeBoanIn CHUMKM B YEPHO-6€1bl OTTEHOK; 2) Bbl-
ZLensnmn ToNbKO NepesiHIo Kamepy BHYTPU rasa; 3) B Kamepe UcKaau
TO/NIbKO TOUKM pazmepom 3x3 nukcens; 4) obHapyKeHHble TOYKM 06B0-
4UAN 1 5) CTaBUAW NOBEPX OPUTMHANBHOTO CHUMKA, rie NPOBOAMACA
MX NoAcYET. CepbE3HbIM HEeAOCTaTKOM ABAAETCA OTCYTCTBME AOCTYNA K
HeWi Bpayeii 1 uccnegoBaTtenei.

Paspabotuvkn gaHHoro 60Ta Mowau Apyrum NyTém: cHayana
CHVMMOK NepeBoau/n B YEPHO-6ENbIN OTTEHOK, YBENUYMB A0 MAKCH-
MyMa APKOCTb U KOHTPACTHOCTb CHUMKA A/18 6obLUel HarnaAHOCTMI
MMEIOLLIMXCA TOYeK, Aanee [asn BO3MOXKHOCTb NO/b30BaTENO CaMO-
My BbIOMPaT, r4e UMEHHO Ha CHUMKE U KaKoro pasmepa TOYKU UHTe-
PECHbI No/b30BaTeN0. BOT UCKan TOIbKO TOUKM BbIGPaHHOTO pasmepa
(1x1; 2x2; 3x3 nuKcens) n TONbKO B BblAeneHHbIX obnacTax. B 2013
rogy LiY et al [1] B cBOEM Mccea0BaHUM MyTEM MaTEMATUYECKOTO Nne-
pecyéTa NPUHAAN 3a KNETKY BOCMANeHUA TOUKY pa3mepom 2x2. ABTO-
pbl BbIOPA/IM TOUKM TAKOTO e pasmepa, HO 0BHapPYKMAK, YTO ONTUYe-
CKMe KorepeHTHble TOMOrpadbl HOBOTO MOKONEHUA MOTYT YN1aBiMBaTb
TOYKM M MeHbLLEero pa3mepa, Hanpumep 1x1. Bbino NPUHATO pelueHve
NOACYNUTBIBATD U UX, B CBA3M C HEBO3MOXKHOCTbIO YENOBEYECKOrO /1a3a
pasnnyaTh UX B NPOXOAALLEM CBETE LLENeBOM 1aMMbl, YTO TaKKe CTano
npeumyLiectsom Telegram-6ota.

B 60Te Bce CHUMKM 06pabaTbiBatOTCA XOPOLLO 33 UCKNOYEHVEM
CHUMKOB, re nocepeavHe UMeeTcs cies, OT CBETOBOTO Jyya. B Takux
CHVMMKaX C/IOHO BbIAENNTb HEOOXOAMMYIO 30HY 6e3 BKNOUYEHWA Na-
[aloLero /lyda, KOTopblid BOT TaKKe MPUHMMAET 3a Heobxoaumble
TOYKM U BbIJAET CUbHO 3aBbILLIEHHbIV pe3ynbTat. B cBA3M € 3TUM, aB-
TOpamu npejiaraeTca BPyYHY0 He BKAOYaTb 06/1acTb € ly4om uam
ApYyrMm apTedakToM B MCCNelyeMyto 30Hy [/19 BOCNPEnATCTBOBaHWA
No/yYeHUsA NIOKHOTO pesy/bTaTa NPy HEBO3MOHOCTU NEPECHATb CHU-
MOK. 3TO BO3MOXHO, €C/IN OFPaHNUUTb HECKONBKO 30H OHOBPEMEHHO
KpacHbIM KOHTYPOM Ha CHUMKE, 1 Torga 60T NoAcuMTaeT KonYecTBo
TOYEK BO BCEX OrPaHMYeHHbIX 30HaX U BbIAACT CYMMAPHBbIV pe3y/ibTarT.

BoT nerye npuvmeHATb Ha MOBGM/IbHBIX YCTPOWCTBAX, TaK KaK
Telegram Ha MOBUNBHBIX YCTPOMCTBAX UMEET BCTPOEHHYIO BYHKLMIO
PefaKTMPOBaHUA KapTUHKK, YTO NO3BONAET BHYTpM Telegram B uate
camoro 6ota BblbMpaTb Heobxoaymytlo 061acTb, PEeAAKTMPOBATL M
OTNPaBAATb CHUMOK 60Ty Ha 06paboTKy. Ha nepcoHasIbHOM KOMMbtO-
Tepe 370 3aHWMAEeT HEMHOTO H0JblUe BPEMEHMU, B CBA3M C HEObXoaM-
MOCTbIO NEPEX0a B pasHble NPUNOKEHNA.

MNonyyeHHble Mocne cTaTUCTUYEecKol 06paboTkM pesysbTaTthl
[al0T BO3MONHOCTb CAEeNaTb BbIBOA, UTO CO3ZAaHHbIA WHCTPYMEHT
XOPOLUO CMPABAAETCA C NMOCTaBAEHHOMN Mepes HUM 3aaaveit u obna-
[1aeT BbICOKOWM TOYHOCTbIO B OGHAPYKEHUM KaK MONOKUTENbHbIX, TaK
M oTpULaTeNbHbIX cayyaes. C Lenbio NOBbIWEeHUA [OCTYNa Bpayen K
BbICOKOTEXHOIOTMYHbBIM Pa3paboTkam U AOCTUMNEHUAM B LMdpPoBOii
0611aCTH, a TaK¥Ke NOBbILLEHUS Ka4eCTBa OKa3biBaEMOW MeULMHCKON
NMOMOLLM AOCTYN K JaHHOMYy 60Ty co3faTensmu npenocTaBasercs
coseplueHHO becrnnatHo. M01b30BaTbCA HOTOM MOKHO MO CCblIKE
https://t.me/ophthalmo_test_bot

OrpaHuyeHus uccnefoBaHmna: bapbepbl Ha NyTW CTaH4APTU3a-
LMW BK/IKOYAIOT BapUaTMBHOCTb ycTpoicTs OKT B pasHbiX KAMHUYe-
CKUX YCNOBUAX, OTCYTCTBME CTAaHAAPTU3ALMM NPOTOKONOB NONYYEHMA
1306paXKeHni, pasnnyHble MeTOAbl KOIMYECTBEHHOTO OnpeaeneHus
N CNOXHOCTb Pa3/IMYeHNA BOCMANUTENbHbIX KNETOK OT ApYr1x TUNoB
KNEeTOK, HEBO3MOXKHOCTb AaHHoro MO 0by4aTbca Ha cBOMX OLIMOKaX.

DiScusSION

Over the past decade, researchers have recognized the lim-
itations of visually guided inflammatory cell counting — commonly
referred to as manual counting — due to its inherent subjectivity
in the SUN nomenclature and the challenges in accurately gaug-
ing its sensitivity [1-6].

Recently, Kang TS et al [7] endeavored to transition towards
an automated inflammatory cell counting method using OCT.
Their approach was distinctive in that they employed high-reso-
lution images, facilitating the easier identification of the inflam-
matory cells, represented as dots. They specifically focused on
locating dots with a size of 3x3 pixels or larger. Their methodolo-
gy unfolded in several stages: first, they transformed the images
into black and white; next, they isolated only the anterior cham-
ber of the eye; then, they searched explicitly for the dots of 3x3
pixels; afterward, the identified dots were outlined; and finally,
these outlines were overlaid on the original images to tally the
total count. However, a notable limitation of their work was the
restricted accessibility for medical practitioners and researchers.

In contrast, the developers of a new Telegram bot adopted a
novel strategy. Initially, the bot converts the images to black and
white, enhancing brightness and contrast to maximize the visibility
of dots. Users are empowered to select specific areas on the photo
and specify the sizes of the dots they wish to analyze — options of
1x1, 2x2, or 3x3 pixels. This targeted approach allows the bot to
detect dots only within the chosen parameters efficiently. In a 2013
study, Li Y et al [1] mathematically equated a 2x2 dot to an inflam-
matory cell. Recognizing that newer optical coherence tomographs
could detect even smaller dots, such as 1x1 pixels, they included
these in their analysis, leveraging the fact that the human eye often
struggles to distinguish them under the light from a slit lamp. This
feature made the Telegram bot particularly advantageous.

However, the bot does face challenges with images that con-
tain a light beam artifact in the center. In these cases, identifying
the required area can be complicated, as the bot may mistakenly
include the incident beam in its calculations, resulting in inflated
counts. To mitigate this issue, the authors recommend manually
excluding areas with artifacts when retaking the image is not fea-
sible. Users can achieve this by marking multiple zones with a red
outline within the image, allowing the bot to accurately count the
dots in those specified areas and provide an overall tally.

Utilizing the bot is notably more convenient on mobile de-
vices, as Telegram offers an integrated image editing function.
This allows users to directly select and edit the necessary areas
in the bot's chat, streamlining the process. Conversely, users may
find the workflow more cumbersome on personal computers, as
it necessitates switching between different applications.

Statistical analysis of the results indicates that this newly
developed tool fulfills its intended purpose, demonstrating high
accuracy for both positive and negative cases. To foster greater
access to cutting-edge digital advancements in medicine and en-
hance the quality of healthcare delivery, the creators have made
this bot available free of charge. Interested users can access the
bot at the following link: https://t.me/ophthalmo_test_bot.

Limitations of the study: Several obstacles hinder the stan-
dardization of OCT devices across diverse clinical settings. These
challenges include the significant variability among the devices
themselves, which can lead to inconsistent results. Addition-
ally, a lack of unified imaging protocols makes ensuring that all
practitioners follow the same procedures challenging. Moreover,
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Bcé aTo cBMAeTenbCcTBYyeT O BOSMOMKHOCTM M3y4aTh U pa3BuBaTb 3TO
HanpasaeHne nccnenoBaHmA ewe wupe.

3AKNIOYEHUE

Telegram-60T sBNSETCA AOCTAaTOYHO TOYHbIM, BecnnaTHbIM, A0-
CTYMHbIM A/19 LUMPOKOTO Kpyra Bpayeil, He Tpebytowwym cneuuanbHbix
3HAHMWIA, HaBbIKOB U 060OPYAOBAHUA AN NOMb30BAHMA UHCTPYMEHTOM
[NA OLLEHKM aKTUBHOCTM BOCMA/IMTEIbHOTO MpoLLecca B NepesHei Ka-
Mepe rmasa. locTaToYHO HaMumA AOCTyNa B UHTEPHET M YCTPOICTBA C
pernctpaupmeii B Telegram.

the methods used to quantify the images differ from one insti-
tution to another, complicating comparisons of results. A signif-
icant challenge is distinguishing inflammatory cells from other
cell types, which can affect diagnosis and treatment decisions.
Furthermore, the current software in these systems often fails
to adapt or learn from prior errors, limiting the potential for im-
provement over time. Given these complexities, it becomes ev-
ident that this area of research holds considerable potential for
further exploration and development, promising advancements
in accuracy and consistency.

CONCLUSION

The Telegram bot offers a highly accurate and user-friend-
ly tool for assessing the activity of the inflammatory process in
the anterior chamber of the eye. It is free and accessible to a
broad spectrum of medical professionals, making it an invaluable
resource. One of its key advantages is that it does not require
specialized knowledge, skills, or equipment, allowing doctors to
integrate it into their practice efficiently. To utilize this tool, all
required is a stable Internet connection and a device registered
with Telegram. This ensures that healthcare providers can access
the assessment features anytime, anywhere.
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