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Lienb uccnepaoBaHua: oLEHKA KMHUYeCcKo 3bdEKTUBHOCTM U 6€30MacHOCTM MPUMEHEHMA HOBOTO MeToZa BU3yannsaLuv nepegHei Kancybl Xpycra-
nvka (MKX) ans BbINONHEHWA NepeAHero KancysopeKcmca ¢ UCNoib3oBaHUEM TPEXMEPHOW CUCTEMbI BU3yann3aLmuu 6e3 NpumeHeHUs MHBA3UBHOMO
KpacuTens TPUNaHoBbIA CUHUIA.

Matepuan u meTogbl: MaTepuan UCCAefoBaHNA COCTOAN U3 OCHOBHOM (OF) u KoHTponbHoM rpynn (KI) naumeHToB. O coctosna 3 250 yenoBeK u
6bl1a NpoonepupoBaHa ¢ UCMOb30BaHUEM CUCTEMbI TPEXMEPHOW BU3yanun3aLmu; Ans KOHTpacTupoBaHua MKX npu Kancynopekcuce Mcnonb3osancs
aBTOPCKUIA CNocob BU3yann3aLum ¢ UCIOIb30BAHUEM CUCTEMbI TPEXMEPHOW BU3yaNn3aLMu, NPOrpaMMHbIX LIBETODUIBTPOB U CHUNKEHHOW MOLLHOCTM
cBeTa onepaLnoHHoro mukpockona. KI (250 yenosek) NpoonepupoBaHa ¢ UCNoNb30BaHMEM CTaHAAPTHOM aHaNIOroOBOM BU3yanus3aLmu, ANs KOHTpa-
cTrpoBaHma MKX 6bla MCNoNb30BaH MHBA3MBHbIN KPacuTeNb TPUMNAHOBbIN cuHuid 0,05%.

Pesynbratbl: O v K[ naumeHTOB NPOAEMOHCTPUPOBAIN HU3KOE KOIMYECTBO MHTPA- U MOCNEONEPaLMOHHbIX OCI0KHEHMIA (8 cnyyaes n3 500 rnas,
yTo coctasnAeT 1,6%). CTaTUCTUYECKM 3HAUMMble OTAMumnA Mexay OF v KI' no nokasatensam MakcMmanbHoM KoppuruposaHHoi (MKO3) n Hekoppu-
rMpoBaHHOM ocTpoTbl 3peHns (HKO3) He obHapyskeHbl (p>0,05). CpeaHas NPOAO/IMUTENLHOCTL ONepaTUBHOrO BMellaTenbcTsa 8 OF coctasuna 10,2
MUHYT, B K[ — 11,1 MmuHyT (p>0,05). CTaTUCTMYECKM 3HAUMMO YBEIMYMAACH ANNTENBbHOCTb BbINONHEHUA 3Tana Kancynopekeuca B OF (p<0,05), a Takxke
BPEMSA UMMNAAHTALMU MHTPAOKYAAPHOW AnH3bI (MOJ) B KT (p<0,05). B OT Mcnonb3oBanack 3Ha4MTENbHO MEHbLUAA MOLLHOCTb CBETA ONepaLMOHHOro
MUKpocKona. B cpegHem B O MOLLHOCTb MCMOb3YEMOrO CBETA OMEPALMOHHOTO MUKpOCKona coctasuna 17,2%, 8 Kl — 47,9% (p<0,05). B OT 6bi10
3adMKCMPOBAHO CTAaTUCTUYECKM 3HAYMMO MEHbLUEE KOMIMYECTBO pasuainbHbix paspbisos MKX — 0,8% naumextos, 8 K — 4,0% (p<0,05). Yxoa kancyno-
pekcuca Ha nepudeputo Habatoganca y 0,4% naumeHtos OF ny 1,6% naupentos KI (p>0,05).

3aknioueHue: metoz Bu3yanusauum NMKX ¢ ncnosb3oBaHMem CUCTEMbl TPEXMEPHOM BU3yanusaLmm 1 LBeToGULTPOB aKTyasieH AA UCMONb30BaHNA
B XMPYPriM KaTapaKTbl M MOXET PacCMaTPUBATLCA KaK anbTepHaTMBa CTaHAAPTHOMY MeToAy eé B13yann3aLmm € UCNOAb30BaHWEM KpacuTens Tpuna-
HOBOTO CUHEro.

KntoueBble cn0Ba: opmansmMoxupypaus, mpéxmepHas 8u3yanu3ayus, KIMapakma, KancynopeKcuc.
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UTILIZING A 3D MODEL AS AN ALTERNATIVE TO TRYPAN BLUE STAINING FOR
THE VISUALIZATION OF THE ANTERIOR LENS CAPSULE DURING CATARACT
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Objective: To assess the clinical efficacy and safety of a new technique for visualizing the anterior lens capsule (ALC) during the anterior capsulorhexis
maneuver. This method utilizes a three-dimensional (3D) visualization system and does not require the use of the technically invasive trypan blue (TB)
dye staining.

Methods: The study population was divided into two groups: the main group (MG) and the control group (CG). The MG consisted of 250 patients
who underwent cataract surgery using a 3D visualization system. This system employs black-and-white filters and reduced color saturation to improve
visibility during capsulorhexis. In contrast, in the CG, which also consisted of 250 patients, conventional microscope imaging with TB dye (0.05%)
staining for ALC visualization was utilized.

Results: The patients in the MG and the CG exhibited a low rate of intraoperative and postoperative complications, with only 8 cases out of 500 eyes
operated, resulting in a complication rate of 1.6%. There were no statistically significant differences between the MG and CG regarding best-corrected
visual acuity (BCVA) and uncorrected visual acuity (UCVA) (p>0.05). The average surgical time was 10.2 minutes for the MG and 11.1 minutes for the
CG (p>0.05). However, there was a statistically significant increase in the capsulorhexis time in the MG (p<0.05), as well as in the intraocular lens
(IOL) implantation time in the CG (p<0.05). Additionally, significantly lower light intensity was used in the operating microscope for the MG, averaging
17.2%, compared to 47.9% for the CG (p<0.05). In the MG, there was a significantly lower incidence of the capsulorhexis radial tear at 0.8% of patients,
compared to 4.0% in the CG (p<0.05). The peripheral runaway capsulorhexis was observed in 0.4% of patients in the MG, while it occurred in 1.6% of
patients in the CG (p>0.05).
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Conclusion: The visualization of the ALC using a 3D system and black-and-white filters is currently of interest for cataract surgery, serving as an

alternative to the standard visualization method that employs TB dye.

Keywords: Ophthalmic surgery, three-dimensional visualization, cataract, capsulorhexis.
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BBEAEHME

Ha cerogHAWHUIA OeHb 30/10TbIM CTaHAAPTOM JIEYEHUA KaTa-
paKTbl ABnsetca dakoamynbcuduKauma Katapaktol [1]. OT nposeae-
HWA 3Tana KamncyaopeKcmca Npu BbiNosHeHUU dakoamynbeuduraumm
KaTapaKTbl 3aBMCAT KaK Aa/ibHelluasn TaKTUKa XMPYpPruyeckoro Bme-
LIATeNbCTBa, TaK M OYHKUMOHaNbHble pesynbTaTbl onepauun. [ns
XOpOLUEro, NPOrHO3MPYEMOro pesynstata Npu XMPYprm KatapakTbl
Kancys0peKcuc JoMKeH BbiTb HENPEPbIBHLIM, HYXKHOTO AWameTpa U
LeHTpauuu. [N ycnewHoro npoBegeHnA HemnpepbiBHOTO KPyrosoro
Kancynopekcuca Heobxoayma Xopollas BW3yanu3aums nepepaHei
Kancynbl xpyctanuka (MKX), [octatouHas WMpKHa 3padka v XopoLUmnii
po30BbIii pedniekc masHoro AHa [2]. B cnyyasx XMpyprau OCiox-
HEHHbIX, MAIOTHbIX KaTapaKT BM3yanusauma MKX bbiBaeT 3aTpyaHeHa,
B CBA3M C YeM UCMOMb3YIOT €8 MOAKpPaLLMBaHWe KpacuTenem Tpuna-
HOBbIN cMHMI 0,05%, YTO NO3BONAET YNYULWUTL €8 BU3yann3aLmio U
obneryaet BbiNoNHEHME Kancynopekeuca. Cnocob Bbin 3anaTteHToBaH
B 1999 ropy npodeccopom Minas Theodore Coroneo. C Tex nop pa-
[MKaNbHO Crnocob BMU3yanu3auyun He MeHANCA, U3MEHSA/ICA ULLb BUA,
MCMONb3yeMbIX KpacuTesiel, 0aHaKo cambim 6e3onacHbIM cebs 3ape-
KOMeHA0Ban pacTsop TpunaHosoro cuHero 0,05% [3, 4].

C HeflaBHUM MOABNEHWEM B NPaKTUKe 0PTaNbMOXMPYProB cu-
CTeM TPEXMEPHOW BM3yanu3aLuu MOABUAWUCH HOBble BO3MOXHOCTM
[ONA ONTUMM3ALMKN XMPYPrMK 33aHEr0 U NepeaHero oTpeska rmasa. B
HacTosLLee Bpems Ha pbiHKe NpescTaBeHbl Heckonbko 3D («heads-
up») nnathopm, OPUEHTUPOBAHHBIX Ha OdTa/IbMOXMPYPruyeckue
BMeLLaTeNbCTBa, CPeAM KOTOPbIX CamMble nonynspHble — 310 ARTEVO
800 Digital Microscope (Carl Zeiss Meditec AG, Jena, Germany),
Ngenuity 3D Visualization System (Alcon Laboratories Inc., Fort
Worth, TX, USA), Beyeonics One (Beyeonics Vision Ltd., Haifa, Israel) n
SeelLuma (Bausch & Lomb, Vaughan, Ontario, Canada). Mpambix cpas-
HUTENbHbIX UCCNEA0BAHMI C y4acTMEM BCeX YEeTbIPEX CUCTEM B peLieH-
3vpyemoii MTepaType NoKa He MpeacTasBNeHo, OAHAKO OTAeNbHble
ny6avKaumm 1 foKNasbl OCBELLAIOT OTIMUMA MEXIY HUMK.

ARTEVO 800 Digital Microscope XapaKTepu3yeTcs BO3MOMXKHO-
CTbIO MHTErPUPOBAHUA JaHHbIX ONTUYECKOW KOrepeHTHOM ToMorpa-
dum 1 pasnnuHbiMmn pexkumamu «digital overlay», obneryatowmm Ha-
BUraLMIO M NO3ULIMOHMPOBAHME NPU UMMAAHTALLMKU UHTPAOKYNAPHOM
NnH3bl (MOJT). B ogHOM M3 MCCeA0BaHMIA NPOBOAMNOCH NPSAMOE CpaB-
HeHne ARTEVO 800 Digital Microscope n Ngenuity 3D Visualization
System npu pakoaMynbCUPUKALMKM KaTapaKTbl. ABTOPbl OTMETWUM
COMOCTaBMMble NoKasaTenn 6e3onacHOCTM U CTeneHn BU3yanmnsaLmm
Y AaHHbIX cucTem [5].

Mnatpopma Beyeonics One BbigenseTca Tem, YTO BbINOAHEHA
B dopmate «wnema» (head-mounted display), a He cTaumoHapHoro
3D-3KpaHa. Mepsble COO6LLEHUSA (NPEUMYLLECTBEHHO TE3UCbI KOH-
¢depeHumit ESCRS) yKa3bIBAOT Ha XOPOLUYO BM3yanuns3aLmio, a TaKke
OTMeYatoT He3aBUCUMOCTb XMPYPra OT PACMOIOKEHUA ANCTINIEA CUCTe-
Mbl 1 KOMbOPTHOE MOOXKEHWE TO10BbI U e BO BpemMa paboTbl, HO

INTRODUCTION

The current gold standard for treating cataracts is cataract
phacoemulsification [1]. The quality of the capsulorhexis signifi-
cantly influences the effectiveness of surgical interventions and
the functional outcomes of cataract phacoemulsification. To
achieve good and predictable results in cataract surgery, capsu-
lorhexis needs to be continuous, adequately sized, and well-cen-
tered over the visual axis. Successful continuous circular capsu-
lorhexis requires clear visualization of the anterior lens capsule
(ALC), adequate pupil dilation, and a strong red reflex from the
fundus [2]. In complicated cases of dense cataract surgery, visu-
alizing the ALC can be challenging. To enhance its visibility and
facilitate the capsulorhexis, a 0.05% trypan blue dye is used for
staining. This method was patented in 1999 by Professor Minas
Theodore Coroneo. Since then, the basic visualization technique
has mainly remained the same, although the types of dyes used
have evolved. However, a 0.05% trypan blue (TB) solution has
consistently proven to be the safest option [3, 4].

The recent introduction of 3D visualization systems in oph-
thalmic surgery has opened new opportunities for optimizing pro-
cedures in both the posterior and anterior segments of the eye.
Currently, several heads-up 3D visualization systems are available
on the market, specifically designed for ophthalmic surgery. The
most popular systems include the ARTEVO 800 Digital Micro-
scope (Carl Zeiss Meditec AG, Jena, Germany), Ngenuity 3D Vi-
sualization System (Alcon Laboratories Inc., Fort Worth, TX, USA),
Beyeonics One (Beyeonics Vision Ltd., Haifa, Israel), and SeeLuma
(Bausch & Lomb, Vaughan, Ontario, Canada). As of now, no direct
comparative studies involving all four systems have been pub-
lished in peer-reviewed literature, though individual studies and
reports have highlighted the differences among them.

The ARTEVO 800 Digital Microscope offers the capability to
integrate optical coherence tomography (OCT) data along with
various digital overlay modes, assisting in navigation and posi-
tioning during intraocular lens (IOL) implantation. A study that
directly compared the ARTEVO 800 Digital Microscope and Nge-
nuity 3D Visualization System during cataract phacoemulsification
found that both systems exhibited comparable safety and visual-
ization rates [5].

The Beyeonics One platform's unique design as a
head-mounted display distinguishes it from traditional stationary
3D surgical screens. Initial reports suggest that head-mounted
displays used in eye surgery offer good visualization and allow
for comfortable head and neck positioning during procedures, as
highlighted in abstracts presented at ESCRS conferences, particu-
larly emphasizing flexibility in display placement. However, these
reports also note that surgeons need time to adapt to the weight
and specific characteristics of the headset itself.
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TaK¥Ke NOAYEPKMBAOT HEOBXOAMMOCTb aZlanTaLlMm Xupypra K Becy u
0COBEHHOCTAM rapHUTYPBbI.

Ewé ogHMM HOBbIM MpoayKToM B coepe ULMdpPOBbIX cuCTEM
TPeXmMepHOIi BK3yanusauumn asasetca SeeLuma, Kotopbli 6611 npea-
CTaBNeH OTHOCUTE/IbHO HeAaBHO [6]. Ha ceroaHAWHNUIA AeHb NpaKTyH-
YECKN OTCYTCTBYIOT MOJHOLIEHHblE CpPaBHWUTE/NbHbIE WCCAEefOBaHMA,
nosBonstoLWwume conoctasuTb SeeLuma c apyrumu 3D-nnatdopmamu.
CornacHo 0630pam 1 COOBLLEHNAM NMPOU3BOAUTENSA, AaHHAA CUCTEMA
OT/IMYAETCA BbICOKMM paspeLleHnem, GpyHKUmMen rmbKoin HacTPonKu
LiBeTonepesayn U COBMECTUMOCTbIO C PALOM XMPYPrUyeckux nnart-
dopm KomnaHun. OAHAKO 0OBEKTUBHBIX CPABHUTE/bHbIX AaHHbIX 06
addekTnBHOCTM SeeLuma B cpaBHeHUM ¢ ApyrMmu 3D-ycTaHOBKamu
NOKa He ony6/MKOBaHO.

Cuctema TpéxmepHow Buayanusaumm Ngenuity 3D Visualization
System obecneynBaeT NOBbILUEHHYIO KOHTPACTHOCTb M306pakeHus,
YBE/IMYEHHYIO [TyBUHY PE3KOCTH, MO3BOAET UCMO/Ib30BATb MEHbLLYHO
MOLLHOCTb KOAKCMaNbHOMO OCBELLEHUA Y OMEPaLMOHHOMO MUKPOCKO-
na, a TaK¥Ke A48T BO3MOMXKHOCTb UCMO/b30BaHUA NPOrPaMMHbIX LiBe-
TOQUNLTPOB, UTO B COBOKYMHOCTU NO3BONAET OTKA3aTbCA OT NPUMEHe-
HWA KpacuTeNA B C1y4anX OCNOMKHEHHbIX KaTapaKT.

LLENb UCCNEAOBAHMA

OUEHUTb KAMHUYECKY0 3PEKTUBHOCTL M Be3onacHoCTb Npu-
MEHEHWUs HOBOro Metofa Buayanusaumm MKX ana BbiNoAHEHMA ne-
PEeAHEro KancysopeKkcuca ¢ UCnoib3oBaHUEM TPEXMEPHON cUCTEMbI
BM3yanun3aumm 6e3 NnpumeHeH1a KpacuTens.

MATEPUAN U METOADbI

B nccnepgosaHum npuHanm ydactme 500 naymenTos (500 rmas),
C YCTAHOB/IEHHbIM AMarHO30M «BO3pacTHaA KaTapaKTa». Bcem naum-
€HTaM BbINoaHANACk GakoaMynbcUdUKaLMA KaTapaKTbl C UMNIAHTa-
unen uHTpaokynapHoi aunHsbl AcrySof IQ nam AcrySof 1Q PanOptix
(Alcon Laboratories, Fort Worth, TX, USA). B ocHosHo# rpynne (Or)
naupeHToB (250 naumeHTos, 250 rnas) npu NpoBeAeHUM 3Tana ne-
peAHero Kancy/siopekcnca cnoab3oBaaca MeTog snsyanmsaumm NMKX
6e3 MCNosb30BaHMA KpacuTesien C MOMOLLbIO CUCTEMbI TPEXMEPHOW
BU3yanmsauun. Ina ocNoKHEHHbIX KaTapaKT UCMO/b30BaCA aBTop-
CKuit meToz Bu3yanmsaumm MKX (nateHt Ne 2810370) ¢ ncnosnb3osa-
HMeM YEpHO-6en0ro GpuabTpa, KOTOPLIK HACTPANBANCA MPOTPAMMHO,
3a CYET CHUMKEHWA NoKasaTtens catypaumm ¢ 90-100% (cTaHaapTHOe
3HaueHwue) po 0%. Takxke CHUMKaNACh APKOCTb OCBELLEHMA OMnepaLy-
OHHOTO MMKpockona go 10-15%. B koHTponbHoW rpynne (KI: 250
nauueHToB, 250 rna3) MCnoab30BancA KAaCCUYECKMIt MeTod BU3ya-
nmzaumm MKX ¢ Mcnonb3oBaHMEM KpacuTens TPUNaHOBOrO CMHEro
0,05%.

O6e rpynnbl NALMEHTOB MPOOMNEPUPOBAHbI C MCMONb30BaHU-
eM onepaLMoHHoro mukpockona LEICA M844 (Leica Microsystems,
Wetzlar, Germany). BospacTHoi nokasatens O nauueHToB B cpea-
Hem pocturan 63+4,1 roaa, a ana Kl sTot nokasatens coctasun 64+3,7
ner. U3 obLero KonnyecTsa ydactHMkos OF, 120 (48%) 6blan myKuu-
Hamu, a 130 (52%) — »eHwmHamu. B KI' mykumHbl coctasnsanm 46,4%
(116 yenosek), a »eHLWMHbI — 53,6% (134 yenoseka).

B pamkax uccnefoBaHuA nNpoBeaeHO KOMMIeKCHoOe odTanbmo-
nornyeckoe obcnegoBaHMe NaLMEHTOB, BKOYatOLLee B ceba MUKPO-
NepPUMETPULD, BUSOMETPULD, BUOMUKPOCKOMMIO NEPESHErO U 33LHEr0
OTPE3KOB /1333, ONTUYECKYID BMOMETPUIO, MAXMMETPUIO, MHEBMOTO-
HOMETPUIO, KepaTopedpaKTOMETPUIO, SHAOTENNANBHYIO MUKPOCKO-
n1io, TONorpaduio PorosumLbl, ONTUYECKYHO KOTEPEHTHYH TOMOrpa-
bVI0 MaKyNIAPHOM 30HbI, @ TaKXKe AUArHOCTUYECKOe UCCe0BaHME Ha
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Another recent innovation in digital 3D visualization systems
is SeeLuma, which has been introduced relatively recently [6].
SeeLuma is praised for its high resolution, adjustable color ren-
dering, and compatibility with various surgical platforms offered
by the company. However, objective comparative data regarding
the efficacy of SeeLuma compared to other 3D systems have not
yet been published to substantiate these claims.

In contrast, the Ngenuity 3D Visualization System enhances
cataract surgery by improving image quality and potentially re-
ducing the need for dyes. It offers increased image contrast and
depth of field, enabling the use of lower-power illumination and
software BW filters, which together make it possible to avoid us-
ing dye in cases of complicated cataracts.

PURPOSE OF THE STUDY

To assess the clinical efficacy and safety of a new ALC visu-
alization method for anterior capsulorhexis utilizing a dye-free 3D
visualization system.

METHODS

The study involved 500 patients diagnosed with age-relat-
ed cataract, resulting in a total of 500 eyes being examined. All
patients received cataract phacoemulsification with the implan-
tation of either the AcrySof IQ or AcrySof IQ PanOptix intraocular
lens (Alcon Laboratories, Fort Worth, TX, USA). In the MG, which
comprised 250 eyes of 250 patients, the anterior capsulorhexis
stage was performed using a dye-free 3D visualization system.
A specialized technique for visualizing cataracts during surgery,
particularly those considered complicated, involved using a black-
and-white (BW) filter, which decreased the saturation of the
digital camera from 90% (standard color) to 0%. This method,
detailed in patent number 2810370, was employed to enhance
visualization during cataract removal procedures, while simulta-
neously lowering the illumination brightness to 10-15%. In the
CG, also comprised 250 eyes of 250 patients, the conventional
method of visualizing ALC using 0.05% TB dye was employed.

Both groups of patients were operated on using the LEICA
M844 surgical microscope (Leica Microsystems, Wetzlar, Ger-
many). The average age of patients in the MG was 6314.1 years,
while in the CG, it was 6413.7 years. In the MG, 120 participants
(48%) were men, and 130 (52%) were women. In the CG, men
represented 46.4% (116 patients), while women accounted for
53.6% (134 patients).

Comprehensive ophthalmic examinations were performed
on all patients, incorporating various diagnostic tests. These in-
cluded retinal microperimetry, visometry, anterior and posteri-
or ocular biomicroscopy, optical biometry, corneal pachymetry,
pneumotonometry, refractometry, corneal specular microscopy;,
corneal topography, macular optical coherence tomography, and
a diagnostic study utilizing the VERION image-guided system (Al-
con, Fort Worth, TX, USA).

All operations were performed by the same surgeon under
local anesthesia. In the MG, the Ngenuity 3D Visualization System
replaced a traditional analogue microscope with a digital camera
that provides a high-resolution 3D image displayed on a screen.
Surgeons view this image using polarized 3D glasses, allowing
them to operate while looking at a monitor instead of directly
through the microscope. In the CG, a standard binocular micro-
scope was used. If pharmacological dilation of the pupil proved
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cucteme VERION image-guided system (Alcon, Fort Worth, TX, USA).

Onepauumn NPOBOAWA OAMH U TOT e XMPYPr NoA MecTHOM aHe-
ctesuneir. B OI ucnonb3osanacb kamepa Ngenuity 3D Visualization
System BMeCTO OKynApOB MUKPOCKOMA, a XMPYpr PyKOBOACTBOBaCA
n306paXKeHNeM Ha 3KpaHe CUCTEMBI C NONAPU30BaHHbIMK 3D ouKa-
Mu. B Kl npumeHAnncb cTaHZapTHble BUHOKYNAPbI MUKpOCKoNa. B
cnyyae HeIDPEKTUBHOCTU MEAMKAMEHTO3HOMO PacliMpeHus 3payka
MCMONb30BAICA YETBIPEXYTO/bHbIN MPUC-PETPAKTOP («Ko/bLo Masto-
rMHa»). Ans npoBeAeHns onepaLmmu UCNONb30BaIMCh BUCKOINACTUKU
Viscoat® u ProVisc (Alcon, Fort Worth, TX, USA), a Tak:Ke cbanaHcupo-
BaHHbIN Gu3Monormyeckuii pactesop BSS+.

MNepuvog, HabnogeHUa nocne onepauyu coctasun 3 mecsaua. B
pe3ynbTaTe OLEHUBANUCH U aHAIM3UPOBAIUCH TaKMEe MAapaMeTpbl, Kak
Hekoppurnpyemas (HKO3) n makcmanbHO Koppurmpyemas ocTpoTa
3peHnsa (MKO3), nocneonepaumoHHan pedpakLms, 3aTpayeHHoe Ha
3Tanbl Onepauyn BPemA, KOMYECTBO OCNOXKHEHWI, a TaKKe MOLL-
HOCTb MCMO/Ib3YEMOrO KOAKCHaIbHOMO OCBELLEHNA MUKPOCKOMa.

[na ctatucTuyeckoit 06paboTkM AaHHbIX MCMONBb30BANOCh NPO-
rpammHoe obecneyeHue Statistica 13.3 (TIBCO Software Inc., Palo
Alto, CA, USA) n Microsoft Office Excel, Bepcua 2112 (Microsoft Corp.,
Redmond, WA, USA). Mepea cpaBHUTENbHbIM aHA/AM30M NPOBEpPs-
Nlacb HOPMaNbHOCTb pacnpeseneHnaA KONMYECTBEHHbIX MOKa3aTenem
¢ nomoLbto Kputepusa Konmoroposa-CmupHoBa. Mposepka nokasa-
N3 OTCYTCTBME HOPMA/IbHOTO pacnpesieneHns, NosTomy abcontoTHble
[JaHHble Bbln NpeacTasneHbl B BUAE MeAMaHbl, HUKHETO U BEPXHEro
kBaptuneit (Me [Q1; Q3]). CpaBHeHWe ABYX HE3aBMCMbIX BbIGOPOK
nposoaunock no U-kputepuio MaHHa-YUTHWU. [IMXOTOMHbIEe NepemeH-
Hble OblIN NpescTaBneHbl B Buae fonei (%). [AMxoTomHble AaHHble
CPaBHWMBANINCL C MOMOLLbIO TOYHOTrO Kputepus duiepa. Pasnnuuma
CYUTAIUCb CTAaTUCTUYECKM 3HaYMMbIMK npw p<0,05.

WccneposaHue npowno atuyeckoe ogobpeHue (npotokon Ne
220 3acefaHnA aTMYeckon Komuceun bruoatnyeckoro komuteta Ca-
MapcKoro rocmefyHusepcuteTa ot 21.03.2021).

PE3YNILTATbI

0O6LLee KOAIMYECTBO MHTPA- M NOC/IE0NEPALMOHHDBIX OC/IOKHEHM
6b110 HM3KMM (8 ciyyaes 13 500 mas, yto coctasuno 1,6%) (tabn. 1)

B cnyvae paspbiBa 3agHel Kancynbl 6blna MMNAQHTMPOBaHA
TpéxyactHas MO AcrySof Multipiece MAGOMA (Alcon, Fort Worth,
TX, USA). MocneonepaLMoHHbIi OTEK poroBuLbl y naupeHtos O u K
KOHTPO/IbHOM rpynMbl KyNMPOBaNcs B TeUeHue 6-7 AHel ¢ NOMOLLbIO
MeLMKaMEHTO3HOM Tepanuu. B pesynbtate NpPOBeLEHHBbIX XMPYp-
rMyeckmx BmellatenbcTB B OF 3apeructpuposaHo 2 (0,8%), 8 KI — 6
(2,4%) ocnoxkHeHwit. B xoge Bcex onepauuid, nposeaéHHbIX B OF, oT-
CYTCTBOBa/1a HEOHXOAMMOCTb BO3BPALLATLCA K MCMO/Ib30BAHMIO OMNTU-

Tabauya 1 VIHMpa- u NocneonepayuoHHsle ocrnoxHeHus, % (n)

ineffective, a type of iris retractor, Malyugin rings, was employed.
Additionally, Viscoat® and ProVisc ophthalmic viscosurgical devic-
es and a (BSS+) Sterile Irrigating Solution (Alcon, Fort Worth, TX,
USA) were used during the procedure.

The postoperative follow-up period lasted three months.
The study evaluated several parameters, including uncorrect-
ed visual acuity (UCVA) and best-corrected visual acuity (BCVA),
postoperative refraction, the duration of each surgical step, the
number of complications, and the light intensity required from
the operating microscope.

Statistical data processing was conducted using TIBCO Statis-
tica software (TIBCO Statistica, v. 13.3; TIBCO Software Inc., Palo
Alto, CA, USA) and Microsoft Office Excel, version 2021 (Micro-
soft Corp., Redmond, WA, USA). Before comparative analysis, the
normality of distribution for quantitative indicators was checked
using the Kolmogorov-Smirnov test. As there was no normal dis-
tribution observed, absolute data were presented as medians
with lower and upper quartiles (Me [Q1; Q3]). Comparison of two
independent samples was performed using the Mann-Whitney
U-test, while dichotomous variables were expressed as propor-
tions (%). The Fisher's exact test was used to compare dichoto-
mous data. Differences were considered statistically significant at
p<0.05.

The study received ethical approval (Protocol No. 220 from
the meeting of the Ethics Commission of the Bioethics Commit-
tee of Samara State Medical University, Russia, dated March 21,
2021).

RESULTS

The study revealed a low incidence of post- and intraoper-
ative complications, with only 8 cases reported out of 500 eyes,
representing 1.6% as shown in Table 1.

In the case of a posterior capsule rupture during cataract
surgery, a three-piece 0L, the AcrySof Multipiece MA6OMA (Al-
con, Fort Worth, TX, USA), was implanted. Postoperative corneal
edema in patients from both the MG and CG was resolved within
6 to 7 days using pharmacological therapy. Following the surgical
procedures, two complications (0.8%) were reported in the MG,
while six complications (2.4%) were observed in the CG. Through-
out all surgeries conducted in the MG, there was no necessity to
revert to using the traditional analogue microscope. A 3D visu-
alization system was successfully used during surgery to guide
the execution of planned tasks, even when faced with unexpect-
ed complications. The Ngenuity 3D Visualization System (Alcon
Laboratories Inc., Fort Worth, TX, USA), known for its high image

Table 1 Intra- and postoperative complications, % (n)

PaspbiB 3agHel Kancynbl

XpyCTanuKka

Posterior capsule rupture
MNocneonepaunoHHbI OTEK

porosuLbl

Postoperative corneal edema
MaKynApHbIi OTEK B paHHEM
nocneonepaLvoHHOM nepuosae

Early postoperative cystoid macular edema

- 0.4 (1)
0.4 (1) 1.2(3) >0.05
0.4 (1) 0.8 (2) >0.05

NpumeyaHwe: p — cTaTUCTUYECKas 3HAYMMOCTb pasanumii mexay OF v KT (no kputepuio ®uiepa)
Note: p — statistical significance of differences between MG and CG (according to Fisher's test)
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YECKUX OKYNIAPOB MUKpOCKona. MprmeHseman cuctema TpExmepHoM
BM3yann3auym obecrneyrsana BO3MOKHOCTb YCMELLHOTO BbINONHEHUA
BCEX 3aMn/faHUPOBAHHbIX XMPYPrMYECKUX MaHUMYNALMKA, OCHOBbIBA-
AICb Ha M300PAXKEHUM Ha 3KpaHe, JaKe NpW NOABEHWUM OMepaLMoH-
HbIX 0CNOXKHEHMM. Cuctema Ngenuity 3D Visualization System (Alcon
Laboratories Inc., Fort Worth, TX, USA) ¢ e€ BbICOKO YETKOCTbIO M30-
bpaskeHus v rybuHoN GOoKYCMPOBKM obneryana npeogoneHne Bos-
HUKLLUMX OCNIOMHEHWI 1 JOCTUKEHWE ONTUMA/bHbIX pe3yabTaTos. Bo
BPEMSA XMPYpruyeckoi paboTbl 6e3 1crnonb3oBaHMsA OKYNAPOB He BO3-
HUKaNo Npobiem, CBA3aHHbIX C 3aEPKKOV N300paxkeHus. Pasinumns
MEXKAy rpynmnamu no 4actoTe OTAE/bHbIX OCNOKHEHWUN bblan CTaTh-
CTUYECKM He3HauMMbIMK. [laHHble NoNyyYeHHOM pedpakumn npea-
CTaB/eHbl B Tabn. 2.

Kak BUAHO 13 Tab/1. 2, CTAaTUCTUYECKM 3HAYUMbIX PA3NUUMI MEXK-
[y METoLaMM Mo Noy4eHHoN pedpaKLmm HeT.

Mokasatenn HKO3 n MKO3 po n nocne onepauuun He umenu
HOPMaNbHOTO pacnpeaeneHuns, No3Tomy bblam NpeacTaBAeHb! B BUAE
MeAMaHbl U MEXKBAPTUNbHOTO pasmaxa. CpaBHeHWe mexay rpynna-
MW NPOBOAMNOCH C NoMOLLbIo U-KpuTepua MaHHa-YUTHU. Pasanuma B
HKO3 1 MKO3 meskay OF 1 KT Ha Bcex aTanax HabntoAeHWs OKasanuch
CTaTUCTUYECKM He3HauuMbl (p>0,05) (Tabn. 3).

Kak BUAHO 13 TabA. 3 CTAaTUCTUYECKM 3HAYMMbIE OTIMUNA MEXKAY
Or 1 Kl no nokasatenam MKO3 1 HKO3 TaK:ke He 06HapyKeHbI.

AHanu3vpoBanacb Kak oblas AAUTenbHOCTb NpoLeaypbl OT
CTapTa [0 3aBepLUeHus, Tak U BPeMs BbINONHEHWA OTAE/bHbIX, TeX-
HMUYECKM 3HAYMMbIX 3TanoB onepaLuuu. PesynbraTbl AaHHOrO aHaNMn3a
npeacTasneHbl B Tabn. 4. MapameTpbl 4/ IUTENBHOCTY ONEpaLmUn U eé
3TanoB TaKKe He COOTBETCTBOBAAM HOPMAJbHOMY pacrnpeseneHuio,
NO3TOMY MPEeACTaBAEHbl MeAUAHON U MEXKBAPTU/IbHBIM Pa3MaxoMm.
CpasHeHue nposefeHo U-kputepnem MaHHa-YUTHU.

Kak BUAHO U3 Tabn. 4, CTaTUCTUYECKM 3HAUYMMO YBEAUYUAACh
[A/MTeNbHOCTb BbINONHEHWA 3Tana Kancynopekcuca B OF, a Takke Bpe-
ma umnnanTaumm UOJ 8 KI. CpeaHAA NpoaonKUTeNbHOCTb ONepaTmns-
Horo BmeluaTenbcTsa B OF coctasuna 10,2, 8 To Bpema Kak B KIM—11,1

Tabauya 2 Pechpakyus nocae onepamusHo20 emewiamesnscmea, % (n)

clarity and depth of focus, effectively managed complications and
achieved optimal surgical results during procedures conducted
without using the traditional analogue microscope. There were
no reported issues with image delay. The differences between the
groups in the frequency of specific complications were statisti-
cally insignificant. The refraction data obtained are presented in
Table 2.

As shown in Table 2, there are no statistically significant dif-
ferences between the methods regarding the resulting refraction
states. The UCVA and BCVA values before and after surgery were
not normally distributed; therefore, they are presented as medi-
ans with interquartile ranges. Group comparisons were conduct-
ed using the Mann-Whitney U-test. The differences in UCVA and
BCVA between the MG and CG at all follow-up periods were sta-
tistically insignificant (p>0.05), as shown in Table 3.

The analysis presented in Table 3 shows that there were no
statistically significant differences between the MG and the CG
regarding BCVA and UCVA.

Additionally, we examined the total surgical time and du-
ration of each technically significant surgical step. The results of
this analysis are summarized in Table 4. Since the duration of the
operation and its steps did not follow a normal distribution, the
results are reported as medians and interquartile ranges. The
comparisons were performed using the Mann-Whitney U-test.

As shown in Table 4, capsulorhexis and I0L implantation
time in patients of both the MG and the CG significantly in-
creased. The average total surgical time in the MG was 10.2 min-
utes, compared to 11.1 minutes in the CG. Specifically, the cap-
sulorhexis lasted an average of 1.8 minutes in the MG and 1.3
minutes in the CG.

In cases where cataract visualization was insufficient, espe-
cially with complex cataracts, additional visualization techniques
were employed. For patients in the MG, we implemented a pro-
prietary method utilizing the Ngenuity 3D visualization system.

Table 2 Refraction states after surgery is the study population, % (n)

_ or/MG' n=2s0 KI-ICG’ n=2s0 P
SMMETPONVA 95.6 (239) 93.6 (234) >0.05
Emmetropia
Mwonus
S 3.2(8) 4.8(12) >0.05
funepmerponya 12 (3) 1.6 (4) >0.05

Hypermetropia

MprmeyaHue: p — CTaTUCTMYECKAA 3HAUMMOCTb pasnnumii mexkay O u KT (no kputepumio Guiepa)
Note: p — statistical significance of differences between MG and CG (according to Fisher's criterion)

Tabauya 3 3HaveHua HKO3 u MKO3, Me [Q1,; Q3]

0.09 [0.05; 0.14]

[o onepauun

Before surgery

7 [Helt nocie onepaumm

7 days after surgery

1 mecsau, nocne onepaumm
1 month after surgery

3 mecsiLa nocne onepauuu
3 month after surgery

0.12[0.08; 0.16]

0.41 [0.32; 0.50]

0.45 [0.36; 0.53]

0.47 [0.38; 0.55]

0.38[0.29; 0.46]
0.39[0.31; 0.48]

0.41[0.33; 0.50]

Table 3 UCVA and BCVA distribution preoperatively and
across different follow-up periods, Me [Q1; Q3]

MKO3, or MKO3, KI
BCVA, MG BCVA, CG P
5005  0.23[0.17;0.31]  0.29[0.20;0.37]  >0.05
>0.05  0.81[0.75;0.87)  0.78[0.72;0.83]  >0.05
>0.05  0.83[0.77;0.89]  0.81[0.75;0.86]  >0.05
>0.05  0.87[0.81;0.92]  0.82[0.77;0.88]  >0.05

[prmeyaHue: p — CTaTUCTUYECKAA 3HAUMMOCTb pasnuumii mexkay OF u KT (no Kputepuio MaHHa-YuTHH)
Note: p — statistical significance of differences between MG and CG (according to the Mann-Whitney test)
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MWHYT. 3Tan Kancynopekcuca 3aHnman B cpeaHem 1,8 muHyTbl B O 1
1,3 muHyTbI — B KT

B cnyyasx, Korga 66110 HeAOCTaTouHO BM3yanmsaumm MKX npu
CNOXHbIX KaTapakTaX, MpMMeHANacb [ONOJHUTENbHAA eé BU3yanu-
3auma. [ina nauventoB O Takaa BM3yanM3auma B COMKHBIX CAYy4anx
OCYLLEeCTBAANACh C UCMONb30BAaHMEM HaLLero aBTOPCKOrO MeToAa,
OCHOBAHHOTO Ha BO3MOMHOCTAX CUCTEMbI TPEXMEPHOMN BU3yanu3a-
umm Ngenuity. OH BKNtOYan B cebs MCNonb30BaHKe LBETOPUNLTPOB, B
4acTHOCTU YEpPHO-6enoro GKUbTPa 3a CYET CHUKEHMA YPOBHA caTypa-
unm ¢ 90-100% po 0%. Kpome TOro, npoBogunach peryimposka ApKo-
CTW CBETa ONepaLMOHHOTO MMUKPOCKOMA, YTO B COYETAHUU C BbICOKOM
rNly6MHOW PE3KOCTH, BBICOKUM PaspeLleHneM U KOHTPACTHOCTbIO U30-
6parkeHus, No3BosAN0 BU3yanusmnposatb MKX 6e3 npumeHeHUs Kpa-
cutensa. B Kl gna susyanmsaumm MKX ncnonb3oBanca CTaH4ApTHbIN
MeTOZ, BK/OYaBLWMIA OKpalwmeaHue MKX BBeaeHMEM B NepeaHHow
Kamepy rn1a3a pactsopa TPUNaHOBOTO CUHEro.

dakodparmeHTaumsa 1 GakoamynbcuduKaLma Xxpycraamnka 8 OF
n KI' nposogunace metogom Phaco chop v quick chop n aamnack 5,2
MMH B OF 1 5,6 MuH B KI. BbiMbIBaHWE BMUCKO3/MACTMKA M3 NepeaHei
Kamepbl, @ TaKKe NONMPOBKa 3a4HEN Kancynbl 3aHAAM 2,13 muH B OT
1 2,0 muH B KI. Bpema nmnnantauyumn MO/ coctasuno 1,1 muH n 1,7
MWH COOTBETCTBEHHO.

MHTEHCMBHOCTb CBeTa OT OMepaLMoOHHOr0 MUKPOCKOMa B Xoae
onepauuit ymeHblUanacb A0 MWHWUMaZbHO HEoBXOAWMMOro ypoB-
Hf, obecneuMBaloLLEro KayecTBeHHYH BU3yanu3aumio. MoLHOCTb
KOQKCMaNbHOTO OCBELLEHWUSA OMEepaLMoHHOrO MMKpockona 6bina
3HauuTenbHo Huke (p<0,05) B OF. B cpesHem, B O MOLLHOCTb MC-
nonb3yemoro ceeta coctasuna 17,2%, B8 KI' — 47,9%. CHuxeHne uH-
TEHCMBHOCTU KOAKCMaZIbHOTO OCBelleHUs MuKpockona B OF 6bino
06YyC/I0BNIEHO NPYMEHEHUEM CUCTEMbI TPEXMEPHOM BU3yann3aLmum ¢
BbICOKOUYBCTBUTE/IbHOW MATPULLEN Kamepbl. BbICOKOUyBCTBUTENbHAA
maTpuua HDR (High dynamic range) kamepbl cnocobHa adpdpekTrBHO
paboTaTb Npu HWU3KOIN OCBELLEHHOCTH, 0becrneynBas npu sToM Kaye-
CTBEHHOE M306pakeHue.

Mpy aHanuse 3ddEKTUBHOCTU HOBOrO MeToZa BU3yanu3aLuu
YYUTHIBANNC TaKXKe OCNOXKHEHWA, HANPAMYIO CBA3aHHbIE C BbINOMHe-
HMeMm nepeaHero Kancynopekcuca. K HUM oTHOCMAKCh ydeBble (pa-
ZuanbHble) pa3pbisbl [KX, a TakkKe ciyyan «yxoza» Kpas Kancysbl Ha
nepudeputo (tabn. 5).

Kak BMAHO 13 TabA. 5, nyyesble pa3pbiBbl MKX cTaTUCTUYECKM
3HaQYMMO Yallle BO3HMKAK y naumeHToB KI (p=0,03), yto cBMAaeTeNb-
CTBOBAsI0 0 H0/ee HALEKHOM KOHTPO/IE HaJ, KpaeMm KarncyopeKkcunca

Ta6auya 4 [I1umensHOCMb 0NepamugHoO20 MeWamesnscmed
u e20 amanos, Me [Q1; Q3], muH

O6LWasn NPOAONKUTENBHOCTb Onepauum
Total surgical time

MNepepHuii Kancynopekcuc
Anterior capsulorhexis

dakoamynbecudurKauma xpycraamka
Phacoemulsification

BbIMbIBaHME BUCKO31ACTMKA, NOIMPOBKA 3a4HEN Kancy bl
Viscoelastic washout, posterior capsule polishing

Mmnnantauma NOJ
I0OL implantation

This approach involved the use of BW filters that reduced satu-
ration from 90-100% down to 0%. Additionally, we adjusted the
illumination brightness of the operating microscope. This com-
bination, along with the system's high depth of field, resolution,
and image contrast, enabled effective visualization of the cataract
without the need for dye. In contrast, the CG relied on a standard
method, which involved staining the cataract with a TB solution
injected into the anterior chamber of the eye.

Both phacofragmentation and phacoemulsification of the
lens were performed using the Phaco chop and quick chop tech-
niques. The duration for these procedures was 5.2 minutes in the
MG and 5.6 minutes in the CG. The process of washing out vis-
coelastic material from the anterior chamber and polishing the
posterior capsule took an average of 2.13 minutes in the MG and
2.0 minutes in the CG. The IOL implantation took 1.1 minutes in
the MG and 1.7 minutes in the CG.

During the operations, the illumination brightness in the
operating microscope was reduced to the minimum required for
high-quality visualization. The light intensity required from the
operating microscope was significantly lower (p<0.05) in the MG,
averaging 17.2%, compared to 47.9% in the CG. This reduction
was a consequence of implementing a 3D visualization system
equipped with a highly sensitive camera matrix. The HDR (High
Dynamic Range) matrix is effective in low-light conditions, provid-
ing high-quality images without the need for intense lighting.

In analyzing the effectiveness of the new visualization meth-
od, we also considered complications directly related to the an-
terior capsulorhexis. These included radial anterior capsular tear
and peripheral runaway capsulorhexis, as shown in Table 5.

The data presented in Table 5 indicate that radial anteri-
or capsular tears occurred significantly more often in the CG
(p=0.03). This finding suggests that using 3D visualization and BW
filters provides more reliable control over the edges of the cap-
sulorhexis. However, no statistically significant differences were
found regarding the peripheral runaway capsulorhexis between
the groups (p=0.17).

Fig. 1 illustrates the differences among three methods of
ALC visualization in a patient with a dense cataract: a standard
analog microscope dye-free visualization, 3D digital visualiza-
tion with a BW filter, and analog microscope visualization using
TB capsule staining. The first photograph shows poor visibility of
the ALC due to the absence of a fundus red reflex in the patient.

Table 4 Overall duration of surgical intervention and its steps,
Me [Q1; Q3], min

Or/MG, n=250 Kr/CG, n=250 p

10.2 [8.5; 12.3] 11.1[9.0; 13.4] >0.05
1.8 [1.5; 2.0] 1.3[1.1; 1.6] =0.04
5.2 [4.0; 6.5] 5.6 [4.3; [7.0] >0.05
2.1[1.8;2.4] 2.5[2.1; 2.8] =0.05
1.1[0.8; 1.4] 1.7[1.2; 2,3] =0.03

[pumeyaHue: p — CTaTUCTUYECKANA 3HAUMMOCTb pasnnumii mexkay OF v KT (no Kputepuio MaHHa-YuTHuM)
Note: p — statistical significance of differences between MG and CG (according to the Mann-Whitney criterion)
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Tabnuya 5 VIHMpPaonepayuoHHsIe 0C/I0HHEHUS, CBA3AHHbIE
¢ nepedHuUMm Kancysnopekcucom, % (n)

Table 5 Intraoperative complications associated
with anterior capsulorhexis, % (n)

Jlyyesble (paguanbHbie) paspbiBbl MKX
Radial anterior capsular tear

«Yxopn» pekcuca Ha nepudepuio
Peripheral runaway capsulorhexis

0.8(2) 4.0 (10) =0.03

0.4 (1) 1.6 (4) >0.05

NpyMeyaHue: p — CTaTUCTMYECKAs 3HAUUMOCTb pa3numii mexay O u KT (no kputepuio ®uwepa)
Note: p — statistical significance of differences between EG and CG (according to Fisher's criterion)

npY UCNOMb30BaHWK TPEXMEPHON LMbPOBOI BU3yann3aLMm 1 LiBe-
TOPUALTPOB. M0 OCNOKHEHMIO «YXOA» Karcy/opeKcuca Ha nepude-
pUYIO CTaTUCTUYECKOW 3HAYMMOCTM MO rpynnam BbifBAEHO He Bblio
(p=0,17).

Puc. 1 HarnaAHO LEMOHCTPUPYET PAasIMumNA MEXK Y CTaHAAPTHOM
aHanoroBoW Bu3yanusauuen 6es kpacutens, TPExmepHoM Ludposoi
BM3yanu3aumen ¢ LBeTOPUALTPOM M aHANOrOBOW BW3yasm3aumen
C NPOKpPALUMBAHWEM Kamncy/ibl TPUMAHOBbIM CUHUM Y OLHOTO Mauy-
€HTa C NJIOTHOM KaTapaKTol. MOXHO OTMETUTb MJIOXYH BUAMMOCTb
MKX Ha nepsoit doTorpadum Ha GoHe OTCyTCTBMA PO30BOTO pednek-
Ca y NauWeHTa U yNy4LEeHHYI0 KOHTPACTHOCTb Ha BTOPOW U TPeTben
doTorpadusx, Ho B Cly4ae UCMONb30BAHWUA KpacuTensa HabaogaeTca
HEepaBHOMEPHOCTb MPOKPALIMBAHUA KaMCy/bl, CHUXKAIOLLAA KayecTBO
KOHTPaCTUpPOBaHUS.

Ha pwc. 2 npeacTasneHo BbINONHEHWE KanCyI0peKcuca 1 Busy-
ann3aupa yBENMYEHHOTO Kpas Kamcy/opeKcuca npu UCMosib30BaHUK
TPEXMEPHON LUMGPOBOI CUCTEMbI C LIBETOGUALTPOM (NeBas naHesb)
1 CTaHZAPTHOW aHaNoroBoi BM3yanusaumm 6e3 punstpa (npasas na-
Henb).

Kak BMAHO M3 WANIOCTPALMKM, NPUMEHEHWE LBETODUIBLTPA CY-
LLECTBEHHO YNYYLLIAEeT BUAMMOCTb KPaéB KamncynopeKkcumca, obecneun-

Puc. 1 CpasHerue 3 Memodos susyanusayuu KX (ceepxy 8Hu3
coomgemcmaeHHo: 1 — cmaHOapmMHas aHAN020804 8U3YaANU3AYUA
6e3 Kpacumes, 2 — Ucnob308aHuUe YUpposo2o ugemoghunrbmpa
6e3 kpacumens; 3 — cMaHOGPMHAA AHA/I02080A 8U3YANU3AYUSA C
oKpaweHHoU [KX)

Fig. 1 ALC visualization in a patient with a dense cataract (from top to
bottom, respectively: 1—a standard analog microscope, noninvasive/
dye-free visualization; 2 — 3D digital visualization with a BW filter; 3 —
analog microscope visualization using TB capsule staining
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In contrast, the second and third photographs demonstrate im-
proved contrast. However, in the dye utilization method, uneven
capsule staining is observed, which reduces the overall quality of
visualization.

Using a BW filter provides a more precise and detailed vi-
sualization of the capsule structure, significantly enhancing the
visibility of the capsule edges during the capsulorhexis.

DISCUSSION

In the MG, the light intensity required from the operating
microscope was significantly lower, at 17.2+2.5%, compared to
47.945.2%. Previous studies have shown that 3D visualization
systems used in vitreoretinal surgery allow for lower light inten-
sity while providing improved visualization of the retina and its
structures. Thus, the Ngenuity 3D Visualization System's adjust-
able settings and parameters provide precision, depth, and detail
during vitreoretinal procedures, potentially reducing the risk of
phototoxicity during surgery [7].

Until recently, 3D visualization systems have been rarely
used in lens surgery, and data on their application in cataract sur-
gery are limited. However, one study that compared the light in-
tensity of operating microscopes found that significantly less light
intensity was required for good visualization in patients operated
on using a 3D visualization system. Additionally, the visual acu-
ity the day after surgery was higher in the group that received
surgery with the 3D system. The authors attribute this improve-
ment to the effect of light on the retina and cornea, suggesting
that lower light intensity levels with the 3D system may reduce
potential light-induced damage [8].

Light from surgical microscopes can cause phototoxicity that
affects visual acuity in the postoperative period, potentially lead-

Puc. 2 Kancynopekcuc
C usemocusibmpom u
6e3 Hezo

Fig. 2 The BW

filter enhanced the
visualization of ALC
during capsulorhexis
(left panel) compared
to the visualization
without the BW filter
(right panel)
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Ban 6osiee YETKYIO U AETANN3MPOBAHHYIO BU3YasiN3aLLMI0 CTPYKTYPbI
Kancy”nbl.

OBCYXAEHUE

B Ol 3HauuTeNbHO CHM3MNACL WMCMOAb3YeMAs MHTEHCMBHOCTb
KOaKCMaNbHOro OCBELLEHWsA OnepaLMoHHOro M1MKpockona (17,212,5%
npotvs 47,9+5,2%). PaHee 6biN0 BbIABAEHO, YTO CUCTEMbI TPEXMEP-
HOM BU3yanu3aLMu B BUTPEOPETUHANBHOW XMPYPrUM NO3BONAIOT UC-
NMoNb30BaTb MeHbLUEe KO/IMYEecTBO CBETA M Nlyylle BM3yaan3nMpoBaTb
ceTyaTky u eé otgensl. Tak, gns Ngenuity 6bln1a NnpeasioxeHa cuctema
NMapameTpoB M HACTPOEK, C MOMOLLbIO KOTOPbIX MOMKHO AOCTUYb J1y4-
LUMX YPOBHEW KOHTPACTHOCTM MpW UCMONb30BaHUM €€ O/1a NevyeHns
BUTPEOPETUHANBHOM naTonoruu [7].

[lo HegaBHUX MOP CUCTEMbI TPEXMEPHOW BU3yanu3aLmm npak-
TUYECKM He NPUMEHASUCL B XMPYPTMM XPYCTANIMKa, AaHHble 06 uX
MCMONb30BaHUM B XMPYPIMM KaTapaKTbl orpaHuyeHbl. OgHaKo B 04-
HOM 13 UCCNea0BaHWiM, Fae CPaBHMBANACh MOLLHOCTb UCMO/b3YEMOro
OCBELLEHMS OMEepaLMOHHOTO MMKPOCKOMA, MOKas3ano 3HAaYMTeNbHO
MEHDBLUYIO MOLLHOCTb CBETA, HEODXOAMMYIO A/19 XOPOLein BM3yanu-
3aUuMK B rpynne nawMeHToB, ONepupoBaHHbIX C MCMONb30BaHUEM CH-
CTeMbl TPEXMepPHOI BM3yanusaumm. Kpome Toro, ocTpoTa 3peHua Ha
cnepyowmii AeHb nocae onepaumu bbiia Bbille B rpynmne, onepupo-
BaHHOW C TPEXMEPHOM BU3yanu3aLmei, 4To aBTopbl O6BACHAIOT BMsA-
HWMEM CBETa Ha CeTYaTKy M porosuly [8].

DOTOTOKCUYHOCTb OT CBETA OMEPALMOHHBIX MUKPOCKOMOB MOMKET
B/IMATb HA OCTPOTY 3PEHMA B NOC/IEONEPALMOHHOM MEPUOAE, @ TaKKe
OKa3blBaTb 4O/TOCPOYHbIE NOCAEACTBUA HA MaKYNAPHYHO 30HY CETYATKM
[9]. Bo3MOKHOCTb MCMO/Ib30BAHMA 3HAYNUTENBHO MEHbLLETO KOIMYECTBA
CBETA OMEPALMOHHOTO MMKPOCKOMA ABAAETCA BaXKHbIM NpenmyLie-
CTBOM CUCTEMbI TPEXMEPHOW BU3YaN3aLLMM OTHOCUTE/IbHO aHaI0roBO-
ro cnocoba BM3yanun3aLmu, atOLMM B NEpCneKkTvBe Nyylune pesynbra-
Tbl B paHHEM M OTA3IEHHOM MocneonepaLoHHom nepuogax [10].

Y naupenToB KI' gns Busyanusauum MKX 6bin NPUMEHEH CTaH-
[JapTHbIM cnocob noaxpallMBaHWs C BBeAEHMEM PacTBOpa TpUNaHo-
BOrO CMHEro B NepeaHIoo Kamepy masa. Mpy Mcnonb3oBaHUM 3Toro
meToaa noakpawwmeaHue MKX He Bcerga Npoucxoanao paBHOMEpPHO,
4TO NPUBOAMNO K YXYALIEHWIO BU3ya/iM3aLMKM y4acTKOB NepenHei
Karncynbl, yXo4y Kancynopekcuca Ha nepudeputo, paspbiBy Henpe-
PbIBHOTO KPYroBOro Kancynopekcuca. Mpv ncnonb3oBaHum Lyudposo-
ro metoga susyanusauun MNKX y naumerHtos O Koanyectso cnyyvaes
yXoZa Karncy/lopeKkcuca Ha nepudepuio 1 paspbiBoB ObiI0 MeHbLUE.
MKX 6bln1a BM3yann3npoBaHa PaBHOMEPHO M He 3aBUCEeNa OT UHTEH-
CMBHOCTM NPOKPALLIMBaHUA e€ sanutenus. Ho ncnonb3oBaHue faHHOMO
MeTOZa BU3yanu3aLmum B CpeaHEM HEMHOTO YBEIMUWIO BPEMS NMPOBe-
[eHWA 3Tana KancynopeKcumca.

B oTMuMe OT TPaAMLMOHHBIX ONTUYECKMX GUILTPOB, KOTOpbIE
NPenATCTBYHOT NPOXOXKAEHUIO ONPEAENEHHBIX A/IMH BONH, LMdPOBOM
yepHo-6enbiii dUNLTP Kamepbl B cucteme Ngenuity dyHKUMOHUPYET
MYTEM CHUMKEHWUS LBETOBOW HACbIWEHHOCTU M306paxeHms. CHuxKe-
HME HaCbILWEHHOCTU BeAET K 00eAHEHMIO LIBETA, OCTaB/AA B OCHOB-
HOM KOMMOHEHTbI B OTTEHKax ceporo. LieT ¢ HacbiweHHocTbio B 100%
He BK/toYaeT B ceba benblit LBET, B TO BPEMSA KaK LBET C HyneBoW
HaCbILEHHOCTbIO COOTBETCTBYET CEPOMY OTTEHKY [11]. CHMKeHMe Ha-
CbILLLEHHOCTM LiBETa NoapasymeBaeT BHeceHne 60NbLEro KonnYecTsa
6e/M3Hbl B LBETOBOM CnekTp. K npumepy, Npu CHUMKEHUW LiBETOBOW
HaCbILLEHHOCTU TEMHbIE OTTEHKM KPAacHOro CTaHOBATCA bonee cBeT-
NbIMK, NPEBPaLLAACh B CPEAHWUIA Cepblit, TOT4A KaK CBET/bIN KPACHbIN
LiBET COCYZ0B KOHBIOHKTMBbI NPUBAMIKAeTca K 6esomy, 4enas 3T co-
Cyapl eABa PasAnuMMbIMK.

YépHo-6enbilt GunbTP NpeobpasyeT KpacHbIi LBET B APKO-ce-
pbii OTTEHOK. TKaHW MPUOBPETAIOT CEepyro OKPACKy C PasnyHoOM

ing to long-term consequences for the macular region of the ret-
ina [9]. The ability to utilize significantly less light intensity from
the surgical microscope is a key advantage of the 3D visualization
system compared to the analog visualization method, potentially
leading to better outcomes in both early and late postoperative
periods [10].

In CG, a standard staining method using TB was used to
visualize the ALC during surgery. This technique involves inject-
ing TB solution into the anterior chamber of the eye. However,
this method did not always produce uniform staining of the ALC,
leading to difficulties in visualizing certain areas of the anterior
capsule, radial capsulorhexis tears, and a capsulorhexis runway to
the periphery. In contrast, patients in the MG who received sur-
gery with the use of a digital visualization method experienced
fewer radial capsulorhexis tears and capsulorhexis runway to the
periphery complications. The ALC was visualized uniformly, and
the effectiveness of visualization was not dependent on the in-
tensity of staining. It is important to note that this digital visual-
ization method slightly increased the time taken for the capsulor-
hexis step.

Unlike the usual optical filters, which block specific wave-
lengths, the digital BW filter of the Ngenuity 3D Visualization
System's camera works by decreasing the color saturation of the
image. Reducing saturation drains the color away, leaving just
the grayscale component. A color with 100% saturation contains
no white, whereas a color with 0% saturation corresponds to a
shade of gray [11]. Decreasing the color saturation implies there
is an addition of more whiteness to the color. For example, as sat-
uration is reduced, dark-red colors become a mid-gray, and the
light-red color of conjunctival vessels tends towards white, such
that these vessels become barely visible.

The BW filter converts the red reflex into a light, bright-gray
reflex. The tissues take on a gray color of various scales. Interest-
ingly, the contours of structures are enhanced, becoming dark-
gray to black, which renders them more visible. This improved
contrast allows for more precise visualization of capsulorhexis,
even in cases of white or "milky" cataracts. It also ensures consis-
tent contrast for the ALC during surgery, surpassing the effective-
ness of trypan blue staining for capsule visualization [12].

There were no statistically significant differences in the re-
fraction or visual acuity data between the MG and the CG at dif-
ferent periods. Our findings are consistent with those of a larger
systematic review and meta-analysis, which assessed 11 studies
conducted between 2019 and 2022, involving a total of 8,842
eyes. This review compared heads-up 3D visualization systems
with standard microscopes in cataract surgery. The authors found
no statistically significant differences between the two methods
regarding postoperative visual acuity, the frequency of intraoper-
ative complications, or the duration of the procedures. However,
individual studies included in the meta-analysis suggested po-
tential 3D ergonomic advantages and reduced lighting intensity
needed for optimal surgical performance [13].

A similar approach to enhancing contrast and improving vi-
sualization during cataract surgery is described in a study where
the authors utilized a BW filter within a 3D visualization system
by reducing color saturation to zero. Their findings demonstrated
that converting the image to grayscale can significantly enhance
the visibility of the capsule edges, cortical masses, and edges of
surgical instruments, particularly in cases with insufficient red
reflex or corneal opacities. In particular, the BW filter increased
detail during the capsulorhexis and the borders of nuclear frag-
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rpagauueit ceporo. MpaHuLbl CTPYKTYp CTaHOBATCA Bonee YETKUMMU,
nprobpeTas OTTEHKM OT TEMHO-CEpPOro 0 YEPHOTO, YTO YBENNYMBA-
€T UX BUAMMOCTb. ITU NPEUMYLLECTBA B KOHTPACTHOCTU NO3BONANN
BUAETb KpaWi KancynopeKcuca faxe B Cy4anax MOMOYHbIX KaTapaKT,
a Take obecneuvBann paBHOMEPHOCTb KOHTPacTUpoBaHua MKX, 8
OT/IMYMM OT KOHTPACTUPOBAHMA Kamncyabl pacTBOPOM TPUMAHOBOTO
cuHero [12].

CTaTUCTMYECKM 3HaUMMbIX pa3anunii B OT 1 KI' no nonyveHHon
pedpaKLmMK, a TaKKe OCTPOTE 3PEHNA B PasHble Nepuosbl BbIABAEHO
He 6b110. MonyYeHHble HAMU AaHHbIE COMACYHOTCA C pesy/ibTaTamu
6onee macltabHoro cuctematuyeckoro ob63opa M metaaHanusa. B
ynomsaHyToi paboTe 6bln10 NpoaHanusvposaHo 11 nccnefoBaHuii ¢
2019 no 2022 rop, (Bcero 8842 rnasa), B KOTOPbIX CPAaBHMBAMUCD CU-
CTeMbl TPEXMEPHOI BU3yanusaumm «heads-up» 1 cTaHAapTHbIE MU-
KPOCKOMbI B KaTapaKTa/lbHOW XMPypruun. ABTOpbl He BbIBU/MU CTaTH-
CTUYECKM 3HAYMMbIX PA3ANUUNIA MeXay TPEXMEPHON BU3yanusaLmen
W CTaHAAPTHBIMU MMKPOCKOMAMM HU MO NoKasaTensam nocneonepa-
LIMOHHOW OCTPOTbI 3pEHMA, HW MO YACTOTe MHTPaAOMNepaLMOHHBbIX OC-
JIOXKHEHWI, HY NO NPOAOIKUTENbHOCTU BMeLaTeNbCTBa. Mpy 3ToM
OTAeNbHble MUCCNefoBaHUA, BOWeAWMe B MeTaaHanus, yKasbiBaau
Ha MOTEHLMaNbHble NMpeumMyLLecTBa TPEXMEPHOW BU3yanusaumu c
TOYKM 3PEHWUA 3PrOHOMMKM W CHUMKEHUA MHTEHCMBHOCTW OCBelle-
HWS, HE0BXOAMMOTO AN KaYecTBeHHOM paboTbl xmpypra [13].

Moxouit crnocob MoBbIWEHUA KOHTPACTHOCTU W Y/yYLLEeHUs
BM3yanM3aLMU B XOA4e KaTapaKTa/lbHOW XMPYPruu npescTaBieH aB-
TOpamy OZHOTO U3 UCCNEe0BaHMIA, KOTOPbIE MPUMEHWUN YEpHO-6e-
Nbli undpoBoit GUNLTP B TPEXMEPHOW CUCTEME BM3yanu3aLLMmM ny-
TEM CHUXKEHUA LIBETOBOM HACbILEHHOCTU A0 HynA. Kak nokasanu ux
HabntogeHus, nepesos 13obparkeHus B rpafaLiMmn ceporo cnocobeH
CYLLECTBEHHO YNYULWIUTb BUAMMOCTb KPaEB Kancy/bl, KOPTUKANbHbIX
MacC U MHCTPYMEHTOB Npu HEAOCTAaTOYHOM PO30BOM pedreKce unu
HaMYMM POTOBUYHbIX MOMYTHEHWIA. B yacTHocTH, BW-pexunm nosbl-
Wan AeTann3aluio Npu BbINONHEHUM Kancynopekcuca U obneryan
NAEHTUOMKALMIO rpaHuL, AZEPHbIX GparMeHTOB B YCII0BUAX, KOraa
uBeToBas MHbOPMaLMaA Bblna HeLOCTaTOUHO KOHTPACTHA. Mpu 3ToM
XMPYpPrv CyOBEKTUBHO OTMEYANM YMPOLLEHME PAZQ TaNoB, BK/OYAA
ruapoauccekumio (ynyywenue socnpuatua «fluid wave») n susya-
NU3aLMI0 MHCTPYMEHTOB npu dako-yone. ABTOpbI OTMETUAN, YTO B
HEKOTOPbIX CUTYaLMAX CHUMKEHME LIBETOBOM HACbILLEHHOCTH, HAaNpo-
TWB, OKa3bIBANOChb MeHee yaobHbIM. OnpeseneHue rybuHbl 6opos-
[bl Aapa 66110 3aTpyAHEHO 6e3 NPUBbLIYHbIX LBETOBbIX OTTEHKOB, a
BUAMMOCTb COCYA0B iMMba npu GOpMMPOBaHUK paspesa CHUXKa-
Nacb, YTO MOTEHLMANBHO MOI/I0 NOBLICUTL PUCK TPABMATU3ALLUM CO-
CYZ0B NMMBanbHOW 30HbI. TakMM 06pa3om, aBTOPbI YKa3biBatOT Ha
HeobxoAMMOCTb c6aNaHCMPOBAHHOTO U CENEKTUBHOIO UCMOb30Ba-
HWA BW-punbTpa TONbKO Ha Tex aTanax, rae BbIUrpbILW B KOHTpacTe
[LleNCTBUTENIbHO BAKEH W MPEBbILAET NOTEPH LBETOBbIX OPUEHTU-
pos [14].

Pe3ynbTaTbl AaHHOO UCCNEA0BaHUA BO MHOTOM COT/IacyoTCA
C HalWWM OMbITOM MPUMEHEHUA TPEXMEPHbIX LMPPOBLIX CUCTEM
BM3yanu3aLmuu U NporpaMMHbIX LBETOGUALTPOB. B YacTHOCTU, Mbl
TaKke Habnganm, YTo moanduKaLma LBETOBbIX Npodueil B xoae
Kancynopekcuca cnocobHa KOMMEHCMPoBaTh Cnabblii pednekc u
obneryatb BM3yanu3auMio nepefHe Kamncy/bl, yMeHbllas Heob-
XOAMMOCTb B MHBA3WUBHbIX KpacuTensx. Mpu aTom, mMbl COMNAcHbI ¢
MHEHVMEeM BbILeyNOMAHYTbIX aBTOPOB, YTO MO/MHaA AecaTypauua
(BW-pekmum) MOKeT bbiTb NONE3HON NNLLIb B KOHKPETHbIX KAWHK-
YECKMX CUTYyaLMAX (NNOTHOE AAPO, MOMYTHEHWE POrOBWLbI, HEBbI-
parKeHHbIN pedaeKc rasHoro gHa) v LOMKHA MPUMEHATLCA C OCTO-
POXKHOCTbIO.
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ments, where visualization is generally poor. Surgeons also re-
ported that the BW filter optimized the tissue visibility of cap-
sulorhexis contours, hydrodissection fluid wave perception, and
the contrast of instruments through a nucleus during phacochop.
However, the authors noted that reducing color saturation could
be less advantageous in some situations. Thus, standard color im-
ages were found to be better for localizing the limbal area during
incision, making it easier to avoid the limbal vessels during inci-
sion, and for nucleus sculpture to assess groove depth. There-
fore, the authors emphasized the importance of a balanced and
selective use of the BW filter, recommending its application only
at those stages where the improvement in contrast is significant
enough to outweigh the loss of color data [14].

The findings of this study align closely with our experiences
using 3D visualization systems and software BW filters. Specifi-
cally, we observed that modifying color profiles during capsulor-
hexis can enhance visualization of the anterior capsule when the
red reflex is weak, thereby reducing the need for invasive dyes.
We agree with the previously mentioned authors that complete
desaturation (black-and-white mode) is a helpful technique for
specific clinical situations, including dense cataracts, corneal
opacities, or a weak or absent red reflex. Therefore, it should be
applied with caution.

CONCLUSION

Using a 3D visualization system during anterior capsulorhex-
is for complicated cataracts is both safe and effective. This system
can serve as an alternative to or supplement for the traditional
method, which typically involves the intracameral injection of
ophthalmic dyes. Moreover, employing a 3D visualization system
in lens surgery allows for a significant reduction in the light in-
tensity required from the operating microscope, which helps to
reduce the risk of iatrogenic retinal phototoxicity.
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3AKNIOYEHUE

/icnonb3oBaHWe cUCTEMbI TPEXMEPHOI BU3Yann3aLmmn Aas yayu-
LIEHMA BM3yann3aLLMM Npu NPOBEAEHNU NEePeSHEro KancylopeKkcuca
B C/Iy4asnX OCNIOKHEHHbIX KaTapaKT 6e30MnacHO M 3PHEKTUBHO M MOKET
MCMONb30BaTbCA KaK a/lbTepHATMBA UM LONOHEHUE KNAacCUYECKOMY

cnocoby c BHYTPUKAMepHbIM BBEAEHMEM BWTA/IbHbIX KpacuTenew.
Mcnonb3oBaHue cuCTEMbl TPEXMEPHOM BM3yanusaLuu B XUpyprum
XpYCTasnKa Mo3BONAET UCMONb30BaTb 3HAUUTENBHO MEHBLUYHD MOLL-
HOCTb KOQKCWa/IbHOTO OCBELLEHWA ONepaLMOHHOTO MUKPOCKOMa, YTo
CHW}KAET NPOABNEHNA ATPOTEHHOM PETUHANbHOW (POTOTOKCUYHOCTY.
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