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Markers of hypoxia in aqueous humor as factors for assessing the severity of

diabetic retinopathy

Petrenko O.V., Lytvynenko T.V., Babenko M.S., Ziablitsev S.V.

Bogomolets National Medical University, Kyiv (Ukraine)

Pe3tome

Mema. Oyinumu OiaeHOCMUYHY YIHHICMb 6MICTY 1aK-
mamy y 6HympiutHbOOUHIl PiOUHi y CRIBCMABIEHHT 3 THUUM
Mapkepom 2IinoKcii — 2inoKcis-indyyubenbHum Gaxkmopom-
la (HIF-10), ons eusHauenus maxckocmi 0iabemuunoi pe-
muHonamii.

Mamepian ma memoou. Obcmedceno 110 nayienmis
(110 ouetr) i3 yykposum diabemom 2-co muny, po3nooiienux
Ha n'ame epyn 6i0nogioHo 0o msxckocmi JIP 3a midcHapoo-

noto knacugirayiero (2003): 6io eiocymuocmi pemunonamii

([P0) 0o nponighepamuernoi cmaaii (I1/[P). Konmponvhy epy-
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ny cknanu 25 nayienmis 6e3 yykposozo oiabemy. V enympiui-
HboouHill piouni (BOP), ompumanii nio uac gakoemyibcu-
Qikayii kamapaxmu, euznauaiy emicm aakmamy (Me/mi), a
pisni HIF-1a (ne/mn) 6ynu susnaueni y Hauiomy nonepeoubo-
MY 00CHIOHCEeHHT YIET camoi Koeopmu nayieHmis.

Pesynomamu. Pisni nakmamy y BOP cmamucmuyno 3ua-
Yyuo 3pocmani NApaneIbHo 3 MANCKICMIO 3aX60PIOGANHHS
(p<0,001). Meoiana naxmamy niosuwunacs 6io 0,32 me/mn
v konmponi 00 6,49 me/mn npu ITJJP. Tounicme diacnocmuku
KOHKpemuux n’simu cmaoii 6yna nomiproio (~60% ona 060x
mapkepis). [lpome sucoki konyenmpayii iakmamy (>8,56 me/
M) eusguaucs gucoxocheyugiunum incmpymenmom (98,9%)
0718 niomeepoxcenHs. nponighepamuenoi cmadii. [na oyinku
PUBUKY NPOSpecy8ans OYI10 3aCMOCco8aH0 NOOiL HA 08I epynu
(neeka/nomipna npomu msasxckoi J{P) na ocnosi HIF-1o.: nopie
>377 ne/mn 3abe3nequs 3a2anviy moyHicms npocrosy 71,9%
npu cneyugiunocmi 95,2%.

Bucnoeox. Buicm nakmamy ma HIF-la y BOP sioo-
opaoicae 2padicum 2inokcuunoeo Haganmaicens npu JP.
Busnauenns nakmamy € egpexmunum OJisi NiOMEePOICeHH s
maxckux cmanie («rule-iny mapkep), moodi sx HIF-1o 0o-
yinbHiwe suxkopucmosysamu 0isi cmpamuixayii nayicHmis
Y epynu pusuxy 3a0jis NAAHYEAHHs iHMEeHCUGHOCMI Ha2nA0y/
JIKY8AHHA.

Knwuosi cnosa: oiabemuuna pemunonamis; yyKpoeuil
diabem 2-20 muny,; cimkieka, 1akmam, 2inoKcis-iHOyyubensb-
Hutl axmop-lo, 6iomaprepu, GHYMPIUHLOOUHA PIOUHA,
npozpecysanHs 3ax60pI0GaAHHSL.
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Abstract

Purpose. To establish the diagnostic value of lactate versus
hypoxia-inducible factor (HIF)-1o. concentration in the aque-
ous humor (AH) for determining the severity of diabetic reti-
nopathy DR.

Material and Methods. Totally, 110 type 2 diabetics with
DR (110 eyes) were involved in the study and divided into five
groups from no apparent retinopathy (DR0) to proliferative
DR (PDR) based on the 2003 international classification. The
control group included 25 non-diabetics. Lactate concentra-
tions (mg/mL) were determined in AH samples obtained dur-
ing cataract surgery, and HIF-10. concentrations (pg/mL) were
determined in this cohort of patients in our previous study.

Results. AH lactate level increased with disease progres-
sion (p < 0.001), with a median level ranging from 0.32 mg/
mL in controls to 6.49 mg/mL in group 5 (PDR). A total accu-
racy was moderate (~60%) for both markers for the discrimi-

BeTtyn

Jiabetnuna perunonaris (/IP) 3anumaetscs omHi-
€10 3 TIPOBITHUX MPUYHMH BTPATH 30py y CBITi Ta CYTTEBO
BIUIMBA€ Ha HACEJIEHHs MPAIe3AaTHOTO BiKy. 3a OIliIHKaMH
I'moGanpHOTO TSTapst XBopoO, JIP BXOAUTH 0 MeperiKy
KJIFOYOBUX TPUYUH CIITIOTH cepen ocid BikoM cTapiie 50
pokis [1]. ITonpu mocsirueHHs 0 TaIbMOIIOTIT, 3araabHUN
TATap 3aXBOPIOBAHOCTI Ta iHBATIAM3AIIT 3aJTUIIIA€THCS BU-
COKHUM 1 IEMOHCTpPY€ CTiHKY AMHAMIKY J0 3pOCTaHHS 3a
ocranHi aecatumitts [1]. Tlpu mykpoBomy aiaderi (L)
2-T0 TUIY 3axBOproBaHicTh Ha JIP mpm S-piuniii TpuBa-
socti ctanoBUTH 20%, a ipu 15-piuniit eBomonii gocsrae
80% [2].

Ha Tni mBuakoro 3pocranus nommpeHocti L1, o,
3a gaHuMu MikHapoaHoi miadberuunoi ¢eneparii (IDF),
craHoBwiIa ipubm3HOo 537 MiH oci6 y 2021 porti 3 npo-
rHO30M 110 783 MiH 70 2045 poKy, OYiKY€ThCS MOAAIBIIe
30UTbIIEHHS] KOHTUHTEHTY TarienTiB i3 JIP [3]. IIpornoc-
THYHI OTVISIIN TiAKPECITIO0Th, 110 10 2030 poky came Tex-
HOJIOTIYHUH ITporpec (aBTOHOMHUI CKPUHIHT, ONTHYHA KO-
repertHa Tomorpadis 3 dyskmiero anriorpadii (OKTA),
HOBI OloMapkepw) ¥ mepcoHamizallis BEeJeHHS TMAaIli€HTiB
BHU3HAYATHUMYTh €(PEKTUBHICTh 3amO0iraHHs BTpari 30py
BHacmiaok [P [4].

Kiiniuna ominka Tsoxkocti JIP 6asyetscst Ha Mik-
Hapoanii mkam TspkkocTi (ICDR, 2003), sika po3pizHse
0e3pETHHOMATHYHY CTai0, JICTKY/TIOMIPHY/TSKKY HEITpO-
nideparusny JIP (HITAP) ta npomideparusny AP (T1P),
MIpH YoMy JiabeTHuHui Makyasspauid Haopsk (JIMH) orri-
HIOETBCS OKpeMo [5]. YTiM, CTPYKTypHI 3MiHH OYHOTO
JTHA, 110 CIIOCTEPIraroThCs MPH BUKOHAHHI TUIaTaIliiHOl
0o TaIBEMOCKOIIIT, HEAOCTATHRO BiIOOPAKAIOTh IIIIEMITHUI
KoMITOHEHT JIP, sIKuii IpOSBISETHCS 1I€ 0 MOSIBH TPyOHX
MikpocynnHHUX 3MiH [6]. Tak, nani OKTA noka3yroTsb, 110
nopyiieHHs: nepgy3ii MUOOKOTo KamIIpHOTO CIUIETEH-
HS CITKIBKHM aCOLIIOETHCS 3 PU3UKOM yCKIaaHeHb JIP Ha
crazii momiproi HITJIP 1 6imbin TsOKKUX [7], @ 3HUKESHHS
IIUTBHOCTI MaKyJSIPHUX CYIWH KOPEto€e 3 (YHKIIOHATb-
HUMU BTpatamu 30py [8]. TakuM 4MHOM, 3pocTae morpeda

nation between all grades of the disease, but a high AH lactate
concentration (>8.56 mg/mL) was found to be highly specific
(98.9%) for confirming PDR. To assess the risk of DR pro-
gression, a total study sample was divided into two categories
(mild-to-moderate DR vs severe DR) on the basis of AH HIF-
1o concentration, and a threshold of >377 pg/mL provided for
a total prediction accuracy of 71.9% and specificity 95.2%.

Conclusion. AH lactate and HIF-1a concentrations reflect
a gradient of hypoxic load in DR. Determining AH lactate
concentrations (a rule-in marker) is effective for severe condi-
tions, whereas determining AH HIF-1o. concentrations should
be used for stratifying patients into risk groups to guide plan-
ning the intensity of supervision and treatment.

Keywords: diabetic retinopathy, type 2 diabetes mellitus, ret-
ina, lactate, hypoxia-inducible factor la, biomarkers, aqueous
humor, disease progression.

B BU3HAYEeHHI O10XIMIYHMX MapKepiB, 371aTHUX BioOpaka-
TH CTYIIHb TIMOKCIT TKaHUH CITKIBKH, 30kpema 1pu J{P.

KJ1r040BOIO JIaHKOIO BiAIMOBI/I HA TIMOKCII0 B TKaHU-
Hax oka € Tinokcis inayumodensuuit dpakrop la (HIF la)
— (pakTOp TPAHCKPUIILLIi, 1[0 AKTUBYE EKCIPECIIO ITPOAHTi-
OTCHHHX I'€HIB Ta 'eHIB-pPErysITOpiB MeTadbouizMy (30Kpe-
Ma BackyJoeHporeniansHoro ¢paxropy pocry — VEGF) i
3Mily€e METa00JIi3M ITTFOKO3H y 01K aHaepOOHOTO TITIKOII3Y
JUTSL 3MEHIIICHHSI CIIOKUBAHHS KIiTHHAMK KucHio [9, 10].
[Tpu JIP ue BUSBISETHCS MiJBUILEHHSM MPOHUKHOCTI CY-
JIMH, YTBOPEHHSM MIKPOaHEBPHU3M, IPOIPECYIOUOI0 Karli-
JSIpHORO Timonepdy3iero Ta HeoaHriorenesoMm. Kpim toro,
BaXXJIMBA POJIb HAJEKHUThH €HAOTENaNbHIN AuchyHKIIT Ta
3amaieHHIo, SIKI MICUITIOIOTh rinoKkcu4Huit nucrpec [11].
CyKyIHICTh IMX MEXaHi3MIB OOIPYHTOBYBaja BHKOPHC-
TaHHs OloMapKepiB Tinokcii y TKaHWHAX OKa JUisi CTPaTh-
¢ikauii Tspxkocti [P 1 mporHo3yBaHHs i1 yCKIJIaIHEHb.

[Mopsin i3 HIF 1o yBary npueprae akrar — A0CTYITHUHA
JI0 KUTBKICHOTO BH3HAYEHHS METa0OJIIT, 110 BigoOpaxae
IHTEHCHBHICTB IJTIKOJII3Y Ta TKAHMHHO-KJIITHHHUNA OKCUHO-
BiHOBHUI cTaH [12]. CyuacHi onisiin po3nIsiAal0Th JIaK-
TaT He JIMIIE SIK MapKep TiNoKCii, a i y SIKOCTI CUTHAIIBHOT
MOJICKYJIH 3 MIUPOKOI PEry/sITOPHOI akTHUBHICTIO [12].
MeTa000MHI JIOCHI/PKEHHSI BHYTPIIIHBOOYHOI PIAMHH
(BOP) y nauienTiB i3 /IP nokasanu 3cyB eHEPreTHYHOIO
npodiiro i3 3poCTaHHsAM Yy Hill BMICTY MPOMIKHHUX IPO-
JYKTIB [J1iKOJIi3y, BKirowatoun L sakrar [13, 14]. BoxHo-
4ac, BUCOKI (BUILI 32 CHPOBATKOBI) KOHIIEHTpALlIl JJaKTary
y BOP ninrBep/ukyroTh MiclieBe NOXOKEHHS 1IbOTO MeTa-
00Ty 1, SIK HACIIIOK, JOIIBHICTh HOTO BUMIPIOBAHHS SIK
Mapkepa rirnokxcii BiacHe TkanuH oka [15]. Takum unHOM,
i JlaHi CTBOPIOBAJIM MEPEJyMOBH ISl OLIIHIOBAHHS JIBOX
B32€EMOJIONOBHIOBaIIbHUX MapkepiB rinokcii — HIF la (s
peryisiTopa) i JJakTary (K MeTaboNiYHOro «BIIOUTKY») —
6e3nocepenaso y BOP.

HesBaxkaroun Ha Te, 1110 HaWOIILII KIIHIYHO BaIigoBa-
HUMU OioMapkepamu nipu JIP 3anumiaroTbest KiHIeBi aHri-
orenHi epexropu — VEGF Ta iioro npupoHuii aHTaroHict

6
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PEDF (¢axTop mirmenTtHoro emitenito) [16-18], mapkepu
moyarkoBux eramiB rinokcii (HIF-1a) Ta cymyTHiX mMerta-
OomiyHUX 3MiH (JaKTaT) MOXYTh BimoOpakaTw OiIBIT
paHHi JaHKH natorene3y. Came i TOKa3HUKA TOTCHIIHHO
3[IaTHI 3aBYaCHO CHUTHAJI3yBaTH ITIPO IMEPEXiT M0 THKUMX
(hbeHOTHITIB 3aXBOPIOBAHHSA, [0 Ma€ KPUTHYHE 3HAUCHHS
JUTA CKPUHIHTY. Y TOMIEpeIHiX AOCITIHKEHHSIX HaMHU BKe
OyJ7l0 BCTaHOBJEHO MmiarHOCTHUYHY 3Haudymricte HIF-la
[19], mpoTe momryk OLTBII JOCTYMHHX METAaOONIYHHX iH-
JTUKATOPIB TIMOKCIi, TAKKX SIK JIAKTAT, Ta iXHE Oe3mocepesn-
He 3ictaBnernsa 3 HIF-1o 3anmmaeTbess HEBHPIIEHAM Ta
aKTyaJIbHUM 3aBIaHHSIM.

Meta. OiHUTH TiarHOCTUYHY I[iHHICTH BMICTY JIaK-
TaTy y BHYTPIIIHBOOYHIN piAWHI y CIIBCTaBICHHI 3 iH-
OIMM MapKepoOM TiMOKCii — TIMOKCisg-iHAYIHnOeTbHIM
¢daxropom-1la (HIF-1o) ams BU3HaYeHHS TSHKKOCTI Tiabe-
TUYHOI PETUHOTIATI].

Marepianu Ta meToan

Yei mocmimpkeHHs] BUKOHAHO 3 TOTPUMAHHIM OCHOBHHX
nonoxeHs KorseHttii Pagu €Bporu rmpo mnpasa JIOAWHT Ta
6iomemununy, ['enpciHchKoi mekmapariii BeecBiTHROI Me-
JUYHOI acoriamii Ipo eTHYHI MPUHIUITH TPOBEICHHS Ha-
YKOBUX MEAWYHHX JOCHTIHKEHB 32 ydacTio Jonuau (1964
p-, 3 TONANBIINMH JOMTOBHEHHSIMH, BKIIOUAIOUH BEPCIiO
2000 p.) Ta BiAMOBiZaTH YUHHOMY 3aKOHOIABCTBY YKpa-
1. Ha mpoBeneH st JoCiKeHHS OyII0 OTPUMAaHO T03BLI
KOMicii 3 0i0eTHKH Ta akajgeMiuHOi moOpodecHocTi Harri-
OHaJBHOTO MemuuHoro yHiBepcurery imeni O. O. Boro-
MOJIBIIA. 3a OU3aHOM JOCHIIKEHHS OYylIo MOMEepeYHUM
(Kpoc-CeKiiHNM), KOTOPTHUM, TIPOCIIEKTUBHUM Ta paH-
JIOMi30BaHUM. YCi TMALi€HTH, 3ay4eHi DO TOCIIIKCHHS,
HaJam iHGOPMOBaHY 3roly Ha Yy94acTh.

Ho nocnimkenns 6yno 3amydero 110 mamienTis i3 [
2-ro tuny Ta /IP, SIKux omepyBaiu 3 MPUBOIY BIKOBOI Kara-
paxtu (110 oueit) [19]. [TamieHTiB 3rigHO 3 KIACH]iKaIi€0
3a MixHapomHoto mmikanow Tspkkocti JIP [Ommbka: wc-
TOYHHK MEePEKPECTHON CCHUTKM HE HalfeH| OyIio po3momi-
JIeHO Ha rpynu: 1-mma — 6e3 perunomnatii (IPO; 15 oueit),
2-ra — 3 moyarkoBoro HempomideparusHoto 1P (HITIP1;
40 oueit), 3-11 — 3 momipuoro HITJAP (HITAP2; 25 oueii),
4-ta — 3 Toxkoro HITJAP (HITJIP3, 12 oueii) i 5-ta — 3
npomideparusHoro P (ITJIP; 18 oueit).

Marmientn 6ymu y Biwi Bixg 50 mo 76 pokis (62,5; 51,3—
69); gomoBikiB Oyimo 92 (83,6%), xxiHok — 18 (16,4%), o
3a cramismu P He Binpizasmces (p=0,970). AMH 0OyB Ha-
sBHAM y 12 mamienTiB (10,9%), cepen sxux 10 (83,3%)
Oy 3 4-1 1 5-1 rpyn. 1o KOHTPOIBHOI TPYITH 3aITydeHO 25
oci0 BiAMOBITHOTO BiKY Ta cTaTi, siki He Mamm L[] ta 1P i
TIPOXOAMIIH OTICPAaTUBHE JIIKYBaHHS 3 IPHBOY BIKOBOI Ka-
TapaKTH.

VYcim marieHTaM Oyau BUKOHaHI Bi30OMETpisi HA IPOCK-
Topi TectoBux 3HaKiB mpeMiyM «C.S.O. srl.» (Prmopentis,
ITamist) 3 BukOpHCcTaHHAM Habopy MPOOHUX 00’ €KTHBIB
«Optiek XL» (XepenBeH, Himepmanan) ta Qoponrepi
«Takagi VT-5» (Takagi Seiko Co. Ltd., Tosima, SAmnoHis);
pedpakrometpis Ha aBTopedeparomerpi « TOPCON KR

7000P» (TOPCON Corporation, Tokio, fmoHis); ToHO-
METpis Ha aBTOMAaTHYHOMY O€3KOHTAKTHOMY TOHOMETpi
«Huvitz HNT-7000» i keparomaxiMeTpis Ha TpHIami
«HNT-1P» (Kwonri-no, IliBgenna Kopes); 6iomikpocko-
st Ha moimnHAIA Jammi «CSO Slitlamp SL-9900» 3 Bixe-
ocucremoro «Led 5x» (Dmopenmis, [Tamis) Ta GiHOKYIAP-
HOoMy odrampmockomi «Heine Omega 600 Traveler Set»
(Timpxiar, HimMeydnHa); TOHIOCKOMISI 3 BHKOPHUCTAHHSIM
KOHTAKTHOI Tpua3epkansHoi nmiH3u «Optiek XLy (XepeH-
BeH, Hinmepmanam); oTaabMOCKOIIisS 32 JOMTOMOTOIO JIiH3
«Volk Digital wide field» (MenTop, CILIA) Ta KOHTaKTHOT
TpuI3epKanbHoOi NiH3K [onbaMaHa; ONTHYHA KOTEpEeHTHA
ToMorpadis Ha pHiIaIi ONTHKO-KOTEePEHTHUH ToMorpad 3
¢byumyc-kameporio ta anriorpadicro «HOCT-1F» («Huvitz
Co. Ltd.», Aupsr-ci, [lisgenna Kopes).

BOP otpumyBanu mig gac omeparttii pakoeMynbcudi-
Kallii KaTtapakTd 4epe3 IapaleHTe3 MepeaHpol KaMepu y
kimpkocTi 0,1 mn. PiBai HIF-1o (nr/mir) Oynu Bu3Ha4YeHi y
HAIIIOMY TIOTIEPEAHBOMY JOCIIKEHHI ITi€l camoi KOTOPTH
marieHTiB [19] metogom TBepmodazHoro iMyHOpEpMEHT-
HOTO aHaji3y 3 BUKOPHUCTaHHAM TeCT-CHcTeM Invitrogen
Thermo Fisher Sci. (CIIA). Er3umMatnaaAM METOIOM Y
BOP Buznauanu Bmict nakraty (mr/mi) [20].

JIIs CTaTHCTUYHOTO aHai3y OTPUMAHHUX PE3YIbTaTiB
Bukopuctano maket EZR v.1.54 (rpadiunnit inTepdeiic 1o
R statistical software v.4.0.3, R Foundation for Statistical
Computing, ABcTpis) [21]. OCKiTbKH 3aKOH PO3IOILTY 1a-
HUX BiJPi3HABCA BiJl HOPMAJIBHOTO PO3PAXOBYBAIH MeJIia-
U (Me) Ta MikkBapTwibHI iHTepBanu (Q1-Q3). ['pymosi
MOPIBHSAHHS TIpoBeneHi 3a kpurepiem Kpyckana-Yomrica,
TIOTIapHi — 3a KputepieM JlaHHa, piBeHb CTATUCTUIHOT 3HA-
gymiocti npuitasaThit pisauM 0,05 [22].

Jiarnoctryni Mexi BmicTy nakrary ta HIF-1o Bu3Ha-
YaJd METOAaMHU 0araToKIacoBOi KIacH(iKalii 3 OIiHKOIO
ROC-kpuBux [23].

Pe3ynkraTtu

OO0crexxeHi Tpymu OynM TOPIBHAHHAMH 33 BIKOM
(p=0,108). Meniana Biky B KOHTPOJi CTaHOBMIA 56 POKIB,
y TpyIlax IMaIi€eHTiB BapitoBana Bix 55 mo 67 pokis (Talm.
1). HatomicTh TpuBamicTh I[yKpOBOTO HiabeTy OUiKyBaHO
3pocTajna pa3oM i3 TSUKKICTIO peTHHOIIATII: BiJl IT'ATH POKIB
y rpymi 6e3 JIP no 16,5 poky mpu tsoxkiit HITJIP (p<<0,001).

PiBens maxraty y BOP mocminoBHO 3pocTaB mapaieib-
HO 3 IporpecyBaHHsIM 3axBoproBanHsA (p<0,001). MemiaH-
Hi 3HAYCHHA MiABHUITyBaiucs Bix 0,32 MI/Mi y KOHTPOIi
o 0,64 mr/min y manientis 6e3 /1P, csraroun MakCUMyMy
6,49 mr/mn nipu nporideparuBHiit cramii. CTaTUCTHIHIHA
aHaJIi3 MiATBEPINB 3HAYYIIICTh BiAMIHHOCTEH MK KOHTP-
OJIEM Ta BCiMa KIIIHIYHUMH TPyIIaMH, a TaKOK MK OLITb-
IICTIO CYMDKHUX CTail.

Sk OGyno BcTaHOBICHO HamHu paime [19], me Ourbmn
BHpakeHy Tpajarito BussieHo miusd HIF lo (mr/mm): Big
43,65 (26,8-57) y xoutpoxdi Ta 65,3 (53,3-83,3) y AP0
no 165,40 (111-229,5) (HIIAP1), 285,50 (203,9-327)
(HITAP2), 405,10 (316-443,1) (HIIAP3) i 461,20 (399,5—
517) (ILAP), p<0,001.
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Tabnuuga 1. Bik, TpmBanicts AgiabeTty Ta BMICT nakraty y BHYTPILLHbOOYHIW pianHi B rpynax nopisHsaHHS (Me; QI-QllT)

Ipyna nauieHTiB
MokazHukm K 1-wa 2-ra 3-18 4-ta 5-Ta P
OHTpPOJb
(6e3 OP) (HNapP1) (HNAP2) (HNAP3) (naP)

Bik. DOKIB 56 55 59,5 66 67 65,5 0108
P (52,1-65) (51,3-64,8) (46,5-69,5) (51,5-73) (58-74,5) (61-69) ’
TpuBanicTb _ Bede 10¢ 142 16,52 15,5% <0001

LA, pokis (3,3-7,5) (5-14.,5) (10-18,5) (10-21) (15-25) '
”aKTaT, 0’323bcde 0'640bcde 1’61Uacde 3’40abe 5’7503b 6'4903bc <0 001
mr/mn (0,25-0,4) (0,58-0,76) (1,19-2,37) (2,61-4,60) (5,3-7,3) (5,81-7,2) ’

Mpumitkn. P - piabetuyHa petuHonaria; HIMAP — HenponidepatueHa OP; MAP — nponidepaTtneHa AP; L — uykposui
niabeT. [1na nopiBHAHHSA BUKOpPUCTaHO kpuTepii Kpyckana — Yonnica, nocTepiopHi MOPIBHSIHHA NpoBeAeHi 3a kputepiem JaH-
Ha: °— BiAMIHHICTb Bifl KOHTPOJbLHOI FPYNK CTAaTUCTUYHO 3HaYyLa, p<0,05; — BiAMIHHICTb Big NauieHTiB 1-i rpyny cTaTUCTUYHO
3HauyLa, p<0,05; P — BigMiHHICTb Big mauieHTiB 2-1 rpynu cTatucTMYHO 3Hadyua, p<0,05; °— BiaAMiHHICTb Big nauieHTiB 3-i
rpynu cTaTucTMYHO 3Havywa, p<0,05; ¢ — BigMiHHICTb Big nauieHTiB 4-1 rpynu cTatMcTUYHO 3Havyla, p<0,05; °— BiaMiHHICTb

Bifl mauieHTiB 5-1 rpynu ctatucTnyHo 3Havywa, p<0,05.

BpaxoByroun BCTaHOBJICHHH 3B’S130K BMicTy jakrary y BOP
3 mporpecieto JIP, OyB npoBenennii BUOIp oNTUMAaIbHUX ITOPOTiB
MeTozoM OararokiacoBoi kiacudikanii One-vs-All 3 mobynoBor0
ROC-kpuBux okpemo st koxkHoi crauii JIP [22, 23] (puc. 1).

Kpusi BioOpaxaloTh MMOMITHE, ajie HEIOBHE PO3MEXYBaHHS
KJIaciB: HAMOUIBII YiTKO BUIUIIOTHCS KpaiiHi ¢penorunu (PO Ta
[1/IP), Toxi siIK MK CyMDKHUMH Henponi(epaTuBHUMHU CTalisIMU
CIOCTEPIraeThCs YaCTKOBE IMEPEKPUTTS 3HAYEHB, 1110 POCTEXKYBa-
nock 1 quist HIF-1o y munyniit po6ori [19].

[Nopanpia iHTEpHpeTaLlisl IPyHTYBaJacs Ha BU3HAYCHHI MEX-
OBHX IHTEPBAJIB JIJIsl KOKHOTO Kiacy (puc. 2; tabi. 2).

Cragina P
= IR0
— HNOP1
— HOOP2
- HNOP3
— ngp

1.0

Sensitivity
06 08

04

02

0.0

0.0 02 04 0.6 08 1.0
1 - Specificity

Puc. 1. ROC-kpuBi onepauiinHMx XapakTepucTuk mogenen barato-
KIacoBoi knacudikadii 3a BMICTOM nakTaTy y BHYTPILLHbOOYHIN pian-
Hi 3a cTagiamMn AiabeTUYHOT peTMHONATIT ANst KOXHOro Knacy.

Mpuwmitka. OP - niabetnyHa petuHonaris; HIOP — HenponidepaTne-
Ha [IP; NAP — nponidepatvsHa [P,

s nmakTaTty BCTAHOBJCHO TakKi Jiarma3oHH
(mr/m): <0,86 mst 1P0; 0,86-2,92 ms HITJIP1;
2,93-5,35 s HITAP2; 5,36-8,56 nns HITJIP3;
>8,56 mns I1JIP. BinnoBinHi MOKa3HUKHM YyTIIU-
BocrTi/crierudivyHocTi (y IpoleHTax) Bioopaxka-
JIU HEOJTHAKOBY TOYHICTh PO3ITi3HABAHHS OKPEMHX
cramii JIP: mnst JIPO uymmusicte 100 i crerm-
¢iunicts 92,6, ms HITAP1 — 67,5/61,4, nns
HITJAP2 — 52,0/87,1, nnst HIIAP3 — 75,0/83,7,
st T1JIP — 11,1/98,9; cymapna TouHicTh y 0a-
rarokiacoBii moctaHoBii — 60% (52—69%).
Hnst HIF 1o, 3riiHO 3 HAITMMHU MOTIEPEIHIMHE Ja-
Humu [19], mexi (/M) cxmanm: <113,8 (J1P0),
113,8-247,8 (HIIAP1), 247,9—408,4 (HITJIP2),
408,5-509,3 (HIIAP3), >509,3 (IIAP), a uyr-
nmuBicTe/crierudiunicte — 100/52,6; 57,5/60,0;
60,0/58,8; 50,0/60,2; 33,3/64,1 BinmoBimHO; Cy-
MapHa TOYHICTh — 59% (49-68%).

BpaxoByrouu Te, 1110 cripoda po3aiINTH Malli-
€HTIB OJ[pa3y Ha M'STh BY3bKUX TPYI Ja€ JIUIIC
MOMIpHY TOYHICTh Yepe3 MPHUPOIHY HEIepEepB-
HICTh TATOJIOTIYHOTO TIPOIIECY, MU BHPIIIWIN
3aCTOCYBATH KJIIHIYHO OUTBIN JOIMTBHUM TTiIXi]
— OiHapHy crpatu(ikalio 3 BUIUICHHIM TPyl
nerkoi i momipuoi JIP (HITAP1+HIIP2) Ta Bax-
xoi JIP (HITAP3-+I1/IP). st miei Mosieni B AKOCTI
KITIFOUoBOTO OioMapkepa mu oopanu HIF-1a. Ilei
BuOip 3ymosienuil tTum, mo HIF-la € mepeun-
HUM PEryjIsTOpHUM (aKTOpOM BiJIIOBiNI Ha Ti-
MTOKCII0, SIKUH 1HIIIIOE MATONOTIUHI 3MIHHU IIE 10
PO3BUTKY MACHBHHX METAOOJIYHUX HACIIJKIB,
sIKi BimoOpaskae yakrar [9]. BiamosiaHo, cTpatu-
¢ikaris 3a HIF-1o e Oinbnn maToreHeTHYHO 00-
IPYHTOBAHOIO JUIsl MPOTHO3YBaHHS IEPEXOIy B
TsDKKy hopmy AP (puc. 3).

OtpumaHo 4oTtupu poboui moporu (Tr/mi):
<94,60 — xourtponb, 94,70-113,85 — JIPO,
113,85-377,05 — nerka/momipua [P, >377,05
— Baxka [IP. Y mpomy ¢opmari dyTiauBiCTB/
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Tabnuusa 2. AHaniTUYHI XapakTepUCTMKM MPOrHO3Y B 3aNEXHOCTI Bi BMICTY NaKTaTy y BHYTPILLUHbOOYHIN PiAnHI

Cragii AP
Moka3Huk
aPo HNOAP1 HNOP2 HNAaP3 napP
MoporoBuii BMICT nakTary, Mr/Mn <0,86 0,86-2,92 2,93-5,35 5,36-8,56 >8,56
YytnmeicTb, % 100 67,5 52,0 75,0 1.1
CneuudivHicTb, % 92,6 61,4 87,1 83,7 98,9
TouHicTb 60% (52%—69%)

Puc. 2. MexoBi piBHi BMICTy naktaTty y BHY-

Mr/MII g
10 -
8.56 T
[y - T
. I
6 ss3a5 | —o0—
4l ) i -

TPILUHBLOOYHIN PiAVHI.

Mpumitka. OP — piabeTnyHa peTuHonartis;
HIMAP — HenponidepatmeHa AP; MNOP — npo-
nidepatnsHa [P.

* — BigmiHHiCcTb Big rpymu PO cratmuctuyHo
3Havywa, p<0,05; Ha rpadiky BKasaHi MeX0Bi

3Ha4YeHHs nakTaTy (Mr/mn) ans nporHo3y cra-
aii AP.

Puc. 3. Mexosi pisHi BmicTy HIF-1a y BHy-
TPILLHBOOYHIN PiaWHI;

Mpumitka. OP — piabetnyHa peTuHoNaTis;
HIMAP — HenponidepatueHa AP; MOP — npo-
NigepatnsHa OP.

* — BigmiHHicTb Big rpynu [P0 ctatnctnyHo
3Havywa, p<0,05; Ha rpadiky BKa3aHi MexoBi
3HayeHHs HIF-1a (nr/mn) ana nporHo3y nerkoi

L o |
0.855
,,,,,,,,,,,,,,,,,,,,,,,, l
0 1 I I | I
JIPO HIL/IP1 HILAP2 HILIP3 rap

nr/ma
700
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600
500 —*—
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400~ >377.05
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[ o465 o
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== ==

oF | | | |
Konrpons JIPO Jlerka ta Baxka /1P
nomipua JIP

cnenuivHicTs I Jerkoi/moMiproi JIP  craHoBmia
73,8%/87,1%, mnst Baxkoi — 70,0%/95,2%; iHTETpaiib-
Ha tounicth — 71,9% (A1 63,5-79,2%) (Tabn. 3). OTxe,
YKpPYITHEHHS KJIaCiB CYTT€BO MiJBHUILYBaJIO NPHIATHICTH
HIF lo anst npakTraHOTO cTparndikyBaHHS MAIi€HTIB 3a
pu3uKOM nporpecyBaHHs [IP.

TakuM 4MHOM, OTPUMAaHI JaHi CBi4aTh MPO CIIBCTaB-
Hy IPOTHOCTHYHY IIHHICTH 000X MapkepiB: 1 JIakTar, i
HIF-1o neMoHCTpyBaiy CHMHXPOHHE 3pOCTaHHS 31 3011b-
LIEHHSIM TSDKKOCTI JIP Ta Masiu 6nn3bKi METPUKH TOYHOCTI.

Ta nomipHoi P (HMNAP1+HMNOP2) i Baxkoi AP
(HNAP3+MapP)

3 oISy Ha BUCOKY CTaTUCTUYHY MOAIOHICTh pe3ybTariB,
JyOiroBaHHs OiHapHOI cTparudikamii [ust 000X MOKa3HH-
KiB Oynio BU3HaHO HenmouiibHuM. DiHaTBHA MOAEH MPO-
THO3YBaHHSI PU3MKY (Jierka/moMipHa vs Tspkka JIP) Oyna
noOynoana Ha ocHoBi HIF-la sk mepBuHHOI marorene-
TUYHOI JIaHKW. BopHOYac JlakTar, BU3HA4YEHHS SIKOTO €
METOJI0JIOTIYHO NPOCTIIINM Ta JAOCTYHIIINM, IPOAEMOH-
CTPYBaB CBOIO KIIIOUOBY II€peBary y BUCOKIH crenudiy-
HocTi pu Bepudikamii repminansuux craaiid (ITJIP).
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Tabnuua 3. AHaniTMYHI XapakTepuUCTUKN NPOrHO3Y B 3anexHocTi Bifg BMICTY HIF-1a y BHYTPILUHBOOYHIW piguHI

Crapii giabeTnyHoi petuHonarii (OP)
Moka3Huk
KoHTponb OPo Jlerka Ta nomipHa 1P Baxka [P
Moporosuii BmicT HIF-1a, nr/mn <946 94,7-113,9 114-377 >377
YyTnumBicTb, % 100 20,0 73,8 70,0
CneuudivHicTb, % 82,7 97,5 87,1 95,2

TounicTb 71,9% (63,5%—79,2%)

O6roBopeHHA

VY nochiKeHHI MU OIIHIOBAJIH JIiarHOCTHYHY IIHHICTh
JIAKTaTy Y BHYTPIIIHBOOYHIN PiZIMHI, IIOPIBHIOIOYH HOTO 3
BU3HA4YeHUM paninre nmokasHukoM — HIF-1a [19]. Pesyis-
TaTH T0Ka3aly, 0 piBeHb Jakrary, noxiono go HIF-1a,
MOCITIIOBHO 3pocTae 3i 30UIbmIeHHIM TsDKKOCTI JIP: Bin
cranii BincytHocti perunonarii/{PO no IT/IP, mpuuomy
MDKIPYNOBI BIJMIHHOCTI 3aJIMIIAJIMCh CTAaTUCTUYHO 3HAa-
gynmMd. [lpu cnpoOi po3pi3HUTH BCi I'SATh KITIHIYHHX
cTajiil TOYHICTH MapKepiB BHSBWJIACS MOMIpHOIO (~59—
60%): Halikpale giarHocTyBajucst KpaiiHi ¢penorunu /1P,
TOAI SIK MK CyCiHIMH cTaaisMu HenpoiideparuBroi /[P
CHOCTEpIrajiocs 4YacTKOBE MEPEKPUTTS MOKa3HUKIB. Bon-
HOYAcC TepexiJ 10 MOJUTy MalieHTiB Ha JIBI TPYIH PU3HKY
(;rerka/moMipHa potH TsHKKOT /IP) 103BOSIMB CYTTEBO MTif-
BUIIUTH TOYHICTB ITporHO3yBaHHA (10 71,9% 3a HIF-1a),
10 BIAMOBia€ KIIHIYHUM [TOTpedaM y BUAUICHHI MAIi€H-
TiB, SIKi TOTPEOYIOTH OUIBII IHTEHCHBHOIO HarIsiy (Tal.
1-3; puc. 1-3).

OtpuMaHi HaMH pe3yJIbTaTh BIANOBIJAIN Cy4yacCHOMY
ysiBJIeHHIO 1po Bich rinokcis/HIF 1o/anriorenes i merabo-
niuny niepeOynosy y citkiBui: HIF 1o aktuBye VEGF 3a-
JIKHI IUIIXH, [IEPEeJIAITOBYE CHEPIeTHUYHUN METa0oIIi3M
y Oik aHaepoOHOTO IITIKOI3Y, TIOCHITIOE CYIUHHY ITPOHHK-
HICTB 1 CIIpUsie HEOaHT0reHe3y, 110 XapaKTePU3Y€E KITF0YO-
Bi pucu nporpecii AP [9, 10, 24-26].

Hamri naHi y3ropkyBaiucst 3 OTpUMaHIMK B poOOTax,
ne Bigmivena poib HIF 1a VEGF/VEGFR2 curnaninry B
HeoaHTioreHesi 3a yMOB TilepriiikeMii Ta imeMii CITKIBKH
[25, 26], a Takoxk i3 KIHIYHUME CIIOCTEPESIKCHHIMH, IO
BKa3ylOTh Ha BHIII PiBHI TiIOKCis-acOLiHOBaHKUX Ta IPO-
aHrioreHHUX (pakToOpiB y TKAHUHAX OKA IPH IXHBOMY iIlIe-
MIYHOMY IOIIKODKEHHI [27-29].

Ha piBni mikpormpkyssinii OKTA nocmimpkenns je-
MOHCTPYIOTh TOpylIeHHs nepdysii nmOokoro Kamissp-
HOTO CIUICTEHHSI CITKIBKH, SIKI ACOILIIOIOTBCS 3 PH3UKOM
yckmagaenb [IP yxe Ha cranii momiproi HIT/IP i Oumbi
Tsoxkux 3a ICDR [7, 8, 30, 31]. V cBoro uepry, Hamii pe-
3yJIBTATH JIOTIOBHUIIH 111 JIaHi, TPOIIOHYI04YH O10XiMiuHI HO-
poru BMmicty jakrary/HIF lo y BHyTpimHbOOUHIH piauHi
SIK 1HJMKATOPH TIMOKCHYHOTO CTPECY IPU 3aCTOCYBaHHI B
KJTHIL].

3pocranns nakrary y BOP 3a cragissmu JIP € narodi-
3ionoriuno oorpynroBanuM: HIF la ingykye anaepoOHuit
DTIKOJITUYHHUN 3CYB 1 3HW)KEHHS KMCHEBO3aJIS)KHOIO Me-
Taboi3My B KIITHHAX, 1[0 TMPOSBIISETHCS HAKOTNYCHHSIM

MeTa0OJIITIB TITiKOMII3Y, BKIFOUHO 3 L makrarom [9, 10, 32,
33]. MeraboysioMHi poOOTH y MAI[IEHTIB 13 11a0CTUYHOIO
MATOJIOTIE0 3aHBOTO BiAMiTy oka Ta/ado JIMH miaTeep-
JUKYIOTB 3CYB €HEpreTHYHOTO MPO]IIIO0 Ta 3pOCTaHHS HU3-
KM TITiKOTITHYHKX iHTepMmeniatie y BOP [13, 15, 34, 35], a
TEXHIYHA MPOCTOTa EH3UMATUYHOTO BH3HAYCHHS JIAKTATY
poOUTH HHOTO MPUBAOIMBUM KaHMATOM Ha POJIb MapKepa
JUIsl pyTHHHUX JTociikeHb [20].

CyTTEBUM NMPAKTUYHUM aCIEKTOM € XapakTep KJacH-
¢ikamiiHX MOXMOOK y OararokiiacoBomy aHamizi. J{is
KpaiHiX (DEHOTHITIB BiJ3HAYEHO BHCOKY CIEIH(IYHICTD
(3okpema, mis I1/IP 3a piBHsM sakrary > 8,56 mr/mi —
98,9%), oIHAaK MPH [IbOMY Yy TIUBICTh IS I[HOTO K KJIacy
3anumianacs HU3bKow (~11,1%). Y ImpoMiIXHUX CTamisx
crocTepiranocst OUTbIT 30aTaHCOBaHE 3HUKCHHS 000X 10~
Ka3HUKIB (Tabun. 2). Takuii posnoain OyB 3aKOHOMipHUM,
aJhKe 04HI OloMapkepy BioOpaXkatoTh MOCTYNOBUI Iepe-
0ir maroJyoriuHuX 3MiH, Toi sk 1mkaiga ICDR nependadae
YMOBHHUH MOALT IILOTO OE3MePepBHOTO MPOLECY Ha OKpeMi
kareropii. [lepexin 10 yKpynHEHOro OiHApHOTO ITiIXOMy
(;terka/momipHa mpotu Baxkkoi JIP) 3abe3meunB Kparmuit
OanaHc MK YyTIHMBICTIO Ta criequdivHICTIO U1t 000X T10-
pori HIF-10, o nigBUIIUIO NMPAaKTHYHY HIHHICTH METO-
Jly JUTsl CKpHHIHTOBOT cTparudikarii pusuky nporpecii JIP.

Kuiniyne 3nadennst HIF-1o sik paHHbOTO iHAMKaTOpa
TITOKCHYHOTO CTPECy MiATBEPIDKEHE YHCICHHUMH in Vivo
Ta €X Vivo DOCTIIKEHHAMH, Ki MOKa3aju, 110 aKTHBAIIis
oci HIF-10/VEGF peryimioe cyauHHy MPOHUKHICTB 1 CTH-
MYITIIOE HEOaHTioreHe3, ToAl K ii OIOKyBaHHs 3MEHIIYE
MAaTOJIOTIYHE CYAMHHE PO3POCTaHHS Ta HAOPSK CITKIBKU
— MEXaHi3MH, IO JIeXkKaTh B OCHOBI ¢()eKTUBHOCTI Cydac-
Hoi auti-VEGF-tepamii npu JIP ta IMH [9, 10, 36]. 3
OIVIsIly HA 1€, Pe3YJIbTaTH HAIIIOTO JOCIIHKCHHs HaOyBa-
I0Th MPAaKTHYHOTO 3HAYCHHS, BKA3ylOUM Ha MOXJIMBICTH
Bukopuctants HIF-1o sk MOJEKYISIPHOTO OpieHTHpA JJIs
MEPCOHAII30BAHOTO MIAXOMY J0 BeICHHs mamieHTis i3 JIP.
CyyacHi KJIIHIYHI OTJISIIN Ta peasbHi JaHi MiATBEPIKYIOTh
KJr049oBy poub anti-VEGF-npenaparis y tepanii JIMH Ta
[TIP i HaronomIyrOTh Ha NepeBarax paHHiX BTPY4aHb MPH
Tsokkux ¢popmax HITAP [17, 37-39].

VY 11bOMy KOHTEKCTi OTpUMaHi HaMHU TOpPOTOBI piBHI
HIF-1o st iHTErpoBaHUX TPy TSKKOCTI (JIerka/momip-
Ha — 114-377 nr/mut; Baxkka — >377 nir/mit) Many 3HaYHUH
KJIHIYHUI TTOTEHITIAN [T MCHEDKMEHTY natieHTiB i3 JIP.
I3 mpakTUYHOI TOYKH 30py IIi MOKAa3HUKH MOXYTh OyTH
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BUKOPHUCTaHI JJI ONEpaTHUBHOI cTpaTudikamii pH3uKy:
BH3HAYEHH MALI€HTIB, AKi MOTPeOyIOTh MiABUIECHOI Yac-
TOTH O(TATBMOJIOTIYHUX CIOCTEPEKECHb, PAaHHBOTO Ha-
TIPaBIICHHS JI0 By3bKUX CIIEIIaJICTIB, a TAKOXK CBOEYACHOI
eckaarii tepamii — 30KpeMa, pu3HadeHHsa aHTi-VEGF-
TperapatiB ado Ta3epPHOTO JIiKyBaHHS IPH ITiATBEPIKCHH]
imeMigaux 3miH 3a gaauMu OKTA. Takuii miaxin 103Bo-
JIsi€ TIEPCOHATI3YBaTH BEICHHS XBOPHX, (DOKYCYIOUHCH HA
rpymax i3 MiIBUIIEHUM PU3UKOM IIBHIKOTO IIPOTPECyBaH-
Hf, i MOJKe OyTH IHTETpOBaHUH y KIIHIYHI aITOPUTMH pPaH-
HBOTO BTPYYaHHS IUIS 3aro0iraHHs PO3BHUTKY Mpoiidepa-
tuBHUX popm P [17, 37].

Bonnowac, Taka cTpatudikamniiiHa cTpareris Mae pos-
DIAJaTHCS Yy TO€THAHHI 3 CHCTEMHHMH TIPEIUKTOPAMHU
mporpecyBanss [P. JloBemeno, mo TpuBamicts LIJ], ce-
penHiit piens HbA lc, fioro BapiabenpHICTh Y 9aci Ta Ha-
BiTh IIBUAKICTh 3HW)KEHHS IIIKeMii CYTTE€BO BIUIMBAIOTh
Ha pHU3WK peTWHOmaTii Ta ii yckimamHenb [40-44]. Tomy
iHTerparnis ounnx Oiomapkepis rimokcii (HIF-1a, makrar)
i3 CHCTEeMHHMH TOKa3HUKaMU METaOOJIITHOTO KOHTPOIIO
CTBOPIOE OCHOBY JUISl KOMIUIEKCHOTO IPOTHO3YBaHHS PH-
3UKy mporpecyBaHHs [P, o moeaHye T0KambHi aToreHe-
TUYHI MEXaHI3MH 3 CUCTEMHUMH METaOONIYHUMH JeTep-
MiHAHTaMH 3aXBOPIOBAHHS.

OTpuMaHi pe3ynbTaTH MIOAO JIAKTATy ITiATBEPIMIH
HOTO TIePCIIEKTUBHICTH 5K JTOTATKOBOTO MapKepa TKKOCTI
JP. Bucoka cnennigHicTh MAaKCUMaJIbHUX 3HAUYEHB ITHO-
TO TOKa3HUKa, 1o Oyna 3adikcoBana mpu [1JIP, cBigumma
po HOTo TOTEHIIIITHY KOPUCHICTB sK «rule-iny» mapkepa,
TOOTO TOKAa3HWKA, SKUH MOKE JOIIOMOTTH IIiITBEPIAUTH
HASBHICTh TSDKKOi ()OPMH 3aXBOPIOBAaHHS y TAIIEHTIB i3
MiZ03pOI0 HAa IIBHJKE TPOTPECyBaHHS ab0 y BHITaIKaX,
KOJI HEMOJJIMBO MPOBECTH MOBHOLIHHHUHN OIVIAJ OYHOTO
JHA. Y [[bOMY KOHTEKCTI JIAKTaT MOXHA PO3ITIAATH SIK JIO-
KaJbHUH MeTa0OIIYHUI BIIOUTOK TIITOKCII, 10 IOITOBHIOE
HIF-1a, sxuit 6impmr npuaaTanit i OiHapHOI cTparudi-
Kallii pU3nKy y KITIHIYHIA TPaKTHUIII.

Hamri cmoctepexeHHs y3roKyloThes 3 pe3ylIbTaTaMi
CYYaCHHUX JIOCIIIKEHb, Y AKUX MTOKAa3aHO MiIBUIIICHHS PiB-
HS JaKTaTy B CHi3HIN piauHi marieHTiB i3 [1IP [45], a Ta-
KOX y po0oTax, 0 3aCTOCOBYIOTH METaOOJIOMHUH aHaTi3
BOP i cxknonoxidnoro Tima [13, 15, 34, 35, 46]. Lli npari
JEMOHCTPYIOTh IIOCIHIZOBHE 30UTBIICHHS KOHIICHTpALii
DTIKONIITHYHUX METa0OoMiTiB, 30KpeMa JaKTaTy, y Mipy
3poctaHHs TsDKKOCTI JIP, 1m0 miaTBepaKye poilb JTaKTaTy
SIK HAaJIHOTO IHIMKATOpa JOKAIHHOTO TIMIOKCHYHOTO Ta
MeTabOoJIIIHOTO CTpECY.

Takum gmaOM, HIF-lo 1 makrar BimoOpakaioTh IBa
B3a€MOIIOB’sI3aHi piBHI matoreHesy JIP: mepmmii — sk
TPAHCKPHUMIIHHUN PEryIsaTop TIiOKCHYHOI BiAIMOBII,
JIpyTHil — K MeTaOOoNIYHI MapKep iIHTEHCHBHOCTI TITIKO-
T3y. IxHe koMbGiHOBaHE BUKOPHUCTAHHSI MOXKE ITiIBUIIUTH
TOYHICTB CTpaTH(]iKalii MaIi€HTIB 32 PU3UKOM TIPOTPECY-
BauHs /[P Ta 3a6e3neunTr HOBI MOYKIIMBOCTI JJISI TIEPCOHA-
JII30BaHOTO MOHITOPHHTY 1 paHHIX BTPYYaHb.

CunpHI cTopoHH 1 oOMexkeHHs. [lepeBaroio € mapa-
JeNbHA OITiHKA JBOX MapkepiB rimokcii y BOP 3 moOymo-
BOIO KJTaCCIICIIM(ITHUX TTOPOTIB i MEPEBIPKOIO MPAKTUIHOT
OiHapm3arii, Mo MIBUINYE KIIHIYHY TPUAATHICTH TiI-
xomy. OOMeXeHHsI BKIIOUAIOTh OJHOIIEHTPOBICTH, KPOC-
CeKIIHMA nn3aifH, GOpMyBaHHS KOHTPOJIO 3 TAIi€HTIB
13 KaTapakToro (10, X0U i € 3arabHONPHHHATOIO MTPAKTH-
KOI0, yCe JK MO)Ke BIUTHBAaTH Ha ckiman BOP [47]), mox-
JUBI TIepeaHa iTHYHI BIUIMBH Ha BUMIpIOBaHHS (Yac 10
3aMOpOXKYBaHH:, YMOBH 30epiranus, BapiaOeIbHICTh MiXkK
Habopamu/cepisiMi PEaKTUBIB) Ta BIUTUB KOH(payHAEpiB
(cynyTHs TineprenHsis, Hedpomartis, TpuBanmicTs LIJI, Timi-
KEeMIYHI METPUKH), a TaKOXX HEBEJHKI MiATPYNH KpaiHix
cTajiif, sIKi MOTJIM 3YMOBHTH IIUPINI TOBipUi iHTEpPBAIH
IUTS METPHK, III0, BiAMIOBiIHO, MOTpeOye 30BHIMIHBOI Ba-
Jiganii moporiB y He3aIeKHUX KOTOPTaxX Ta B Pi3HHX Ja-
OGoparopisx.

3akaiouenHs. BcTaHOBICHO, MO BMICT IAKTaTy y
BHYTPIIIHFOOUHIH piMHI y XBOPUX Ha IYKPOBHUI miabeT
2 THIy, MOAIOHO IO ONMMCAHOTO HAMHU paHille MapKepa
HIF-1o, mocmimoBHO 3pocTae 3i 30UNBIICHHAM TSKKOCTI
niabermanoi peruHomnarii (p<0,001). Ile mixTBepmKye Tic-
HUH 3B’30K MK HAKOTTMICHHSIM METa0OIITiB IIIIKOIi3y Ta
KIIIHIYHAM TIPOTPECYBAaHHAM 3aXBOPIOBAHHA. BU3Ha4ueHO
TIarHOCTHYHI TIOPOTH BMICTY JIAKTaTy (MT/MIT) AJIs Tude-
peHmiarii craniit 3axBoproBanHs: <0,86 (BiICYTHICTH pe-
TuHoMarii), 0,86-2,92 (;merxa HII/IP), 2,93-5,35 (momipHa
HIIAP), 5,36-8,56 (tsvxka HITAP) Ta >8,56 (I1JP). Li
3HAUeHHs KOPENIOBaJIM 3 BigmoBigHmMH moporamu HIF-
lo, BU3HAUEHUMH [UTA IMi€i KOTOPTH TAaIlieHTiB. To4HICTh
TIaTHOCTHKH TPH CIPOOi PO3PI3HUTH BCi IT'SATh CTadid
BUSIBIJIACS TIOMIpHOIO 111 000X MapkepiB (~60%). Haii-
OLTBII HAMIHO imeHTH(]IKyBaIHCS KpaliHi KIIHIYHI CTaHU
(BimcytHicTh pernHomnarii/JIPO Ta I[TIP), Toxi sk Mix cy-
MDKHAMH CTafaisMu HempomideparuBHoi P cmoctepira-
JIOCSI YaCTKOBE IIEPEKPUTTS MOKA3HUKIB. JIJIsi IPaKTHYHOTO
TIPOTHO3YBAaHHS HAMOLTBI e()eKTHBHHUM € TTOILT TTAIli€HTIB
HA JIBi TPYIIH PU3HKY: 3 JIETKAM/TIOMIPHUM Ta TSHKKUM TIe-
pebirom JIP. Bukopucranus moporosux 3HaueHb HIF-la
(114-377 nr/mn ans nerkoi/moMipHOi Ta >377 1r/mim s
TsoKKO1 [IP) 103BONMITO i ABUIIUTH TOYHICTE IPOTHO3Y 10
71,9%, mo € gocTtatHIM A7 BHOOPY KIIHIYHO TaKTHKH.
Busnauenns Bmicty nannx 6iomapkepiB y BOP mae pizue
KITIiHIYHE 3aCTOCYBaHHS: BHCOKHUH piBeHH JakTaty (>8,56
Mr/mi) € cnenudivanM TectoM (98,9%) mns mimTBep-
mkenns ITJIP, Toxi sk Bu3HauenHs HIF-1lo gominbHiime
BHUKOPHCTOBYBATH ULl PAHHBOTO CKPHHIHTY Ta PO3HOILTY
TIAIIEHTIB 3a TPyHaMy PU3UKY 1 JJ TUTAaHYBaHHS HTEH-
CHUBHOCTI HAIMISAY/MiKyBaHHS. 3allpOTIOHOBaHI TOPOTH Ta
T AX0U TTOTPeOYIOTh 30BHINTHBOT BaifaIlil y MyJIBTHIICH-
TPOBHX Ta TO3MOBXKHIX TOCTI/DKCHHSAX 13 YpaxyBaHHSIM
MpeaHaTiTHIHNX YMHHUKIB 1 MOTEHIIITHNX KOH(DayHIepiB;
iarerpanis HIF lo/makrary 3 moka3HHKaMH CHCTEMHOTO
MeTabomigaoro KoHTporo Ta OKTA merpukamu imemii
CITKIBKH MOX€ TTiIBUIIUTH TPOTHOCTHYHY TOYHICTb 1 KITi-
HIYHY KOPUCHICTh MOJIeTIel IpOoTHO3yBaHHA niepediry JIP.
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ABTOpPCbLKNI BHECOK

Yci aBTOpu NpoaHanidyBany pesynsrati Ta Noroamnu KiH-
LieBUIA BapiaHT pyKonucy.

®diHaHCyBaHHSA

ABTOPW 3aaBNATb, WO Nif Yac NiArOTOBKA LbOro PyKO-
nncy He OTPUMYBANW XOAHWUX KOLUTIB, FPAHTIB YM iHLIOI Mia-
TPUMKM.

KoHdnikTu iHTepeciB

ABTOPU 3asBNSAIOTb, O BOHW HE MalOTb KOHMMIKTY iHTEp-
€ciB, KU Mir 61 BNNMHYTK Ha iXHIO OYMKY LWOAO npeamMeta
abo matepianis, onMcaHux i 06roBopeHnX y LibOMY PYKOMUCI.

BigmoBa Bia BignoBiganbHoOCTI

[Nornsan, BUCNOBMNEHi B NOAAHIN CTaTTi, € BNacHUMU, a He
odiLinHO No3uuieto ycTaHoBM abo croHcopa.

3asaBa Npo AOCTYMNHICTb AaHUX

Bci gaHi, otpumani abo npoaHanizoBaHi nig 4ac uboro o-
CNIfKEHHS, BKIOYEHI B 10 onybnikoBaHy cTaTTio.

CKOpOYEeHHsA

OP — piabeTtnyHa petuHonaris; BOP — BHyTpilWHbOOYHA
pianHa; HIMAP — HenponidepaTtnBHa OP; MNOP — nponicgepa-
TmBHa OP; U — uykposui giabet; AMH — giabetnyHunii ma-
KynsipHuin Habpsik; OKTA — onTuyHa korepeHTHa Tomorpadis
3 dyHkuieto anriorpadii; HIF-1a — rinokcis-iHgyunbensHui
dakTop-1a; VEGF — Backyno-eHgoTeniansHuin daktop poc-
Ty; PEDF — cbakTop nirmeHTHOro enitenito.
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Abstract

Objective. To evaluate the relationship between ophthal-
mic hemodynamic parameters, particularly the rheographic
coefficient (RQ), and the activity of iris neovascularization in
neovascular glaucoma (NVG) of different etiologies, as well
as to assess the prognostic value of RQ as a functional indica-
tor of ocular microcirculation.

Materials and Methods. A total of 224 eyes (224 patients)
were examined: 133 with NVG secondary to proliferative
diabetic retinopathy (PDR), 91 after ischemic retinal vein
occlusion (RVO), and 34 controls with early cataract. Stan-
dard ophthalmic examinations included intraocular pressure
(IOP), slit-lamp biomicroscopy, and assessment of iris neo-
vascularization by the Weiss scale (Stages I-1V). Rheooph-
thalmography was used to determine volumetric ocular blood

flow (RQ, %o).
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Results. Mean RQ values were 3.02 = 0.41%o0 in PDR
(hypovolemic type), 3.76 + 0.39%o in RVO (hypervolemic
type), and 3.34 £ 0.28%o in controls (normovolemic type). RQ
was significantly associated with the degree of iris rubeosis
(F(1,229)=66.6; p<0.001; =0.47; R*=0.22). Severe (Stage
1II) rubeosis was more frequent in hypervolemic-type eyes
(26.7%) compared with hypovolemic-type (2.2%). Abnormal
RQ values (<3.0 or >3.7%o) predicted higher neovasculariza-
tion activity.

Conclusions. The RQ is a reliable quantitative measure
of ocular microcirculation and an objective predictor of iris
neovascularization. Incorporation of RQ into clinical evalu-
ation enables stratification of patients according to hypo-
volemic and hypervolemic ophthalmic hemodynamic types,
thereby supporting personalized treatment planning in NVG.

Keywords:  Neovascular — glaucoma, iris  rubeosis,
ophthalmic hemodynamics, rheoophthalmography, diabetic
retinopathy, retinal vein occlusion, microcirculation, retina,
iris.

Pesome

Mema. Oyinumu 63a€M036 30K MIJC NOKAZHUKAMU
0QmManbMo2eMOOUHAMIKY, 30Kpema peoodhmanbmozpapiy-
Hum koeghiyicnmom (RQ), ma axmuenicmio Heo8acKyispu-
sayii’ patioyscku npu Heo8ackyiApHi enaykomi (HBI) pisHol
emionoaii, a makod;C BUZHAUUMU NPOSHOCMUYHY YinHicmb RO
AK PYHKYIOHANBHO20 NOKAZHUKA MIKPOYUPKYIAYIT OKa.

Mamepianu ma memoou. Oocmedgiceno 224 oka (224 na-
yienmu): 133 — 3 HBI, acoyitiosaroro 3 nponigpepamusHoro
diabemuunoro pemunonamieio (IJP), 91 — 3 HBI nicas iwe-
miunoi oknro3zii een cimxieku (OBC), ma 34 — kommponvha
epyna (nayicnmu 3 novamxogoio kamapaxmoio). Cmanoapm-
He omanbmonoeiune 06CmedtceHHs GKI0UAN0 BUMIPIOBAHHS
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eHympiunboounoeo mucky (BOT), oiomikpockonito nepe-
OHbO2O Ce2MeHma Mma OYIHKY Heo8ACKYIApU3ayii patioyicku
3a wkanoiw Weiss (I-1V cmadii). O6 emnuti 8HympiwiHb004-
HULL KpOB0ODOI2 OYIHIOBANU MemOodomM peoodmanvmozpadii 3
8U3HAUeHHAM peoepaghiunozo Koepiyicuma (RQ, %o). Cma-
MUCMUYHULL AHANI3 BKII0YA8 Henapamempudni mecmu ma
peepecitine MOOentOBAHHL.

Pesynomamu. Cepeoni snauennss RQ cmanosunu 3,02 +
0,41%o y epyni IIJ]IP (2inosonemiunuti mun), 3,76 = 0,39%o
v epyni OBC (zineposonemiunuii mun) ma 3,34 £ 0,28%o y
KOHMPONbHIll epyni  (HopmogonemiyHuii mun). Busasneno
docmosiprutl 36’5130k Midc eenuuunolo RQ ma cmynenem
neosackynspusayii  patidysxcku (F(1,229)=66,6;, p<0,001;
p=0,47; R?*=0,22). Basicka (Il cmaodis) pybeos paiidysicku
SHAYHO Yacmiule Cnocmepieanacs npu 2ineposoniemiyHOMYy
muni eemoounamixu (26,7%), wuixc npu 2inogoremiynomy
(2,2%). Bioxunenus RQ 6i0 ¢hizionociunozo dianasomny (<3,0

Introduction

Neovascular glaucoma (NVQ) is a severe secondary
form of glaucoma that develops as a consequence of isch-
emic damage to the retina and anterior segment of the eye.
The most common etiological factors are proliferative dia-
betic retinopathy (PDR) and retinal vein occlusion (RVO)
[1]. Ischemic retinal changes lead to excessive expression
of vascular endothelial growth factor (VEGF) and other
pro-inflammatory cytokines, which stimulate the develop-
ment of iris neovascularization and formation of fibrovas-
cular membranes in the iridocorneal angle, thereby impair-
ing aqueous humor outflow [2, 3].

Iris/iridocorneal angle neovascularization is a reliable
clinical marker of ocular ischemia, and its progression is
accompanied by trabecular meshwork fibrosis, synechiae,
and persistent ocular hypertension [4—6].

According to contemporary clinical research, patients
with PDR predominantly demonstrate microcirculatory
impairment associated with reduced perfusion of the cili-
ary body and choroid as a consequence of diabetic micro-
angiopathy. Such changes may be interpreted as a hypo-
volemic (previously termed hypoperfusion) hemodynamic
pattern, reflecting diminished volumetric blood filling of
the anterior uveal tract [2].

In contrast, RVO is typically associated with venous
congestion, increased vascular permeability, and impaired
venous outflow, leading to secondary ischemia of the an-
terior segment. Such hemodynamic alterations may be
interpreted as venous congestion accompanied by second-
ary ischemic stress. Chronic ocular ischemia is considered
a major trigger of ocular neovascularization in ischemic
eye diseases, including neovascular glaucoma [5]. Retinal
ischemia represents the principal pathogenic stimulus for
intraocular neovascularization and plays a central role in
the development of neovascular glaucoma, irrespective of
the underlying vascular etiology [7].

Assessment of ophthalmic hemodynamics is a critical
component in understanding glaucoma pathogenesis. Vari-
ous non-invasive techniques are used for this purpose, in-

abo >3,7%o) acoyitosanocs 3 ni08UWEHOW AKMUBHICTNIO HEO-
8ACKYIAPU3AYIIL.

Bucnosku. Peooghmanvmozcpapiunuii koeiyicum (RQ) €
HAOTUHUM KITbKICHUM NOKAZHUKOM O(mMAaibMO2EMOOUHAMIKU
Ma He3anNedCHUM NPeoUKMopoM aKMUEHOCMI HeO08ACK) -
puszayii parioyicku npu Heo8ACKVISAPHIN 2naykomi. Buxkopuc-
manns RQ y Kniniunitl npakmuyi 003680151€ cmpamuikysamu
nayicHmie 3a Munom 2eMoOUHAMIYHUX NOPYULEHD, NPOSHO3Y-
samu nepebie 3ax60PI0GANHSA MA ONMUMIZY6AMU NEePCOHANI-
306ami nioxoou 0o nikyeanns HBI iwemiunoco ma 3acmitino-
iuwemiuno20 noX00XCenHsl.

Knrouogi cnosa: neosackyispua enaykoma, pyoeos paiioyic-
Ku, opmanvbmocemMoounamixa, peoogpmanvmoepahis, diabemuu-
Ha pemuHonamis, OKI03is 6eH CIMKIBKU, MIKDOYUPKYAAYIA, Cim-
KigKa, patioysicka

cluding color Doppler imaging, laser speckle flowgraphy,
optical coherence tomography angiography, pulsatile ocu-
lar blood flow analysis, and rheoophthalmography (ROG)
[8, 9]. ROG, in particular, enables quantitative evaluation
of volumetric blood filling of the uveal tract and anterior
segment, which is especially informative in cases of isch-
emia, iris neovascularization, and secondary angle chang-
es.

Ocular perfusion pressure is regarded as a key factor in
maintaining ocular microcirculation: its reduction produc-
es hypoperfusion of the optic nerve head and ciliary body.
Impairment of vascular autoregulation leads to imbalance
between systemic arterial pressure and local blood flow,
causing the ischemia to worsen [7]. Mathematical mod-
eling confirms that even a slight increase in intraocular
pressure (IOP) can significantly reduce blood flow in the
central retinal artery [10].

Modern treatment strategies for neovascular glauco-
ma aim to control intraocular pressure while addressing
the ischemic and angiogenic components of the disease.
Transscleral laser cyclophotocoagulation (TS-CPC) re-
mains one of the earliest and most widely used methods
for pressure control in NVG, particularly in eyes with poor
visual prognosis or severe systemic comorbidities. Recent
clinical studies have demonstrated that TS-CPC performed
using slow-coagulation and micropulse techniques pro-
vides effective and sustained IOP reduction with a more
favorable safety profile compared to traditional continu-
ous-wave protocols. In addition to its hypotensive effect,
TS-CPC may contribute to partial stabilization of ocular
hemodynamics by reducing ciliary body metabolic de-
mand and improving the balance between aqueous humor
production and ocular perfusion [11,12].

Despite significant progress, the issue of standardized
evaluation of ophthalmic hemodynamics remains unre-
solved. Current clinical protocols focus primarily on IOP
reduction and angiogenesis blockade, whereas anterior-
segment hemodynamic changes — which directly influ-
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ence disease progression, prognosis, and therapeutic effi-
cacy — are often not quantified.

The use of the RQ as a quantitative indicator of intra-
ocular volumetric blood flow provides new opportunities
for stratifying patients by type of microcirculatory impair-
ment, predicting iris neovascularization activity, and deter-
mining optimal treatment strategies.

Objective. To determine the relationship between oph-
thalmic hemodynamic parameters, particularly the rheo-
graphic coefficient (RQ), and the activity of iris neovascu-
larization in neovascular glaucoma of different etiologies,
as well as to evaluate the prognostic significance of RQ
as a functional marker of microcirculatory status in these
patients.

Materials and Methods

The study was conducted in accordance with the prin-
ciples of the Declaration of Helsinki (2013). All patients
provided informed consent for participation. The study
protocol (Ne4, 2024) was approved by the Bioethics Com-
mittee of the SI "The Filatov Institute of Eye Diseases and
Tissue Therapy of NAMS of Ukraine".

A total of 224 eyes (224 patients) were included in the
study. All patients received treatment and follow-up at the
Division of Laser Microsurgery of Eye Diseases, SI “The
Filatov Institute of Eye Diseases and Tissue Therapy of the
NAMS of Ukraine”.

Based on the underlying etiology, all patients were di-
vided into three groups:

Group I (n = 133): NVG secondary to PDR;

Group II (n =91): NVG following RVO;

Group III (Control, n = 34): Patients with early-stage
cataract, matched for age and sex.

Inclusion criteria: Adults (>18 years) with a confirmed
diagnosis of secondary neovascular glaucoma associated
with proliferative diabetic retinopathy or retinal vein oc-
clusion, the presence of clinically detectable iris and/or
iridocorneal angle neovascularization, and the ability and
willingness to complete all scheduled follow-up examina-
tions.

Exclusion criteria: History of intraocular surgery with-
in 12 months prior to enrollment; ocular trauma; uveitic
glaucoma or glaucoma of other etiologies; stage IV iris or
angle neovascularization according to the Weiss classifi-
cation [4]; active intraocular inflammation at the time of
enrollment; and severe or uncontrolled systemic disease
that could interfere with ophthalmic assessment or study
follow-up.

All patients underwent a standard ophthalmic examina-
tion, including measurement of best-corrected visual acu-
ity (BCVA), IOP using a Goldmann applanation tonom-
eter, and slit-lamp biomicroscopy of the anterior segment
with assessment of iris neovascularization. In selected cas-
es, anterior segment optical coherence tomography and/or
slit-lamp photography were used to confirm the clinical as-
sessment of iris and iridocorneal angle neovascularization.

To assess volumetric intraocular blood flow (rheo-
graphic coefficient RQ, %o), rheoophthalmography (ROG)
was performed using the “Reocom” computer rheographic
complex (Ukraine, Kharkiv) according to a standard pro-
tocol [13].

The degree of iris neovascularization was graded us-
ing the classical Weiss scale (1971), which includes four
stages: Stage [ — scattered neovascular vessels located near
the pupillary margin; Stage I — neovascular proliferation
extending to the mid-peripheral iris; Stage III — a vascular
network associated with anterior synechiae and incom-
plete angle closure; Stage IV — a dense neovascular net-
work with anterior synechiae and complete iridocorneal
angle closure [4].

To ensure sample comparability, the study groups were
stratified by age, sex, duration of the underlying disease,
level of glycated hemoglobin (HbAlc), previous ophthal-
mic interventions (panretinal photocoagulation (PRP),
anti-VEGF therapy), as well as additional risk factors such
as smoking status, pseudophakia, or presence of cataract.

Statistical analysis was performed using JASP soft-
ware (version 0.18.3). The normality of quantitative data
distribution was assessed using the Shapiro-Wilk test. For
non-normally distributed variables, results were presented
as median (Me) and interquartile range [Q,~Q,]. Compari-
sons between three independent groups were performed
using the Kruskal-Wallis test, while pairwise comparisons
were carried out using the Mann-Whitney U test. The rela-
tionship between the RQ and the degree of iris neovascu-
larization was evaluated using logistic regression analysis
with calculation of B coefficient, F-statistic, and coefficient
of determination (R?). The Pearson y? test was used to as-
sess the distribution of categorical variables. Differences
were considered statistically significant at p < 0.05.

Results

A total of 224 eyes (224 patients) were included in the
study, of which 133 had NVG secondary to PDR, 91 had
NVG following RVO, and 34 constituted a control group
without ophthalmic pathology (Table 1).

Patients with NVG associated with PDR and RVO
demonstrated similar demographic characteristics (mean
age 64.2 £ 6.1 years); however, statistically significant in-
tergroup differences were identified in HbAlc, IOP, and
the RQ.

In the control group (n = 34), values of IOP and RQ
remained within physiological ranges.

The majority of patients with NVG had a prolonged
duration of the underlying systemic disease (more than 10
years in PDR, and 9-11 years in RVO), as well as markedly
elevated IOP values (>34 mmHg).

Based on rheoophthalmography, the mean RQ value
was lower in the PDR group (3.32 [2.8-4.0] %o), consis-
tent with a hypovolemic type of ophthalmic hemodynam-
ics, whereas higher RQ values were observed in the RVO
group (3.9 [3.4-4.2] %o), compatible with a hypervolemic

type.
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Table 1. Clinical Characteristics of Patients with Neovascular Glaucoma

NVG in PDR (n =133) | NVG after RVO (n=91) | Control (n = 34)

Parameter p-value
Me [Q,-Q:], n (%)

Age, years 65 [62-68] 63 [61-66] 63.5 [60—66] 0.284
Sex, m/f, n (%) 62 /71 (46.6/53.4) 50/41 (54.9/45.1) 13/21(38.2/61.8) -
BCVA 0.02 [0.03-0.04] 0.02 [0.03-0.06] 0.910.7-1.0] <0.001
RQ (%o) 2.8[2.2-3.71] 4.0 [3.59-4.8] 3.3[3.3-34] <0.001
Intraocular pressure, mmHg 36 [33-39] 34 [33-40] 15 [14-17] <0.001
Duration of underlying disease, 132 [84-168] 15 [12-18] _ 0672
months
HbA1c, % 7.4 [6.9-8.8] 4.3 [3.8-4.7] 4.4[4.0-4.8] <0.001
PRP / anti-VEGF, n (%) 39 (29.3) 30 (32.9) - 0.514
Smoking, n (%) 34 (25.6) 24 (26.4) 9 (26.5) 0.992
Cataract / pseudophakia, n (%) 60 (45.1) 41 (45.1) 15 (44.1) 0.986

Note: Continuous variables were compared using the Kruskal-Wallis test; categorical variables using Pearson’s y>-test. Data
are presented as median (Me) and interquartile range (Q,—Qs), as most variables did not follow normal distribution (Shapiro—

Wilk test, p < 0.05).

Abbreviations: NVG — neovascular glaucoma; PDR — proliferative diabetic retinopathy; RVO — retinal vein occlusion; RQ —
rheographic coefficient (according to reoophthalmography); HbA1c — glycated hemoglobin; PRP — panretinal photocoagula-

tion.

The data presented in Table 1 illustrate the clinical
characteristics of patients with NVG of varying etiology,
demonstrating that older patients with elevated IOP and
long-standing systemic disease exhibit more pronounced
alterations in ophthalmic hemodynamics. The observed
differences in RQ values between etiological groups in-
dicate distinct hemodynamic characteristics, potentially
reflecting differences in the underlying pathogenic mecha-
nisms in NVG associated with PDR and RVO.

To further clarify and standardize hemodynamic pat-
terns, three primary ophthalmic hemodynamic types were
identified based on the RQ index, reflecting the key patho-
physiological mechanisms of microcirculatory impairment
in NVG (Table 2).

Comparison of the incidence of severe (Stage III) iris
rubeosis between groups demonstrated a statistically sig-
nificant difference (y* = 18.47; p < 0.001).

The level of active neovascularization increased pro-
portionally with the degree of hemodynamic imbalance,
confirming a close relationship between ophthalmic hemo-
dynamics and angiogenic activity of the anterior segment.

In the group with NVG associated with diabetic reti-
nopathy, the hypovolemic hemodynamic type predomi-
nated (62 % of eyes), characterized by reduced volumetric
blood filling of the ciliary body and ischemic alterations of
the anterior segment. In this subgroup, Stage I-II rubeosis
prevailed in 78.3 % of cases, whereas severe (Stage III)
rubeosis was observed in 21.7 %, reflecting an ischemic
but not congestive microcirculatory pattern.

In NVG secondary to retinal vein occlusion, the hy-
pervolemic type with venous stasis predominated (80 %
of eyes), accompanied by increased vascular permeability

and secondary ischemia. Severe (Stage III) rubeosis oc-
curred in 30.8 % of cases, which is approximately 1.5 times
higher than in the PDR-associated NVG group. Thus, the
hypervolemic hemodynamic type is associated with more
intense angiogenesis and a more severe clinical course.

In the control group (34 eyes), ophthalmic hemody-
namic indices corresponded to the normovolemic type
(RQ =3.1-3.6), with no signs of rubeosis.

Univariate regression analysis confirmed a significant
association between the rheographic coefficient (RQ) and
the degree of iris rubeosis according to Weiss.

The model was statistically significant: F (1,229) =
66.595; p < 0.00000; B = 0.47; t (229) = 8.16; R = 0.22;
standard error = 0.76; Durbin—Watson coefficient d = 1.40,
indicating model stability and absence of autocorrelation.

A decrease in RQ below 3.0 %o or an increase above
4.0 %o was significantly associated with higher frequency
of Stage II-III rubeosis (p < 0.001).

This confirms that pronounced hemodynamic abnor-
malities—both hypovolemic and hypervolemic types—
stimulate pathological iris neovascularization.

Three hemodynamic types were identified, reflecting
distinct mechanisms of microcirculatory disturbance:

* Hypovolemic type (RQ < 3.0) — predominant in
NVG associated with DR; characterized by ciliary body
hypoperfusion and ischemic microcirculation.

* Hypervolemic type with venous stasis (RQ > 3.7)
— typical for NVG after RVO; reflects venous overload,
increased vascular permeability, and secondary ischemia.

» Normovolemic type (RQ =3.1-3.6) — corresponds to
physiological ophthalmic hemodynamics and was charac-
teristic of the control group.
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Table 2. Types of Ophthalmic Hemodynamics (according to RQ Index) and Frequency of Iris Rubeosis in Neovascular

Glaucoma of Different Etiology

n Iris rubeosis
Grou (eyes) (Weiss Predominant RQ type, Clinical context Pathophysiological
P {/ ’ | classification), range, %o characteristics
° n (eyes)
Stage 127 Reduced volumetric blood filling
71 Stage 2 — 21 Hypovolemic < 3.0 H.ypov_olemllc type in gf the qhary body, hypoperfu3|_on,
(62%) diabetic retinopathy ischemic changes of the anterior
NVG Stage 3 -23
segment
associated
with PDR Stage 1-18 Variable hemodynamic _
(115 eyes) ZZ Stage 2 -7 Hypervolemic > 3.7 responses in diabetic Venous congestlon., increased
y (23%) . vascular permeability
Stage 3-2 angiopathy
17 _ . _ Controlled perfusion Physiological ophthalmic
(15%) Stage 1 -17 Normovolemic 3.1-3.6 state hemodynamics
Stage 1-8 . . .
1% Stage 2 - 1 Hypovolemic < 3.0 Secondary |schem|§ Redu_ced perfgspn pressure,
(13%) Stage 3— 3 after venous occlusion |impaired arterial inflow
NVG
following 73 |Stage 1-34 . Hypervolemic type in | Venous overload, impaired
RVO (91 (80%) Stage 2 - 14 Hypervolemic > 3.7 RVO outflow, secondary ischemia
eyes) Stage 3-25
6 . Transitional . . .
(7%) Stage 1-6 Normovolemic 3.1-3.6 compensation Physiological hemodynamics
C;r;trol 34 No rubeosis Normovolemic 3.1-3.6 | Healthy eves Optimal balance between arterial
?34 epyes) (100%) | (0%) T yey inflow and venous outflow

Abbreviations: NVG — neovascular glaucoma; PDR — proliferative diabetic retinopathy; RVO - retinal vein occlusion; RQ —

rheographic coefficient (according to reoophthalmography).

Discussion

The obtained results indicate that the rheographic coef-
ficient reliably reflects the nature of hemodynamic altera-
tions in NVG of different etiologies. In patients with NVG
associated with PDR, the mean RQ value was 3.02 = 0.41
%o (median 3.0 [2.8-3.4] %o), consistent with a hypovo-
lemic type of ophthalmic hemodynamics. In contrast, in
patients with NVG following retinal vein occlusion, RQ
values were significantly higher and exceeded normative
ranges (3.76 = 0.39 %o; median 3.8 [3.5—4.0] %o; p<0.001),
corresponding to a hypervolemic type of ophthalmic cir-
culation.

Intergroup analysis (Kruskal-Wallis test) revealed a
statistically significant difference (H = 45.28; p < 0.001).
According to Dunn’s post-hoc test, the RQ in PDR-
associated NVG was significantly lower than in controls
(p < 0.001), while in RVO-associated NVG the RQ was
significantly higher compared to both the control and DR
groups (p <0.001).

Univariate regression analysis confirmed a statisti-
cally significant association between RQ and the degree
of iris rubeosis according to Weiss (F(1,229) = 66.595;
p<0.00001; B = 0.47; R? = 0.22). The Durbin—Watson co-
efficient (d = 1.40) indicated the absence of residual auto-
correlation. The frequency of severe (Stage III) rubeosis
was significantly higher in the hypervolemic hemody-

namic type (26.7 %) observed in RVO patients, whereas in
the hypovolemic type, characteristic of PDR, Stages I-II
predominated (97.8 %).

These findings are consistent with pathophysiologi-
cal models of ischemic disorders [5, 7]. In RVO patients,
the predominant congestive-ischemic profile (RQ > 3.7)
was associated with a higher incidence of severe rubeosis,
likely due to venous overload and secondary hypoxia of
the ciliary body. In contrast, in PDR patients, the hypovo-
lemic type (RQ < 3.0) was associated primarily with Stage
I-1I rubeosis, reflecting an ischemic microcirculatory dis-
turbance. These observations align with the classical de-
scriptions by Weiss (1978), where the degree of rubeosis
is interpreted as a clinical indicator of ischemic burden in
the anterior segment.

Furthermore, experimental-morphological studies by
Tektas & Liitjen-Drecoll (2009) demonstrated that pro-
longed hemodynamic disturbances induce remodeling of
the trabecular meshwork, increased vascular resistance,
and sustained elevation of IOP, which corresponds to our
findings in both PDR and RVO groups [14].

In our previous study [15], we demonstrated that af-
ter diode TS-CPC in NVG patients, the RQ normalized
from 2.9 + 0.4 to 3.3 £ 0.3%o, with a 31% reduction in
IOP, confirming the prognostic value of this parameter. A
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similar trend was reported by Chechin et al. (2018), where
improved ophthalmic hemodynamics was associated with
long-term IOP stabilization [16].

Thus, the RQ is not merely a “momentary” indicator of
perfusion, but a functional marker of microcirculation that
reflects long-term structural and functional consequences
of impaired blood flow [17, 18]. Deviation of RQ beyond
the physiological range (<3.0 or >3.7%0) may serve as
an objective predictor of neovascularization activity and
treatment effectiveness. Neural network modeling has also
shown that baseline hemodynamic parameters, including
RQ, may serve as independent predictors of treatment suc-
cess in NVG patients with diabetes. This study emphasized
that microcirculatory status significantly affects long-term
therapeutic outcomes, and its quantitative assessment im-
proves the accuracy of NVG prognosis [19].

Thus, the proposed concept of functional monitoring
of ophthalmic hemodynamics aligns with current trends
in personalized ophthalmology. The results of the present
study demonstrate that quantitative assessment of RQ al-
lows stratification of patients according to hemodynamic
type, prediction of iris rubeosis severity, and evaluation of
treatment efficacy.

The obtained regularities are consistent with funda-
mental principles of microcirculation, which emphasize
that hypoperfusion and venous congestion represent key
mechanisms of angiogenesis in ischemic processes [20].

To conclude, NVG results from the interaction of isch-
emic, angiogenic, and hemodynamic mechanisms that
form a pathological feedback loop.

The RQ, obtained by rheoophthalmography in patients
with NVG (associated with diabetic retinopathy or retinal
vein occlusion), a significant deviation of RQ from the
physiological range (3.1-3.6%0) is observed, indicating
profound disturbances in the perfusion of the ciliary body.

Based on RQ values, three pathogenetic types of ocular
hemodynamics were identified: Hypovolemic type (RQ <
3.0) — characteristic of NVG associated with proliferative
diabetic retinopathy, reflecting ischemic hypoperfusion;
Hypervolemic type (RQ > 3.7) — typical of NVG follow-
ing retinal vein occlusion, linked to venous congestion and
secondary ischemia; Normovolemic type (RQ 3.1-3.6) —
corresponds to physiological ocular blood flow.

These types reflect different mechanisms of neovascu-
larization and explain the variability in the clinical course
of NVG.

Critical RQ thresholds (<2.8 or >4.0) were associ-
ated with a higher frequency of Stage II-III rubeosis (*
= 18.47; p < 0.001). The highest rate of severe rubeosis
(45.0%) was observed in the hypervolemic type, whereas
in the hypovolemic type, Stage I-II forms predominated
(42%).

Univariate regression analysis (F (1,229) = 66.6; p <
0.00001; B = 0.47; R* = 0.22) demonstrated that RQ is an
independent predictor of neovascularization activity and
the degree of ischemic involvement of the iridocorneal an-

gle. RQ values below 2.8 or above 4.0 ma y be used as ob-
jective criteria for stratifying the risk of NVG progression.
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Kopensuia cTpykTypHUX i hyHKLiOHaNbHUX NOKa3HUKIB Ta 1i AMHaMIiKa
y XBOPMX Ha NMporpecyrody Ta ctabinizoBaHy nepBUHHY

BiAKPUTOKYTOBY rriayKomMy

ManyeHnko M. B., o-p mea. Hayk, npocecop; MoHvapb O. M., kaHa. med. Hayk;
Manyvenko I 0., kaHg. men. Hayk; KiTyeHko I. B., acnipaHT

XapKiBCbKkWiA HaLioHanbHWU meauyHun yHiBepcuteT MO3 Ykpainm, Xapkis (YkpaiHa)

Structure-function correlations and their temporal dynamics in patients with
progressive versus stable primary open-angle glaucoma

Panchenko M. V., Honchar O. M., Panchenko H. lu., Kitchenko I. V.

Kharkiv National Medical University, Ministry of Health of Ukraine, Kharkiv (Ukraine)

Pesiome

Mema. Buguenns kopensyii cmpykmypHux i QyHKYIOHAb-
HUX NOKA3HUKIE Ma i OUHAMIKU Y XGOPUX HA NPO2PeCYIOUy md
cmabinizoeany nepeuHHy GIOKpUMOKYmogy 2iaykomy 3a 0a-
numu OKT ma cmamuunoi xomn romepHoi nepumempii.

Mamepian ma memoou. Ilposederno ob6cmedicents i MOHi-
mopune 193 nayienmisg (338 oueii). B 64 ouax diacnocmosana
npenepumMempuuna 2naykoma, 6 274 — nepumempuyna nep-
sunna siokpumoxymosa enaykoma (IBKT). Tepmin cnocme-
pedicennss — 70,6 micaysa. /Junamixa Kopenayii cmpykmypHux
i hynKyioHanbHUX NOKA3HUKIE docaiodcena 6 248 ouax. [lepe-
oie TIIBKT" (npoepecyrouuil ma cmabinizoeanui) 6usHa4aeécs
npoma2oM mepminy CHOCMEPEdCeH s 3d OUHAMIKOIO cepeo-
Hb020 GiOXUNEeHH: ceimaodymausocmi MD.

Pesynomamu. Ilpu nepwomy obcmedicenni y X@opux Ha
IIBKT écmarosneno cepednvoi cunu npamuili KopeasyitiHuil
38'a30k mioe MD i 6inbwicmio cmpyKmypHux NOKA3HUKIE
(RNFL, Inf; 7/5, NFL). Miow MD ma GCC npamuii kopens-
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yitiHuil 38’30k 6ye cradkuu (r=0,2834, p<0,05). Ilpu cma-
oinizosaniu enayxomi mioe MD ma GCC giomivascs npsamuil
Kopensyitinuil 36’130k cepednvoi cunu (r=0,3976, p<0,05), a
npu npoepecyrouii IIBKI" — caabkuii (r=0,2506, p<0,05).
Mise NFL ma GCC npu cmabinizosanomy nepebizy IIBKT 6u-
3HAYABCS CUNbHULL npamuti Koperayitinuil 36’30k (r=0,7069,
p<0,05), a npu npoepecyiouomy nepebicy — cepednvoi cuiu
(r=0,6235, p<0,05). 3a uac cnocmepesxicens npamuil Ko-
pensayitinui 38’130k mioe MD ma GCC npu npoepecyiouiti
1IBKT 3pic 3i cnabkoeo (r=0,277, p<0,05) do cepednvoi cunu
(r=0,4136, p<0,05), mioww NFL ma GCC — 3pic 3 cepedonvoi
cunu (r=0,6242, p<0,05) oo cunvnoeo (r=0,7056, p<0,05).
Ilpu cmaébinizosanomy nepebicy INBKI ecmanoeienuii npu
nepuiomy obcmedtcenti cepeOHbOi CUnu NPAMULL KOperAyitiHuLl
36's30x misie MD ma GCC (r=0,3655, p<0,05) 6 ounamiyi
cmasg giocymuim (p>0,05).

Bucnosku. V xéopux na I1BKI ¢iomivaemvcs npsmutl Ko-
PeNAYIUHUL 38'130K MIdHC CepeOHiM BIOXUIEHHAM C8IMIouym-
ausocmi MD i ecmpykmyprumu noxasnuxamu 3a oanumu OKT,
npuUMoMy Haubitbul cunbHull — npu opyeili cmadii 2nayko-
Mmu (30kpema, cepednvoi cunu mise MD ma GCC (r=0,4989,
p<0,05) ma mise MD ma NFL (r=0,3905, p<0,05). IIpu cma-
obinizosanomy nepebiey IBKT 6y6 Oinbuu cunvhutl npsimuil Ko-
penayitinuil 36 130K Midic PYHKYIOHANbHUMU A CIPYKNTYPHU-
Mmu nokasHukamu (30kpema mioe MD ma GCC — cepeonvoi
cunu (r=0,3976, p<0,05), mioe NFL ma GCC — cunvhuil
(r=0,7069, p<0,05), 6 nopiensnHi 3 npocpecyouum nepe-
oicom enaykomu (miow MD ma GCC — cradxuii (r=0,2506,
p<0,05), misce NFL. ma GCC — cepeonvoi cunu (r=0,6235,
p<0,05). B ounamiyi npu npozpecyouitl 2naykomi cuia Kkope-
JAYIUHO20 36 S13KY MINC (PYHKYIOHANHUMU MA CIPYKIYPHU-
MU ROKAZHUKAMU 3a 4AC CHOCMEPEANCeH S 30INbUNACH, d NPU
cmabinizosaniti [IBKI' — 3menwunacey (30xkpema, npsamuil
Kopenayitnui 36’30k mioe MD ma GCC npu npoepecyrouitl
TIBKT 3pic 3i cnabkoeo (r=0,277, p<0,05) do cepednuvoi cunu
(r=0,4136, p<0,05), a npu cmabinizosaniii [IBKI"— 3 cepeo-
uvol cunu (r=0,3655, p<0,05) 6 ounamiyi cmaeg i0cymuim,).
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Kniouosi cnoea: enayxoma, nepsunna 6iOKpumoxymosa,
maryna/namoghizionoeis;,  30poeuil  Hepe/namoghizionozis,
21ayKOMA, NEPBUHHA BIOKPUMOKYMOBa/namogizionozis,; 2na-
yKOMA, NepeUHHA BIOKPUMOKYMo8a/ diacHOCMUKA.

Abstract

Purpose: To examine structure-function correlations and
their temporal dynamics in patients with progressive primary
open-angle glaucoma (POAG) versus stable POAG based on
optical coherence tomography (OCT) and static automated
perimetry.

Material and Methods: We examined and followed up
193 patients (338 eyes). Of 338 eyes with glaucoma, 64 had
preperimetric glaucoma and 274 had perimetric glaucoma.
Patients were followed up for an average of 70.6 months. Dy-
namics of structure-function correlations was analyzed in 248
eyes. Each study eye was assessed as to whether the disease
course was progressive or stable based on mean deviation
(MD) dynamics over the follow-up.

Results: At baseline, in a total sample of patients with
POAG, there was a moderate positive correlation between
MD and most examined structural parameters (average
thicknesses in the retinal nerve fiber layer [RNFL], inferior
RNFL, 7/5 clock hour sector, and macular nerve fiber layer
[mNFL]). MD was positively weakly correlated with ganglion
cell complex (GCC) thickness (r = 0.2834, p < 0.05). MD
was positively moderately correlated with GCC thickness (r
=0.3976, p < 0.05) in eyes with stable POAG, and positively
weakly correlated with it (r = 0.2506, p < 0.05) in eyes with
progressive POAG. Additionally, mNFL thickness was posi-
tively strongly correlated with GCC thickness (r = 0.7069, p
< 0.05) in eyes with stable POAG, and positively moderately
correlated with it (r = 0.6235, p < 0.05) in eyes with progres-
sive POAG. In progressive POAG, a positive correlation be-

Betyn

[maykoma, GararodaxTopHa i mporpecyoda OnTHIHA
HeWporiaTis, € OCHOBHOIO IPHYMHOI0 HE3BOPOTHOT CJIINO-
TH Ta IPOBIJHOIO 32 PO3MOBCIOKEHICTIO NPUYMHOIO CJli-
moTHu y cBiti [1].

BuBueHHs Kopensmid cTpyKTypud 1 (YHKINT BKpait
B&KIIMBE UISl PO3YMIHHS MPUPOIH INIAYKOMAaToO3HOTO IIO-
IIKO/DKCHHS Ta YKPIIUICHHS OCHOBH JUISl JIarHOCTUYHHX
pimrens. OxHaue HAsIBHI HA CHOTOMHIIIHIN ACHB JOKa3H HE
HA/IAI0Th YiTKOi 1 OJHO3HAYHOT OCHOBH, siKa O BimoOparkaya
XapakTep B3a€MO3B’SI3KY CTPYKTYPHHUX i (DYHKLIOHATEHHX
3MiH [2]

JocmikeHHsT B3a€MO3B’SI3KY CTPYKTYPHHUX Ta (yHK-
IOHAJFHUX 3MiH TIPU NEPBUHHIN BiTKPUTOKYTOBIH Tia-
ykomi (ITBKT') BaykTBO AJIS OI[IHKK BaYKKOCTI 3aXBOPIO-
BaHHS 1 PO3YMIiHHSA TPUPOTHOTO Tepediry raaykomu |3,
4]. KaiHiuHi ZOCTIHKSHHS 3MiH CTPYKTYPH 1 QYHKIIT IpH
[IBKT" moxka3anu BHCOKY BapiaOeNbHICTh MiX IOIBMH,
OKpIM TOTO BOHU ITOKA3aJIM MOJKIIUBY IMCOLIALII0 CTPYK-
TypHUX Ta PYHKIIOHATFHUX 3MiH [3].

JocnimkeHHsIME Py aBTOpPIB TMOKa3aHa HasBHICTH
KOPEJSLIHHOTO 3B 53Ky Mi’K NMOKa3HHKaMH CBITJIOYYTIIH-

tween MDD and GCC thickness changed from weak (r = 0.277,
p < 0.05) to moderate (r = 0.4136, p < 0.05), whereas a posi-
tive correlation between mNFL thickness and GCC thickness
changed from moderate (r = 0.6242, p < 0.05) to strong (r =
0.7056, p < 0.05) over the follow-up period. In stable POAG,
MD was positively moderately correlated with GCC thickness
at baseline (r = 0.3655, p < 0.05), and was not correlated
over the follow-up (p > 0.05).

Conclusion: At baseline, in a total sample of eyes with
POAG, there was a positive correlation between MD and
structural OCT-based parameters, with the strongest correla-
tion (moderate correlation between MD and GCC thickness
[r=0.4989, p < 0.05] and between MD and mNFL thickness
[r = 0.3905, p < 0.05]) found in eyes with stage 2 POAG.
Stronger positive structure-function correlations were found
in eyes with stable glaucoma (e.g., a moderate correlation
between MD and GCC thickness [r = 0.3976, p < 0.05] and
a strong correlation between mNFL thickness and GCC [r =
0.7069, p < 0.05]) compared to eyes with progressive glau-
coma (a weak correlation between MD and GCC thickness
[r=0.2506, p < 0.05]) and a moderate correlation between
mNFL and GCC thickness [r = 0.6325, p < 0.05]). The
strength of structure-function correlation increased over the
follow-up period in eyes with progressive glaucoma, and de-
creased over the follow-up period in eyes with stable glau-
coma. In progressive POAG, a positive correlation between
MD and GCC thickness changed from weak (r = 0.277, p <
0.05) to moderate (r = 0.4136, p < 0.05), whereas in stable
POAG, MD was positively moderately correlated with GCC
thickness at baseline (r = 0.3655, p < 0.05), and did not cor-
relate with it at the final follow-up (p > 0.05).

Keywords: glaucoma, primary open-angle glaucoma,
macular pathophysiology, optic nerve pathophysiology, pri-
mary open-angle glaucoma pathophysiology, primary open-
angle glaucoma diagnosis.

BOCTI CITKIBKH (IIpH repumeTpii 3a nporpamoto 10-2 [5—
9], 3a mporpamoro 24-2 [9, 10, 11], 3a nporpamoro 30-2
[8, 12, 13, 14]) Ta TOBIIMHO MaKyJISIpHOT CITKiBKH [7, 9],
MaKyJIsIpHUM 00’ eMoM [ 14], TOBIIMHOIO NepUNaniIIpHAX
HEPBOBUX BOJIOKOH [9—13, 15] i TOBIIMHOIO TaHIITIO3HUX
KIIITHH CITKIBKH B Makydqi [5, 6, 8,9, 10, 12, 15] y xBopux
3 NMEPBUHHOIO BIJIKPUTOKYTOBOIO TJIAyKOMOIO, 3 TAKOXK y
MAIIEHTIB 3 HOPMOTCH3UBHOIO IIIayKoMoro [16].

3a manmmu Akar S. et al. (2023), Lee JW, et al. (2017),
HasIBHUH KOPEJSIIIMHUI 3B'A30K IMOMIPHOT CHIIM MiX
(yHKIIIOHAIEHUMH TIOKa3HUKAMHU MaKyJd (32 JaHUMH Mi-
kponepumetpii [17] Ta mepumerpii 3a mporpamoro 10-2
[17, 18]) Ta CTPYKTYpHHMH HOKAa3HUKAMU — TOBIIMHOIO
Iapy NepUNanuIIpHAX HEPBOBUX BOJIOKOH CITKiBKH [17]
1 IIapy raHnIio3HUX KIITHH CiTKiBKH [17, 18].

JocnigHUKaMHu TIOKa3aHa HAsSBHICTh KOPEIIiIHO-
TO 3B 513Ky MK KyTOBOIO INMPUHOIO J€(EKTiB TOBIIMHU
mapy nepunaniusipaux HepBoBux BosnokoH (RNFL) Ta
CepenHiM BimXWieHHIM cBiTIogyTmBocTi (MD) [3] i
TSOKKICTIO Taykomu [19]. OgHak BHCHOBKH 3 JaHUX JI0-
CJII/DKEHb CTOCYIOTHCSI TUIBKM MAli€HTIB 3 OJUHUYHUMHU
nedexramu RNFL Ta pannimu cranismu riaykom [3].
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[Ipu mpoMy B niTepaTypi HaBeICHI TaKOX CYTTEBO
BiIMIHHI 1 HaBITh IPOTWICKHI JaHHI. Tak, 3TiqHO TOCITi-
mxerrsM Hondur G. et al. (2023) [20], M)k TOBIIHHOIO
mapy TEpUMANUIPHIX HEPBOBUX BOJOKOH 1 TOKa3HH-
KaMU{ TIOJS 30pY KOPEISIiHHIA 3B'SI30K B 04ax 3 eKco-
JIATUBHOIO TIIAYKOMOIO BIICYTHIH (X04Ya MiK TOBITHMHOIO
mIapy TaHTTIO3HUX KIIITHH CITKIBKH 1 MIOKa3HUKAMHU OIS
30py BiH MIOMipHOI CHJIH).

A 3a manumu Celik G. et al. (2025) [21], HE cmocTe-
piramocsi KOpenamiiHoI 3aJeKHOCTI MK CTPYKTYPHUMH
MTOKa3HUKaMH (TOBIIMHOIO Mapy MEPUTIATIIPHIX HEPBO-
BHX BOJIOKOH, TOBIMHOIO IApy TaHTIIO3HUX KIITHH CiT-
KiBKH) Ta (QyHKITIOHATHHUMH (CEPEIHE BiAXUICHHS CBIT-
nmouyTBocTi MD), 10 BU3HAYAIOTHCS TIPU CTAaHAAPTHIN
CTaTWYHIA mepuMmeTpii 24-2, y MAaIli€eHTiB 3 TpenepuMe-
TPUYIHOIO ITIayKOMOIO.

TToomMHOKMMH [TOCHIIKEHHAMH ITOKa3aHa HasABHICTH
KOPEISIIMHOTO 3B'3Ky MK KOHTPACTHOIO YYTIHBICTIO
CITKIBKHM Ta TOBIIMHOIO IApy MEPUITANUIIPHAX HEPBOBHUX
BOJIOKOH 1 KOMIUIEKCOM TaHTJIIO3HUX KJITHH CITKIBKH Y
xBopux Ha [IBKT [22], a Takok MiX ITOKa3HUKAMH EJIeK-
TpopeTHHOTpadii Ta TOBIMIMHOIO KOMIUIEKCY TaHTITIO3HIX
KIIITHH CITKIBKH y 0cCi0 3 Mmizo3poro Ha rmaykomy [23] Ta
TOBIIMHOIO IIapy MEPUIAMUIIPHAX HEPBOBUX BOJIOKOH CiT-
KIiBKH Y MAII€HTIB 3 TOYaTKOBIMH CTaIiIMU TIIayKOMH [24].

JocnimKkeHHIO AMHAMIKHA KOPEJSIIIIHHNAX 3B’ A3KIB MiXkK
(YHKI[IOHAJIEHIMH Ta CTPYKTYPHHMH TOKa3HUKAMU TIPH-
CBsUeHI onuHUYHI pobotn. Tak, Mohammadzadeh V. et
al. (2020) [25] BusBmmu cmabkuii abo cepemHbOi CHITN
KOPENAMIHHNN 3B'I30K MK MIBHAKOCTSIMH 3MiH CTPYK-
TYypHUX Ta (DYHKIIOHAIBHUX TOKA3HUKIB MaKymu (TIpOTsI-
TOM TPHOX POKIB UM OiNIBINIE) y MAII€HTIB 3 IIAyKOMOIO,
1o TpuiMaiy y9acts B qociimkeHHi AGPS. [Tpu npomy
Bollinger O. et al. (2023) [15] He BUSBHIN TOCTOBIpHHIX
3MiH B KOPEJAIil MPOTATOM OJHOTO POKY MK CepenHiMm
BIIXIJICHHSM CBITIOUYTIAHBOCTI MD Ta TOBIIHHOIO MIapy
TIEPUITATUTIPHIX HEPBOBUX BOJIOKOH 1 MIapy TaHIIIIO3HIX
KIIITHH ciTKiBKU B o4ax 3 [IBKT.

Taxox HEOOXiTHO BpaXxOBYBAaTH, 10, 32 JAHUMH JIiTe-
parypu, Taki Gaxropu, K popma HOBEOTSIPHOT IMKH, KyT
HaXWITy Bici poBea—IHCK, pO3TalIyBaHHI CKPOHEBOTO II1Ba
Ta iH., MOKYTh BIUINBAaTH Ha CTPYKTYPHO-(PYHKIIOHATBHI
Kopesii [26, 27]. JlaHuX Mpo KOpeNsIiiHi 3B’ I3KA MiXK
CTPYKTYPHHMHU Ta (YHKIIOHAJIbHUMH ITOKa3HUKAMH Ta iX
QUHAMIKY TIpH Tporpecyrodiil Ta cradimizosaniit [IBKI B
JMOCTYTIHIN JTiTepaTypi MU HE 3yCTPiIH.

Merta pociaigikeHHsi. BUBYCHHS KOpemAImil CTpPyK-
TypHUX 1 (DYHKIIIOHANBHHAX TOKA3HUKIB Ta i IWHAMIKA
Yy XBOPHUX Ha IMPOTpPECyrouy Ta CTa0ilni30BaHy MEPBUHHY
BIJKPUTOKYTOBY IJIayKOMY 3a JAaHUMH OIITHYHOI Kore-
pentrOi Tomorpadii (OKT) Ta cratrmaHOi KOMIT TOTEpHOL
mepuMeTpii.

Marepian i metogm

Beboro mpoBesneHo oOcrexxeHHS 1 MOHiTOpHHT 193
nanienTiB (338 oueit), 3 HuX yoiosikiB 78 (40,4%), xi-
HOK 115 (59,6%), Bikom Bin 40 1o 88 pokis. CepenHiii Bik
ckianas 62,8 poky. B 64 ouax miarHoctoBaHa mpenepu-

MeTpHUYHa IIaykoma, B 274 ouax — nmepumerpryaHa [IBKT.
[epmra crazis TiaykoMu giarHOCTOBaHA B 145 owax, apy-
ra—B 74 odax. B 55 ouax BuzHaueHa Tpets crasis [IBKT.

Tepmin ciocTepexeHHs cknanas Bif 12 mo 185 wmics-
uiB. CepenHiit TepMiH ciocTepekeHHs ckianas 70,6 Mi-
cam. JlmaaMika KOpemsIii CTPYKTYPHHX 1 (yHKIIOHATb-
HHUX MMOKAa3HUKIB JOCHIUKeHa B 248 ouax.

[Tepe6ir [IBKT (mporpecyrounii Ta cTadimi3oBaHuii) y
BCiX 0YaX BH3HAYABCS MPOTITOM TEPMiHY CITOCTEPEIKEHHS
3a IMHAMIKOIO CEPEIHBOTO BiIXUICHHS CBITIIOUY TIIMBOCTI
MD. Tlporpecyroda TiraykomMa JiarHOCTOBaHa B 227 odax;
B 111 ouax BcraHoBieHa ctabimizoBana [IBKT.

KputepissmMu BKITIOUSHHSI OyaM TOPOCIi YONOBIKK Ta
JKIHKH 3 IEPBUHHOIO BIIKPUTOKYTOBOIO TJIAYKOMOIO.

KputepissMmu BUKITIOUEeHHS OyiHM: HAasSBHICTH ITOMYT-
HiHb CEPENOBHI] OKa, IO MEPEHIKOIKAIN IPOBEICHHIO
OKT Ta xoMI’IOTepHOI MepUMeTpii, BikoBa AeTeHepallis
MaKyJIH, peTHHONATIii, XOpiopeTHHaNbHI pyOIl, amomio-
Tisl, MIOTIisl BUCOKOTO CTYTICHS, HEKOMIIEHCOBaHA apTepi-
aJbHA TIEePTeH3isd, HEeKOMIICHCOBaHHN I[yKPOBHH Iialer,
3aXBOPIOBAHHS CIIOMYYHOI TKAHWHU, HASIBHICTH B aHAMHE-
31 OpyIIeHb KPOBOOOITY B CYAMHAX CITKIBKH, 4eTBEpTa
CTaisl IVAyKOMH, HAsABHICTh 3arajJlbHUX 3aXBOPIOBaHb,
mo mepemrkomkamn nposeneHHo OKT ta xomm totepHOT
MePUMETpii, OTepaTUBHI BTPYYaHHA Ha OYHOMY SOMYII,
3a BUHATKOM HEYCKJIQIHEHHX OTepamniil 3 MpUBOIY Kara-
pPaKkTH Ta TIAyKOMH B TEPMiH OibIIe MIECTH MICSIIB 10
BKJTFOUEHHS B JTOCITIDKEHHS [5].

OOCTex)eHHA BKIIIOYANIO 3aralbHONPUHHATI odTasb-
MOJIOTI9HI METOIH JOCTiKEHHS, CTATHYHY KOMII IOTEPHY
nepumetpito (OCULUS Twinfield Version 2, (Oculus
Optikgerdte GmbH, Wetzlar, Germany) Program 30-2
full-threshold test) i onmTudHy KOTepeHTHY ToMOTpadiro
(MOCEAN 4000 OCT, Shenzhen Slton Technology Co.
Ltd., China; TOPCON 3D OCT-1000 Topcon Healthcare,
Japan).

Crangiro [IBKIT Bu3HauaiM 3a BEIWYHUHOIO 3HIDKEH-
HS CBITJIOUYTJIIMBOCTI CITKIBKH 3 CEPEIHIM BiIXWICHHSIM
cBiTmouyTmBocTi MD, Ta BignmoBimHO A0 iCHYOYOI Kita-
cugikarii [28] maykomy I craznii BuzHagamu mpu MD >
—6 nb, rmaykomy II crazxii — mpu MD Bix —6,01 no —12 nb,
ta maykomy III cramii — mpu MD Big —12,01 mo —20,0 nb
(TIpy HASBHOCTI BIATIOBITHOI KiTBKOCTI TOYOK 31 3HMKEH-
HSM CBITJIOUYTIINBOCTI).

[epe6ir [IBKT (mporpecyrounii Ta cTabimi30oBaHwMil)
BH3HAYABCA 32 JMHAMIKOIO CBITJIOYYTIMBOCTI CITKIBKH 3
CepeqHiM BiIXWICHHAM CBiTIOUyTIHBOCTI MD [29] mpo-
TATOM TEpMiHY criocTepeskeHHs. [Ipu 3menmenni MD Bin
0,05 nb Ha pix i OUIBIIE MIaTHOCTYBAJIH MPOTPECYIOUNit
nepe6ir [IBKT, a mpu 3menmenni MD mo 0,04 ob Ha pix
(abo BimcytHOCTI 3MeHIIeHHI MD) B3HauaBcs cTadimizo-
Banuii mepeodir [IBKT.

[IpenepumerpryHa IvaykoMa BH3HAuajach K HaM-
paHHIIIA CTaais TMEPBUHHOI BiAKPUTOKYTOBOI TIIayKOMHU
1 JiarHOCTyBajlacs 3a HAasSBHOCTI TNIAyKOMAaTO3HUX 3MiH
30pOBOTO HEpBa IPH BiJCYTHOCTI TNIAyKOMAaTO3HUX 3MiH
moxst 30py [30, 31].
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Jlo KOHTPOIBHOI TPYIH BXOAWIO 29 3M0pOBUX OCIO
(58 oueit).

JocnimkeHns Oyino mpoBeneHe 3TiAHO 3 MPHHIUTIAMHI
lenbcinchpKoi mekmapartii. Bei mamieHTH Hagamu MUCHMO-
By iH(OpMOBaHy 3roly Ha y4acTh B AocCHiKeHHI. CXBa-
neHo Kowmiciero 3 muTaHb eTHKH Ta 610eTHKH XapKiBCHKO-
TO HAIliOHAIEHOTO MEANYHOTO YHIBEPCHUTETY.

CratucTudHy 00pOOKY OTPHMAaHUX PE3yIbTaTiB IPO-
BOAWJIA 32 JIOIIOMOIOI0 TAKeTy INPHKIAIHUX Hporpam
(IBM SPSS Statistics 27, CIIIA). Kopensmito cTpykTyp-
HUX (TOBLIMHA IIApy MEPHNANUIIPHUX HEPBOBUX BOJO-
xoH (RNFL), ix ToBmuHa B HIDKHBOMY KBampanTi (Inf)
Ta B cekropi 7/5 rogua (7/5); TOBIMMHA IIapy HEPBOBUX
BOJIOKOH ciTKiBKH B Makyini (NFL); ToBmuHa KOMITIEKCY
raario3Hux KiIituH citkiBku (GCC)) i GpyHKITiOHATHRHIX
(cepemHe BigxXmieHHs cBiTIOUyTIHBOCTI MD) mapame-
TpiB BU3HAYAIH MUIIXOM PO3PaxXyHKy KoedillieHTa Kope-
narii [Tipcona (r). Kopemsaniitauii 38's130K Kinacu¢ikyBanm
SIK cHITBHIH Tipu 1>0,606; cepenupoi cunm — npu 1 Bix 0,33
10 0,66. Cirabkuii KOpenAmiiHAH 3B'130K BCTAHOBITIOBAIN
mpu  1<0,33. IIpun mo3uTUBHOMY 3HA4eHHI KoedimieHTa
KOpenAmii r BU3HAYATH MPSAMUN KOPENAIiHINA 3B'S30K,
TIPH HETATUBHOMY 3HAUCHHI I' — 3BOPOTHIN KOPEIAMiHHNH
3B's130K. [Ipwm BiporigHOcTi p>0,05 KOpeIAmiiHAN 3B'I30K
BBaYKAJIH BiJICYTHIM.

Pe3ynkratn

B mimomy mo tpymi oOcteskeHnx xBopux Ha [IBKT
P TIEPIIOMY OOCTEKEHHI BiIMIYaBCs CEPeIHBOI CHIIN
TIPSIMANA KOPEIAIIHHIHA 3B'SI30K MK CEpeIHIM BiIXUICH-
HAM MD i GINBIIICTIO CTPYKTYPHHUX MMOKa3HUKIB, IO BU-
sravanucs (RNFL, Inf, 7/5 Ta NFL). Tak, cepenupoi crmu
TIPSIMAHA KOPETSAIiHIIA 3B'130K BU3HAYABCS MIXK CepeHIM
BimxmwieHHsIM MD 1 TOBHIMHOIO TIapy MEpUMANUIIPHIX
HEpBOBUX BOJOKOH (r=0,5444, p<0,05) Ta TOBIMIHMHOIO
mrapy HEpBOBHX BOJIOKOH CITKiBKM B Makymi (r=0,5186,
p<0,05), mo mpeacTaBIeHO Ha JAiarpaMaxX PO3CIFOBaHHS
(puc. 1 Ta 2). Mix cepenniM BimxuineHasM MD Ta ToB-
IIIHOIO KOMITIEKCY TaHTIII03HUX KIITHH CITKiBKH TPSIMUH
KOpeNAmiiHui 3B's130K OyB crmadkuit (1=0,2834, p<0,05).

CuipHAN TIPSAMUN KOPEJSIIHHUN 3B'SI30K CIOCTEpi-
raBcs MK TOBIIMHOIO IIapy MEPHUITANUIIPHUX HEPBOBHUX
BOJIOKOH, iX TOBIIMHOIO B HIKHBOMY KBaJIpaHTi Ta ix
TOBIIMHOO B cekTopi 7/5 romuu (r=0,9286, r=0,7954, Ta
r=0,8477 BiamoBigHo, p<0,05). MixX TOBIIKHOO MIAPy HE-
PBOBHX BOJIOKOH CITKIBKH B MakyJli Ta TOBIIHHOIO KOMII-
JIEKCY TaHTII03HUX KITHH ciTkiBkH (1=0,6327, p<0,05) a
TaKO)k MDK HUMH Ta 3a3HAYCHUMH BHIIE CTPYKTYpHHUMH
nokasaukamMu (RNFL, Inf, 7/5) BcTaHOBIIeHa HasABHICTH
CEPEeAHBOI CHITH MPSIMOTO KOPEJSLIHHOTO 3B'SI3KY.

VY mamieHTIB 3 MPENepUMETPHYHOIO ITIayKOMOIO 3BEp-
Ta€ yBary HasBHICTb CEpPEIHBOI CHJIM MPSMOTO KOpe-
JAMIAHOTO 3B'A3Ky MK cepenHiM BigxuwieHHsM MD Tta
TOBIIMHOIO IIapy NEPHUNAMNUIIPHUX HEPBOBUX BOJOKOH
(r=0,3615, p<0,05) Ta cmabkoro MPSIMOTO KOPEIAIiii-
HOTO 3B'A3KY — 3 iX TOBIIMHOIO B HW)KHBOMY KBaJpaHTI
(r=0,2683, p<0,05), mpm BIACYTHOCTI KOPEIAMIHHOTO

10 T T T T T T T y

-20 0 20 40 60 80 100 120 140 160
Total-1

Puc. 1. [liarpama po3scitoBaHHS, Aka NpeacTaBnse CTPYKTyp-
HO-CPYHKLiOHaNbHNUIA 3B'A30K MiXK CepedHbO TOBLUMHOK ne-
pvnaninapHux HepBoBUX BOMOKOH (Total-1) i cepeaHim Biaxu-
neHHam ceitnodytnueocTi (MD-1) nons 3opy (30-2) B Linomy
no rpyni (r=0,5444, p=0,001).

120 T T T T T T

100

NFL-1

MD-1

Puc. 2. [liarpama poscitoBaHHS, fika NPEeAcTaBnsie CTPyK-
TYPHO-(YHKLIOHaNbHWUI 3B'A30K MiXX CepeHiM BiaXUNEeHHSM
ciTnovytnueocti (MD-1) nonsa 3opy (30-2) i cepegHbolo
TOBLLMHOK HEPBOBMX BOIMOKOH CiTkiBkM B Makyni (NFL-1) i B
uinomy no rpyni (r=0,5186, p=0,0001).

3B's13Ky MK MD Ta iHIIMMH CTPYKTYpHUMH NTOKa3HHKA-
mu (NFL, GCC, 7/5).

[Tpn mpoMy cepeaHbOi CHIIM MPSIMUI KOPEISAiHHUIHI
3B'SI30K BiIMIYE€HHH MK TOBIIMHOIO IIapy MEpUNamnissp-
HUX HEPBOBHX BOJIOKOH, iX TOBIIMHOIO B ceKkTopi 7/5 ro-
JIMH Ta TOBIIMHOIO KOMIUICKCY TaHIJIIO3HUX KJIITHH CITKIB-
ku (r=0,583, r=0,3311 Ta r=0,4855 BiamoBigHo, p<0,05);
a TaKoX MK TOBIIMHOIO [IIapy HEPBOBUX BOJIOKOH CITKiB-
KM B MaKyJIi, TOBIIMHOIO KOMIIIEKCY TaHIJIIO3HUX KIIITHH
CITKIBKHM Ta TOBIIMHOIO IIApy MEPUIANUIIPHAX HEPBOBUX
BOJIOKOH B cekrtopi 7/5 romuu (r=0,5503, r=0,3777 Ta
r=0,4129 Binnosigno, p<0,05). CunbHui mpsAMuUil Kope-
JSAMIHHUE 3B'A30K CrIOCTEpiraBcss MK TOBIIMHOIO IIapy
MIEPUNANIUIIPHAX HEPBOBHX BOJIOKOH Ta iX TOBIIMHOIO B
cekTopi 7/5 ronun (1=0,7499, p<0,05).

Amnautiz xopessnii GyHKIIOHATBHUX Ta CTPYKTYpPHHX
MOKA3HUKIB MPH PI3HUX CTaIisAX IIAyKOMH IOKa3aB, IO
npu nepmiit craxii [IBKI' cnaOkunit npsimuii Kopemsimiii-
HUH 3B'I30K BiIMiYaBCS MiXK cepenHiM BigxuieHHIM MD
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Ta TOBIIMHOIO IIapy IEPHITANUIIPHIX HEPBOBUX BOJIOKOH
B cekropi 7/5 rogu (r=0,221, p<0,05), mpu BiACYyTHOCTI
KOpeNAmiHHOTO 3B's13Ky MK MD Ta iHIIIMH CTPYKTYpHH-
mu ntokasarkamu (RNFL, Inf, NFL, GCC).

SAx i mpu IIBKT' B mimomy, CHIBHUH TpsSMUi Kope-
JAMIAHTHA 3B'SI30K CIIOCTEPITaBCcsl M TOBIIWHOIO IIApy
MIEPUNANUIIPHAX HEPBOBUX BOJOKOH Ta iX TOBIIMHOIO B
HIOKHBOMY KkBanpanTi (1=0,8973, p<0,05), Mix TOBIIH-
HOIO Iapy NEepUNANnuIIPHUX HEPBOBUX BOJOKOH B HIK-
HBOMY KBaJpaHTi Ta IX TOBIIMHOIO B CEKTOpi 7/5 romuH
(r=0,7271, p<0,05). Cepenupoi CHUIN IPIMAN KOPEIAIiHi-
HUH 3B'S30K CIOCTEPIraBcs MiXK TOBIIMHOIO IMapy MEpH-
MATUIAPHIX HEPBOBHUX BOJIOKOH, IX TOBIIMHOIO B CEKTOPi
7/5 rogwH Ta TOBIIMHOIO MIaPy HEPBOBHUX BOJIOKOH CIiTKiB-
ku B Makymi (1=0,5985, r=0,377 ta r=0,4525 BigmoBigHO,
p<0,05), a Tako)K Mi>K TOBIIMHOIO APy MEPHUITATUTSIPHUX
HEPBOBHX BOJOKOH B HIDKHBOMY CEKTOPI Ta TOBIIHHOIO
mapy HEpBOBHX BOJIOKOH CITKiBKH B Makymi (r=0,3759,
p<0,05) Ta TOBIIMHOIO KOMITJIEKCY TaHITIO3HHUX KJIITHH
citkiBku (1=0,4107, p<0,05).

VY xBopux 3 apyroro cramiero [IBKIT cepexnpoi cumm
TIPSIMAHA KOPEJSIIMHAN 3B'SI30K BUSABICHO MK CepenHiM
BigxmineHHsIM MD Ta TOBIIMHOIO Iapy HEPBOBUX BOJIOKOH
ciTkiBku B Makyi (1=0,3905, p<0,05) i TOBITIMHOO KOMTI-
JIEKCY TaHTIT03HUX KIIITHH ciTkiBKH (1=0,4989, p<0,05), a
3 iHmuMH cTpykrypHuME nokasankamu (RNFL, Inf, 7/5)
MIPSIMAN KOPEIALIHHUIH 3B'130K OyB CITaOKIIM.

KopensmiiiHi 3B’ 13K1 MK CTPYKTYpHIMH ITOKa3HUKA-
MH y TamieHTiB 3 apyroio cramiero [IBKI Oymu Taki Xk,
SIK 1 B TPYII B IUJIOMY, 32 BHKIIOYCHHAM OUTHIT HU3BKOL
CHJIH 3B 513Ky B OKPEMHX BUNagkax. Tak, BUSBICHUHN TIpsi-
MU KOPETSAIiHIHA 3B'130K OyB CTaOKIM MiK TOBIIHHOIO
mapy MEepUNaNniIIpHUX HEPBOBUX BOJIOKOH B CEKTOpi 7/5
TOJIMH Ta TOBIIWHOIO KOMITJICKCY TaHTITIO3HUX KIIITHH CIT-
kiBku (r=0,3207, p<0,05), TOBIINHOIO TIAPy HEPBOBHX
BOJIOKOH CITKiBKH B MaKyJi 1 TOBIIMHOIO IIapy TIEpPHUIIAITi-
JSPHUX HEPBOBUX BONOKOH (1=0,296, p<0,05), a 3 iX TOB-
IIIHOIO B HIDKHBOMY CEKTOpi — OYyB BiZICYTHIH.

Ipu Tperiit craxii [IBKI" xopensriitamii 3B'130K Mix
cepenHiM BiaxmieHHSM MD Ta BciMa CTPYKTypHUMH I10-
Ka3HUKaMH OyB BiACYTHiH. Tako HEe BHABICHO BipOTia-
HOTO KOPETAIIIHOTO 3B’ SI3Ky MiK TOBIIITHOIO IIApy MEPH-
MAMIIIPHIX HEPBOBHUX BOJIOKOH Ta TOBIIMHOIO KOMIIIICKCY
TaHIIIO3HUX KIITHH CITKIiBKHU. [Ipn bOMy CHIBHUIHA TIpsi-
MUH KOPENAMiHHIA 3B'SI30K MK JOCIIIKEHAMH CTPYK-
TypHUMH TOKa3HUKaMu 3o0poBoro HepBa (RNFL, Inf,
7/5) 36epirascs (Bix r=0,7948 mo r=0,876, p<0,05), a B
OCTaHHIX BUMAJKax — OyB cepeaunoi cun (Bix r=0,3446
mo r=0,6222, p<0,05).

[pu ananizi kopemnsrii pyHKI[IOHATHHAUX Ta CTPYKTYP-
HUX TIOKa3HHKIB B o4ax 3 pizHUM mepedirom [IBKI Oymo
BCTaHOBJICHO, [0 CHJIA TIPSIMOTO KOPEIAIIHHOTO 3B S3KY
CYTTEBO Bipi3HAETHCA B 04YaX 3 MPOTPECYIOUOI0 Ta CTa-
6imizoBaHO0 TaykoMoro. Tak, B odax 3i cTa0ini30BaHOIO
TIAyKOMOIO MiX cepemHiM BimxuiaeHHsM MD Ta ToBImIH-
HOTO KOMITJIEKCY TaHTIIIO3HUX KIIITHH CITKIBKH BiAMidaBCS
TIPSIMAH KOPEISALiHHUI 3B'130K cepennpoi cuii (1=0,3976,

p<0,05), a mpu mporpecyrouiit [IBKI" — crabkuit mpsmuit
Kopemsnidauit 38’30k (1=0,2506, p<0,05). Mix TOB-
IIMHOIO IIapy HEPBOBUX BOJOKOH CITKIBKA B Makymli Ta
TOBIIWHOIO KOMIUIEKCY TAaHIIIO3HUX KIITHH CITKIBKH TIpH
crabimizoBanomy nepebiry [IBKI' maB wmicme cumbHUi
npsiMANA  Kopensanifamit 385130k (r=0,7069, p<0,05), a
TIPH TIPOTPECYIOUOMY MEepediry IayKoMH — MPSIMHUH KO-
pemsniiHauii 3B's130K cepenupoi cun (r=0,6235, p<0,05).
KopermsamiiiHi 38’13k MXK iHITAMHA TOCIIHKEHUMH Tapa-
METpaMH TIpH TPOTpecyrodiii Ta cTabimiz0BaHii TIayKoMi
CYTTEBO HE BiPi3HSINCEH 1 BiIITOBITaTl HABEICHUM BHIIE
KopersniiauM 3B’ s13kaM 1o Tpyi [IBKT B mimomy.

JocrnimkeHa HaMU TUHAMIKa KOpEIsii GyHKIiOHab-
HUX Ta CTPYKTYpPHHUX IOKa3HUKIB B 04aX 3 Pi3HUM Iepe-
6irom IIBKT 3a wac cmocTepekeHHs IMOoKasaja, Io Iph
MPOTPECYOUiil TayKoMi cuila KOPEJSIifHOTO 3B’S3KY
3a Yac CIIOCTepPEeKECHHS MigBUIIMIAcS. Tak, MPSMHUHA KO-
perAniiHui 3B'130K MK cepemaHiM BimxmiaeHHsM MD Ta
TOBIIWHOIO KOMIUIEKCY TaHIIIO3HUX KIITHH CITKIBKH TIpH
nporpecyrodiit [IBKT 3pic 31 cmadkoro (1=0,277, p<0,05)
mo cepernuboi cmmm (1=0,4136, p<0,05). A mpsamwmii ko-
pelAmiHHUN 3B'I30K MK TOBIIMHOIO MIapy HEPBOBUX
BOJIOKOH CITKIBKM B MaKylli Ta TOBIIWHOIO KOMITJIEKCY
TaHTIIIO3HUX KIIITHH CITKIBKH B OYax 3 MPOTPECYIOUOI0
TIIayKOMOI0 3pic 3 cepennboi cmu (1=0,6242, p<0,05) no
cunbHOTO (1=0,7056, p<0,05).

B ouax 3i crab6imizoBanum mepebirom [IBKI 3a gac
CIIOCTEPEIKEHHS CHJIa KOPEIALIHHOTO 3B’ 13Ky MK (YHK-
IIOHAJIBHUMH Ta CTPYKTYPHHUMH NMOKa3HUKaM{ 3HU3WJIA-
cs. Tak, Mk cepemHiM BigxmieHHIM MD Ta TOBIIMHOIO
KOMIUIEKCY TaHTIIIO3HUX KIITHH CITKIBKH IPH CTadiIi30-
Baui#t [IBKT mpm mepmomy oOGcTekeHHI OyB IMpsSMUl KO-
pemaniiHuii 3B's130K cepenupoi cun (r=0,3655, p<0,05),
a B JMHAMIIII 32 9ac CIIOCTEPEKEHHS BiH CTaB BiICYTHIM
(p>0,05).

KopemsamiiiHi 3B’S3KM MK 1HIIAMH OCIIIKEHIMHA
mapaMeTpaMH MPH MPOTPecyIodill Ta cTabini3oBaHiil Tia-
YKOMi B IMHAMIIIi 32 9ac CIIOCTEPEKEHHS CYTTEBO HE 3Mi-
HUJTUCSL.

O6roBopeHHA

BcranoBiieHa HaMHM HasiBHICTH HPSAMOTO KOpESLiii-
HOTO 3B'S3Ky MK CepefHiM BigxwieHHsM MD i cTpyk-
TYPHUMH TOKa3HUKAaMH, 110 BU3HAYAINCS 32 JOMIOMOTOIO0
OKT, B mimomy 1o rpymi o0cTesxxeHux mnarienTis 3 [IBKT
Y3TOKYETHCS 3 TaHUMU IHIIHX JOcHigHuKiB [8, 12, 13].
CepenHbOT CHIH TPSAMUN KOPENAMIHHUA 3B'I30K MiXK
TOBIMHOIO LIapy INEPHUIAMUISIPHUX HEPBOBUX BOJOKOH
Ta TOBIIMHOIO KOMIUIEKCY TaHTIIIO3HUX KJIITHH CITKIBKH,
orpuManuil Hamu y xBopux Ha [IBKI, onocepenkoBano
y3romkyethes 3 nanumu Shin H.Y. et al. [10], 3rixgHo 3
skuMu KoedimieHT kopemsnii Mixk RNFL Ta ToBIIHHOIO
IIapy TaHDTIO3HUX KIIITHH 1 BHYTPIMIHBOTO TUIEKCihopM-
HOTO mapy OyB CTQTHCTHYHO 3HAYYIIMM 1 KOJHMBABCS B
Mmexax 0,534-0,807 B pi3HUX ceKTOpax.

[Tpu mpenepuMeTpUYHIH TITayKOMi HAIIT JaHi TiATBEp-
JUKYIOTh BUCHOBOK TTPO BIACYTHICTH KOPEJIAIII MiXK cepe-
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HIM BiaxwieHHSIM MD Ta TOBIIMHOIO KOMITJIEKCY TaHTIi-
O03HUX KIITHH CiTKiBKH [12, 21], mpoTe oTpuMaHi HaMu
pesyibraTh He miaTBepkytoTh naHi Celik G. et al. (2025)
PO BiJICYTHICTh KOPEISAIIHOTO 3B'SI3Ky MK CepemHiM
BigxmieHHsIM MD Ta TOBIIMHOIO MIapy NMepuUHaniIspHUX
HEPBOBUX BOJIOKOH [21].

e, Ha HamTy TyMKY, MOKE CBITYUTH TIPO Te, IO B Ipe-
MEePUMETPUYHIA cTafii IIayKOMH CIOYaTKy BHUHHMKAIOThH
3MiHM B TIapi TaHTIIO3HUX KIITHH CITKIBKH, a TIOTIM B
mrapi HEPBOBUX BOJOKOH CITKIBKH Ta, MOYKIIUBO, ITEPHIIA-
MTSPHAX HEPBOBUX BOJIOKOH B CEKTOPi 7/5 TomuH.

BcraHoBneHnit HaMu y MAIi€HTIB 3 TIEPIIOI0 CTATIE0
[BKT npsmMuii KopensaiiitHmii 3B'130K MK CEpeIHIM Bil-
xuieHHIM MD Ta TOBIIMHOIO mapy MepUNaniIIpHuX He-
PBOBHX BOJIOKOH B CEKTOpi 7/5 TOAWH, MPHU BiICYTHOCTI
KOpENAiHHOTO 3B's13Ky Mk MD Ta TOBIIMHOIO KOMILIEK-
Cy TaHTJTIO3HUX KIITHH CITKiBKH (K 32 HAITUMH TaHUMHU
Tak i 3a manumu Pang R. et al. (2024) [22]), omocepen-
KOBAHO Y3TOJUKYETHCS 3 JaHUMH JITEpaTypu Ipo Te, 10
BUTOHYEHHS TEPUIAMIJSIPHIX HEPBOBHX BOJIOKOH TIPH
[IBKT" Haii0inpIr 9acTo BHUSBIAETHCS Yy BiAMOBITHOMY
cekropi [32]. BigCyTHICTh KOPENAIIHHOTO 3B'SI3KY MiXK
cepenHiM BigxmieHHAM MD Ta TOBIIMHOIO mmapy mepu-
nanirapHuX HepBoBuX BookoH (RNFL) B meprmiif cramii
IIayKOMH TIPU HAsSBHOCTI CEPEIHBOI CHIIN MPSIMOTO KO-
PeNAMiHHOTO 3B'A3Ky NPU TMPEHePUMETPUUHIN TIIayKOMi,
Ha HAIly TyMKY, MOXe OyTH 0OyMOBJICHO OIITBII BHpaKe-
HAMH Ta OiNbII IIBUAKAMH 3MiHAMHU CBITIIOUYTIHBOCTI
ciTkiBkH (i cepenHporo BiaxwieHHs MD) B mopiBHAHHI
31 3MiHAMH TOBIIWHH MIApy NEPUNAMIAPHUX HEPBOBHUX
BOJIOKOH B rmouarkoBux cramisax [IBKI.

3rigHO 3 pe3y’abTaTaMu IpPOBEICHOTO HaMHU IOCITi-
JDKeHHS, TUtbku mpu Apyrii craxii [IBKIDT ma mepmmit
IUTaH BUXOAWTH HAWOINBII CHIBHUN  KOpENSAMiHHAN
3B'SI30K MiX 3MiHAMH (YHKIIOHATFHUX ITOKa3HUKIB (ce-
penHiM BiaxwieHHSM MD) Ta CTpyKTYpHHMH 3MiHAMH
raario3Hux KIiTHH CiTKiBKH (GCC), mo y3romKyeTses
3 manumu Hwang H.S. et al. (2023) npo HasiBHICTH KOpe-
narii ToBmHA GCC Ta CBITIOYYTIIMBOCTI CITKIBKH [5].

[Ipu 1IpOMY CTATHCTUYHO 3HAYYIIMH KOPENAIiHHIH
3B'SI30K CITOCTEPITaeThC MK CepeaHiM BiaxmieHHIM MD
Ta yciMa JOCHI/DKCHUMH CTPYKTYpHHMH TOKa3HUKaMU
(NFL, RNFL, Inf, 7/5). Hamri pe3yiasraTa po3XOasaThCs 3
naanmu Rezkallah A. et al. (2022) mpo BiacyTHICTB cTa-
THCTUYHO 3HAYYIINX KOPEIAIii MK CepeTHBOIO TOBIITH-
HOIO IIapy MEpHUINAMIIPHAX HEPBOBHUX BOJIOKOH Ta UyT-
JUBICTIO CITKIBKH Y TAITI€HTIB 3 PO3BUHEHOIO ITIayKOMOIO
(MD wmenmre —12,0 nb) [33].

BincyTHicTh KOpemsmifHOTO 3B'SI3KY MiX (YHKIIiO-
HAJIBHUMH Ta CTPYKTYPHUMH [OKa3HUKaMH, BCTAHOBJICHA
HaMH y TaIieHTiB 3 TpeThoto cramieto [IBKT, Ha Hamry
TYMKY, MOxe OyTH 0OyMOBJIEHA THM, IO CYTT€BA YaCTKa
3 oOcTexeHnx odeit B wiit Tpymi gocarmn «floor effecty.
OTpuMaHi HAMU JIaHi y3TODKYIOTECS 3 Pe3ylbTaTaMu J0-
ciimkenp Rezkallah A. et al. (2022) [33] po BincyTHICTB
CTAaTHCTUYHO 3HAYYIIUX KOPENALid MK CBITIIOIYTJINBIC-
110 ciTKiBKH Ta ToBImmHOI GCC mpu [IBKI B owax 3 MD

amwk4ae HbK —20 1b, ta 3 manumu Blumenthal E.Z. et al.
[34] po BigcyTHICTE KOopemsmii cTpykrypHEX (RNFL) Ta
¢dysakmionansHEX (MD) mOKa3HUKIB B 09ax 3 TePMiHAIb-
HOIO [TTayKOMOIO.

IIpoBenennii HaMU aHAJI3 KOPEJAIIHA IPH pi3HOMY IIe-
pebiry IIBKI moxasas, mo B o4ax 3i cTa0i1i30BaHOIO TIa-
YKOMOIO Mi’K TOBIIMHOIO KOMIUIEKCY TAHTIIIO3HUX KITITHH
CITKIBKH Ta cepeqHiM BiaxmieHHsM MD BinMigaBcs mpsi-
MUH KOpeJAMifHAN 3B'130K cepequpoi cuu, Mixk GCC Ta
TOBIIMHOIO IIapy HEPBOBUX BOJOKOH CITKIBKH B MaKylli
MaB MicIle CHUTbHHAHN MPSMIHA KOPETAIiTHIIA 3B'130K, a IIPH
MIPOTPECYIOUii TayKoMi — CIAOKHM Ta CepeaHbOl CHIN
IpSIMAKA KOPENAIAHIA 3B'S30K BiAmoBigHO. Bcranos-
JICHWH HaMU OiTbII CITaOKUH KOPETSAIiHHNN 3B'SI30K MiXK
CTPYKTYPHHMH Ta (DYHKIIOHATEHHMH ITOKQ3HHKAMH TIPH
MIPOTPECYIOTii TITayKoMi MO)Ke CBIIYUTH PO HASBHICTH
pizHEX BHAiB porpecyBanHs [IBKT.

BceranoBeHi HaMu po301KHOCTI B TWHAMIII CHITH KO-
peIALiiHOTO 3B 3Ky MiX cepenHiM BimxmieHHsM MD Tta
TOBIIMHOIO KOMILIEKCY TaHIIIO3HUX KIITHH CITKiBKH TIPU
mporpecyrodviii Ta ctabimizoBaHiil Tiaykomi BimoOpaska-
10T CyTTeBI BimMinHOCTI ux ¢opm [IBKT, ockinbkm, 3a
JMAHUMH JIITEPaTypH, caMe MK IIMMH TTOKa3HUKaMU BH-
3Ha4aBCs HAHOLTBIINN KOe(IIi€HT KOPEIALii TIpH TOCITi-
JOKSHHI IBUIKOCTI X 3MiH B JuHaMiIli [25].

BuzHavyeHe HaM¥ TiIBUICHHS CHIIM IIPSIMOTO KOPEJIs-
IifHOTO 3B 3Ky MK ()YHKIIOHAIEHUMH Ta CTPYKTYpHU-
MH [TOKa3HHKaMH 32 4ac CIIOCTEPEKSHHS IIPH IIPOTPeCyo-
gomy nepebiry [IBKI cBigunTh mpo 0qHOHATIPABICHICTH
3MiH JOCIIPKYBaHUX TIOKa3HHUKIB B 09aX 3 IPOTPECYIOU0I0
raykomoro. [IpoTuieskHa TeHACHIIS TPH CTa01Ti30BaHIN
TJIayKOMi CBiTYUTH TIPO HASBHICTH Pi3HOHANIPABICHIX
3MiH, a TaKO)XK MOXE CBIIUHTH PO TOTipIICHHS CTPYK-
TypHUX TTOKAa3HUKIB MpH 30epeKeHHI CTaOlIBHOTO PiBHSA
cepenaporo BinxmwieHHs MD y yacTuHI 00CTEKEHUX ITa-
II€HTIB, IO y3TOKYEThCa 3 maHumMu Mohammadzadeh
V. etal. (2020), 3rixHo 3 sskumu y namieHTiB 3 [IBKT B au-
HaMIIli B TepMiHHU OiNbIIe HK TPU POKU CTPYKTYPHI 3Mi-
HU J1IaTHOCTYBAJIUCS JacTille, HiK QyHKIIOHAIbHI [25].

OOMEeXeHHSAMH HAIIOTO JOCTIKCHHS MOKe OyTH BH-
KOPUCTAaHHS CTaTHYHOI mepumMeTpii 3a mporpamoro 30-
2, O CYTTEBO 301TBIIY€E TUIONTY CITKIBKH, (YHKIII SKOT
BHU3HAYAIOTHCS (B MOPIBHAHHI 3 mporpamoio 10-2). IIpu
IbOMY, Ha IYMKY OKPEMHX JOCIIIHHKIB, yCepeIXHCHHS
YyTIMBOCTI 30pPOBHX IOJIB, a TAKOXK TOBILMHH LIapy raH-
TTI03HUX KJITHH CITKIBKH 1 BHYTPIIIHBOTO IIIEKCiPOpM-
HOTO IIapy 1Mo OUTBIIIH IO TPU3BOANUTE 10 OLTBII BHU-
COKHX 3HAYE€Hb KOPEJSMIIHOTO 3B’ 3Ky NIPH TPaaUIidHI
KOMIIT TOTEepHiil mepiMeTpii HixK MpH MepuMeTpii 3 TpeKiH-
oM o4HOTO JHA [2]. CHIBHOIO CTOPOHOIO JIOCIIKCHHS,
Ha HaIlly JyMKY, Moke OyTHu Bu3HaueHHs mepebiry [IBKT
HPOTSTOM BCHOTO TEPMiHY CIIOCTEPEKESHHS.

3akmiouenHs. 1. B mimomy mo rpymi obcTekeHmX
xBopux Ha [IBKI BigmigaeTbcs mpsAMUil KOpesmiitHAN
3B'I30K MK CEpeNHIM BiIXWJICHHSIM CBITIOUYTIHBOC-
Ti MD i crpykrypanmu nokasHukamu 3a gaanMu OKT.
Haii6inpm cunbHUH KOpeNAmiiHuH 3B'S130K MK 3MiHAMUA
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(YHKIIOHATBHUX TTOKa3HUKIB (CEpeIHIM BiIXIICHHIM
MD) Ta CTpyKTYpHUMH 3MiHaMH (B TOMY YHCJi TaHTITi03-
HUX KIIITHH CITKIBKH) BUsIBIICHI pu apyrii craxii [IBKT.

2. Cuia mpsMOTO KOPEJAMIHHOTO 3B’S3KY CYTTEBO
BIZIPI3HAETHCA B O04YaX 3 MPOTPECYIOYOI0 Ta CTaliTi30Ba-
HOTO Taykomoro. [Ipu crabimizoBanomy nepebdiry [IBKT
CIIOCTEPITAETHCS OUTBIN CHIIBHUHN MPSMUH KOPEIAinHII
3B'SI30K MK (PYHKITIOHATPHUMU Ta CTPYKTYPHUMH TTOKa3-
HUKaMH, B MTOPIBHAHHI 3 IPOTPECYIOUNM TepediroM rima-
YKOMH.

3. JlocmiIKeHHS B TUHAMII BUSBUJIN Pi3HOHATIPABIIe-
Hi 3MiHHA B KOpEJAMil (PyHKIIOHATFHUX Ta CTPYKTYPHHX
MMOKa3HUKIB 1pu pizHOMY Tiepediry [IBKI. Tak, mpu mpo-
Tpecyrodiil IIayKoMi CrIa KOPEIAMiHHOTO 3B’ 53Ky 3a Jac
criocTepekeHHs 30impmmiacs. B ogax 3i cradimizoBaHUM
mepebirom [1BKI 3a wac crmocTtepexeHHs cuia KOpelsi-
LIHHOTO 3B’SI3Ky MUK (DYHKITIOHATBHUMU Ta CTPYKTYPHH-
MU [OKa3HHKAMH 3MEHIIHIIACS.

B nposeneniit Hamu poOoTi HE TITFKKA BH3HAYCHA [TH-
HaMiKa KOPEJAMIIHOTO 3B'sI3Ky MiXk (DYHKIIIOHAIEHUMH Ta
CTPYKTYpHHUMH NOKa3HUKaMHU Y XBOPHX 3 IPOTPECyIOY0I0
Ta cTabUTI30BaHOIO MEPBUHHOIO BiIKPUTOKYTOBOIO TIay-
kxoMoro. Hama poGoTta 1oBoANTE HEOOXITHICTE TU(EpeH-
IHOBAaHOTO MIAXOAY A0 3aIly9eHHS CTPYKTypHUX 3MIiH
TIPU BU3HAYCHHI MPOTPECYI0Y0To TMepediry 3aXBOpIOBaH-
Hs nipu pizHEX cTaxisx [IBKT.

ABTOpPCbLKMI BHECOK

ManyeHko B. M. — pocnigxeHHs; 36ip Ta aHani3 gaHux;
po3pobka KoHLenuii; MeTodonoris; HanMcaHHA — AW3alH,
ornag i pegaryBaHHs; MoHyaps O. M. — gocnigkeHHs, aHa-
ni3 faHuX; HanMcaHHs — peLeH3yBaHHs | pegaryBaHHs; MaH-
yeHko I KO. — po3pobka koHuenuii, 36ip AaHuX; HanncaHHa —
ornag Ta pegarysaHHs; KitueHko |. B — 36ip Ta aHani3 gaHux;
po3pobka KoHUenuii; HanncaHHsa — AnM3anH, ornsaa Ta pegary-
BaHHS. Bci aBTopy npounTanu i cxsanunum oCTaTtoyHy Bepcito
pykonucy.

®diHaHCyBaHHSA

ABTOPK 3aaBNATb, WO Nif Yac NiAroTOBKN LbOrO PyKO-
MUCy He OTPMMYBAaNW XOAHWUX KOLUTIB, PaHTIB YK iHLWOI niA-
TPUMKW.

BigmoBu Big BignoBiganbHoOCTI

Bucnosneri y nogaHivi ctaTTi AyMKU € BNaCHUMK AyMKaMu
aBTOPIB, @ He OILiINHOK NO3NLIED YCTaHOBM.

KoHdnikT iHTepeciB

ABTOpM 3asABNAOTb, O BOHN HE MalOTb KOH(MIKTY iHTEp-
€ciB, SIKUIA Mir 61 BAAMHYTM Ha TXHIO AyMKY LWOAO npeameTa
abo maTepianis, onncaHnx i 0BroBOpPeHUX y LibOMY PYKOMMUCI.

3asiBa Npo AOTPUMAaHHA €TUMHUX HOPM

Lle pocnigxeHHs Gyno npoBedeHO Bi4NOBIAHO A0 MPWH-
uuniB lenbciHcbKoi geknapadii. CxsaneHo Kowmicieto 3 nutaHb
eTukM Ta BGioeTnkn XapkiBCbKOro HauioHarbHOro MeanYHOro
yHiBEepcuTeTy.

IHdopmoBaHa 3ropa

Bci nauieHTn Haganu nucbmoBy iHOPMOBaHY 3rogy Ha
yyacTb B OOCHIOXKEHHI.

3asiBa Npo AOCTYMNHICTb AaHUX
[aHi, oTpumani Ta/abo npoaHanizoBaHi nig 4Yac uboro Ao-

CRigXXeHHsl, MOXHa oTpyMMaTK Y BignoBigHOro asTopa 3a 06-
I'PyHTOBaHMM 3arnnTOM.

CKOpOYeHHs

MBKI — nepBuHHa BigkpuToKyTOBa rnaykoma; OKT —
onTu4Ha KorepeHTHa Tomorpadis; MD — cepegHe BiOXUNEHHS
csiTnoyytnueocTi; RNFL — ToBWMHa wapy nepunaninspHux
HEepBOBYWX BOMOKOH; Inf — TOBLUMHA Wapy nepunaningpHux He-
PBOBMX BOMOKOH B H/XXHbOMY KBagpaHTi; 7/5 — ToBLWMHA LWapy
nepunaninsapHMx HEPBOBMX BONOKOH B cekTopi 7/5 roguH; NFL
— TOBLUMHA LIapy HEPBOBKX BOMOKOH CiTKiBKM B Makyni; GCC
— TOBLUMHA KOMMEKCY raHrio3HWUX KMiTUH CiTKIBKU.
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Abstract

Purpose: The study aimed to determine the clinical
features of the eye trauma and its outcomes in children in
Ukraine.

Methods: The features of the clinical picture of different
types of eye trauma, methods of treatment and consequences
are analyzed.

Results: Pediatric eye trauma is characterized by a pre-
dominance - 63.4% of OGls with damage to 3 or more struc-
tures of the eye in 88.4% of cases, the highest frequency of
injury to the lens (73.1%), in 61.6% of cases with the presence
of foreign bodies and in 50% there was a combination of open
and closed damage to the eyeball.

Conclusion: Clinical features of pediatric eye trauma
require differentiated clinical tactics including surgical and
conservative methods. Reconstructive surgical rehabilitation
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including complex procedures with maximum restoration of
all injured structures with 10L implantation using advanced
technologies combined with conservative treatment allow to
restore high visual acuity (0.3 and higher) in 64.3% of cases
of the explosive injury in follow up terms.

Keywords: ocular injury, treatment, outcomes, children.

Pesome

Mema: suznauumu KIiHIiYHI 0COOIUBOCMI MPABMU OKA ma
ix Hacnioku y dimeu 6 Yxpaini.

Memoou. Ilpoananizoeano ocoonusocmi KIiHiuHOL kapmu-
HU PI3HUX U016 MPA6M OKA, MeMOOU NIKYy8AHHA MA HACTIOKU.

Pesynomamu. /Jumsaua mpasma oxa Xapaxmepuszyembv-
¢ nepesadcanuam — 63,4% eiokpumux mpasm 3 NOWKO-
0JICeHHAM mMPboX abo Oinvuie cmpykmyp oxka y 88,4% eu-
naokie, HAUBUOI0 YACTOMOI0 NOUIKOOJICEHHS KPUWMATUKA
(73,1%), y 61,6% 6unaokis 3 HasA6HiCMIO CMOPOHMIX Min may
50% - noeoHanma IOKpUMO20 Ma 3aKPUMO20 NOUWKOOHCEHHSL
O0UHO20 AONYKA.

Bucnoexu. Kniniuni ocoonusocmi oumsyoi mpasmu oka
suMazaroms  OupepeHyitio8anoi KAHIUHOT MAaKmuKu, wo
6KAIOYAE XIpYpeiuHi ma KOoHcepeamueHi memoou. Pexow-
CMPYKMUBHA Xipypeiuna peabirimayis, wjo 6KIuae KoMn-
JIeKCHI  npoyeoypu 3 MAKCUMATbHUM BIOHOBNIEHHAM YCiX
nowikoodcenux cmpykmyp 3 imnianmayiero 10J1 3 suxopuc-
MAHHAM nepedosux MmexHoao2ill y NOCOHaHni 3 Koncepea-
MUBHUM JIKYBAHHAM, 00380AC BIOHOGUMU BUCOK) 20CIPONTY
sopy (0,3 i suwe) y 64,3% sunaokie 6ubyxoeoi mpasmu 6 no-
Oanbui mepmiHu CHOCMEPENCEHHSL.

Kniouosi cnosa: mpasma oka, NiKysanus, pe3yiomamu,
oimu.
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Introduction

Children and teenagers are among the most vulnerable
populations who suffer during armed conflicts. They are
most frequently injured by explosions, which may be di-
rectly ascribed to hostilities or other reasons. [1] Over the
last two decades, public conflicts involving various types
of weapons have mainly occurred in cities with a signifi-
cant population density, including the pediatric population.
Children may suffer from intentional injury and may also
become accidental victims, being in the center of using
any weapon, including explosive devices. The experience
of modern conflicts in Iraq, Afghanistan, Syria, and the
Gaza Strip supports this. [2, 3, 4, 5]

Analysis of data from military medical facilities located
in zones of armed conflict and hostilities, which treat all
wounded and victims-including adults and children-shows
that the proportion of children who received medical care
varied between 3 % and 18 % of all hospitalizations. [6-
10] Moreover, children may sustain eye injuries at home
when firearms fall into their hands through careless han-
dling or when they are exposed to homemade explosive
devices, whose production has become more frequent in
recent times.

This study investigated the clinical characteristics of
eye trauma and its outcomes among children in Ukraine.

Methods

A total of 36 children (41 eyes) aged 4—17 years (mean
age 11 + 3.2 years) who sustained various explosive and
bullet-related eye and ocular adnexa injuries were treated
at the Pediatric Ophthalmopathology Department of the
State Institution “The Filatov Institute of Eye Diseases and
Tissue Therapy of NAMS of Ukraine” and were included
in the retrospective study. Among the participants, 35 were
boys and 1 was a girl.

This retrospective study followed the principles of the
Declaration of Helsinki and received approval from the In-
stitute's ethics committee (protocol Ne 4, 14.04.2022). Re-
sults were collected, organized, and statistically analyzed
with SPSS Statistics (trial version).

Nominal data were presented as absolute counts and
percentages. Quantitative indices were tested for normality
using the Shapiro—Wilk test. For normally distributed data
on children’s ages, we formed a variational series and cal-
culated the arithmetic mean (M) and its standard error (m).

Table 1. Circumstances of eye injury in children

The classification and identification of mechanical eye
injury types within the study group were performed accord-
ing to the Birmingham Eye Trauma Terminology. [11].

Results

Open globe injuries (OGIs), including penetrating
wounds, perforation, and eyeball rupture, were observed
in the majority of cases (63%, 22 children, 26 eyes).
Closed globe injuries (CGIs) were less common, occurring
in 36.6% of cases (14 children, 15 eyes). Binocular trauma
was observed in 5 cases (11.1%) within the study group,
comprising 4 children (18.2%) with OGIs and one case of
contusion. Additionally, 13 eyes (50.0%) with OGIs dis-
played an extra contusion component, attributable to the
characteristics of the damaging agent.

The following circumstances caused eye injury: an
explosion of a homemade explosive device in 11 eyes
(26.8%), a firecracker explosion or unknown object in 9
eyes (22.0%), a bullet wound, including ricochet, in 20
eyes (48.8%), and an explosion of a combat projectile in 1
eye (2.4%) (Table 1).

Table 1 shows that the most common injury type was
OQGlIs, occurring in two-thirds of the studied cases. These
injuries were most often caused by an improvised explo-
sive device (24.4 %) or a bullet wound (26.8 %). Over-
all, bullet wounds were the most frequently reported in-
jury (48.8 %), accounting for both penetrating wounds
and contusions at approximately equal rates (26.8 % and
22.0 %, respectively).

Table 2 presents the clinical manifestations of the eye
and ocular adnexa in patients with open explosive injury
upon admission to the Pediatric Ophthalmopathology De-
partment.

Table 2 shows that lens damage was the most frequent
injury (73.1 %), followed by corneal-scleral injuries, which
accounted for 57.7 % of cases in the OGI group. Com-
mon symptoms were hyphema (43.3 %), hemophthalmos
(38.4 %), and retinal detachment (30.7 % of cases). Termi-
nal damage, defined as rupture of the eyeball with loss of
intraocular contents, occurred in two eyes (7.7 %).

While analyzing the clinical features of OGIs in pedi-
atric patients, it should be noted that most cases (88.4%)
involved simultaneous injuries to three or more structures
of the eye ball. These findings confirm the results of previ-
ous studies on the pediatric eye trauma in Ukraine [12,13].

Circumstances of injury
n % n % n % n % n %
Open globe injuries 10 24,4 5 12,2 1 26,8 - 26 63,4
Close globe injuries 1 2,4 4 9,8 9 22,0 1 2,4 15 36,6
Total 1 26,8 9 22,0 20 48,8 1 2,4 41 100
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Table 2. Clinical manifestations of the open globe injury in

children

amoerofeues | %
S:arpseal wounds and 1* 433
wounds and soas 15" 7.7
Hyphema 1* 43,3
Lens damage 19" 73,1
Hemophthalmus 10* 38,4
Tears of the pupil 2 7,7
Mydriasis 1* 3,8
Eyelids damage 5* 19,2
Retinal detachment 8* 30,7
Rupture of the eyeball 2 7.7
Eyeball subatrophy 15,4
Sympathetic irritation of

the paired eye 2 [

Note. * - in one eye

OGIs were complicated by foreign bodies in 16 cases
(61.6%). Intraocular foreign bodies (IOFBs) were most
commonly observed, in 12 eyes (75.0%). Among these,
8 eyes (72.7%) had IOFBs in the vitreous cavity, 2 eyes
(18.2%) in the lens, and 1 eye (8.3%) in the anterior cham-
ber. In one case, multiple foreign bodies were found with-
in the corneal and conjunctival thickness. Foreign bodies
were found in the soft tissues of the eyelids and face in
two cases and in the orbit in two cases. Of the 16 foreign
bodies, 12 (75.0 %) were metal, 3 (18.8 %) were glass
fragments, and 1 was a plastic fragment. In four children,
IOFB removal was performed during primary surgical re-
pair (PSR) at the patients’ residence, so the magnetic prop-
erties were not always known. Of those that were removed
in the Pediatric Ophthalmopathology Department during
primary corneal wound repair, traumatic cataract removal
or vitrectomy, amagnetic foreign bodies were mostly en-
countered - 6 out of 8 cases. Multiple IOFBs were record-
ed in 27.3% of eyes. Fragments were localized in the orbit
after a wound from an air weapon.

Among patients with IOFBs removed in the Pediatric
Ophthalmopathology Department during primary corneal
wound repair, traumatic cataract removal, or vitrectomy,
amagnetic foreign bodies were found in 6 of 8 cases. Mul-
tiple intraocular foreign bodies were observed in 27.3% of
the eyes. Fragments were located in the orbit after an air
weapon wound.

Among the comorbid injuries the damage to the upper
limbs with traumatic amputation of the phalanges of the
fingers in two children, injuries to the torso were noted
also in cases.

Among the comorbid injuries, two children suffered
upper limb damage, traumatic amputation of finger pha-
langes, and injuries to the torso.

PSR of wounds was carried out at the patient’s resi-
dence in 15 eyes (36.5%); consequently, this procedure
was performed in the Pediatric Ophthalmopathology De-
partment only in 5 eyes (19.2%). The sutures used dur-
ing PSR at the patient’s residence, which were placed at
two-thirds of corneal wound thickness, proved insuffi-
cient, leading to secondary surgical repair (SSR) in 4 eyes
(15.4%) with 100% corneal-thickness sutures [14]. This
immediate strengthening of the corneal wound restored the
anterior chamber depth on the operating table. SSR also
included IOFB removal in one eye.

As it can be seen from the Table 2, since open explo-
sive trauma resulted in damage to the lens in almost 2/3
of the cases, the interventions on the lens appeared to be
the most frequent ones and had a reconstructive nature —
phacoaspiration with primary IOL implantation with si-
multaneous separation of anterior and posterior synechias,
iridoplasty and anterior vitrectomy (Table 3). It should be
noted that it was performed a full volume of reconstructive
surgical rehabilitation of this injury type with primary IOL
implantation to the partially damaged capsular bag in the
cases of three eye structures (cornea, iris and lens) defect,
which significantly complicated the very process of IOL
implantation [13]. As a result in 90% of primary implanta-

Table 3.Types of surgery in eyes with open globe injury in
children

. . . Number of eyes o
Kind of intervention (26 eyes — 100 %) %o
Kind of intervention 3 11.5
PSR of eyelids wounds 5% 19.2
PSR of corneal and scleral 4 15.4
wounds
Secondary surgical repair "

(SSR) 9 34.6
Phacoaspiration 13* 50.0
with primary IOL implantation 10* 38.5
Lensvitrectomy 2 7.7
Scar adhesions separation 11* 42.3
Iridoplasty 3* 11.5
Anterior vitrectomy 2 7.7
Qlose vitrectomy with 6* 231
vitreous tamponade
Secondary |IOL implantation 1* 3.8
Enucleation with the primary
. 6 23.1

locomotor stump formation
Secondary locomotor stump

. 1 3.8
formation

Note. * - in one eye
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tions IOL was placed in the capsular bag and only in 1 case
IOL was implanted in the ciliary sulcus.

It should be noted that primary enucleation was not
performed even in cases of extensive eyeball injuries. In
two cases of eyeball rupture (traumatic spontaneous evis-
ceration) with the loss of almost all eye contents, scleral
remnant plasty with removal of residual choroid fragments
was performed to create a primary locomotor stump. Se-
vere eyeball subatrophy with the presence of chronic post-
traumatic uveitis was the indications for enucleations. A
primary locomotor stump was formed in four cases, and
sympathetic irritation of the other eye developed during
treatment in two cases.

Unlike OGIs, where the anterior eye segment sustained
the most damage, CGIs most severely affected the struc-
tures of the posterior eyeball segment (Table 4).

In 46.7 % of cases, CGIs resulted from foreign bodies,
such as lead balls, that entered the orbit and appeared as an
injurious agent during a shot from a pneumatic weapon,
like a rifle or a pistol. In one case, the foreign bodies of
the orbit were multiple, and in others, they were single.
Due to the inert nature of the bullet material, which does
not provoke inflammatory or toxic reactions in surround-
ing tissues, orbital foreign bodies were removed in only
two cases: when located superficially in subcutaneous tis-
sue and when a secondary wound-channel infection was
present.

In 20.0% of cases, contusion traumatic cataract de-
veloped and required phacoaspiration with simultaneous
endocapsular IOL implantation. Due to the characteristics
of child’s organism, particularly the possibility of active
resorption of intraocular hemorrhages, surgical treatment
of hyphema, hemophthalmos and subretinal hemorrhages
was unnecessary; these conditions resolved successfully
with conservative management. Post-traumatic inflamma-
tion, together with contusive and secondary degenerative
changes in the ocular posterior segment structures, also ne-
cessitated appropriate pharmacologic treatment.

At admission, visual acuity ranged from 0 to 1.0, the
latter is a finding observed only in a single child who had a
peripheral corneal scar and a glass fragment in the anterior
chamber (Table 5). In most cases, children who sustained
explosive injuries exhibited significantly reduced visual
function: 19.5 % displayed complete loss of object vision
(zero), while 43.9 % had impaired light projection and vi-
sual acuity below 0.1.

The results of 33 eyes with OGIs and CGIs were stud-
ied after surgery and conservative treatment (out of the
original 41 eyes, 2 were spontaneously eviscerated at the
injury and 6 were enucleated). VA of 0.3 and higher was
obtained in 51.5% of the eyes. During the long-term fol-
low-up, 64.3 % of cases achieved a visual acuity of 0.3 or
better, demonstrating the effectiveness of the restorative
reconstructive procedures and therapeutic measures even
though the injuries were initially severe. In a single contu-
sion case, deterioration of visual function was noted due to
progressive optic nerve atrophy.

Table 4. Clinical manifestations of close globe injury in
children

Nymoer ofoutsy |
remorhage > 200
Hyphema 3* 20.0
Hemophthalmos 6* 40.0
Iridocyclitis 2* 13.3
Traumatic cataract 3* 20.0
Lnet:sorrﬁzg :ubretlnal 5 333
Efetrr:ig'fe%zzcification o 133
Corneal foreign body 1* 6.7
Choroid rupture 3* 20.0
Mydriasis 1* 6.7
(a)rs)(:i(;tr:g;\;]eycontusion 4 26.7
Retinal degeneration 5 33.3
Macular hole 1 6.7
Orbital foreign body 7 46.7
Orbital walls fracture 1* 6.7
Dem e | &

Note. * - in one eye

Discussion

Injuries resulting from explosions are classified into
four types [15, 16]: 1) primary or level I injuries, where
the detonation wave itself can cause primary trauma in a
varying degree; 2) secondary or level II injuries, such as
damage by fragments that occurred during the destruction
of the surroundings objects, for example, glass, dust, and
masonry of some buildings; 3) tertiary or level III injuries
due to the blast wave, which leads to the movement of the
victim body or pressing down; 4) level IV injuries, thermal
injuries by a heat wave or high-pressure chemical reaction
occurring as a result of an explosion. Injury types differ ac-
cording to distance from the explosion site, blast severity,
and explosion source [17].

Accidental fireworks explosions can also cause serious
injuries on a smaller scale, including eye damage in the
pediatric population [18-20]. In 2020, the United States
alone recorded over 15,000 injuries attributed to fireworks
[21], and since 2000, an average of 3,400 explosions has
occurred annually [22].

Researchers also note that natural gas explosions and
accidental detonations of old ammunition are additional
contributors to pediatric injuries from explosions occur-
ring outside armed conflicts [1].
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Table 5.Visual acuity of the eyes of children after the injury at the time of hospitalization, after surgical interventions and in

the long —term follow —up

Explosive eye injuries
Visual acuity On hospitalization | After surgical intervention and treatment | Long-term follow-up
41 eyes — 100 % 33 eyes — 100 % 14 eyes — 100%
n (%) n (%) n (%)

Zero 8(19.5) 1(3.0) 1(7.1)
Wrong light projection 6 (14.6) 4(12.1) -
Correct light projection 6 (14.6) 1(3.0) 1(7.1)
Hand movement 4(9.8) 1(3.0) 1(7.1)
0.01-0.09 2(4.9) 2(6.1) 1(7.1)
0.1-0.2 3(7.3) 9 (27.3) 2 (14.3)

0.3 and higher 12 (29.3) 17 (51.5) 9(64.3)

Note. *8 eyes were lost (2 were eviscerated, 4 were enucleated)

Monocular injuries prevailed in our research group
(86.1%), whereas binocular injuries were observed only
in 13.9% (18.2% of OGIs and a single case of contusion).
AlGhadeer et al. [23] and Patel et al. [24] reported similar
findings, noting that the binocular nature of injuries unre-
lated to combat device explosions occurred in 3.33% to
16.32% of cases in the studied group. These characteristics
are typical of explosions involving relatively small power
devices. However, the same studies reported a prevalence
of CGIs compared to OGIs, a finding that contrasts with
our data. Studies of modern combat trauma indicated the
predominance of OGIs [23, 25-27]. The higher incidence
of OGIs observed in our study is likely attributable to the
characteristics of the explosive devices used by children;
over one third were homemade and produced a large quan-
tity of small fragments upon detonation, resulting in an
open wound of the eyeball.

Comparing the clinical characteristics of eye injuries
caused by explosions in our cohort with those reported in
other studies, it should be noted that the most common
symptoms — hyphema and hemophthalmos — were ob-
served by Zhang et al. in 27.88 % and 40.10 % of cases,
respectively [28], and met with a similar frequency in the
cohort we analyzed, with hyphema in 34.1 % and hemoph-
thalmos in 39.1 % of cases. Furthermore, our findings cor-
roborate those of Zhang et al., who observed a higher fre-
quency of traumatic cataract development (65.25% after
OGIs compared to 34.83% after CGIs). Moreover, in our
group, lens damage after OGIs was observed more often,
in 73.1% of patients, whereas after CGIs it was observed
in only 20.0% of patients. The localization of foreign
bodies differed from that described in the aforementioned
study [28], where superficial foreign bodies were most
frequently observed (31.61 %), whereas in our group
they were observed only in 16 % of cases. Our study
identified IOFBs in 48% of all cases overall, with a rate
of 75% in OGIs, compared to 27.54% reported by Zhang
et al. In addition, intraorbital foreign bodies were more

commoin in our study, 36 % vs. 6.35 % of cases in the
aforementioned study.

Conclusion. The analysis of features of eye trauma
in children in Ukraine showed that this age group is
characterized by a predominance of OGIs (63.4%) with
damage to three or more structures of the eye in 88.4%
of cases, the highest frequency of lens injury (73.1%),
the presence of foreign bodies in 61.6% of cases, and a
combination of open and closed damage to the eyeball in
50% of cases. Reconstructive surgical rehabilitation, with
complex procedures aiming for maximum restoration of
all injured structures and IOL implantation using advanced
technologies, together with conservative treatment,
achieves high visual acuity (0.3 and higher) in 64.3% of
cases with explosive injuries during follow-up.
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BnnuB HOCIHHA KOHTaKTHUX J1iH3 Ha LUTONOriYHUKU cTaTycC
OYHOI NOBEepPXHi Ta 3aroeHHA poriBkK nicns TpaHceniTenianbHoOI
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Effects of contact lens use on the cytological status of the ocular surface and
corneal healing after transepithelial photorefractive keratectomy

Sandurskyi S. O., Hrizhymalska K. Yu.
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Pe3tome

Mema. Oyinumu, SK HOCIHHA M'SIKUX KOHMAKMHUX

iz (MKJI) ennusae na yumonoeiunuii cmau 0OynvbapHoi

KOHToHKmueu ma cmabiibHicms CHizHOL iKY 00 ma nic-

5 mpaHcenimenianoHoi homopehparyitinoi kepamexmomii

(T®OPK), ma docrioumu 36's130K yux nokazHukie iz npoyeca-
MU nicaA0NnepayiitHo20 3a20€HHS.

Memoou. YV npocnekmusHomy NOPIGHANLHOMY OOCTi-
OoicenHi 63 yyacms 120 nayieumis, po3oinenux Ha 08i
epynu: epyna 1 (n=60) — nayienmu, saxi ne nocunu MKJI,
ma epyna 2 (n=60) — nayienmu, siKi npomsA2oM n'amu poxie
nepeo onepayiero nocunu MKJI. Ycim nayienmam 6yno npo-
6edeno TOPK [1]. Cman nosepxri oxka oyiHweanu 3a 0ono-
Mo2010 imnpecitinoi yumonoeii (3a knacugirxayiero Henbcona,
0-3 cmyneni) [2], mecmy [Lupmepa I ma uacy po3pusy ciiz-
noi naiexku (NIBUT) 0o onepayii ma uepes 06a micsayi nicis
nei. Cmyninb nOMYmMHIHHA pocieku (xel3) OyiHo8anu uepes
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06a micayi. /[na cmamucmuyno2o ananizy UKOPUCmOo8ysaiu
mecmu Manuna — Yimui, Binkokcona, mounuii mecm Diwepa
ma Koegiyicum xopenayii Cnipmena.

Pesynomamu. /[o onepayii nayienmu 3 epynu 2 manu cma-
MUCMUYHO 3HaA4yue 2ipuuti YUmono2iuHutl Cmamyc nopieHsi-
Ho 3 epynoro 1 (cepeoniii ban 2,35 + 0,66 npomu 1,38 + 0,69;
p <0,001). Yepes 0sa micayi nicisi onepayii' y nayicumie epy-
nu 2 cnocmepi2anocs CMmamucmuyHo 3Hadyuje NOKpaujeHHs
(p=0,003), oonax ixui nOKA3HUKU 3ATULATUCS SIPUUMU, HIJIC
vepyni 1 (2,15 + 0,61 npomu 1,33 = 0,54, p < 0,001). Bu-
516/1€H0 NOMIPHULL NO3UMUGHUL KOPENAYIHUL 36'5130K MidiC
Cmynenem yumono2iuHux 3MIiH niciisa onepayii ma eupaoice-
nicmio xetisy uepes osa micsayi (p = 0,47, p < 0,001). Taxoxc
nIOMBEPONCEHO CLAOKUL He2AMUBHUIL 36" 9130K Midic YUmono-
eiynumu sminamu ma nokazuuxkom NIBUT sk oo (p = —0,20),
max i nicis onepayii (p = —0,18).

Bucnoeku. Tpueane HOCIHHA KOHMAKMHUX JIIH3 NPU3EO-
oumyv 00 CMINKUX NAMONOSTUHUX 3MIH enimenilo O4HOI no-
6epXxHi, AKI He 3HUKAIOMb NOBHICIIO Yepe3 068d MICAYi nicis
npunuxenHs ix euxopucmanns ma npogedenns TOPK. Ilo-
DPYUuleHull Yyumono2iyHuti cmamyc € npo2HOCMUYHUM MapKe-
POM, acoyitio8anHuM i3 pusuKoM po3eUmKY niciaonepayiinoco
xeusy.

Knwuosi cnosa: mpancenimenianvua ghomopeghpaxyiii-
Ha Kepamexmomis, KOHMAaKmui JAin3u, YUumono2is, xets, cyxe
OKO, NOBEPXHSL OKA, PO2IBKA.

Abstract

Purpose: To evaluate the effects of soft contact lens (SCL)
use on the cytological status of the bulbar conjunctiva and
tear film stability before and after transepithelial photore-
fractive keratectomy (TPRK) and to examine the association
of these characteristics with postoperative healing processes.
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Material and Methods: This prospective comparative
study included two clinical groups 30 patients (60 eyes) each:
group 1 (patients who had not used SCLs) and group 2 (pa-
tients who had used SCLs for the most recent five years before
surgery). All patients received transepithelial PRK [1]. The
status of the ocular surface was assessed by impression cytol-
ogy (Nelson's classification grades 0-3) [2], Schirmers I test
and non-invasive break-up time (NIBUT) before and 2 months
after surgery. Severity of corneal opacity (haze) was assessed
2 months after surgery. Mann-Whitney test, Wilcoxon test,
Fisher exact test and Spearman correlation were used for sta-
tistical analysis.

Results: Preoperatively, the mean grade (standard devia-
tion [SD]) of cytological changes was statistically signifi-
cantly worse for group 2 than for group 1 (2.35 (0.66) versus
1.38 (0.69), p < 0.001). Two months after surgery, the mean
grade (SD) of cytological changes in group 2 improved sig-

BeTtyn

Tpancemnitenianpaa ¢GoropedpakiiiiHa  KepaTreKTo-
Mmist (TOPK) € omni€ro 3 MPOBIAHUX METOIWK Jia3epHOI
KOPEKIIii 30py, SIKa BiIPI3HAETHCS «OC3KOHTAKTHUMY ITifI-
XOIIOM Ta BIACYTHICTIO ()OPMYBaHHS KJIANTs, IO ITOTCH-
IHHO MOYKE 3MEHIIUTH MiCISIONEPaIiifHi YCKIIaTHEHHSI,
IIOB’s13aH1 3 KJIAITEM, a TAKO)K € OUIbII IagHUM IS I0-
BEpXHi OKa y mopiBHsHHI 3 kinacuuauM PPK [3-5]. Yemix
ornepailii Ta SKiCTh KiHIIEBOTO pe3yJbTaTy 3HAYHOI MipOIO
3aJIeXkaTh BiJl HOPMAJIBHOTO Mepediry mporeciB 3aroeHHS
POTiBKH, 5IKi, y CBOO YEpry, TICHO MOB'sI3aH] 31 CTAHOM YCi-
€i moBepxHi oka [6]. OuHa moBepxHI — Iie CKIaaHa QyHK-
[iOHAJIbHA OJWHHMIIA, IO BKIIOYAE CIMITETiH POTiBKH Ta
KOH'IOHKTHBH, CIi3Hy IUTiBKY Ta CIIi3Hi 3ao03m. Ii romeoc-
Ta3 € KPUTHYHO BOKJIMBUM JUIs [IITPUMAHHS TIPO30POCTI
ONTHYHUX CEPENOBUII Ta aJCKBATHOI pereHepartii micis
Xipypriyaux BTpy4aHs [7, 8].

Hocinns m'sknx kontakTHHX JiH3 (MKIJI) € momm-
PEHOI0 TPUYUHOIO XPOHIYHUX 3MiH OYHOI IOBEPXHI,
BKJIFOYAIOYM MIKPOTPABMH ETITeNil0, 3amalbHi peakiii,
TIMOKCIf0, 3MIHY CKJIaay CII3HOI IUIIBKHA Ta TUCQYHKIIIIO
MeribomieBux 35103 [9—11]. Li 3MiHU, HABITh SKIIO BOHH
Cy0'€KTHMBHO HE BHSIBISIFOTHCS SIK BHP@XCHUH CHHAPOM
cyxoro oka (CCQO), MoxyTh OyTH BHSBIEHI Ha KIITHH-
HOMY piBHI 3a JOITOMOTOIO IIMUTOJOTIYHOTO JIOCIIiIKSHHS
KOH'IOHKTUBU. L{UTONOTIYHI 3MiHM MOXYTh BifOOpakaTH
XPOHIYHMIA CTpeC IJIsl TOBEPXHI OKa Ta MOTEHITIHHO BILIH-
BaTH HA TPOIECH 3aTOEHHS Ta BiJHOBIEHHS MiCIs Xipyp-
TiYHOTO BTPYYaHHSI.

[Ticns pedpakiiftHuX orepariii 4acTo CIOCTEPIraeTh-
¢s TAMYacoBe a00 XpOHIYHE MOTIPIIEHHS CTaHy OYHOI IMO-
BepXHi Ta po3BUTOK abo 3aroctperns CCO [12-14]. Ce-
pen GakTopiB pu3uKy po3BHTKY micisionepariitnoro CCO
3TaylOThCs JKiHOYA CTaTh, CTAPIINI BiK, BACOKHH PiBEHb
pedpakmiiHol KOpeKIii Ta, 30KpeMa, Iepeaornepariiiae
HOCIHHSI KOHTaKTHUX JIiH3 [15]. [TomKomKeHHS HEPBOBUX
3aKiHYeHb POTIBKM Tij 9ac Ja3epHoi aOmsmii mopyirye
pedekTopHy Ayry, 10 HPU3BOAUTH 10 3HMKEHHS IpO-

nificantly (p = 0.003), but was still worse than that for group
1 (2.15 (0.61) versus 1.32 (0.54), p < 0.001). There was a
moderate correlation of the grade of cytological changes at
baseline with the severity of haze at 2 months (p = 0.47, p
< 0.001). Additionally, the grade of cytological changes was
mildly correlated with preoperative NIBUT (p = -0.20; p =
0.033) and two-month postoperative NIBUT (p = -0.18; p =
0.048).

Conclusion: Long-term SCL use resulted in stable patho-
logical changes in the ocular surface epithelium, which did
not disappear completely two months after the cessation of
CSL use and TPRK. Abnormal cytological status is a prog-
nostic marker associated with the risk of postoperative haze.

Keywords: transepithelial photorefractive keratectomy,
contact lenses, cytology, haze, dry eye, ocular surface, cor-
nea.

IyKmii cipo3u Ta Aectadimizamii ciizHol miiBku. [lopy-
IICHHS pereHeparii y miciasonepariifHoMy mepioai Moxe
TIPU3BOUTH 10 PO3BUTKY CyOCIiTeNiaIbHOTO TOMYTHIHHI
poriBku (xeusy) [16, 17]

He3paxkaroun Ha 3Ha4YHI JOCSATHEHHS B PO3YMiHHI BiJl-
HoBneHHs Ticns TOPK, zanmmaerscs morpeda B OLIBIT
JIETaJIFHOMY BHUBYCHHI TOTO, K HociHHA MKIJI Ta BHsB-
JICH] 10 oTeparii HUTONOTIYHI 3MiHH BIUTMBAIOTh HA Pi3HI
ACTIEKTH TICISONEpanifHOTO Tmepioay. 30Kpema, IiHHICTh
IIUTOJIOTIYHUX 3MIH SIK MPEAUKTOpa BiTHOBICHHS TOTpe-
Oye DOCIiKEeHHS.

Meta g0CIiIKeHHsI — OILIIHUTH, SIK HOCIHHS M'SKHX
KOHTAaKTHHX JiH3 (MKJI) BrimBae Ha MUTOIOTIYHAN CTaH
Oynp0apHOT KOH'FOHKTHBH Ta CTAOUIBHICTD CII3HOI IUTIBKU
IO Ta MICJIS TpaHCeMmiTemanbHo1 poTopedpakxiiitHoi kepa-
tekromii (TOPK), Ta gocmiguTu 3B'I30K IIUX MOKa3HUKIB
13 IIpoIIecaMH MiCIAONepaniifHOTO 3arO€HHS.

Marepian Ta meToam

JlocnmimKeHHST Mallo TPOCTEKTUBHUHN TMOPIBHAIBHUI
xapakTep. byno cpopmoBano nBi wimiHigHI Tpymu mo 30
oci6 (60 oueit) koxkHa. ['pyma 1 cknamanacs 3 12 9oI0BiKiB
Ta 18 XIHOK, CepenHill Bik cTaHOBUB 25,4 + 4,1 pokiB, ce-
penHi 3Ha9eHHS pedpakmii cranoBmmm —2,88 = 1,72 J1. llo
rpynu 2 ysidnuro 10 gomoBikiB Ta 20 KiHOK, CepeaHill BiK
cranoBuB 26,1 + 3,8 pokiB, pedpaxiis craHoBmiIa —3,80
+1,96 1.

KpuTepii BkmrodeHHs 10 TpymH 1: Bik marieHTiB Bix 18
110 45 pokiB, HassBHICT iH(OPMOBAHOI 3TOAM HA yUaCTh Y
JIOCITIDKEHHI, atieHTH He BukopuctoBysainn MKJI mpots-
TOM OCTaHHIX IT'ATH POKiB IIepe]] OTePaIli€io, BiICYyTHICTh
CYITyTHIX 3aXBOPIOBAHb IIOBEPXHi OKa, BEITMYMNHA MIOITii 32
cthepoekBiBaIeHTOM He OunbIe 7 MiONTpil, 3aruTaHOBaHA
mrOuHa ma3epHoi abmarmii poriBku MeHme 100 MkM, 30Ha
na3epHoi absii 6—7 MM, BIICYTHICTh TIPOTPECyBaHHS Mi-
omii mMPOTATOM MiHIMYM | POKY, TOBIIMHA POTiBKH IIEpe]
omepari€to Oimpire 480 MKM.
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Kpwutepii BKirtoueHHS 10 TPyIH 2: BiK MAIi€HTIB Bix 18
10 45 poKiB, HasABHICTH iHPOPMOBAHOI 3TON HA y4acTh Y
JOCTIKeHHI, cucTeMarnyHe BukopuctanHs MKIJI mpo-
TATOM OCTaHHIX I'SITH POKIB Tepell OIepati€eio, Ta T0TPH-
MaHHs npaBuit HocinHs MKJI (TepMiH KOpHUCTYBaHHS TIPO-
TaroM qHs, 3HiMaHHd MKJI Ha Hid, BuacHa 3aMiHa JIiH3)
BIJICYTHICTH CYMyTHIX 3aXBOpIOBaHb ITOBEPXHI OKa, BEJIH-
YIHA MioTii 3a chepoekBiBaJIeHTOM He OinbIre 7 JIOmTpil,
3alTaHOBaHA TIIMOWHA JTa3epHOi aOMAIil POTIBKM MEHIIE
100 mMxM, 30Ha JTa3epHOI a0MAIIIT 6—7 MM, BiICYTHICTB ITPO-
TpecyBaHHS MIOIIii MPOTATOM MiHIMyM | pOKy, TOBIIMHA
poriBku niepen omneparttiero Oinpme 480 MKM.

Kputepii BukiIrodeHHs 17 000X TPym: BiIMOBa Iia-
Li€HTA BiJ MPOBEACHHS IOCITIHKCHb Ta/abo HEBUaCHE iX
MIPOBENICHHSI, HEIOTPUMAHHS [IPU3HAYCHb JIKaps.

VYciM marieHTaM TPOBONWIN OIIEPATHBHE BTPyYaH-
HS TpaHcemiTenmianbHa (oTopedpakiliiiHa KepaTeKToMis
3a TPOrpaMor0 Oe3KOHTAKTHOI Kopekiii Stream Light,
BHUKOPHUCTOBYBasloch oOmamaanHs WaveLight EX500
(WaveLight®; Alcon Laboratories, ®opt-Bopt, Texac,
CLIA) [1].

Yci marieHTH IPONIIIITN KOMIUIEKCHE O(TaTbMOIOT d-
He o0CTe)XEHHS IO Omeparlii Ta depe3 ABa MICSIi Micis
BTPYYaHHS, SIKe BKIIIOYAJIO:

- nuTONOTiYHe AociimkenHsa. CTaH emiTerniro Oympoap-
HOI KOH'IOHKTHBH OIIiHIOBAJIH 32 JOTIOMOTOI0 iMIIpeCiitHO1
nuTosorii. CTyIiHE MAaTONOTIYHUX 3MiH KIIAaCH(iKyBaH 3a
mkanoro Hembcona, e 0 cTymine BiamoBigae HopMmi (apid-
Hi CMITENIONHUTH 3 BUCOKUM SIIEPHO-ITUTOIIA3MATHIHIM
CIIBBITHOIIICHHSM, HasIBHICTh KEIMXOMOAIOHNX KITITHH), &
1-3-# cTymeHi — 3pocTaroda TSHKKICTh II0CKOKITI THHHOT
MeTarasii (30UTBIIeHHsT PO3Mipy KIITHH, MIKHO3 SIpa,
3MEHIIEeHHS a00 BiICYTHICTh KEMUXOMOAIOHUX KITITHH) [2];

- aHami3 cii3Hoi IiBKU. CIhO30TPOIYKIIIIO OI[iHIOBA-
1 3a oromororo tecty Hlnpmepa I, a cTabimpHICTD Cimi3-
HOI IUTIBKA — 3a JIOTIOMOTOI0 HEiHBa3WBHOTO Hacy ii po3-
puBy (NIBUT) 3a monomoroto obmagnanast OCA (ocular
surface analyzer — aHami3aTtop cTaHy IOBEpXHi OKa);

- OWIHKY ycKiagHeHb. CTyIiHb BUPaXEHOCTI cyOeri-
TEJTiabHOTO TIOMYTHIHHS POTiBKH (Xei3y) (ikcyBamn Kii-
HIYHO 111 9ac 610MIKpOCKOIIii Yepe3 1Ba MiCsIIi TiCIs oTre-
paii Ta Kacugikysanu 3a mkanoro Fantes et al. [18,19].

CrarucTiaHy 00pOOKy JaHWX MPOBOIIIIH 32 JOITOMO-
roio mporpamuoro 3abesnedenHs IBM SPSS Statistics 3

BUKOPUCTAHHSM HENapaMEeTPUIHNX METOIB aHamizy. s
MOPIBHSHHSA HE3aJICKHUX TPyN 3acTocoByBain U-TecT
Manna — ViTHIi, A7 TOPIBHSIHHS 3MiH 0 1 TICIISA B MEX-
ax omHiei rpynmu — TtecT Binkokcona. [ mopiBHSHHS
PO3TONLTY TAIIEHTIB 3a KaTeropialbHUMH O3HAKaMH MiXK
JIBOMA TPyIIaMH BHKOPHUCTOBYBAIH TOUHHUH TecT Dimrepa.
B3aeMo3B's13k1 MiX TapamMeTpaMy aHAi3yBald 3a JOIO-
MoOTOI0 KoedirieHnTa panroBoi kopemsmii Cmipmena (p).
CTaTHCTHYHO 3HAYYIIMMHU BBaYKAJIN BiIMIHHOCTI IIpH p <
0,05. Po3paxyHOK cepemHixX 3HaueHb MOKA3HUKIB IPUBO-
JIUBCS 3 BUKOPHCTaHHSIM SD — cepenHbOro KBagpaThud-
HOTO BIIXWJIEHHS.

Pe3ynkratn

[opiBHANBEHUI aHANI3 NHUTOJOTIYHUX 3MiH. AHaII3
IIUTOJIOTIYHOTO CTATyCy BUSBHUB TITHOOKI BIIMIHHOCTI MiXK
JOCTIKYBaHUMHE TPYIaMH SIK 710, TaK 1 MiCTs OTeparii.
JluraMika cepeiHiX 3HaYeHb MpeICcTaBleHa B Tabmui 1.

Sx BumHO 3 Tabmumi 1, Mo omepariii cepenHill CTyIiHb
IUTOJIOTIYHAX 3MiH y Tpymi 2 OyB Maike Ha OIWH 0ai
BUIIMM, HiX y Tpymi 1 (2,35 mpotr 1,38, p < 0,001). Ye-
pe3 IBa MicCsAIl MiCHs Oleparii y marieHTiB rpynu | cran
SMITEIII0 3aJUIIUBCSA CTaOUTPHUM O3 3HAYyIUX 3MiH
(p=0,317). HatomicTb y marieHTiB rpymu 2 BigOyaocs cTa-
TUCTHYHO 3HauymIe nokpameHast (p=0,003), mo cBiT4nuTh
PO TIOYaTOK BiHOBJIIOBAIBHHUX HPOLECIB MiCIs MPHIHU-
Henus Hocinasg MKJIL. TIpote, He3Ba)karoun Ha MIO3UTHBHY
TUHAMIKY, CTaH KOH'IOHKTHBH y TAIIEHTIB TPyNH 2 3aJH-
IIaBcs TiPIIAM TOPiBHAHO 3 rpymoro 1 (p < 0,001).

Binmpmr geranpHy KapTHHY CTPYKTYPHUX BiIMIHHOCTEH
JTa€ PO3TIONLT MAIIEHTIB 32 CTYNCHSIMH 3MiH, HABEICHUH Y
Tabmumi 2.

Jani Tabmumi 2 HA0YHO NEMOHCTPYIOTH, IO JO OTIe-
pauii B rpymi 2 abcomtorHa OunbimicTs namieHTis (90 %)
MaJIi BUPaKCHI IUTOJIOTIYHI 3MiHH emiTeNito 2-T0 Ta 3-r0o
crynewiB. [licns omepamii B it rpymi BigOyBCs mepepos-
MO, YacTKa MAIIEHTIB 3 HAWBaXXYUM, 3-M CTYIICHEM,
smeHmmnacs 3 45% 1o 27%, nepeBaxHO 3a paxyHOK Iie-
pexomy B 2-i cTymiHb. THM HE MCHII, YaCTKa TAIli€HTIB 3
JeTKUMU 3MiHamH (1-ff CTyIiHbB) 3aMUIInIIacs He3HAYHOIO
(12%).

AmHami3 crany cmizHOi miBkd. CTaH CIi3HOI IUTIBKH
Y HaIIOMY JOCIIPKCHHI OI[IHFOBABCS IIUIIXOM BH3HAUYCH-
Hs crpo3omnponykmii (tect [upmepa I), Ta crabimpHOCTI

Tabnuuga 1. [lvHamika CTyneHiB UATONONYHNX 3MiH Y AOCNIAXKYBaHMX rpynax

Nepion pyna 1 (I(-I;I ;So[t):)unu MKI) pyna 2(&:;;1)1»1 MKI) p-value (Mix rpynamu)*
[o onepauii 1,38 £ 0,69 2,35+ 0,66 < 0,001

[Micnsa onepauii (2 mic.) 1,33+ 0,54 2,15+ 0,61 < 0,001

p-value (3miHn o i nicns) ** 0,317 0,003

Mpumitkn: MKIT — m;siKi KOHTaKTHI NiH3n. M+SD — cepefHe 3Ha4YeHHs + CTaHAapTHE BigXUIeEHHs. *p-value Ans NOpPiBHSAHHS
M rpynaMu po3paxoBaHo 3a Aornomoroto Tecty ManHa — YiTHi. ** p-value onst nopiBHAHHS 3MiH [0 i Nicns B MeXax KOXHOI

rpynu po3paxoBaHO 3a 4OMNOMOIow TecTy BinkokcoHa.
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Tabnuusa 2. Po3nogin nauieHTiB 3a CTyneHeM LuTonoriYHnx 3miH (%) Ao Ta nicnsa onepadii

Ho onepauii Micnsa onepauii
CryniHb pyna 1 Ipyna 2 p (mo)* pyna 1 Ipyna 2 p (nicnsA)*
n (%) n (%) n (%) n (%)
0 2 (3%) 0 (0%) 0,496 0 (0%) 0 (0%) 1,000
1 38 (63%) 6 (10%) <0,001 42 (70%) 7 (12%) <0,001
2 15 (25%) 27 (45%) 0,035 16 (27%) 37 (62%) <0,001
3 5 (8%) 27 (45%) <0,001 2 (3%) 16 (27%) <0,001

MpuMiTKK: «N» — KiNbKICTb BUNAAKiB; * p-value po3paxoBaHo 3a AOMOMOrol TOYHOro TecTy dilwepa Ans NopiBHAHHS YacToT
MDK rpynamu ansi KOXHOro OKpeMOro CTyneHs. p (40)* — MOpPIBHAHHA AaHMX A0 onepadii, p (Micnsa)* — NOpiBHAHHA AaHUX

nicnsa onepauii.

cmiznof ttiBku (NIBUT). Jlani npoBeaeHUX IOCIIKEHb
BKa3aHO y TaOnmuIrsix 3 Ta 4.

Jlo omepatiii crioctepiraiacst TSHACHIIIS 0 JACIIO Kpa-
IIMX MOKa3HUKIB CIbO30MPOAYKIIT y rpymi 1, oxHak pis-
HUIS HE 0CsTIa cTaTuCTHYHOT 3HauyocTi (p = 0,0688).
BaximBo, 1o micias ornepailii B 000X rpymnax BigOyimocs
CTaTHUCTUYHO 3HAYYIIe 3HWKEHHS OKa3HUKIB Tecty Lup-
Mepa (p < 0,05 mist 000X rpyi), MO € OUIKyBAHUM HACTIJI-
KOM Xipypriunoro Brpyuannsi. Uepes JqBa micsiiii craTuc-
TUYHO 3HAYYNIOl PI3HUII Y CIILO30MPOAYKIIT MK TpyHaMu
Bxe He Oyno (p = 0,4034)

3 tabnuili 4 Mu 6a4rMo, 10 A0 OIepallii MaieHTH 3
IpyIH 2 Majld CTaTHCTHYHO 3HAYYIIE HUKYUI Yac po3pu-
By cuizHoi riBku (8,11 ¢.) nopiBusiHO 3 rpynoto 1 (10,55
¢, p=0,0367). lle € 00'€eKTUBHUM I ATBEPKCHHSIM TOTO,
o Hocindas MKJI HeraTMBHO BILIMBAa€E Ha CTaOlIBHICTH
cnpo3u. Ha Binminy Big mokasuukiB tecty Illupmepa, sxi
noripimnucst, nokasuuku NIBUT craructuuno 3Hauymie

MOKpAIIWiIkes B 000X rpynax micist onepariii (p<0,001).
Lle cBiguuTh Mpo TE, 110 caMme XipypridyHe BTPyYaHHS Ta
micasionepaniiina Teparist (ouni kparti 0,2% riamypoHo-
Boi kuciotu Ta 0,1% aexcameTa3oHy), a TaKoX IMPHITH-
HEHHSI HOCIHHSI JIIH3 y IpyIIi 2, MatOTh MO3UTUBHUIN BILIHB
Ha SIKICTh Ta CTaOUIBHICTh CII3HOT ILTIBKH.

[IpoTte, HE3BaXKAIOUM HA MOKpAIEHHS B 000X rpymax,
pI3HMIIT MDDXK HUMM HE TUIbKM 30eperiach, aje W craia
OlTbII BUpaKeHOO uepe3 aBa micsii (p=0,0036). [Tarien-
TH, siki He Hocun MKIJI (rpyna 1), 30eperiu 3HauHO Kpa-
Iy CTaOUIBHICTD CITI3HOT TUTIBKH.

Mu npoBeny aHai3 KOpeNsiiHUX 3B’SI3KIB I[UTOJIO-
TYHUX 3MiH KOH FOHKTHBH 3 JOCIIDKYBAHUMH KITIHIYHU-
MU [apameTpamu (J1aHi npecTaBieHi y Tadiuii 5).

Hamu BCTaHOBJICHO KOPEISIIHHUIA 3B’ 130K MK TpHUBa-
nictio HocinHst MKJI Ta cTyneHem MmioCcKOKIITHHHOI Me-
tarwtasii emitenito (p = 0,59; p <0,001). Lle miaTBepmKye
XPOHIYHY MIKPOTpaBMaTH3aIll0 Ta TiMOKCII0, 3yMOBIICHY

Tabnuuga 3. MNopiBHAHHA noka3Hukie TecTy LLnpmepa | 4o Ta nicns onepaduii 060x rpyn

MopiBHsHHS Tect ”J"P';‘“‘;zg DA)O onepauii Tez;:;';ﬂ:‘,:_'mai ;'Ii;)"" p-value (8o vs nicns)*
Mpyna 1, n =60 17,50 £ 6,40 14,93+ 4,17 0,0001

Mpyna 2, n =60 15,92 + 6,06 14,45 + 4,67 0,0218

p-value (mix rpynamun)** 0,0688 0,4034

MpumiTkn: M+SD — cepefHe 3Ha4YeHHs + cTaHOAPTHE BiAXUMEHHS; N — KinbKicTb 04en; * p-value (fo vs nicns) po3paxoBaHo
3a JONoMOrot TecTy BinkokcoHa; ** p-value (Mix rpynamm) po3paxoBaHo 3a JonoMorot Tecty MaHHa — YiTHi.

Tabnuuga 4. MNopiBHAHHA NOKa3HUKIB Yacy po3puBy CRi3Hoi NMiBku Ao Ta nicnsa onepadii (NIBUT)

HoplEHARHR NIBU'I; I\.f’:llic_>$ol:|)'|)epaL|i'|' NIBUT ?Iivtl:;;ch;nepaui'l' (,qo‘:,-;lar:il:;: "
lpyna 1 (He Hocunu MKIT), n = 60 10,55+ 5,53 12,83 £ 4,58 0,0003
lpyna 2 (Hocunu MKI), n = 60 8,11 + 3,50 10,56 + 3,88 <0,0001
p-value (mix rpynamun)** 0,0367 0,0036

MpumiTkn: M+SD — cepefHe 3Ha4YeHHs + cTaHAAPTHE BiAXUMEHHS; N — KinbKiCTb o4en; * p-value (4o vs nicns) po3paxoBaHo

3a JonoMorot TecTy BinkokcoHa. ** p-value (Mix rpynamm) po3paxoBaHo 3a AonoMorot Tecty MaHHa — YiTHi.
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Tabnuuga 5. AHani3 KopensauirH1X 3B’A3KiB MK CTYNeHeM NIOCKOKMITMHHOT MeTannasii KOH IOHKTUBM Ta KMiHIKO-PYHKLiOHanb-

HVYMW MOKa3HMKaMmn cTaHy O4Hoi nosepxHi (n=120)

[MapameTpu, WO KopentoBanu 3 LUTONOriYHUMM 3MiHaMK KoediuieHT (p) p

Bukopuctanta MKJ1 (GinbLue 5 pokis) 0,59 < 0,001
NIBUT (go onepadii) -0,20 0,033
NIBUT (4epes 2 mic., nicns onepadii) -0,18 0,048
Xens (4epes 2 mic., nicns onepadii) 0,47 < 0,001

Mpumitkn: MKIT — m;5ki KOHTakTHI NiH3K; NIBUT — HeiHBa3uBHWI Yac po3prBy CRi3HOI NMiBKK; KoedilieHT (p) — KoedilieHT

kopensuii paHris CnipmeHa.

TpuBanuM BrtuBoM MKIJI Ha ouHYy MOBEpXHIO, IO MpPH-
3BOJIUTH JI0 CTiliKOI nepeOy/oBH emiTeNiallbHOro MIapy
noBepxHi Oka. Takok MU BUSBUJIM CITA0KUI 3B’SI30K MiXk
CTyNEHEM IIMTOJIOTIYHMX 3MiH Ta YaCOM PO3PHBY CIIi3HOT
wriBku (NIBUT) sk mo omepauii (p = —0,20; p = 0,033),
Tak 1 yepe3 ABa micsui micns Brpy4anHs (p = —0,18; p =
0,048). TakuM YHMHOM, NMPOTPECYBAHHS JAETEHEPATUBHUX
3MIH €IITENI0 Ta 3HWKEHHS IIUILHOCTI KEIUXOMOAIOHUX
KJIITHH aCOLIIOETHCS 3 TMOTIPIISHHSIM CTabIBHOCTI CITI3HOT
wiiBku. Lle cTBoproe ymoBH Juist hopMyBaHHS 3aMKHYTOTO
KOJIa CHHPOMY CYyXOT'O OKa, SIKUH 30epiraeThes 1 B mics-
orepariiiHomMy nepiozi. OcoOIMBOi yBaru 3aciyroBye Ko-
PpeNSIiHMIA 3B’S130K MK BUXIJIHUM LUTOJIOTTYHUM CTaTy-
COM Ta IHTEHCHUBHICTIO PaHHBOTO XeH3y 4yepe3 JBa Micsiiii
miciist TOPK (p = 0,47; p < 0,001). BusiBiicHa 3a1exHICTh
BKa3y€ Ha pOJb CHiTeNialbHO-CTPOMAaIbHUX B3AEMOIIN Y
npoteci 3aroenns. [ipmmii Mopdonoriyauii craH emirte-
JIi10 10 orepalii € MPeAUKTOPOM OUIBII BUPaKEHOI aKTH-
Ballii KeparonuTiB Ta (JOPMyBaHHS NOMYTHIHb POTIBKH Y
paHHBOMY MicisonepariifHoMy nepioni. TakuM YUHOM,
niepeonepaiifHa oliHKa IUTOJOTTYHOTO CTAaTyCy MOXKe
BUCTYIIATH IPOTHOCTUYHUM KPUTEPIEM SKOCTI perapaTus-
HOI pereHepartii mcis Jla3epHoi a0

O6roBopeHHs

OTpuMaHi pe3yJbTaTd JIEMOHCTPYIOTh, L0 TpHUBAJe
HOCIHHS KOHTAaKTHHX JIIH3 € MOTY)XHUM (DakTOpOM, SIKHii
HPU3BOAUTH 10 PO3BUTKY BUPKEHHX IATOJIOTTUYHHUX 3MIH
eMITeJIIF0 OYHOI MOBEPXHI, 1110 y3TOKYETHCS 3 Cy4acHH-
MU jociipkeHHs MU [9—12]. Xoua NpUIMHEHHS! BUKOPHUC-
tandst MKJI Ta micistoniepariiiina Tepartis (10 BKJIrOUYaia
npenaparu rianypoHoBoi kucioru 0,2% Ta nexcameraso-
Hy 0,1%) cripusitoTh 4aCTKOBOMY BiJIHOBJIEHHIO OYHOT I10-
BEpXHI, LIei NpoLeC € MOBUIBHUM, 1 32 J[Ba MICSIILi TOMEOC-
Ta3 MOBEPXHI OKa HE MMOBEPTAEThCS 10 HOPMHU. CTIHKICT
[UX 3MiH CBIIYUTH PO IIMOOKI MOPYILIEHHS HA KJIITHHHO-
MY piBHI, sIKi HOTPEOYIOTh TPHUBAJIOTO Yacy JJisl TOBHOI pe-
reHepatii [8]. OOMeXeHHSIM J]aHOTO JOCIHI/PKEHHS € Tep-
MIH CIIOCTEPEKEHHSI, SIKUi CKiIaB JBa micsii. Lleit mepiof
OyB 0OpaHMi IIJICCIPSIMOBAHO IS OLIIHKH MKy PAHHBOT'O
(bi310JI0TIYHOTO Xeii3y, PO3BUTOK SKOIO HAMOUIBII TiCHO
NOB'SI3aHUH 13 BUXIJIHUM LUTOJIOTTYHUM CTAHOM ITOBEPXHI
oka. /111 BUBYEHHS BIUTMBY LIUTOJIOTIYHUX 3MIH Ha PO3BU-
TOK Ii3HBOTO Xe#3y (IicJisi TPhOX MiCAILIB) HEOOX1IHI HOo-
JAJTBIII JOBIOCTPOKOBI 10 CIIIKCHHSI.

Ki1r040BMM BHCHOBKOM HAIIIOTO JIOCHI/DKEHHS € BCTa-
HOBJICHHS IIPSIMOTO 3B'SI3KY MK CTaHOM EIITENi0 Ta Mpo-
L[ecaMy 3aro€HHst ToBepXHi poriBku. [TomipHa Kopessiist
MDK IIMTOJIOTIYHUMH TOPYIICHHSIMHU Ta PO3BUTKOM XeH3y
(p = 0,47) miATBEpIKYE TIMOTE3Y, IO 3A0POBUH CITiTEIii
Bijlirpae KpUTHUHY POJIb y perynsmii pereneparii. Fimo-
BIpHO, MOPYIICHHS HAa KJIITUHHOMY PiBHI NPU3BOAATH JIO
JqcOanancy B MPOAYKIIT HUTOKIHIB Ta (haKTOpiB pOCTY.
Lle, B CBOIO 4epry, MOXe CTUMYJIFOBATH HaJMIpHY aKTHB-
HICTh KEepaTOIHUTIB, iX TpaHchopmariiro B Miodidopobdiac-
TH Ta HAJUIAIIKOBE BiIKIAJCHHS KOJIArCHY, sIKC KIIHIYHO
MPOSIBIIIETHCS K Xei3. TakuM YHHOM, MiCIIsIONepaliifHnit
IUTOJIOTIYHUI CTaTyC MOXKE CIIyTyBaTH Ba)KJIMBHUM IIPO-
THOCTUYHUM MapKepOM PHU3UKY HOTO PO3BUTKY.

AHai3 cii3HOl TUTIBKH JTOTIOBHIOE IF0 KapTHHY. Xoua
cama orepailis THMYacOBO 3HIKYE CIbO3OIMPOIYKIIIO B
YCIX MaIi€HTIB, TTOYATKOBO TIpIIMH CTaH OYHOI TTOBEPXHI
y HociiB MKJI cTBOpro€ MeHII CIIpUSTIMBE CepeIOBHUILE
JUIsl 3arO€HHSL. 3B'SI30K LIUTOJIOTI 31 CTaOUIBHICTIO CIII3HOT
rtiBku (NIBUT) € Takox 3akOHOMiIpHHUM, OCKUIBKH TIJIOC-
KOKJIITHHHA METAaruiasis CyIpOBOMKYETHCS 3MEHIICHHSIM
KUTBKOCTI KEJIMXOMOMIOHMX KIIITHH, 1[0 MPU3BOIUTH JI0
Je(inuTy MYyIIMHOBOTO APy CIBbO3HM 1, SIK HACIIJIOK, 10 i1
HEeCTaOUIbHOCTI.

JlocmiKeHHs, [0 BHBYAIOTH BiJIHOBIEHHS MCIS
pedpakuilinux onepaiiiit, 3okpema TOPK, Ta pusuku Bu-
HUKHEHHSI YCKJIaJHEHb, TAKUX SIK XCU3, MiATBEPIKYIOTh
HEOOXiJIHICTh TIMOOKOT OILIHKK aHaTOMO-(yHKI[IOHAIIb-
HUX 0COOJIMBOCTEH MOBEPXHI OKa MaIi€HTIB JJIsl OTepe/l-
JKEHHsI YCKJIaJJHEHb Ta MiHIMi3allil HEeMPUEMHHX BIAUYTTIB
y micnsionepaniiHomy mepioni [12—-17, 20]. Haromicth
JIOCIIJDKEHHIO IIUTOJIOTTYHHUX 3MIH HE MPUAIJICHO JI0CTaT-
HBOI YBaru y KOHTEKCTI NMpEIUKTOpa MicisonepaniiHux
ycknaaaens [8,10]. Takum YuHOM, HAIIIE JOCIIHKCHHS HE
JIMIIE JONOBHIOE HAsIBHI JaHI IIO/I0 BaXKIIMBOCTI Ta 0CO-
OMMBOCTEH JOOMEPAIlifHOTO OOCTECKCHHS MAIIEHTIB TIe-
pen pedpakifiiiHo Xipypriero, a i Tako)k BHOCHUTb HOBHI
TOIVISZ] HA BUKOPUCTAHHS LIUTOJIOTIYHOTO JIOCIIIKEHHS
KOHIOHKTHBHU y pedpakuiiinux namientis. Hama pobora
BIICPIIIC XapPAKTCPU3YE TAKHii (PAKTOP, SK IIUTOIOTTUHI 3Mi-
HY KOH IOHKTHBH TTOBEPXHI OKa, SIK €()EeKTUBHUI TPOTHOC-
TUYHUH MapKep MOsiBU CyOemniTenialbHOTO MIOMYTHIHHS Y
PaHHBOMY MiCIISIONIEpaIiifHOMY TIepioi.

OTxe, TOTPIOHO MPOBOJUTH PETENbHY OLIHKY CTa-
HY O4YHOI MOBEpXHI Iepen pedpakuiiHUMU orepalisMu,
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OCOONTMBO Yy TAII€HTIB 3 TPHUBAJINM aHAMHE30M HOCIHHS
MKUI. BusiBineHHS BHpa)KEHUX ITUTOJOTIYHUX 3MIH MOXKE
OyTH MiACTaBOIO UIS TPOBEOCHHA Kypcy Iepemomnepa-
LiffHOI MiATOTOBKH, CIPSIMOBAHOI HA IMOKPAIICHHS CTaHy
eTITEeNiI0, 3 METOI0 3HIDKEHHS PHU3HKY ITiCISIONepaIiitHnX
YCKJIa/IHCHB.

TakuM 9UHOM MH MOXXEMO MIMTH HACTYITHUX BUCHO-
BKiB:

1. [amienTn, sKi TprBajo (OUIBIIE IT'ATH POKIB) HOCATH
KOHTAaKTHI JIH3W, MAlOTh CTaTUCTHYHO 3HAYYIIE TipIInit
BUXIHUHM cTaH emiTenio Oymp0apHOI KOH'TOHKTHBH, IO
XapaKTepU3YEThCSI BUPAKCHUMH O3HAaKaMH  ILIOCKOKJIi-
TUHHOI MeTaruiasii.

2. ITicns mposenenast TOPK ta nmpunuHeHHS HOCIHHS
MKUJI cTaH 04HO{ TOBEpXHi y IHUX MAII€HTIB JEMOHCTPYE
MIO3UTHBHY AWHAMIKY, TPOTE MTOBHOTO BiHOBIECHHS 10 TO-
Ka3HUKIB Tpynu | 3a Ba MicsIi He BiIOyBaeThCs.

3. He3amoBiNbHUI OUTONOTIYHUNA CTATyC OYHOI IIO-
BEpXHI y MiCII0IepaifHoMy TIepiofi € 3HaTyIuM (HaKTo-
POM PH3HUKY, III0 ACOLIIOETHCS 3 OUTBIT BUPAKEHUM PO3BH-
TKOM TIOMYTHIHHS POTiBKH (X€H3y).

4. IluToyOriYHMEI aHaII3 € I[IHHUM JiarHOCTUYHUM
Ta MPOTHOCTHYHUM iHCTPYMEHTOM, IIIO JO3BOJISE OIiHH-
TH PU3UKA YCKJIATHEHOTO 3aTO€HHS MIcs pedpaKmiiHuX
BTpY4YaHb, 0COOIHMBO y MAIlI€HTIB, SKi TPUBAIHN 9ac HOCH-
JIU KOHTaKTHI JIH3H.

MepcnekTMBM NoganbLWKX AOCHiAXKEeHb

OTpuMmaHi pe3ynbTaTé AEMOHCTPYIOTh HEOOXiTHICTH
MOJAJIBIIIOTO BUBYCHHS POJII LUTOJOTIYHUX 3MiH ITOBEpX-
Hi OKa SK TPEIUKTOpa e(PEKTHBHOCTI Ta O€3MeK: Ipo-
BeaeHHs TOPK. V MaiiOyTHIX DOCTIIHKCHHAX TOLITHHO
PO3IIMPHUTH YacCOBI PaMKH CIIOCTEPEKEHHS ISl OLIHKH
JOBTOCTPOKOBHX 3MiH €IITEINi0, JOCTITUTH BIUTHB Pi3HUX
TUTIB M SKUX KOHTAaKTHHX JIiH3, TEPMiHY X BUKOPHUCTaH-
H#, @ TAKOJK BIIPOBAINTH MOJICKYIIIPHO-010JI0T19HI METOIH
aHaJi3y CTaHy KOH IOHKTUBH ISl YTOYHECHHS MEXaHi3MiB
pemapartii.

ABTOpPCbLKWUI BHECOK

CaHpypcbkuii C. O. — po3pobka KoHLenLii, NPOeKTyBaH-
Hsl, 36ip AaHUX | NpPOBeAEeHHsT AoChigKeHb, aHani3 Ta iHTep-
npetauis AaHuX, MiAroToBKa Ta PeLeH3yBaHHS PYyKOMuUcy;
Mpixxumanbcebka K. KO. — po3pobka KoHUenLii, NpoeKTyBaHHS,
aHani3 Ta iHTepnpeTauis AaHUX, peLeH3yBaHHA Ta peaary-
BaHHS. YCi aBTOpU NpouuTany Ta CXBanunu OCTaToOuYHWI Ba-
piaHT pykonucy.

KoHdonikTth iHTepecis

ABTOpU 3acBigyylOTb MPO BIACYTHICTb KOHMMIKTY iHTEp-
€ciB, AU Mir 61 BNAMHYTU Ha iXHIO AYMKY CTOCOBHO Mpea-
METY 4M MaTepianis, OonMCaHUX Ta OBGroBOpeHUX B AaHOMY
PYKOMUCI.

®PiHaHCyBaHHA

ABTOPW He OTpMMyBanu PiHAHCOBOI NIATPUMKM Bif CTO-
POHHIX opraHi3auin Ha NPOBEAEHHS LIbOrO AOCHIIKEHHS.

3asBa Npo eTU4Hi Hopmu

[aHa poboTta npoBoaunacsa 3a yyacTio nogen. Hawe go-
cnigpkeHHss 6yno cxeBaneHo MiCLeBUM KOMITETOM 3 BioeTuku
BiHHMUBKOrO HaLUiOHaNbHOro MEAMYHOro YHIBEPCUTETY iMeHi
M. I. MNMuporosa (npotokon Ne 60 Big 24.09.2025 p.). Yci na-
LiEHTN Hadanmu MUCbMOBY iHPOpPMOBaHy 3rofly Ha y4yacTb Yy
OOCTNIAXKEHHI, BUKOPUCTAHHS KNiHIYHUX OAHUX Ta NpoOBeaeH-
HS giarHocTUYHUX npoueayp. JocnigxeHHs 6yno npoBegeHo
BignoBiaHO Ao lenbcCiHCbKOIT Aeknapadii. Lie gocnigkeHHs He
BKITHO4ario eKCNeprMMeHTH Ha TBapuHax.

BigmoBa Big BignoBiganbHocCTi

[Mornsamn, BUCNOBREHI y AaHin cTaTTi, € BNacHMMMU NOrms-
AaMu aBTOpIB, a He OILIHOK NO3ULED YCTaHOBN.

3asiBa Npo AOCTYMHICTb AaHUX

Bci paHi, otpumani abo npoaHanisoBaHi nig Yac uporo ao-
CNiJKEeHHs1, BKIOYEHI B LiH0 ony6nikoBaHy CTaTTHo.

CKOpOUEeHHA

TOPK — TpaHcenitenianbHa dotopedpakuiviHa KepaTek-
Tomig; ®PK — cpoTopedpakuinHa kepatektomia; MKJT — m’aka
KOHTakTHa niH3a; CCO — cuHgpom cyxoro oka; OC[I — ocular
surface disease index (IHoekc 3axBoptoBaHb MOBEPXHi OKa);
OCA - ocular surface analyzer (aHanizaTop noBepxHi oka);
NIBUT — non-invasive break-up time (HeiHBa3nBHWIA Yac pos-
pvBY CRIi3HOT MAiBKM).
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EkcnepumeTtanbHi gocnigxeHHsA

ExcnepumeHTanbHe BU3HA4Y€HHA MOPOroBMX NapamMeTpiB Hanpyru
€NIeKTPUYHOro CTPyMy NMpu BUCOKOYACTOTHOMY €JIeKTPO3BaptOBaHHi
CiTKIBKM opuUriHaribHUM MOHOMNONAPHUM 30HAOM 25-G B 3anexHOCTI Big

BMICTY BiTpearibHOI NOPOXHUHU
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Mema. Buznayumu 6 ekcnepumenmi nopo2osi napame-
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oom 25-G kanibpy 6 3anexncHocmi 6i0 eMicmy impeanibHol
nopodiCHUHU (CKA0NOOJIOHe miNo, nogimps ma nep@mop-
0eKanin), a maxodic o6IpyHmyeamu yi napamempu 3a 00-
NnoMO02010 KiHYye80-eeMeHMH020 MOOENIO8AHHS.

Mamepian ma memoou. Tpu kporuxa (6 oueil) 6yiu 6u-
KOpUCMAHT 8 eKCnepuUMeHmi: eKCnepumMeHmanvha (2 kpouuxa,
4 oxa) ma xonmponvna epynu (1 kpoaux, 2 oka). ¥ excnepu-
MeHmanvHit epyni nposoounocs BEBT cimkieku cmpymom 3a
mamnonaou nep@dmopoexaninom abo nogimpsm. Y xkowmp-
onvuiu epyni euxonysanocs BEBT cimkieku cmpymom 3a Ha-
ABHOCMI CKION00IOH020 mina. [[isi MamemMamudHo20 mooe-
JIOBAHHA eNeKMPOHASPIBAHHA CIMKIBKU GUKOPUCTNOBYBABCS
Memoo KiHYe8UX eleMeHMIs.

Pe3ynomamu. ExcnepumenmanvHo 3a HAA6HOCMI CKIO-
noodibHo2o0 mina, nepghmopoexkaniny ma cmepuibHO20 Nosi-
mps nopoeosa Hanpyea BEBT cimkieku cmanosuna 11 B, 12
B ma 12 B sionosiono. Kinyeso-eiemenmmue MoO0ento8aHs
NPOMIKAHHA eNeKMPULUHO20 CIMPYMY NiOMEepoulo excnepu-
menmanwui oani: 10,8 B onsa cknonodibnozo mina, 11,5 B
ona nosimps i 12 B ons nepgpmopoexaniny. Inwi napamempu
(yacmoma cmpymy — 66 xly, cuna cmpymy — 0,3 A, excno-
suyiss — 1 ¢) 6yau nocmitinumu. PisHuys nopoeosux manpye
BEBT obymosnena 6i0HOCHO 8UCOKOIO eLeKMPOnpPOSIOHICIIIO
CKA0NO0IOH020 Miia, 8 MOU Hac AK nep@hmopoexanin ma no-
8impsi € OleneKmpUKaMu.
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Bucnoeku. Ilopocosi snauenns nanpyeu BEBT cimkie-
Ku ni0 uac GUKOPUCMANHS OPULIHATBLHO20 MOHONOJAPHOO0
38apro8anbHo20 30n0a kaniopy 25-G cmawnosunu 11 B ons
cK0n00iOH020 mina, 12 B ona nosimps ma 12 B ona nepgh-
MOPOeKAniny, wo niomeepousrocs pe3yibmamamiu KiHyeeo-
ef1eMenmno20 MOOeNI0BANHS.

Knrwowuosi cnosa: cimkiska, sucokouacmomue eleKmpo36a-
Pr06anHs 6i0N02IMHUX MKAHUH, DEMUHONEKCIs, 36aPI08AIbHULL
30H0, NOPO206I napamempu Hanpyeu cmpymy, KiHyego-eie-
MeHnmue MoO0eno8ants, nephmopoeKanin, cmepuibhie nogi-
mpsl.

Abstract

Purpose: To experimentally estimate threshold voltage pa-
rameters of high-frequency electric welding (HFEW) of bio-
logical tissues using original monopolar welding 25-G probe
depending on the vitreous cavity content and theoretically
Justify the results by finite-element modeling (FEM). .

Material and Methods: The experiment involved three
rabbits (6 eyes; two experimental rabbits and one control
rabbit). Experimental animals received retinal HFEW in the

BcTtyn

[TpoGrema perMaTroreHHOro BigIIApYBaHHS CITKIBKH
MOJIATae B CYTTEBOMY 3HIDKCHHI TOCTPOTH 30py Ta Ipa-
IIe3/1aTHOCTI XBOPHX 3a HEBYACHOTO Ta/ab0 Hee(eKTHB-
HOTO JIiKyBaHHS. YacToTa BUHMKHEHHS PErMaroreHHOTo
BiJIIIApYBaHHS CITKIBKH CTaHOBHTH 6,3—17,9 BHUIaaKiB Ha
100 000 HaceneHHS B 3aJIEXKHOCTI BiJl IaHHUX JiTEpaTypH
[1,2]. Onniero 3 mpoGnem Xipyprii perMaToreHHOro Bif-
IIapyBaHHsI CITKIBKH € 9acTOTa PELH/IUBIB. 3Ti/IHO 3 JiTe-
paTypHUMH JIaHUMH, PELHIUBH PErMaTOreHHOTo BijamIa-
pyBaHHS CITKIBKH 3ycTpivarotrecst y 6%—39,8% Bumnanxis
TTCIIS YCHINIHOTO XipypriuHoro Brpy4aHHs [2—4]. JloBoui
BHCOKa YacTOTa PEIUANBIB MOKe OYTH OB’ s13aHa 3 TaKu-
MU YMHHHUKaMH, SIK HEMIOBHE BH3HAYCHHS Ta ONIOKYBAHHS
yCIX PO3PHUBIB CITKIBKH, 3aJIMIIKOBA TPAKIis, PO3BUTOK
nportidepaTuBHOI BITpeopeTHHONATII Ta Bi/ICYyTHICTh JOB-
roTpHBajoi Tamronaau. TakoX OAHUM i3 (haKTOpiB pHU3H-
Ky PELHIMBIB PErMaTOreHHOTO Bi/IIapyBaHHS CITKIBKH €
SIKICTB peTHHOTIEKCIT [S].

Jlazepna peruHoOMEeKCist (opMye MillHY XOpiopeTH-
HaJIbHY CHalKy Jumie y TepMin 1o 3—4 tmwkHiB [5,6]. Le
€ CYTTEBUM HEJIONIKOM, aKTyaJIbHUM B TUTAHHI JIIKyBaHHS
PErMaToOreHHOTO BiANIApyBaHHS CITKIBKH, 3Ba)KArOYW Ha
BiTHOCHO BHCOKY YaCTOTY MICIISIONEPAIifHUX PEIUINBIB
Ta HEOOXIZHICTh 3aCTOCYBaHHS JOBIOCTPOKOBOi €HJIO-
TaMITOHAJM Ta30BOI0 CYyMIINIII0 a00 CHIIIKOHOBOIO OJI€I0
oKH c(hOpMYeEThCS MIlTHAa XOpiopeTHHaNbHA craiika. LIi
HEJIONIKK Xipyprii perMaToreHHOTo BiAIapyBaHHS CITKiB-
KM 3yMOBWJIM TIOIIYK OUTBIN €(EeKTHBHUX METOMIB PETH-
HOTIEKcii, II0 MOXKYTh OyTH HPEICTaBIeHI BUCOKOYACTOT-
HHUM €JIeKTpo3BapioBaHHsAM Oionoriunnx TkanuH (BEBT).
Panimre H. B. IlaceuynikoBoro Ta M. M. YmaHiem Oyio
BrpoBapkeHo Metoauky BEBT y BitpeopernnanbHii Xi-

presence of perfluordecalin (PFD) or air tamponade. The
control rabbit received retinal HFEW in the presence of the
vitreous. FEM was used for simulating the effects of retinal
heating with electric current.

Results: Experimentally, threshold voltage parameters for
retinal HFEW were 11 V, 12 V and 12 V in eyes with vitre-
ous body, perflurodecaline and air tamponade, respectively.
The FEM of electric current flow confirmed the experimental
data: 10,8 V for vitreous body, 11,5 V for air and 12 V for
perfluorodecaline. Other parameters (current frequency — 66
kHz, intensity — 0,3 A, exposition — 1 s) were constant. The
difference in threshold HFEW voltage is explained by rela-
tively high electroconductivity of the vitreous body, whereas
perfluorodecaline and air are dielectrics.

Conclusion: Threshold voltage parameters of the retinal
HFEW using monopolar welding 25-G probe were 11 V for
vitreous body, 12 V for air and 12V for perfluorodecaline,
which was confirmed by FEM.

Keywords: retina, high-frequency welding of biological
tissues, retinopexy, welding probe, threshold voltage, finite-
element modeling, perfluordecalin, air.

pyprii B iHCTUTYTiI OYHHUX XBOPOO 1 TKAHWMHHOI Tepartii iM.
B. II. ®inatoBa HAMH Vxpaiau crmineHo 3 [HCTHTYTOM
enektpo3BaproBanHs iM. €. O. [latoHa 3 BUKOPUCTaHHSIM
MOHOIIOJISIPHOTO 3BapIOBAJILHOTO 30HAA Kamiopy 20-G Ta
cremianpHOTO reHeparopa [5,7,8]. IMizuime O. Cayn ta A.
CeprieHKo po3poOmin Ta Mmoka3and ePeKTHBHICTh MOHO-
TOJISIPHOTO 3BapIOBANIFHOTO 30HMAA Kamiopy 23-G s cy-
npaxopoinainsaoro BEBT [9].

[Monepenni 1oCiHKEHHS TPOJEMOHCTPYBAJIH, IO BHU-
KOPHCTaHHA METOMy eIeKTpoTepMoanresii (1o € Mmoo i
HacrigkoM BEBT) no3Borsie TOCSTHYTH MiITHOT Ta IITIBHIKOT
XOpiopeTHHaIBHOI aaresii 3a JOMOMOTOI0 OPUTIHAIBLHOTO
MOHOIIOJISIPHOTO 3BaprOBalIbHOTO 30HAA Kamiopy 20-G B
TIOPIBHSIHHI 3 JTa3epHOI0 peTuHomnekciero [10], mo e mepe-
JTyMOBOIO JJIsI TAHOTO JOCIIJDKEHHS. TakoXX BaKIMBUM €
Te, 110 TaKa eJIEKTpoTepMoaaresis 103Bosste y 30% Bumaa-
KiB YHUKHYTH JIOBTOCTPOKOBOI eHoTamonaam [11].

Bimpmr Toro, cy4acHa BiTpeopeTHHANIbHA Xipypris py-
Xa€ThCs y OIK MaJlOiHBa3WBHUX BTPYYaHb 31 3MCHIIICHUM
KaJgiOpoM iHCTPYMEHTIB, IO Mae cBoi mepeBard. JlificHO,
Cy4JacHHMH IHCTPYMEHTApii AJIsl IPOBEICHHS MaIOiHBA3HB-
HOI BITPEKTOMIi CKIIaIA€ThCS TIEPEBAKHO 3 IHCTPYMEHTIB
kamiopy 23-G Ta 25-G, a inoni i 27-G. TenaeHii cygyacHol
BITPEOPETHHANBHOI Xipyprii y Oik MEHIIOi iHBa3HBHOCTI
Ta mpodieMa PeHUINBIB PErMaTOreHHOTO BiAIIapyBaHHS
CITKIBKH, BPaxOBYIOUM HEIOJIKH Ja3epHOi PETHHOICKCII,
3yMOBJIOIOTh HEOOXIIHICTh MOCIIKEHHS aJbTepPHATHB-
HUX MeToniB peruHornekcii (Ha mpuknaai BEBT) manoro
Kaiopy.

Busnadenns Ta mareMarndHe OOTPYHTYBaHHS IOpPO-
TOBHX IIAPAMETPIiB HANPYTH EIEKTPUIHOTO CTPYMY € KpH-
TUYHO BKJIMBUM U 3a0€3MEUeHHST KOHTPOJIbOBAHOCTI
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€IIEKTPOTEPMITHOTO BIUTUBY Ha CTPYKTYPH CITKIBKH 0€3
HAJMIpPHOTO X TEIUIOBOTO YIIKOKEHHS B MPOIIEC] TpOBe-
JICHHS XipYPTi9YHOTO BTPYYaHHS 3 ypaxXyBaHHIM (Di3HIHIX
BJIACTUBOCTEH BHYTPIITHHOOYHOTO BMICTY.

Meta. Bu3HaunTé B eKCIEPHMEHTI ITOPOTOBI mapa-
METpPHU HAaIPYT! eNeKTPUIHOTO CTPYMY IIPH 3aCTOCYBaHHI
BHCOKOYAcTOTHOTO (66 KI'I1) e1eKTpO3BapIOBaHHS CITKIiB-
KU OPUTiHAJIBHUM MOHOIIOJISIPHUAM 3BapIOBAIbHUM 30HOM
25-G xamiOpy B 3aJIe)KHOCTI BiI BMICTY BiTpeaJIbHOI TO-
POXHHUHU (CKIOMOAIOHE TiNO, MOBITPS Ta TeppTopaeKa-
JIiH), @ TAKOXK OOTPYHTYBATH Il TApaMeTPH 3a JOMIOMOTOI0
KiHIIEBO-EIEMEHTHOTO MOJICTIOBAaHHS.

Marepianu i meToaun

Jnst  eKCTIepUMEHTAIBbHOTO JIOCHI/DKEHHS OyJIo BH-
KOPHUCTAaHO TPHU 310POBUX KPOJMKA MOPOIH mMHIIMIA (6
oueif) macoro 2,5-3,5 kr. Kponuku Oynu po3niieHi Ha IBi
IpynHu — EKCIIEpUMEHTalIbHY Ta KOHTpoJibHY. Excriepu-
MEHTAaIBHY TPYITY CKJIaJajH ABa Kponuka (4 oka). Y maHii
IpyHi BUKOHYyBajlacsi 3aKpUTa TPAHCIMIIapHA TPHOXIIOP-
TOBA BITPEKTOMis 32 JOMTOMOTOIO XipyprigHOTO KOMOaiHy
Accurus 800VS (Alcon, CIIIA). Ipuramiitaa kaHtoms Oymna
BCTAHOBJICHA B OJMH HOPT, a ABa HIINX MTOPTU CIYTYyBall
TOYKAaMH JIOCTYITy Ul €HJIOOCBITIIIOBaYa Ta BITPEOTOMA.
[Ticns BiTpeKTOMIi Y BiTpeabHy MTOPOKHUHY Ha ITPABOMY
OIIi BBOIMJIOCS CTEPHIIBHE MOBITPS, a Ha JIIBOMY — Tiep(-
Topaekanin. 3romom BukoHyBajocs BEBT wacrororo 66
k[ 11 332 TOOMOT00 PO3POOICHOTO OPUTIHAIIBHOTO MOHO-
MIOJISIPHOTO 3BapIOBANIFHOTO 30HIa Kamiopy 25-G 3a eH-
JOTaMIOHAI! CTEPHJILHAM TOBITPSIM (TIpaBe OKO, 2 OKa)
abo mepdTopaekaniHoM (J1iBe OKo, 2 0Ka). Y KOHTPONIBHIH
TPyIIi BIiTPEKTOMIisl HE BUKOHYBAJIaCh, a mpoBeaeHHsI BEBT
BimOyBanocs 3a HAIBHOCTI CKjomomiOHoro Tinma (o0mmBa
0Ka, 2 OKa).

Jnst eneKTpo3BapiOBaHHs CITKIBKH OYyJI0O BUKOPHCTAHO
MoaudikoBaruii reaeparop EK-300 M1 i moHomonsipHUit
SHIIOBITpEaNbHUH 3BapIOBAIbHUI 30HI Kamiopy 25-G 3a
METOIOJIOTIEI0, OTIMCAHOIO B TTOTIEPEAHIX EKCIIEPUMEHTAX
(po3pobka iepkaBHOI yCTaHOBU «IHCTUTYT OYHUX XBOPOO
i TkaHUHHOI Teparii iM. B. I1. ®imatoBa HAMH VYkpaianm»
crinbHO 3 [HCTHTYTOM enekTpo3BaproBanHs M. €. O. Ia-
ToHa, YKpaiHa) [8,12]. 3BaproBaibHUIA 30HA SBISE COOOIO
MITHHHA CTPWKEHB, OTOUCHHH 130JIAIHHIM Marepiajiom,
SIKUA yMIIMIEHHH y MeTaneBy TpyOKy kamiopy 25-G. Ha
KiHIII — 30JIOTHH €JIEKTPOII Y BUIJISII 3010TO1 chepr MEH-
moro miamerpy (kxaniopy 27-G), sika i € MOBepXHEIO B3a-
eMo/Iii 30H/1a 3 CITKIBKOIO.

[Tix yac excriepuMeHTY OyJI0 HAHECEHO IT'ATh aruTiKaIii
i auckoM 3oposoro Hepsa ([I3H) kponmka mpu Hampysi
BEBT 11 B, 12 B, 13 B ta 14 B Ha BijacraHi I0JOBUHH
niamerpy JI3H mix ammikarisimu. [HIIi BcTaHOBIIEH] mapa-
METPH HE 3MIHIOBAJINCS I Yac €KCIIEPUMEHTY: 4acToTa
cTpymy — 66 k11, crma ctpymy — 0,3 A, ekcro3uiss —
1 c. Bymo nmpoBeneHo OIIHKY MaKpOCKOIIIYHIX 3MiH CITKiB-
kxu ipu BukoHaHHI BEBT 3a momomororo odrampMockorii.
®dotorpadii Oynmu 3podieHi 3a gomomororo tiH3u 30 D Ta
iPhone 12 Pro.

[ToporoBumu mapameTpamMy Halpyrd BHCOKOYACTOT-
HOTO (66 KI'I) eTeKTPUYHOrO CTPYMy BBa)KalUCs TaKi,
0 COPUYMHSIN XapaKTepHI O(PTaIEMOCKOMIYHI 3MIiHU
— KIJIBIeToAi0He MOCIpiHHS CITKIBKH B MEXax JiamMeTpa
30HAa 06e3 ¢opmyBaHHsS po3puBy. Lli 3miHH, 3 ypaxyBaH-
HSIM ONTHYHUX BIACTUBOCTEH BHYTPINIHHOOYHOTO Cepen-
oBHIIA (CKIIOMOAIOHE TiNO, TOBITPA, IepdTOpAEKaTiH), 32
MOXKIIMBOCTI TiITBEP/DKYBAINCS TaHUMHU ONTHYHOI KOTe-
peratHoi Tomorpadii (OKT) sk MiHIMaIbHE YITKOMIKCHHS
TKaHUH, IO TIPOSBILIOCS 30€peKeHHAM IIapoBoi Iude-
peHmiaIii CiTKiBKM Ta HaOpSAKOM i BHYTPIIIHIX MIapiB i
Y3TOMKYBAJIOCS 3 Pe3yabTaTaMH ITOTEPEAHIX TOCIIKEHb
g 308712 20-G [5]. Oninka epeKTHBHOCTI peTHHOTIEKCIT
HE BXOJMJIa JI0 3aBJIaHb I[bOTO JOCIHIIKEHHS Ta € IIPeaMe-
TOM TIOAJIBIITUX POOIT.

OKT sk HeiHBa3sMBHY METONWKY OI[IHKH aHATOMIUHOL
CTPYKTYpH CITKIBKH B IUISHII HAHECEHUX aIUTiKaIlii mpo-
BOIIIIN O€3MOCEPETHBO MICISI OMEPAaTHBHOTO BTPYUYAHHS.
Byno orineHO 3MiHN MIapiB CITKIBKA B AUISTHKAX allTiKaIlin
3 pisHoto Hampyroro BEBT. g orpumanns OKT 300pa-
JKEHb BHKOPHCTOBYBAaBCS ONTHYHUI KOT€PEHTHHI TOMO-
rpad REVO FC (Optopol, ITomnpma).

[t oOTpyHTYBaHHS OTPUMAHUX E€KCTIEPUMEHTAIBHIX
pe3ynbTatiB Oyiio MpoBeneHe MaTeMaTHIHE MOJCTIOBAH-
HS TIPOIIECIB EJIEKTPOTEPMIUHOTO HArpiBaHHS CITKIBKH
Ta HABKOJWIIHIX TKaHWH. MOJEMIOBaHHS MPOBOIMIOCS
[IJITXOM OJHOYACHOTO PO3B’s3aHHS CHCTeMH AH(EpeHIli-
ANBHUX PIBHSAHB Y YACTUHHUX ITOXITHUX TSI 010pO3irpiBy
Ta eJICKTPOIIPOBITHOCTI METOIOM KiHIIEBHX CIIEMEHTIB Y
nporpamHoMy cepenoBumii Comsol Multiphysics. Buko-
pHUCTaHi pIBHSHHS, TPAHWYHI YMOBH, T€OMETpis MOl
Ta iHIII JeTanxi MOJENOBaHHS MOKIAAHO ommcaHi y [13],
a MOJICNIOBAHHS, PE3yNbTAaTH SKOTO MPEICTaBIEHI TYT,
BiZIPI3HAETHCS JIUIIIE JiaMEeTPOM poO0Y0i YACTHHH 3BapIO-
BAJIHOTO 30H]IA.

ExcnieprMeHT OyB poBeACHNUH 3 JOTPUMaHHIM BUMOT
0E3TeKH, eTUIHOTO CTABICHHS Ta IIPaBHI pOOOTH 3 eKc-
MEPUMEHTATIBHUMH TBAPUHAMH 3T1THO 3 «EBPOMEHCHKOIO
KOHBEHITI€IO TIPO 3aXUCT XPeOETHUX TBAPHH, SKi BUKOPHC-
TOBYIOTBCS JUISl €KCIIEPHIMEHTAIBHUX Ta IHIINX HAYKOBHX
minein» (CtpacOypr, 1986) ta 3akonom Yikpaiam Ne 3447-
IV «IIpo 3axmcT TBapHWH BiJ KOPCTOKOTO TTOBOIKCHHS»
(Bimomocrti BepxoBHoi Pamn VYkpainu. Odin. Bua.2006.
27:990). HocmimkeHHs OyIo MOToIKeHe KOMITETOM 3 Me-
muaHoi eTuku Y «IHCTUTYT O9HHX XBOPOO i TKAHWHHOI
tepamii im. B. TI. ®@imaroBa HAMH Vkpaiam» (Ne3 Bix
12.09.2024)

Pe3ynbratn

VY Xozi eKCIIEPUMEHTY Ha 04aX KPOJIMKa KOHTPOJIBHOT
rpynu HaHeceHHs arvtikariii BEBT Ha ciTkiBKy 3a Hampy-
ri 11 B BuUKIHMKano JOKajdbHE KUTBIETOAIOHE MOCIpiHHS
CITKIBKH JiaMeTpOM He OLTBIINM 3a JiaMeTp 30Haa. B Toit
JKe Jac, HAaHeCCHHS aruTikaniil mpu Harpysi 12 B ta 13 B
BUKJIMKAJIO OiJBII BHPAKCHI 3MIHH Y BHIVISAII KUIBIETIO-
IiOHOTO TOOINMIHHS CiTKiBKH (OLThII BHpakeHi mpu 13 B,
HiK nipu 12 B). Harecenns arumikaniit mpu Hampysi 14 B
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BHUKITUKAJIO BUPAXKCHI KOATyJSIiHHI 3MiHA 3 MOOUTIHHAM
CITKIBKM JiaMeTpoM OiNbIIUM 3a AiaMeTp 30HAa (TpH-
6mm3HO 1,5 miameTpa 30HIa) Ta (HOpMyBaHHS PO3PHBY CiT-
KIBKH y IICHTpI arutikaiii. Prcyrok | Hao9HO meMOHCTpye
BHIIICONIICaHI 3MIHHM CITKIBKH Onpa3y IiciIs HaHEeCEHHS
aruTiKarin.

B excriepuMeHTaNBHIA TPy 3a YMOBH TaMITOHAIH
BITpeanbHOi MOPOXKHIHU IIOBITPSAM HAHECCHHS allTiKa-
nitt BEBT ma citkiBky 3a Hanpyru 11 B Bukmmkamo ma-
JIOTIOMITHE JIOKAJbHE KIJTBIETIONIOHE MOCIPIHHS CITKIBKH
JiaMeTpoM MEHIHM 3a fiamerp 3oHAa (mpubmusHo 0,8
nmiameTpy 30Hmaa). B Toif jke dac, HaHeCEeHHS aIUTiKaIliil 3a
HanpyrH 12 B BUKIIMKAIO JIOKalkHE KUTBIIEMOAI0OHE TOCi-
PIHHS CITKIBKH JiaMeTPOM HE OUTBIINAM 3a iaMeTp 30HIa.
Buxopucranns Hanpyru 13 B npusBonmino 1o popMmyBaH-
Hs1 OLTBII BUPaKEHUX 3MiH (KUTBIIETIOi0HE TOOITIHHS CiT-
kiBkH). HaneceHHs arumikamiif 3a BUKOPHUCTAHHS HAMIPYTH
14 B BUKIHMKANO BHpaKeHY KOATYIAIIO CITKIBKH JiaMe-
TpoM OLTBIMM 3a JiaMeTp 30HAa (Tmpubmm3ao 1,5 miame-
Tpa 30Ha), TOOUTIHHS CITKIBKH Ta ()OPMYBaHHS PO3PUBY
CITKIBKH y TICHTPI aIuTiKaIii.

[Ipu TammoHazi BiTpeaabHOI MOPOKHUHU TiepdTOopIe-
kaninowm arutikarlii BEBT Ha CiTKiBKY BUKITHKAJIN MaJOMO-
MiTHE KiJIbIIETIOiOHE IMOCIPiHHS CITKIBKH TiaMeTPOM MEH-
M 3a giametp 3oHaa (mpubmmsao 0,8 miamerpy 30HAA)
3a HanpyrHu 11 B. VY pasi BukopucranHs Hanpyru 12 B ta
13 B ammikanii BEBT Buknmkamm JokaiabHe KUIBIIETOMIO0-
HE TIOCIpiHHS CITKIBKH IiaMeTpPOM, II0 HE TIePEBHUIIYE Jia-

Puc. 1. OdranbmockoniyHa KapTMHa annikauii BUcokovac-
TOTHUM €MNEeKTPO3BapOBaHHAM BiONOrYHMX TKAHWH Ha CiTKiB-
Ky 3a HasiBHOCTi cknonofibHoro Tina. Ha dotorpadii BuaHo
annikauii Big 11 B (HwxHin pag, 1) oo 14 B (BepxHin psag, 4).
Mpw 36inbLUeHHi Hanpyrn 3'ABNSOTLCSA IHTEHCUBHI koaryns-
LiHi 3MiHK B CiTKiBUi (NOGINiHHSA CiTKiBKM) 3 hopMyBaHHSIM
PO3pUBIB CITKIBKM Y LEHTpPI annikauin.

MeTp 30HAa (3MiHM Oyny OLTBIT BHpaXKeHi 3a HampyrH 13
B, mix 32 Hanpyru 12 B). B T0i1 xe gac amumikarii BEBT
Ha CITKIBKY 3a HarpyTu 14 B nmpm3Bogmiu 10 GopmyBaHHS
BHPKCHUX KOATYILIHHIX 3MIH CITKIBKH 3 ii MOOLTIHHAM
nIiaMeTpoM OimbIIUM 3a miameTp 30HAa (mpubmmsHo 1,5
JiaMeTpa 30H/a) Ta PO3PHUBY CITKIBKH y IIEHTPI armIiKarii.

OKT minsgHOK HAHECEHUX aIuTiKaIliii 0ylno BUKOHAHO y
nepion 1o | ToAWHU Tics HAaHECEHHS arumikamiid. Bpaxo-
BYIOYH PI3HHUIIO MMOKA3HHKIB 3aJIOMJICHHS TaMIIOHYBaJIb-
HUX PEUOBHH, OTpUMaTH iHpopMaTuBHi pesynsratu OKT,
SIKi MOTJIH O 1HTEPIPETYyBAaTUCS TIPU TaMIIOHAMI TeppTOp-
JIEKaIiHOM Ta CTEPWIHHAM MOBITPSM, HE OYyII0 MOXKIIH-
BuM. Tomy anamizyBamucs 3HIMKH OKT ninsHOK HaHece-
HUX aIUTiKamiid TUTBKHE Y KOHTPOJIBHIN TPyTIi 32 HAsIBHOCTI
CKJIOIIOXIOHOTO Tina.

Amikanii BEBT na citkiBky 3a Hampyru 11 B xapak-
TepHU3yBAINCS HAOPSIKOM CITKiBKH, 0COONMBO BHYTPIMIHIX
rapiB, 3 HE3HAYHO TTOCHIICHOIO TimeppedIeKTHBHICTIO 3a
30epekeHHs CTPYKTYPHOCTI mapiB CiTKiBKH (pmc. 2A1-
A2). Amuikanii 3a Hanpyru 12 B mamm B Bupaxe-
HO Timeppe(IeKTUBHUX BOTHHUII 3 CYTTEBUMH 3MiHAMHU
TKaHUHH CITKIBKH 0e3 MOKIMBOCTI Audepenmiarii mapis
ciTkiBku (Umroctpamnig 2B). Armrikamii 3a Hanpyru 13 B Ta
14 B xapakTepu3yBalHcs BUPAKCHUMH KOATYISAIIHHIMHI
3MiHaM¥ (Tineppe]IeKTUBHI BOTHUIIIA BHCOKOI IHTCHCHB-
HOCTI) 3 Je(EeKTOM CITKIBKH Yy HEHTpi arurikarmii (po3pus
citkiBkm; puc. 2C).

Jnst IOSICHeHHST OTPUMaHHX SKCIIEPHUMEHTAJIBHUX pe-
3yJIBTaTiB OYyIIO MPOBENEHO YHCENBHE KiHI[EBO-CIIEMEHTHE
MOJICITIOBAHHS TIPOIIECIB EJIEKTPOTEPMIYHOTO PpO3IrpiBy
CITKIBKM Ta HaBKOIMINHIX TKaHWH. OCHOBHOIO 3aa4ycro
MOJICIIIOBaHHSI OyJI0 BCTAQHOBJICHHS ITOPOTOBHX 3HA4EHb
Hanpyrut BEBT CiTKiBKH B 3aJ€KHOCTI BiJl BHYTPIITHBO-
OYHOTO BMicTy. BCcTaHOBIICHHS TOPOTOBUX HAIIPYT IPOBO-
JTAITOCS 3 HACTYITHUX MipKyBaHb. TeMmneparypa Koaryisiii
0inkiB citkiBkH cTaHoBUTH TKOAT ~ 50° [14, 15], a wac
excriosutiii BEBT mopiBaroe t = 1 ¢. OTxe, MOAETIOIOUH
TUHAMIKY 3pOCTaHHS TEMIIepaTypu B 00JacTi 3BaprOBaH-
Hsl IS pi3HUX HAmNpyrT, Tpeba BU3HAYUTU TaKy HOPOTOBY
nanpyry U, Tpu AKif Temmeparypa po3irpiBy CiTKis-
ku nocsrHe 50° came yepe3 t = 1 ¢ micas YBIMKHEHHS
ctpymy. Ha pucysky 3C moka3aHo TWHAMIKYy 3pOCTaHHS
Temneparypu ciTkiBku mig wac BEBT mms Tppox pizHUX
3HaYeHb HaNpyru nobmusy U, . /Ui BUNAJAKy 3aloBHE-
HHS BHYTPILIHLOOYHOT OPOXKHUHH MOBITPsIM. BuHo, 110
ymoBa gocsitHeHHS T ~ 50 © 3a gac t = 1 ¢ Haiikpaie BH-
KoHyeThes st Hanpyru U = 11,5 B, a mu1s iHmmx HampyT,
sKi Biapi3uatoThes Big 11,5 B mume ma 0,5 B, muramika
HapOCTAHHSA TEMIEpaTyphd BXKE CYTTEBO BiAPI3HAETHCA.
TaxuM 4rHOM, OYyJI0 BCTAHOBIICHO, IO JUISL BHIIAJKY TaM-
TIOHYBaHHS BHYTPIlIHLOOYHOT TOPOKHUHH MoBiTpamM U,
= 11,5B.

AHAJOTIYHIM YHWHOM OYJIM BCTAHOBICHI 3HAYCHHS
MOPOTrOBOI HAIIPYTH JUIS BHIIAKIB 3alIOBHCHHS BHYTPIIL-
HBOOYHOI MOpoXkHNHK nepdropaekaninom (U, . = 12 B;
puc. 3B) Ta ckmonmoniounm Tinom (U, . = 10,8 B; puc.
3A). OtpumaHi pe3ympTaTi T00pe Y3TOMKYIOTHCS 3 eKC-
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Puc. 2. ®oTo onTu4HOI KorepeHTHOI Tomorpadii B AinsiHkax annikawiin BUCOKOYaCTOTHUM eNeKTpo3BaptoBaHHSIM BionorivyHmnx
TKaHWH Ha ciTkiBky 3a Hanpyru 11 B (A1 ta A2), 12 B (B) Ta 13 B i 14 B (C). Annikauii 3a Hanpyru 11 B (naHenb A) xapakTte-
pY3YOTbCA HABPSIKOM CITKIBKM 3 HE3HAYHOIO rineppednekTUBHICTIO Npu 36epexeHin audepeHuiauii wapis ciTkiBkv. Annikauii
3a Hanpyrn 12 B (naHenb B) Ta 13 B i 14 B (naHenb B) npussogunu o BupaxeHux koarynsauinHux 3MiH (rineppednekTusHi
BOrHYLLA) 3 hOPMYBaHHSIM PO3pUBY CITKIBKM B LIEHTPI annikauii npu 36inbwweHHi Hanpyru (naHenb C).
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Puc. 3. [lnHamika 3pocTaHHsl TemnepaTtypu CiTKiBK/ Mif Yac BUCOKOYACTOTHOIO ENEKTPO3BaPOBAHHS GiONOrYHMX TKAHWUH AN
TPbOX Pi3HUX 3Ha4YeHb Hanpyru (BkasaHi Ha BiANOBIAHUX rpadikax) Npy 3anoBHEHHI BiTpearnbHOI MOPOXHWUHM CKIONogiGHUM
Tinom (CT, A), nepdtopaekaniHom ([P, B) ta crepunbHum nositpsim (Cl, C), a Takox NopiBHANBHWI rpadik 4N onTuMarnb-
HUX 3HadveHb Hanpyr ansa CT, MNMeO ta Cl. JuHamika 3pocTaHHs TemnepaTtypu citkiBkv nig yac BEBT ans Tpbox BapiaHTiB
3anoBHeHHs BiTpeanbHoi nopoxHuHu (CI, MO ta CT) po3paxoBaHa Ans NOPOroBMX 3HAYEHb Hanpyryu BUCOKOYACTOTHOIO

€NeKTPO3BapOBaHHS CITKIBKN.

MEePUMEHTAJIbHUMH JJAHUMH. BpaxoBylouu 110 eKcriepu-
MEHTaJIbHO HEMOXKJIMBO BCTAHOBHUTH NapaMeTpH HaIpyrH
CJICKTPUYHOTO CTPYMYy HW)KYE HIK IIUII YHCIIa, a mapame-
TPH OTPUMaHI 32 JIONIOMOTOI0 MOJICJIIOBAHHS € MAKCUMaJTb-
HO OJIM3bKUMHU, POOOYMMH MapaMeTpaMH BBAKATHMYThCS
Taki sIKi MOXYTh OyTH BCTaHOBIICHI Ha 3BaplOBAILHOMY
reHeparopi.

OGroBopeHHA

EnexkTpoxipyprisl € JOCTaTHBO HIMPOKO PO3TIOBCIOIKE-
HUM METOAOM 3’ €THAHHS O10JIOTTYHUX TKAHWH B MEIUIIAHI
[16]. Onmieto 3 OCHOBHUX BIAMIHHOCTEH IIHOTO METOIY
BiJl €JIEKTPOKOATY/IAIIl TKAaHUH € TOW (PaKT, M0 TKAaHWHU
HaTpiBarOThCs Oe3MocepeTHhO Yepe3 BIUIMB MPOTIKAHHS
CJIEKTPUYHOTO CTPYMY, B TOW 4Yac sIK IPH EJIEKTPOKOAry-
JAIIT TKAHUHY HarpiBaroThCs OE3MOCEepPeTHBO SIEKTPOIOM
BHCOKOI TeMIIEpaTypH, MPH SKOMY BiIOyBaeThCS MpsMa
mepeaava Teria i Koarymsmis TkanuH [16]. Panime mpo-
BEZICHI eKCIIEpUMEHTH Moka3any, mo npu BEBT BuanKae
TaK 3BaHUH eNEKTPUIHUHN MPoOii KINITHHHUX MeMOpaH 0e3
pyHHYBaHHS caMUX KJIITHH (IIPHA ONITUMAIBHIH 9acToTi 66

k'), 1110, B CBOIO 4epry, BUKJIHMKAE 3’€JHAHHS 0i0J0T14-
HUX TKaHMH 3a iX MIHIMQJIbHOTO CTPYKTYPHOTO YIIIKO-
JUKEHHSI, siIke 0OyMOBIICHE €JIEKTPOTEPMIYHOIO JIeHaTypa-
iero OinkiB [17,18]. Takoro eekry MOKHA TOCSTHYTH 3a
YMOBH 3HaUHOTO 3HIKSHHSI OMOPY TKAHWH Ta ITiJIBUILCHHSI
temneparypu 10 50-70°C, mo € nmepeayMoBOIO I JeHA-
Typarii OiIKIB 3 MiHIMAJILHUMHU CTPYKTYPHHUMH 3MIHAMH
[14,15]. Binbmr Toro, el mporec CympoBOIKY€EThCS Gop-
MYBaHHSIM KJICHKOTO cyOCTpary 3 JeHaTypOBaHHUX OLIKIB
Ta IHIIHX MOJICKYJ MMO3aKIITHHHOrO Marpukcy [5,10,19].
Came 11e#i KJICHKHIA CyOCTpar pa3oM 3 JeHaTyparli€ro mpo-
TETHIB Yy 30BHINIHIM YacTUHI TUIa3MOJEMH OOYMOBIIIOE
HIBUJIKY XOPIOPETHHAJBHY aJre3ito micis il eJIeKkTpo-
3BaploBaHHs Ha CiTKiBKYy [5,10,19]. besnocepeanbo mnpu
nii BEBT Ha ciTKiBKY OLIBIIOrO YNIKOMXKSHHS 3a3HAIOThH
BHYTPIIIHI IIApU CITKIBKM (MiCIle KOHTAKTy CITKIBKH 3i
3BapIOBaJIbHUM 30HJ/IOM) B TIOPIBHSIHHI 3 30BHIIIHIMY I11a-
paMu, 10 MiITBEP/HKYETHCS MOP(OIOTTYHUM J0CIiIKESH-
M Ta kaptuaoro OKT momepennix [5] Ta maHoi poOiT.
MOXITHBO 1€ € HACHIIKOM il METOIy, a came OiIBIIO
TEMIIEPaTypoI0 y 30HI KOHTAKTy CITKIBKH 13 3BaplOBalib-
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HUM 30H/IOM | MEHIIIOIO TEMIIepaTypor0 y IISHII 30BHIII-
HIX IIapiB CITKIBKH.

[Iporpec cydacHOI BiTpeopeTHHANIBHOI Xipyprii mepe-
JTYMOBITIO€ BHUKOPUCTAHHS MAJIOiHBa3HMBHOTO iHCTPYMEH-
Tapiro MeHmuX KamiopiB, BKmodaroun 25-G 1 27-G, mo
JIO3BOJISIE TIOKPAIIUTH CTAOUTBHICTD IHTpPAOIIEpaLiifHOTO
TOKY pinnH (II0inNKy), CTa0LTbHICTh TKAHWH Ta TOYHICT
MaHimymsmii [20]. Came ToMy GBI IIIPOKO 3aCTOCOBY-
IOTBCS IHCTPYMEHTH MEHIIHX KaliOpiB. Y OUMBIIOCTI BH-
MAJKIB BITPEKTOMisl 3 BHKOPHCTAHHIM IHCTPYMEHTApPIIO
Kamiopy 25-G mae mepeBaru y OpiBHAHHI 3 BUKOPUCTaH-
HAM IHIIUX KamiOpiB, OCKUIBKH TaKWil iHCTpyMEHTapiit
XapaKTePU3YETHCSI  ONTHUMAJIBHUM  CITIBBIIHOIICHHAMH
¢bmoimuKku 10 cTabiTPHOCTI TKAHWH Ta MPOXYKTHBHOCTI
IHCTpYMEHTY 10 WOTO PHTIAHOCTI, SKi € HalOLIbII amex-
BaTHUMH IUT JaHOTO BUAy omeparii [20]. [acTpymenTa-
piit 27-G, B cBOIO Uepry, MOKE XapaKTEPHU3yBaTUCS TaKUM
HE/IONIIKOM, SIK TMOHOBKEHUHA Yac XipypriqHOTO BTpYUaH-
HS Ta MEHIIIOIO PHUTITHICTIO iIHCTPYMEHTIB, X04a iCHYIOTh
PO30DKHOCTI cepea pe3yibTaTiB MOCITiIKeHb MIOA0 X
HeponikiB [20, 21]. Came ToMy aKkTyalbHHAM € BIIXiZ Bif
«BETMKOIHBa3MBHOTO» iHCTpyMeHTapito (20-G ta 23-G)
i po3poOKka Ta BHKOPHUCTAHHS IHCTPYMEHTapil0 MEHIIIO-
ro Kamopy, 30KpeMa, 25-G, 3 HOro eKCIIepUMEHTATHHOIO
ampo0arriero.

OTxe, TIOTIEPEIHI MOCHIKEHHS TOKa3ajid, IO BH-
KOPHUCTaHHS EJIEKTPOTepMOanre3ii 03BOJSIE JOCSTHYTH
MIITHOI Ta IIBHIKOI XOPiOpeTWHANBHOI aaresii 3a JOmo-
MOTOI0 OPHTIHAJIBHOTO MOHOMOJISIPHOTO 3BapIOBAIBEHOTO
30012 Kamiopy 20-G, 1m0 € mepeayMoBOIO Il JAHOTO J0-
cmimpkeHHs. OmHaK cydacHa BIiTpeOpeTHHAIBHA Xipyp-
Tis pyxaeTscs y OiK MaJOiHBa3WBHHUX BTPYYaHb 31 3MEH-
IICHHM KaJiOpoM iHCTPYMEHTIB, IO Ma€ CBOI MEpeBary.
TaxuM 9MHOM, BUKOPUCTAHHS 1HCTPYMEHTAPI0 MEHIIIOTO
KaJmiopy MU eNeKTPOTEepMOaresii CiTKIBKH 3 CYIUHHOIO
000JIOHKOIO TIPY PErMaTOTEHHOMY BiAIIapyBaHHI CITKiBKH
MOTJTO O TTOKPAIIHUTH PEe3YyIBTaTH Xipyprii IFOTO 3aXBOPIO-
BaHHJ, [IPU IbOMY BUKOPHCTOBYIOUH II€pPEBAri MikpoiHBa-
3UBHOI BITPEKTOMIi.

Crmpatouricss Ha TOTIepPeqH] JOCTIHKEHHS U1 30HOa
kamiopy 20-G, HeoOximHO OyII0 YTOYHHUTH ITOPOTOBI 3HA-
yerHs Harpyrd BEBT miis HOBOTO OpHTiHANEHOTO MOHO-
TIOJISIPHOTO 3BapIOBAJIBLHOTO 30HIA Kamiopy 25-G. Panime
OyJ10 BCTAaHOBJIEHO ONTUMAJIbHI ITAPAMETPH EEKTPHIHOTO
CTPyMy JJs PETHHOMEKCIi IiJ 9ac BITPEKTOMii 3 BHKO-
puctanHsimM BEBT 3a 10onoMoror MOHOIOJISIPHOTO 3Ba-
proBanbpHOTO 30HAa KamioOpy 20-G 3a yMOBH HasBHOCTI
CKJIOMOAIOHOTO TiNla Ta €HIOTAMIIOHATN TepPTopIaeKai-
HOM i oBiTpsm [13]. Lls poGoTa mokasana, mo mapameTpu
CIIEKTPUYHOTO CTPYMY BiNIPi3HSIOTBCSA B 3alISKHOCTI Bif
TaMIOHYBaJbHOI PEYOBUHHU (CKIOTOAIOHE Ti0, IepPTOp-
nexaiid abo mositps) [13]. BpaxoByroun, o KoaryJisimiii-
Hi TIpOIeCH BigOyBalOTHCS TINBKHM Ha AUISHKAX, € TEM-
neparypa HepeBHILye KPUTHYHE 3HAYCHHS, JOCIHIIKCHHS
QUHAMIKH TEIUIOBOTO BIUIMBY HAa TKaHWHY CITKIBKH 3a
noromoroto BEBT B 3ameXHOCTI BiJf TAMITOHYBAIBHOI pe-
YOBHHM MOXKJIMBE IIUIIXOM TIPOBEJICHHS MaTEMaTHYHOTO

MOJIEITIOBAHHS, SIKE BPaXOBYE JIMIIIE TPOIECH TEILIonepe-
Jlagi Ta po3irpiBy TKaHWH NPH MPOTIKAHHI €IEKTPUIHOTO
CTpyMy.

BpaxoByroun 3MiHy B JiaMeTpi 30HIA, OYiKyBaJloCH,
0 MOTPIOHO TaKOXK 3HU3UTH HANPYTY, 10 1 Oyi0 mpoe-
MOHCTPOBAHO B EKCIIEPUMEHTI Ha 04ax KponwukiB. OTpu-
MaHi TOPOTOBI TMapaMeTph HANPYTH IS HOCATHEHHS
eJIEKTpOTepMoaresii 3 BUKOPUCTAHHSIM MOHOIIOJISIPHOTO
3BapIOBAIEHOTO 30H1a Kaniopy 25-G mpu HastBHOCTI CKII0-
mozxioxoro Tina (10,8 B) Oy cyTTeBO MEHIIMMU 3a TaKi
JUTSE MOHOTIOIIIPHOTO 3BapIOBAIbHOTO 30Ha Kamiopy 20-G
(15,5 B) [13]. BuxopucrtanHs OULIBII BHCOKHX HAIpyT
BEBT MOHOMOJSpHUM 3BapOBAIIbHUM 30HAOM KamiOpy
25-G, 1m0 HabMIKAIHCS 10 ONTHMATBHOI TS 3BapIOBAIIb-
HOTO 30HAa Kamiopy 20-G, BHKIMKANIO OLTHII BHpakeHi
KOAryJAIiitHI 3MiHU 3 (OPMYBaHHSIM PO3PUBY CITKIBKH Y
excriepuMeHTi. Lle Takox MiATBEpIKYyEe HEOOXiTHICTh BU-
3HAYEHHS TIOPOTOBUX MapaMeTpiB HANpyrd CTPyMy IS
30H/IiB Pi3HOTO KaJiopy.

Pe3ynbraTy 4ncenbHOTO KiHIIEBO-EJIEMEHTHOTO MOjie-
JIFOBAHHS JO3BOJIMIN TIOSCHUTH 3MEHIICHHS IOPOTOBHX
Hanpyr BEBT mpu 3MmeHmenHi KaixiOpy BHKOPHCTAHOTO
3oH1a. Pucynkn 4A Ta 4B moKa3yroTh po3MOAiN TemIie-
paryp mobam3y HaKiHeYHHKA 30Ha U MOZETIi OKa, 3aIlo-
BHEHOTO CKJIOTIOIOHWM TiJIOM, JJIS 30HAIB Kamiopy 25-G
(A) Ta 20-G (B), po3paxoBaHHX TIPH BiAMOBIIHUX MOPO-
ropux Hanpyrax U .= 10,8 B ta U, , = 15,5 B uepes t
= | ¢ micns yBIMKHEHHS cTpyMy. BUHO, 10 U1 BUMAAKY
30H1a Kamiopy 25-G HarpiBaHHA € OUTBII PIBHOMIPHUM,
a HarpiBaHHS /0 HEOOXiTHOI TeMIIepaTypH IOCATAETHCS
npu Mmermriii Hanpy3i BEBT. Lle mosicHIO€TBCS THM, IO
3MEHIIIEHHS Kaiopy 1 miamerpy 30HAa (MPUOIM3HO BIBi-
4i) Bele O CYTTEBOTO (0 YOTHPHOX pa3iB) 3pOCTaHHS
TYCTHHH CTPYMy B CaMOMY 30HI Ta MoOIM3y Horo KpaiB
TIpU HE3MIHHIN Hampy3i Ta cTpyMi xkuBlIeHHA. OCKITBKH
MOTYXXKHICTh BUAUICHOTO TEIUIA TPOTIOPIIiifHa IO KBagpaTy
TYCTHHH CTPyMY, BUAIICHHS TEIUIOTH MTOOIN3Y KpaiB 30H-
Ila (e TyCTHHA CTPYMY MaKCHMAJIbHA) 3pOCTAE IIIe CYTTeE-
Bimre. Tomy aist HOCSTHEHHSI poOOYMX 3HAYCHB I'YCTHHH
CTpYMy HEOOXI1THO MPUKIAJaTH CYyTTEBO MEHIITY TOPOTOBY
HANpYTY, IpH AKIH TYCTHHA CTPYMiB B OONACTAX MAaKCH-
MAaJIBHOTO PO3ITpiBy OYAyTh MPAKTHIHO OJHAKOBUMU (PHC.
4C ta 4D — nuB. 2 cTOp OOKIaTUHKH).

Jami Bizyaui3aiii XopiopeTHHAIBHUX 3MiH 32 JOTIOMO-
roto OKT Hao9HO AEMOHCTPYIOTh AHATOMIYHI 3MIiHH TICIIS
BIUIMBY BHCOKOYACTOTHOTO (66 KI'I) emexTpo3BaproBaH-
HS CITKIBKA OpPHWTiHAJIHHUM MOHOIIOIIPHUM 3BapIOBaIIb-
HUM 30HIOM Kamiopy 25-G. 3uimku OKT, mpencraBneni
Ha imrocTparii 2, 30iratotecst 3 pesynasraramu OKT mpu
BUKOPHCTAaHHI OPHUTIHATHHOTO MOHOIIOJSIPHOTO 3Bapio-
BaJbHOTO 30HAa Kamiopy 20-G [5, 8]. OntumanbHi 3MiHH
XOPiOPETHHATHFHOTO KOMIUIEKCY BiJIOYBAIOTHCS TPH BHUKO-
pPUCTaHHI BCTAaHOBJICHOI €KCIIEPUMEHTAIBFHO 1 TEOPETHIHO
moporoBoi Hanpyrut BEBT. Taki 3MiHH CyIIpOBOIKYIOTECS
TABUIICHASIM PEPISKTHBHOCTI CITKIBKH TIpU 30epekeHH1
nmudepeHtiaii 1 mapis, o MOXe CYTIPOBOIKYBATHCS Ha-
OpsIKOM BHYTPIIITHIX IIApiB CiTKIBKH ONIPa3y ITiCIs BILTHBY
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3BaproBaHHA (pHc. 2A). Binbn BUCOKI 3HaYCHHS HANIPYTH
BEBT nmpu3BomsTh 10 BHpaKEHUX KOATYJIIHHUX 3MIiH 3
pYHHYBaHHSAM YABTPACTPYKTYPH CITKIBKH Ta (OpMyBaH-
HSM po3puBiB ciTKiBKH (puc. 2b ta 2B).

[TpoBeneHi eKCIIEpUMEHTH 3 BHKOPHUCTAHHIM 30HJA
Kamiopy 25-G migTBepAWIH pe3yibTaTH, OTPUMaHi y TO-
TIepeAHbOMY JIOCHipkeHHI [13], ke BHKOPHUCTOBYBAIO
30H1 Kamiopy 20-G, mo Hampyra BEBT, meoOxigHa mms
JNOCATHEHHS KOATYJAIIMHNX 3MiH CITKIBKH 0e3 pyHHyBaH-
HA 11 CTPYKTYpH, 3aJICKUTH BiJ] TAMIOHYBaJIbHOI PEUOBH-
uu. [Ipu BUKOpHCTaHHI TIEpPTOPIACKATIIHY Ta CTEPIIFHOTO
TOBITPSL B SIKOCTI TaMIIOHYBaJbHOI PEUOBHHU HEOOXimHA
OimpIn BHcoka moporoBa Hampyra BEBT, mix mpu 3amo-
BHEHHI BHYTPIITHHOOYHOI MTOPOKHUHU CKIIOMOAIOHUM Ti-
moM. Lei#t edhext OyB MOsICHEHUI HA OCHOBI IMPOBEACHOTO
KIiHIIEBO-CJIEMEHTHOTO MOZETIoBaHHA. [lepdTopaexanin
Ta CTePIIIBHE TOBITPS € JiCTCKTPUKAMHU I MAfOTh HU3BKY
BHCOKOYACTOTHY HPOBIIHICTh, B TOH Yac SK BHCOKOYAC-
TOTHA TIPOBITHICTH CKIONOAIOHOTO TiJIa € JOCTaTHRO 3HA-
9HOIO [22]. MonenroBaHHS TOKa3aio, M0 TPH €IeKTPO-
3BapIOBaHHI CITKIBKH 3a HAsSBHOCTI CKJIOMOAIOHOTO Tinma
OCTAaHHE TaKOXK MPOBOINTH €IEKTPUUHUHN CTpyM (puc. SA
— IIUB. 2 cTOp OOKJIATWHKH) i TOJATKOBO HATPiBa€THCA,
110 3MEHIIYE HEOOXiTHY HaNpyTy Al OTPUMAHHS TaKoTo
CaMOTO pPe3yabTaTy (aHATOMIYHHX 3MiH Ta (popMyBaHHS
xopiopetuHanbHOI anresii; UTTOP = 10,8 B). I[Ipu Tammo-
HaJi epPTOpACKATIHOM Ta CTEPUIHLHAM MOBITPSM CTPYM
TIPOXOAXTH JIMIIIE Yepe3 CITKIBKY (puc. SB), Tomy momatko-
BOTO HArpiBaHHS HE BiIOYyBAa€THCS, a OTXKE HEOOXITHO 3a-
crocoByBaru Oinbpiry Hanpyry BEBT (12 B ta 11,5 B Bin-
OBiTHO). 30iT eKCTIepUMEHTAFHUX TaHUX Ta PE3YIbTaTIB
YHCEJIFHOTO MOJICIIOBAHHS BKa3ye Ha Te, [0 BHOpaHa Mo-
JIeTb PO3PaXyHKIB € aJIeKBaTHOIO. Taka MOAEIb MOXKe TOU-
HO OOTPYHTOBYBATH 3HAYCHHS IMapaMeTpPiB EIEKTPHIHOTO
CTpyMy (HATIpyTH) A HeOOXiTHIX MaHIMYIIAIIHA.

OOMekeHHSIM JaHOTO JOCTIHKSHHS € MaJia TpyTa TBa-
PUH Ta BiACYTHICTh, Ha JAHOMY eTarli, KIIHIYHUX HOCIHTi-
JDKEHB, 10 MOYKe 0OMEKYBaTH MEPEHECEHHs Pe3yIbTaTiB
Ha KIIHIYHUHN piBeHb. He3Bakaroum Ha Maly KUTBKICTh
eKCTIePIMEHTAIBHUX TBapWH, LIUUTIO JOCITIHKEHHS OyIo
BH3HAUEHHs IMMOPOTOBUX MapaMeTpiB i iX ampodamis as
3BapIOBAIIGHOTO 30HAa MaJioTo KajiOpy, IO paHilie Bke
TIPOBOIMIIOCS 3 BHUKOPHCTAHHSIM 30HAA OiTBIIOTO Kalli-
Opy, a IIi TmomepeaHi JaHi CIYTyBald OCHOBOIO IS IUIa-
HYBaHHS 1 IPOBEeNEHHs MboTo mociimkeHHas [13]. Taxox
00OMEXEHHSIM € BiICYTHICTB Bi3yaui3amii 3MiH XOpiopeTh-
HAJIBHOTO KoMILIeKey 3a moromororo OKT y rpymi TBapuH
3a €HJI0TaMITOHAIN Mep(TOpACKaTIHOM Ta TOBITPSIM, IO
3yMOBJICHO (Di3MIHUMH BIACTUBOCTSIMH JAHUX PEIOBHH Ta
TPYIHOIIIAMH B OTPUMaHHI 300paKeHb, sIKi MOXXYTh OyTH
iHTepnpeToBaHi. ToMy maHe TOCITIIKEHHS IPUITYyCKaE,
o cTpykrypHi 3minu micus aii BEBT 3a ernorammonanu
nepdTopAeKaTiHOM Ta TOBITPSM BiANOBITAN TaKuM, SIK
TIpU HasSBHOCTI CKIIOMIOAIOHOTO Tiia, TAaKOK CITUPAIOYNCS
Ha TIOTIEPEH] JOCITIHKEHHS 30HIOM OULTBIIOTO Kamiopy
(20-G) [5,13]. Hagami oTpuMaHi pe3ynbTaTi € BaKITMBUMH
JUISL TIPOBEACHHS TTOJANBIINX OCHIIPKeHb aHATOMIYHHUX

3MiH XOPiOpEeTHHAIBFHOTO KOMIUIEKCY Y KPOIIiB B Pi3Hi Tep-
MiHH, BPaXOBYIOYH PO3PaxOBaHi MOPOTOBI MMapaMeTpH Ha-
MPYTH eNEKTPHUIHOTO cTpyMy. LI mocmipkeHHs 103BONIATH
B MaiOyTHHOMY OOTPYHTYBaTH BHUKOPHCTAaHHS MOHOIIO-
JISIPHOTO 3BapIOBAIIFHOTO 30H/a Kamiopy 25-G y marfieHTiB
3 pErMaTOTCHHUM BiIIAPYBAHHSIM CiTKiBKH.

BucnoBku. [Toporosi 3Ha4eHHS HAIPYTH TSI BUCOKO-
YaCTOTHOTO €JIEKTPO3BapIOBaHHS CITKIBKH OPUTiHATHHUM
MOHOTIOJIPHUM 3BapIOBAaTbHUM 30HAOM Kamiopy 25-G B
excriepuMeHTi craHoBwin 11 B s ckimomonionoro Tina,
12 B gns crepunpHOTO TOBITPA Ta 12 B s mepdropme-
kamiay. L{i maxi oOrpyHTOBaHI OPTAITFMOCKOIIIYHOIO Kap-
THHOIO (KiTbIIeTIoAi0He TTOCIpiHHS CITKIBKH AiaMETPOM He
OimpmmM 3a miametp 30HAA), naHuMu OKT (HaOpsk cit-
KIBKH 3 HE3HAYHO MOCHJICHOIO TinmeppedIeKTUBHICTIO Ta
31 30epeskeHHAM AudepeHIianmii ii mapiB) i MAKCUMaIbHO
HaOJIMKEHNMH  pe3yJIbTaTaMH YHCENIbHOTO KiHIIEBO-elle-
MEHTHOTO MOJICITIOBAaHHS CIEKTPOHATPIBAHHS CITKIBKH
(10,8 B mms cximomoniouoro Tina, 11,5 B mrs mositps i 12
B mns nepdropnexaniny). [logamemri gocmimkeHHES MAIOTh
OyTH crIpsMOBaHI Ha OLIHKY MOXIIMBOCTI 3aCTOCYBaHHSI
BU3HAYEHHX MapaMETPIB EIEKTPUIHOTO CTPyMy IS Oe3-
MeYHOi Ta e(peKTUBHOI PeTHHOIEKCII.

ABTOPCbLKUI1 BHECOK

YymakoB €.A. — MeTO4OMOoris, HanMcaHHA — NigroToBka
noyaTkoBOrO MPOEKTY, peLeH3yBaHHA Ta pedaryBaHHs, Bi-
3yanisauisi, cnoctepexeHHs; YmaHeub M.M. — meTogonoris,
agmiHicTpauist npoekty; Mrawexko ®.0. — meTogonoris, npo-
rpamHe 3abesnedveHHs, Bidyanisauis. Bci aBTopu npountanm i
CXBarunm ocTaTo4Hy BEPCit0 PyKOMNuCy.

®diHaHCyBaHHSA

ABTOpU 3asBMAOTb, WO MNif Yac NiaroTOBKU LbOro pyKo-
N1Cy He OTPMMYBAIW XXOOHWUX KOLUTIB, FPaHTIB YuM iHWOI nig-
TPUMKW.

BiamoBa Big BignoBiganbHoOCTI

BucnoeneHi B npeacTaBneHivi ctatTi 4yMKU € BNaCHUMM, a
HeomiLiNHMMK NO3ULISMN YCTaHOBU.

KoHcbnikTu iHTepecis

ABTOpM 3a5BNAOTb, LLO BOHN HE MatoTb KOHMIKTY iHTep-
€ciB, sIKMIA Mir 61 BNNUHYTM Ha iXHIO OYMKY LLOAO npeamerta
abo maTepianis, onMcaHnx i 0GroBOPeHMX Yy LibOMY PYKOMMCI.

3asBa Npo AOTPUMAHHA ETUYHUX HOPM

EkcnepumeHT GyB npoBefeHVn 3a OOTPUMAHHS 3axoAiB
no 3abesneyeHHo Ge3nekn, eTUYHOro CTaBlIEHHS Ta AOTPU-
MaHi npaBuna poboTu 3 ekcrnepuMeHTanbHUMKU TBapuUHaMu
3rigHO 3 «EBPONENCHKOI KOHBEHLT Npo 3axucT XpebeTHux
TBapWH, sKi BUKOPUCTOBYHOTLCA ANS1 eKCnepuMeHTanbH1X Ta
iHWKMX HaykoBux UWiner» (Ctpacbypr, 1986) Ta 3akoHoM Ykpa-
THM Ne 3447-IV «[Mpo 3axucT TBapwH Big >XOPCTKOro MOBO-
oxeHHsy / BigomocTi BepxosHoi Pagmu Ykpainun. — Ocpiu. Bua.
— 2006. — Ne 27. — C. 990. JocnigxeHHst 6yno norogxeHe
KOMITETOM 3 MeanyHOoi eTukn 1Y «IHCTUTYT OYHMX XBOPOO i
TKaHWHHOI Tepanii im. B.[1. ®inatoea HAMH Ykpainn» (Ne3
Bia 12.09.2024).
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3asBa Npo AOCTYNHICTb AaHUX

[aHi, oTpumMaHi Ta npoaHani3oBaHi nig Yac uboro Jocri-
[PKEHHS, MOXHa OTpMMaTK Yy BignosiganbHOro asTopa 3a 006-
I'PYHTOBaHMM 3aM1TOM.

CnncokK CKopoYeHb

BEBT — BMCOKOYACTOTHE eneKkTpo3BaptoBaHHs Gionoriy-
HUX TKaHuH, OKT — onTuYHa KorepeHTHa TOMOMETPIS.
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Abstract

Aim. The main purpose and motivation for this study was
the assumption that intraocular mushroom-like melanomas,
the spherical part of which is located outside the choroid,
may have a retinal nature.

This work is a retrospective study based on a preliminary
investigation of histomorphological material with subsequent
qualitative analysis. The work proposes a theoretical ap-
proach to solving a scientific problem, when the answer to the
question of the histogenesis (place of origin) of the tumor is
given not by studying histological patterns, but by analyzing
the theoretical model of mushroom-like tumor formation.
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The theoretical model allows us to understand that no uve-
al tumor can form a mushroom-like nodule. Based on this, we

formulated a pattern of formation of intraocular mushroom-

like tumors, according to which the initial growth of a mush-
room-like intraocular neoplasm is always associated with
the spherical part, and the uveal part is a secondary place of
their growth. This pattern applies to mushroom-like tumors
of any localization. The specificity of intraocular mushroom-
shaped tumors is that the growth of their spherical part is
impossible without penetration into the choroid. This feature
distinguishes them from mushroom-shaped tumors of other
localizations, and this is one of the main reasons why their
histogenesis has been difficult to detect.

It has been shown that the mushroom-shaped tumor can-
not originate from the choroid. This would be contrary to the
laws of physics, not to mention the biological constraints re-
garding the growth pattern of tumors. The theoretical model
of the mushroom-shaped melanoma suggests that its origin
is linked to the retinal pigment epithelium. So, we are faced
with the need for a fundamental revision of the classification
and nomenclature of intraocular melanomas, which should
be the next step.

Keywords: intraocular melanoma, mushroom tumors,
retinal pigment epithelium, discovery.

Pe3lome

Mema. 01061010 Memo0 ma MOMUBAYicto Ois Ybo2o 00-
CIOMNCEHHST OYIO0 NPUNYWEHHS, WO SHYMPIUHbOOUHI 2pUbO-
nOOIOHI MelaHoMU, cheputnHa Yacmuta SKux po3mauiosand
no3a CyOUHHOK OOONOHKOI0, MOJNCYMb MAMU PEMUHAIbHULL
xapaxmep.
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L[ poboma € pempocneKmueHUM OOCAIONCEHHIM, 3d-
CHOBAHUM HA NONEPeOHbOMY BUGHEHHI 2iCOMOPQON02iuHO-
20 mamepiany 3 nooanbWuM AKICHUM ananizom. B pobomi
NPONOHYEMbCA MeopemudHull nioxio 00 eupiuleHHsi HayKo-
601 npobremu, Koau 8i0N0GI0b HA NUMAHHA NPO 2iCMO2eHe3
(micye noxXo0XHCeHHs) NYXAUHU OAEMBCA He ULIAXOM BUBYEHHS]
2ICMONO2IUHUX 3AKOHOMIPHOCMELL, d WIAXOM aHANi3y meope-
muyHoi mooeni popmysanus epubonodioHOI NyXaIuHU.

Teopemuuna mooenvb 0036015€ 3PO3YMIMU, WO IHCOOHA
V6eanbHa NYXAUHA He MOoxce Ymeopumu epubonodionuil ey-
30n. Ha ocnosi yvboco mu cghopmynioganu 3aKoOHOMIpHICTIb
Gopmysanns BHYMPIUHLOOUHUX 2PUOONOOIOHUX — NYXTIUH,
32I0HO 3 AKOK NOYAMKOSULL picm 2pubonodioHo20 Hympii-
HbOOUHO20 HOBOYMBOPEHHS 3A6HCOU NOG'SI3aHUTL 31 KYTIACTOI0
YACMUHOIO, A Y8eanbHa YACTNUHA € GMOPUHHUM Micyem ix
pocmy. La 3axkonomipHicmb cmocyembcst epubonoodioHux
nyxaur Oyov-sakoi noxanizayii. Cneyugika 6HympiuitHb00UHUX

Introduction

Over the century and a half that have passed since the
beginning of histomorphologic study of intraocular tu-
mors, which began in the mid-19th century, the opinion
about choroidal melanoma as the only representative of
intraocular pigmented neoplasms has become firmly root-
ed. This confidence is due to the actually observed histo-
topographic connection of intraocular melanomas with
the choroid, where melanocytes, a potential histogenetic
source of such neoplasms, are located. However, in addi-
tion to melanocytes, pigment epithelium is another poten-
tial source of melanomas in the eye. The pigment epithe-
lium is closely associated with the choroid, so that until
the beginning of the last century it was often called the
pigment epithelium of the choroid. Indeed, the embryo-
genesis of the pigment epithelium is related to the retina,
but, anatomically, it is associated with the choroid and is
separated from its stroma and capillary vascular network
by the collagen-elastic Bruch's membrane with a thickness
of no more than 2-4 pm, which is barely visible under light
microscopy. Thus, the distance between the cells of the
pigment epithelium and the melanocytes of the inner lay-
ers of the choroid in some areas is smaller than the size of
the cells themselves. This raises a logical question about
how accurately one can establish the type of pigment cells
- the source of intraocular melanomas, if the melanocytes
of the choroid and the cells of the pigment epithelium of
the retina are not only located, figuratively speaking, back
to back, but are also tightly connected anatomically. It is
important to consider that the pigment epithelium is rep-
resented by a cellular monolayer without its own stroma
and vessels; therefore, its trophic needs are satisfied by the
choroid. The latter circumstance predetermines that pig-
ment epithelial neoplasms cannot grow without stromal-
vascular support from the choroid. However, this most
important factor determining the growth characteristics in
unusual intraocular conditions has never been taken into
account before. This is despite the fact that tumors from
the pigment epithelium and uveal melanocytes doomed to

2puUbONOOIOHUX NYXIUH NOISA2AE 8 MOMY, WO picm ix Kyascmoi
YACMUHU HEMONCTUGUT De3 NPOHUKHEHHS 8 CYOUHHY 0DONOH-
Ky. Ll ocobnusicme 6iopizuse ix 6i0 epubONOOIOHUX NYXAUH
[HWUX 10oKanizayitl, i ye 0OHA 3 OCHOBHUX NPUYUH, YOMY IX
2icmoezenes 6y110 8AHCKO GUAGUMNU.

byno nokazano, wo spubonodiona nyxauna He modgxice no-
xooumu 3 cyOuHHoi obononku. Lle cynepeuuno 6 saxkomam
Qizuxu, He Kadxcyuu 6xce npo GIONOSIUHI OOMENCEHHS U000
xapaxmepy pocmy nyxaut. Teopemuuna mooensb epubono-
OIOHOI MenanoMu NPUNycKae, wo it noXooxceHHs: nog'sizane
3 niemenmuum enimeniem cimxieku. Omoice, Mu CIMUKAEMOCS
3 HEOOXIOHICMIO QYHOAMEHMANbHO20 nepe2nsidy KiACupika-
yii ma HOMeHKIamypu GHYmMmpitHbOOUHUX MENAHOM, WO MAE
cmamu HacMynHUM KPOKOM.

Knrouosi cnosa: snympiwnboouna meianoma, 2pubono-
OIOHI nyXAuHU, nieMeHmMHUL enimeiniil CimKieKu, 8IOKPUMMSL.

grow in the same anatomical space and both cell types are
capable of pigmentation. A similar situation during dif-
ferentiation of melanogenic tumors does not arise outside
the eye. In most cases, the presence of pigmentation and, if
necessary, appropriate immunohistochemical markers, as a
rule, are sufficient to establish the diagnosis of melanoma.
However, knowing that melanomas can develop in the eye
from two different cellular sources, the researchers did not
consider it important to discuss the criteria for differentiat-
ing the two types of melanogenic tumors in the eye. In this
regard, it should be noted that back in 1894, J. Griffiths,
examining an enucleated eye with advanced intraocular
melanoma, which soon led to the death of the patient, veri-
fied it as a tumor of the retinal pigment epithelium [1]. It is
obvious that the author proceeded from a character of the
histological patterns of this tumor. Sometimes, such pat-
terns had similarities with those of metaplastic transforma-
tions of the pigment epithelium in post-traumatic growths
inside the eye. Griffiths’article remained out of discussion
for a long time, until Andersen and Reese in the middle of
the last century drew attention to this article and stated that
the case described by Griffiths was in fact a uveal melano-
ma [2-3]. Based on his own clinical and morphological ob-
servations, Reese claimed that the retinal pigment epithe-
lium is generally not capable of malignant transformation,
and only occasionally can produce tumor-like proliferates
of a benign nature [4]. The authority of Reese, as a lead-
ing specialist in the field of ophthalmic oncology and eye
pathology, contributed to the formation of a stereotype in
understanding the histogenesis of intraocular melanomas,
which practically excluded the prospect of finding a histo-
genetic connection between the retinal pigment epithelium
and intraocular melanomas. So, now, after many decades,
when neither clinicians nor pathologists feel uncomfort-
able regarding intraocular melanomas as choroidal tumors,
it is difficult to imagine what might prompt a change in the
entrenched view of their origin.
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Design features of this theoretical study

This study began with the assumption that intraocular
mushroom-shaped tumors, the spherical part of which is
located outside the choroid, could have a retinal origin.
Initially, it was only a desire to find fundamental histo-
morphological differences between mushroom-shaped
melanomas and those that grow exclusively in the cho-
roid. Although this working hypothesis was later proven
untenable, it stimulated and supported a long-term histo-
morphological study, during which more than a thousand
samples of intraocular tumors were studied. The solution
arose unexpectedly and was not associated with the histo-
morphological samples studied. It can be characterized as
an intuitive image or virtual model, which concentrated
the essence of the quest. This solution can be expressed by
the thesis: "a choroidal tumor cannot form a mushroom-
shaped node."

The design of this work can be characterized as a ret-
rospective investigation based on the previous study of
archival histomorphological material followed by qualita-
tive analysis. It is important to note that the emerged idea
cannot be substantiated by histomorphologic examination.
However, it is also hard to imagine how, without being
involved in the histomorphological study of melanomas,
one could come to such a conclusion. At the same time, the
decision itself and its verification are not the prerogative
of histomorphologists, but are within the competence of
everyone who has a basic medical education, and especial-
ly with knowledge of the clinical anatomy of the eye and
general oncology. Furthermore, the formation of a spheri-
cal nodule, under conditions similar to those attributed to
intraocular melanoma, is determined by physical laws,
suggesting the impossibility of spatial displacements that
could lead to the formation of a mushroom-shaped tumor
from the choroid. This will allow representatives of the
exact mathematical sciences to be equally experts in as-
sessing the main idea about the possibility of the formation
of a mushroom-shaped form when a tumor spreads from
the choroid. It is interesting to note that not so long ago, a
well-known European ophthalmological journal published
an editorial with the wish that ophthalmology would one
day find a place for theoretical solutions similar to those
that revolutionized physics in the last century [4]. This
article offers an example of a theoretical approach to solv-
ing a scientific problem.

Therefore, we need to prove that a choroidal tumor can-
not form a mushroom-shaped node. As it is well known,
the negative judgment, which became the main element of
the discovery, cannot be the subject of proof. According to
the laws of logic, in such cases, proofis reduced to refuting
the antithesis, what is called contradiction in contrarium.
So, we are talking about a judgment that is still considered
true: "a choroidal tumor in the process of its development
forms a mushroom-shaped node." In classical logic, such
a proof is based on the truth of the law of double negation.

Critique of the existing model of intraocular

mushroom melanoma formation

The seemingly most obvious conclusion is that epi-
choroidal node originates from the choroidal node, which
is common for all forms of intraocular melanoma. On this
basis, a purely mechanistic explanation for the formation
of the intraocular mushroom node was constructed, with-
out taking into account the biological properties of neo-
plasm and the real physical forces that determine the tumor
shape. Therefore, the position of physics and mechanics
prevails when considering the existing concept, especially
since mechanistic approach dominates the generally ac-
cepted explanation of intraocular mushroom melanoma.

As evidenced by numerous authoritative sources,
which are quoted from the middle of the last century up
to the present day, the mushroom-shaped node is formed
as a result of stretching and subsequent rupture of Bruch's
membrane, after which the tumor spreads unhindered in
the subretinal space, taking on a spherical shape [5]. It
should be emphasized that the accepted explanation ig-
nores the invasive capabilities inherent in malignant tu-
mor, such as intraocular melanoma, due to which tumor
can penetrate through denser anatomical barriers than
Bruch's membrane. Thus, the accepted explanation of the
intraocular mushroom shape is based on the justification
of only one defect at the apex of the uveal node due to the
supposed stretching of Bruch's membrane. Of course, it
cannot be denied that with the growth of the uveal node
the length of Bruch's membrane can become longer than
the original. However, the conditions under which this oc-
curs have never been discussed. The previously accepted
explanation assumed that any prominence of the choroidal
tumor on the eye fundus leads to an increase in the length
of Bruch's membrane and, consequently, to its stretching.
However, this would be true only if Bruch's membrane
were located on a horizontal plane, as shown by the dot-
ted line in the Figure 1. In reality, Bruch's membrane is
located on the concave surface of the eyeball, determined
by the curvature of the sclera and the choroid lying on it.
During the growth of the uveal node, Bruch’s membrane
moves from a concave to a convex position over a certain
period of time, and its length can remain the same even
with a relatively large protrusion of the tumor node (Fig.
1). Thus, from the very beginning of the analysis of the
existing view on the origin of intraocular mushroom mela-
nomas, we are faced with a serious contradiction: Bruch's
membrane does not stretch with the growth of the uveal
node until it reaches a size that is significantly larger than
that characteristic of most mushroom melanomas.

Thus, as can be seen from the schematic interpretation
presented in the Fig. 1, the rupture of Bruch's membrane
due to an increase in its length cannot be considered a nec-
essary condition for the formation of a mushroom-shaped
node. Although individual variants of mushroom-shaped
melanomas do not exclude the possibility that stretching
of Bruch's membrane could have taken place, there are
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Figure 1. Schematic interpretation: initial position of Bruch's
membrane near the sclera — (a) and on the surface of the tu-
mor node — (b). When comparing these two arches, it is evi-
dent that the length of Bruch's membrane has not increased
in top position, despite the significant size of the tumor node.

many opposite examples when this mechanism is abso-
lutely unrealistic. Thus, Figure 2 shows two examples: a
mushroom-shaped melanoma formed with an extremely
flattened uveal node, which excludes a rupture of the
Bruch's membrane, and a metastasis to the choroid with
an extremely high protrusion of the tumor, but without the
formation of a mushroom-shaped node. The latter tumor
was described by us earlier as a rare variant of metastasis
of neuroendocrine lung carcinoma, confirmed by immuno-
histochemistry [6]. This case is also interesting due to the
extremely high protrusion of the tumor node, which is not
typical for uveal metastases. On the surface of the tumor
node, defects of the Bruch's membrane were revealed in
the form of its disorganization and replacement by tumor
cells against the background of desquamation of the pig-
ment epithelium and pronounced cystic degeneration of

the retina. Similar defects have been described not only
above metastatic nodes, but also in melanomas, and with-
out any connection with the formation of a mushroom-
shaped node [7]. It should be noted that it has never been
discussed before how such defects differ from alleged rup-
tures and why they do not lead to the formation of a mush-
room-shaped tumor. After all, in this case, it would be nec-
essary to admit the possibility of the formation of several
epichoroidal spherical nodes, which is never observed.
Also, the formation of mushroom-shaped uveal metasta-
ses due to the rupture of Bruch's membrane is never ob-
served, which is already a reason to think about the origin
of mushroom-shaped melanomas. However, all the above
facts were strangely ignored, and only those that did not
contradict the idea of the uveal origin of melanoma were
taken into consideration. In addition, all the arguments
that were used to explain the formation of mushroom-
shaped melanoma turn out to be untenable. Of course, the
fallacy of the explanations does not exclude the possibility
that intraocular mushroom-shaped melanomas are formed
from the choroid, but in another, as yet unknown way.

At the same time, in retrospect, assessing the current
situation, it should be noted that in this case, what is taking
place is not just a common misconception but a kind of col-
lective cognitive dissonance, when justification is sought
for a concept that has become habitual over a century and a
half. It was precisely because of this cognitive dissonance,
it was completely “forgotten” that mushroom-shaped tu-
mors are present not only inside the eye. And if we turn to
mushroom-shaped tumors of other localizations, we will
see the opposite picture: everywhere the spherical part is
the site of the initial tumor growth.

As it is known, mushroom-shaped tumors of the skin,
respiratory and gastrointestinal tract, mucous membrane
of the urinary bladder, endometrium and others originate

Figure 2. A. General view of a mushroom melanoma on a histological section. With such protrusion of the uveal node,
stretching of Bruch's membrane is impossible. B: unusual variant of uveal metastasis, high prominence of the tumor node
(1) with undoubted stretching of Bruch's membrane but without a tendency to mushroom growth, (2) — retina with cystic
degeneration covers the top of the tumor node. Photographs from stained celloidin (top) and paraffin histological sections.
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exclusively from the cellular elements of the integumen-
tary epithelium and adjacent stroma, i.e. everywhere the
beginning of tumor growth is located in the upper spheri-
cal part, and not in the underlying deep tissues. Nothing
is known about any breakthrough of fascial or membrane
structures in connection with the formation of the mush-
room-shaped tumors beyond the eyeball. Of course, de-
struction and defects of the border structures also occur
here. However, such defects lead to ulceration if there are
no other tissues above the defect in which tumor growth
could continue. According to the existing explanation of
the formation of intraocular mushroom melanomas, after
the supposed breakthrough of Bruch's membrane, the tu-
mor spreads unhindered in the subretinal space. This is
another misunderstanding that supports the current notion
of intraocular mushroom melanoma. In furtherance of this
absurd thesis, many authors, including such an authority
as A. Reese, have specifically cited examples showing de-
tached retina that allegedly is not associated with the tu-
mor node. At the same time, examples of the growth of the
spherical part exclusively in the retina are known and also
were not refuted anywhere. These variants are in no way
associated with the general mechanism of the formation
of intraocular mushroom melanoma (Fig.3). However,
the existing explanations for the formation mechanism of
intraocular mushroom melanomas bypass how such intra-
retinal nodules form, given the inevitable detachment and
cystic degeneration of the retina before the “breakthrough”
of Bruch’s membrane. Moreover, this applies equally to
both nodular-flat melanomas and metastases, which never
take a mushroom-shaped form, despite equal opportunities
to cause destructive changes in Bruch's membrane.

Of course, the idea of uveal origin of melanoma was
finally formed at the beginning of the last century, when
the features of invasive tumor growth were still poorly

known. In particular, there was no data on tumor growth
in vitro, which clearly showed that tumor cells (as well as
most others) were not capable of dividing in a liquid me-
dium, without attachment to a solid substrate.

Perhaps in connection with this, the absurd assertion
that after rupture of Bruch's membrane, intraocular mela-
noma spreads in the subretinal exudate under the retina
was accepted and subsequently remained unnoticed. Ev-
erywhere and always, tumor growth represents an inva-
sion, i.e. penetration into the tissue structure that has a
stroma and vascular network, without which further tumor
growth is impossible. The case shown in Fig. 3 fully meets
this requirement. However, the question remains: where is
the initial point of growth - in the spherical (retinal) part
(as in all known mushroom-shaped tumors) or in the uvea,
as suggested by existing ideas about intraocular melano-
mas? Here we will ignore, for now, the fact that the exist-
ing concept practically does not consider the participation
of the retina in the formation of the spherical node. Let us
assume that the tumor spreads in the tissue environment
after the rupture of Bruch’s membrane, which corresponds
to modern concepts of tumor growth. Can such growth
lead to the formation of a spherical node if the tumor origi-
nates from the choroid?

A realistic model for the formation of intraocular
mushroom-shaped tumors

When modeling, it is necessary to proceed from the fact
that tumor growth inward from Bruch's membrane occurs
in a homogeneous environment. The spread of the tumor
continues in the thickness of the choroidal tumor node,
which can also be considered a homogeneous environ-
ment, although with a different density. As it is known, in
a homogeneous environment, a tumor always tends to take
on a spherical shape, since it is the sphere that is the geo-

Figure 3. A rare variant of intraocular mushroom melanoma that refutes the thesis that after rupture of Bruch's membrane,
uveal melanoma spreads under the retina. Top: general view of a mushroom-shaped melanoma (stained celloidin histological
section). Below: the histological picture of this retinal nodule shows that the spherical part is completely localized in the retina.

Magnification 40X.
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metric locus of points equally distant from the center. The
diagram in Fig. 4 shows that the tumor continues to spread
evenly in all directions at the point of rupture of Bruch’s
membrane, so that the front of tumor growth on both sides
of Bruch's membrane can be represented by hemispheres
1 and 2. There is no need to discuss here that the rate of
tumor growth in the choroid and above Bruch's membrane
may be different; however, the site of the Bruch's mem-
brane rupture is the center of the tumor mass that forms on
both sides of Bruch's membrane. In reality, which many
intraocular mushroom-shaped tumors represent, their
front of spreading above Bruch's membrane corresponds
to sphere 3. In order for a tumor spreading from a rupture
point of Bruch's membrane to take this form, a special ex-
ternal influence or physical forces are required. A physical
interpretation of such a process can be the inflation of a
balloon. Thus, if we assume that there is a stretching shell
above the rupture site, then it becomes quite clear why
the front of spreading of the physical mass has a spherical
shape (position 3 in Fig. 4). This explanation highlights
the complete absurdity of both the existing concepts of the
formation of intraocular mushroom-shaped melanoma and
the very assumption that mushroom-shaped growth from
the choroid is possible.

Thus, there is absolute proof that mushroom intraocu-
lar melanoma cannot originate in the choroid. It becomes
obvious that the histogenetic source of these melanomas
can only be the pigment epithelium. As already noted,
mushroom melanomas and melanomas without epicho-
roidal growth have a similar histological structure, so
there has never been any doubt about their common ori-
gin. However, at present we have no reason to change our
opinion to the opposite with respect to all cases of intra-
ocular melanoma, especially since benign melanomas of
unconditional uveal genesis are known. A new round of
comparative histological and histochemical studies will
be required to ensure that among melanomas that do not
spread beyond Bruch's membrane, there are variants that
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Figure 4. Schematic illustration of possible tumor spread
after Bruch's membrane rupture. Arrows indicate two
directions of growth at the site of Bruch's membrane rupture
— dotted line 1 shows the growth front in the choroid, 2 —
epichoroidal growth. 3 — tumor growth front corresponding to
actually observed mushroom intraocular melanoma.

are histogenetically unrelated to mushroom melanomas.
After all, melanomas arising from the pigment epithelium
can have either a mushroom-shaped or flattened - nodu-
lar form, whereas uveal tumors can only have a flattened
- nodular form. Uveal metastases always have the same
form, never forming a tumor nodule beyond Bruch's mem-
brane, although, as shown above, they are sometimes ca-
pable of reaching a much greater prominence than most
melanomas. By the way, the example of uveal metastases
is a confirmation that mushroom-shaped growth from the
choroid is impossible. Of course, the absence of mush-
room-shaped choroidal metastases cannot be proof of the
fundamental impossibility of such phenomenon. Never-
theless, this circumstance makes the concept of the forma-
tion of intraocular mushroom-shaped melanoma presented
here a scientific theory, what cannot be said about the ex-
isting idea of the uveal origin of melanoma. As it is known
from the point of view of the philosophy of science, one
of the most important criteria for classifying any concept
as scientific knowledge is its falsifiability (the so-called K.
Popper criterion), i.e. the potential opportunity of refuta-
tion through experiment or observation. So, the refutation
of our concept could be the detection of the formation of
a mushroom-shaped tumor as a result of the rupture of
Bruch's membrane by a uveal metastasis. After all, given
the complete failure of explanations for the mechanism
of formation of mushroom-shaped intraocular melanoma,
the absence of mushroom-shaped uveal metastases does
not become a reason to abandon the old view against the
background of endless expectation that at some point the
metastasis may turn out to be mushroom-shaped. Like this
a pseudo-theory can ignore any fact and not notice any
refutation, based solely on habit, an established stereotype
and partly on banal stubbornness.

Conclusion

A pattern of formation of intraocular mushroom-
shaped tumors has been identified. According to this pat-
tern, the initial point of their growth is always in the spher-
ical portion, with the uveal portion forming secondarily.
This pattern applies to mushroom-shaped tumors of any
location and, with the exception of intraocular tumors, has
never required confirmation, as it is consistent with his-
tomorphological data. A distinctive feature of intraocular
mushroom-shaped tumors is that the retinal pigment epi-
thelium, from which they develop, unlike from many other
epithelial coverings, which also serves as a source of such
tumors, does not have its own stromal territory. Therefore,
their growth is possible only after penetration of the cho-
roid. This distinguishes them from fungal tumors in other
locations and is one of the main reasons why their histoge-
netic origin was not so obvious. The discovery of this pat-
tern, which changes existing understanding of the origin
of intraocular melanoma, was made possible by an intui-
tive insight: a choroidal tumor cannot form a mushroom-
shaped nodule. The data presented here convincingly dem-
onstrate that this would be contrary to physical laws, not
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to mention the biological constraints on the growth pattern
of tumors. Therefore, we are faced with the need for a fun-
damental revision of the classification and nomenclature
of intraocular melanomas, which should be the next step.
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Abstract

Introduction. Myopia is one of the important causes of
visual impairment worldwide. The two most common refractive
surgeries for myopia treatment are LASIK (Laser-Assisted In-
Situ Keratomileusis) and PRK (Photorefractive Keratectomy).

Purpose. This study investigates the efficacy and safety of
LASIK and PRK for Myopia correction.

Methods. A systematic review was conducted following
PRISMA 2020 guidelines across PubMed, Cochrane, and
ScienceDirect databases through December 2024. The quality
and bias of studies were assessed using the assessment tool
developed by the Effective Public Health Practice Project.
The data were summarized using odds ratios (OR) with 95%
confidence intervals (CI) and mean differences to determine
the efficacy and safety of LASIK and PRK for myopia.
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Result. Nine randomized controlled trial studies from
1998 to 2014 were included, involving 698 eyes with any
degree of myopia. The meta-analysis found no significant
difference in the proportion of eyes achieving uncorrected
visual acuity of 20/20 at 6 months (pooled OR, 0.84,; 95%
CI, 0.53-1.34; P = 0.47) and 12 months (pooled OR, 1.11;
95% CI, 0.62-2.01; P = 0.72). LASIK and PRK were equally
effective for the proportion of eyes achieving within + 0.50
D of target refraction at 12 months (OR, 1.00;, 95% CI,
0.40-2.51; P = 1.00). Loss of 2 lines of best corrected visual
acuity at 6 months was less frequent with LASIK (OR, 2.41;
95% CI, 0.73-7.18; P = 0.15). It was found that both LASIK
and PRK interventions did not have a significant difference
in postoperative mean spherical equivalent until 1 year of
Sfollow-up (0.07; 95% CI, 0.05-0.19; 12 = 16%).

Conclusions. Efficacy, safety and visual outcomes of
LASIK for myopia are similar to those achieved with PRK.

Keywords. Laser in situ keratomileusis (LASIK); Meta-
analysis;, Myopia,; Photorefractive Keratectomy (PRK)

Pes3tome

Bcemyn. Mionia € 00Hi€l0 3 3HAUHUX NPUYUH NOPYULEHHS
30py 6 ycbomy ceimi. Jleoma navnowupeHivuumu pegpaxyii-
Humu onepayiamu 015 nikyeanns mionii € LASIK (nazepruii
xepamomines in-situ) ma PRK (¢pomopedpaxmusna repa-
mekmomisi).

Mema. Busuumu egpexmusnicmo ma 6esnexy LASIK i
PRK ons xopexyii mionii.

Memoou. Cucmemamuunuii oenso 6y10 nposedeHo 6 Oa-
sax oanux PubMed, Cochrane ma ScienceDirect 0o epyo-
us 2024 poxy 6i0nogiono oo pexomenoayii PRISMA 2020.
IIpoexm «Egpexmusna npaxmuka 2pomadcvkozo 300poé's»
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(EPHPP) oyinus skicmb 00CHIONCEHH Ma YNepeortCeHicmb.
Mu y3aeanvnunu 0ami, BUKOPUCOBYIOUU GIOHOWEHHS WAHCIG
(BLLl) 3 95% oosipuumu inmepeanamu ([I) ma cepeonimu
gIOMIHHOCMAMU, W00 po3paxyeamu epekmuericms ma Oes-
nexy LASIK ma PRK ons nikysawnms mionii.

Pesynomam. Byno exnwueHo Oes'smb paHOOMI308aAHUX
KOHMPONbo8arux 0ocniodncens 3 1998 no 2014 pik, wo oxonu-
au 698 oueti 3 mioniero OyOb-aK020 cmynens. Pesynomamu me-
maawnanizy 6Kazyoms Ha me, Wo He OVI0 cCymmeeoi pisHuyi y
nayienmis, siKi docsenu Hekopuosanoi cocmpomu 30py 20/20
uepes 6 micayig (00'eonanuti OR 0,84, 95% A1 0,53-1,34);
(p=0,47) ma 12 micayie (06'conanuui OR 1,11; 95% A1 0,62—
2,01); (p=0,72). LASIK ma PRK oonaxogo epexmugni y 0o-

Introduction

Myopia is the leading cause of vision impairment
worldwide. In 2020, an estimated 2.62 billion people
globally were affected by myopia, impacting quality of life
and productivity [1, 2] . Based on the diopter (D), myopia
can be divided into three levels: low myopia (0.00 to -3.00
D), moderate myopia (-3.00 to -6.00 D), and high myopia
(over -6.00 D) [3]. Refractive surgery offers a potential
curative approach for refractive errors providing an
alternative to lifelong reliance on contact lenses or glasses
[4]. The two most common surgical techniques to correct
myopia are photorefractive keratectomy (PRK) and laser-
assisted in situ keratomileusis (LASIK) [5].

PRK represents the first generation of excimer laser
refractive surgery and was approved by the US Food and
Drug Administration (FDA) in 1996. In PRK, the corneal
epithelium is mechanically removed, and the anterior
stromal lamellae are precisely reshaped using excimer
laser ablation [5, 6]. Postoperative complications may
include pain, corneal haze, and irregular epithelial healing
[6]. Mitomycin-C (MMC), an antimetabolite that can block
DNA and RNA replication and inhibit protein synthesis,
is used as an adjunct to prevent post-PRK corneal haze,
especially in high myopia [5, 7]. Despite these limitations,
PRK remains the preferred option for patients unsuitable
for LASIK, including those with thin corneas, irregular
corneal surfaces, pre-existing corneal pathology, or a high
risk of ocular trauma [6].

Following the development of PRK, LASIK emerged
as a significant advancement in excimer laser refractive
surgery.[[3 ]JLASIK, approved by the FDA in 1998, became
the most popular refractive technique in the late 1990s
due to lesser postoperative discomfort, faster recovery
of vision, and reduced haze. LASIK rapidly became the
preferred procedure. In LASIK, a microkeratome or a
femtosecond laser creates a hinged corneal flap. This
flap is then gently lifted, the underlying corneal tissue is
reshaped with the laser, and finally, the flap is carefully
repositioned over the treated area. While LASIK offers
significant advantages, it is associated with unique risks,
including flap-related complications, altered corneal
biomechanics, and an increased risk of postoperative
ectasia due to reduced residual stromal thickness [5, 8, 9].

csieHenHi Yinbosoi pedhpaxyii + 0,50 D uepes 12 micayie (OR
1,00, 95% /I 0,40-2,51); (P=1,00). 3menwennsa Haiikpawe
Kopueosanoi eocmpomu 30py Ha 2 ninii uepez 6 micayie 3y-
cmpivanacs piowe npu LASIK (OR 2,41, 95% /11 0,73-7,18);
(P=0,15). Byno eusigreno, wo ax empyuanns LASIK, mak i
PRK ne manu cymmeegoi pisHuyi 6 cepeoritl nicisonepayiinii
camooyinyi (SE) 0o 1 poxy cnocmepescenns (0,07; 95% /I
-0,05-0,19; 12 = 16%).

Bucnoseku. LASIK ma PRK npodemoncmpysanu 00HaKogy
ehexmusHicms ma 6e3nexky wooo 30py npu HiKyeaHHi Mionii.

Knrwwuoei cnosa. Jlazepnuii kepamomines in situ (LASIK);
Mema-ananiz; Mionia; Domopegppakyiiina xkepamexmomis
(PRK).

PRK and LASIK utilize excimer lasers to reshape the
cornea and correct refractive errors by removing corneal
tissue. The popularity of these procedures has surged over
the past two decades. The most concerning outcome for
both is the loss of best-corrected vision. Preoperative
screening for risk factors like high myopia, early signs of
keratoconus, and insufficient residual corneal thickness is
crucial to minimize complications. Given the increasing
number of individuals undergoing refractive surgery and
the expanding use of advanced laser platforms, an up-to-
date synthesis of comparative evidence is clinically and
scientifically necessary.

Aim. This systematic review and meta-analysis aims to
clarify whether meaningful differences exist between these
procedures across short- and long-term follow-up, thereby
supporting optimized procedure selection in contemporary
refractive practice.

Methods

Eligibility Criteria

We included trials in which the participants were men
and women over 18 years of age undergoing LASIK or
PRK for myopia or myopic astigmatism. Eligible studies
were required to report postoperative visual or refractive
outcomes with a minimum follow-up duration of 6 months.
People undergoing treatment for correction of refractive
errors other than primary myopia were excluded, as were
those with any other co-existing ocular or systemic disease.

Information sources

Using the PRISMA guidelines, the current systematic
review employed a concept-by-concept approach to
retrieve all relevant scholarly articles from PubMed,
Cochrane, and ScienceDirect databases. We searched the
databases for all English language publications through
December 2024 meeting search criteria, with the article
type restricted to clinical trials.No restrictions were placed
on geographical location or surgical platform used.

Search Strategy

The search string was: ("LASIK" OR "Laser-
Assisted In Situ Keratomileusis" OR "Laser Intrastromal
Keratomileusis" OR "Laser In Situ Keratomileusis"
OR "Laser Intrastromal Keratomileusis" OR "Laser-
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Assisted Stromal In Situ Keratomileusis") AND ("PRK"
OR "Photorefractive Keratectomy" OR "Keratectomies,
Photorefractive” OR "Keratectomy, Photorefractive" OR
"Photorefractive Keratectomies") AND ("Ophthalmologic
Surgical Procedures" OR "Refractive Surgical Procedures"
OR "Corneal Laser Surgery") AND ("Myopia" OR
"Nearsightedness" OR "Nearsightednesses").

Outcome types and measures

Efficacy measures included uncorrected visual acuity
(UCVA) of 20/20 or better at 6 and 12 months post-
treatment, the proportion of eyes within + 0.50 D of target
refraction at 6 and 12 months post-treatment, and mean
postoperative spherical equivalent (SE) at 2-4 weeks,
6 months and 12 months. Safety measures included the
proportion of eyes within + 0.50 D of target refraction at
12 months post-treatment. Adverse effects included pain
scores, subepithelial haze, flap-related complications in
LASIK eyes, optical side effects, high-order aberration,
and refractive stability. Patient satisfaction questionnaires
were used 1 year and 2 years after surgery to assess patient
satisfaction.

Data extraction

Two reviewers independently did the primary screening
in Rayyan (an Al-powered tool for Systematic Literature
Reviews) based on the inclusion criteria previously
mentioned, and disagreements were settled by discussion.
We extracted demographic data, methodological
characteristics, characteristics of the subjects, and
outcomes data. All the data were entered into Excel before
conducting further data analysis using Revman Manager..

Quality assessment

The risk of bias of the included studies was assessed
with the Effective Public Health Practice Project (EPHPP).
The following six domains were assessed: selection bias,
study design, confounders, blinding, data collection
methods, and withdrawal and dropout. An overall quality
score was assigned to each study. Two reviewers perform
this process independently, and any disagreements were
managed by discussion.

Statistical analysis

The systematic review and meta-analysis were
conducted in accordance with Cochrane Collaboration
recommendations and PRISMA guidelines. Data were
entered into Review Manager (RevMan) software by one
author and independently verified by a second author. For
studies in which numerical outcome data were presented
only graphically, values were extracted using a web-based
plot digitizer. Pooled analyses were performed using a
random-effects model; however, a fixed-effect model was
applied when fewer than three studies were available or
when event rates were low. Odds ratios were calculated
for dichotomous outcomes, and mean differences were
used for continuous outcomes. Statistical heterogeneity
was assessed visually using forest plots and quantitatively
using the I? statistic, with I> >50% indicating substantial
heterogeneity.

Results

Nine studies comparing LASIK and PRK for myopia
and published from 1998 to 2014 were included (Figure
1). The figure shows a PRISMA flow chart summarizing
the results of the search and the reasons for exclusion. This
review included only randomized controlled trials (RCTs;
698 eyes, Table 1), with ages ranging from 18 to 64 years.
Myopia ranged from -0.5 D to -15.0 D. However, Barreto
et al. (2010) did not mention the range. The duration of fol-
low-up of the studies varied from 1 month to a maximum
of 2 years, with a study by El Maghraby et al. demonstrat-
ing the longest follow-up. Efficacy and safety outcome
measures were used in all, and adverse effect measures
were employed in the majority of included studies. The
study by El Maghraby et al. was the only study that em-
ployed a patient satisfaction outcome measure.

Quality Assessment

Of the nine RCTs comparing LASIK and PRK (Table
2), three received moderate quality score ratings [10—-12]
and six strong score ratings [13—18]. All included studies
were at a low risk of selection bias, indicating that they had
clear randomization. Additionally, all included studies were
designed as RCT studies. The studies were randomized,
specified exact interventions that patients had received, and
each study was at low risk for the cofounder. Low ratings
were mainly attributable to the likelihood of blinding bias;
3 studies were assessed to be at high risk, and 1 study was
at moderate risk for blinding bias; these studies did not ex-
plain clearly whether there was blinding of the subjects or
blinding of examiners. Each study also provided an over-
view of data collection using proper tools tested for validity
and reliability. The missing numbers of withdrawals and
dropouts have also been explained clearly in each study.

The proportion of participants who have UCVA 20/20
or better at 6 months and 12 months after treatment is
shown in Fig. 2 and Fig. 3. The forest plot analysis dem-
onstrated no significant difference between LASIK and
PRK for key efficacy outcomes, including the proportion
of patients achieving uncorrected visual acuity (UCVA)
of 20/20 or better at both 6 months and 12 months. For
UCVA at 6 months, the pooled odds ratio (OR) was 0.84
(95% CI1, 0.53-1.34; p = 0.47), and at 12 months, the OR
was 1.11 (95% CI, 0.62-2.01; p = 0.72).

The proportions of participants achieving UCVA of
20/20 or better at 6 months and 12 months after treatment
are shown in Figures 2 and 3. The forest plot analysis
demonstrated no significant difference between LASIK
and PRK for key efficacy outcomes, including the propor-
tions of patients achieving UCVA of 20/20 or better at 6
months and 12 months. For UCVA at 6 months, the pooled
odds ratio (OR) was 0.84 (95% CI, 0.53-1.34; p = 0.47),
and at 12 months, the OR was 1.11 (95% CI, 0.62-2.01;
p = 0.72). The proportions of participants within = 0.50
D of target refraction at 6 months and 12 months after
treatment are shown in Figures 4 and 5. LASIK and PRK
showed similar results in achieving within £0.50 diopters
of target refraction at 6 months (OR, 1.05; p = 0.81) and
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Previous studies

Identification of new studies via databases and registers

=
-f-j Studies included in Records identified from*: Records removed before screening:
;E previous version of Cochrane (n=75) > Duplicate records removed (n=59)
= review (n=13) Sciencedirect (n=1166) Records removed for other reasons (n=0)
= Pubmed (n=74)
A4 Records excluded ** (n=1166)
Records screened > Comparison is not relevant (n=213)
(n=1190) Type of study is not RCT (n=514)
‘L Population is not relevant (n=619)
oo
E Reports sought for retrieval
o (n=24) ﬁl Reports not retrieved (n=9)
g v
Reports assessed for eligibility Stu.dles excluded in previous version of
5| review:
n=15 L
( ) Not retrievable (n=3)
\I’ Comparison is not relevant (n=4)
New studies included in review
(n=2)
-
L v
s
E Total studies included in review
.| (n=8)
“| Total studies included in meta-
analysis (n=8)

Figure 1. Articles included in this study selected with PRISMA Guideline.

Abbreviations: PRISMA - Preferred Reporting Items for Systematic Reviews and M eta-Analyses.

PRK LASIK Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% ClI M-H, Fixed, 95% CI
¢l magriby 1999 12 29 19 28 296X 0.33[0.11, 0.99] —
hatch 2011 24 26 23 26 4.6% 1.57[0.24, 10.24] —
Hersh 1998 13 68 16 61 35.7% 0.66 [0.29, 1.53] —
Lee 2001 35 45 2B 45 18.3% 2.13 [0.84, 5.36] T
Manche 2011 27 33 29 33 138X 0.62[0.16, 2.44] e
Total (95% CI) 201 193 100.0% 0.84 [0.53, 1.34] <
Total events 111 115
Heterogenelty: ChE = 7.55, df = 4 (P = 0.11); F = 47X E } } i
Test for overall effect: Z = 0.73 (P = 0.47} 001 01 LASIK LPRK 20 Lo8

Figure 2. UCVA 20/20 or Better after 6 months of follow-up. Abbreviations: PRK — photorefractive keratectomy; LAS1K
— laser-assisted in situ keratomileusis; UCVA — uncorrected visual acuity; OR — odds ratio; Cl — confidence interval; M-H —
Mantel Haenszel method; df — degrees of freedom; Chi 2 — Chi-squarc test; | 2 —

heterogeneity statistic.

PRK LASIK Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI|
el magriby 1999 16 29 20 28 43.7% 0.49[0.16, 1.48] ——
Manche 2011 27 33 29 33 25.2% 0.62[0.16, 2.44] ———
Wallau 2008 22 44 13 44 31.1% 2.3B [0.99, 5.73] ——
Total (95% CI) 106 105 100.0% 1.11 [0.62, 2.01)
Towl events sk 65 62 &
Heterogenelty: =572 df = 2 (P = 0.06), F = 65% L t y |
Test for overall effect: Z = 0.36 (P = 0.72) 0.01 =l LAS".;i PRK n 100

Figure 2. UCVA 20/20 or Better after 12 months of follow-up. Abbreviations: PRK — photorefractive keratectomy; LASIK
— laser-assisted in situ keratomileusis; UCVA — uncorrected visual acuity; OR — odds ratio; Cl — confidence interval; M-H —
Mantel-Haenszel method; df — degrees of freedom; Chi ? — Chi-squarc test; | 2 —

heterogeneity statistic.
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Table 2. Quality Assesment of Included Studies

. Data .
Study (Year) Sele.ctlon Stu_d Y | cofounders Blinding | collection | Withdrawal (el e vetli;
bias design Score
method
Manche et al. (2011) Strong Strong Strong Weak Strong Strong Moderate
Hersh et al. (2000) Strong Strong Strong Strong Moderate Strong Strong
Hersh et al. (1998) Strong Strong Strong Strong Moderate Strong Strong
El Maghraby et al. (1999) | Strong Strong Strong Weak Strong Strong Moderate
Wallau et al. (2008) Strong Strong Strong Strong Strong Strong Strong
Hatch et al. (2011) Strong Strong Strong Moderate Strong Strong Strong
Barreto et al. (2010) Strong Strong Strong Strong Strong Strong Strong
Lee etal. (2001) Strong Strong Strong Weak Strong Strong Moderate
Arora et al. (2014) Strong Strong Strong Strong Strong Strong Strong
PRK LASIK Odds Ratlo Odds Ratio
Study or Subgroup _ Events Total Events Total Weight M-H, Fixed, 95% CI M-=H, Fixed, 95% ClI
Arora 2014 25 40 27 40 20.2% 0.80 [0.32, 2.01)]
hatch 2011 23 82 22 B8 33.7% 1.00 [0.51, 1.86]
Hersh 1888 20 68 16 58 24.1% 1.12[0.52, 2.43] ——
Lee 2001 28 a5 24 45 1B.1X  1.44 [0.62, 3.34] —f-—
Manche 2011 31 33 3z 3 3.0% 0.48 [0.04, 5.62]
Total (95% CI) 278 265 100.0%  1.05 [0.71, 1.54)
o N AR~ T
Heterogeneity: = 1.30, df = 4 (P = 0.B6); P = OX i : ; 4
Test for overall effect: Z = 0.24 (P = 0.81) 0.01 0.1 ._Asmipm( 10 100

Figure 4. Postoperative Refraction within +0.50 Diopters of Target Refraction after 6 Months Follow-up. Abbrevatiuns: PRK —
photorefractive keratectomy; LASIK — laser-assisted in situ keratomileusis; Cl — confidence interval; M-H — Mantel Haenszel
method; df — degrees of freedom; OR — odds ratio; | 2 — heterogeneity statistic.

PRK LASIK Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% ClI
el magriby 1999 20 30 22 30 B60.7% 0.73[0.24, 2.21] —
Manche 2011 31 33 29 33 19.3X 2.14 [0.36, 12.57] —_—
Total (95% CI) 63 63 100.0% 1.00 [0.40, 2.51)] -.-
Total events - 51 51 e
Heterogeneity: ChE = 1.02, df = 1 (P = 0.31); F = 2% k + v {
Test for overall effect: Z = 0.00 (P = 1.00) L S 100

Figure 5. Postoperative Refraction within +0.50 Diopters of Target Refraction after 12 Months Follow-up. Abbrevutions: PRK
— photorefractive keratectomy; LASIK — laser-assisted in situ keratomileusis; Cl — confidence interval; M-H: Mantel-Haenszel
method; df — degrees of freedom; OR — odds ratio; I? — heterogeneity statistic.

PRK LASIK Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M~H, Fixed, 95% CI
Arora 2014 0 40 0 40 Not estimable
el magriby 1999 2 27 2 27 49.5% 1.00[0.13, 7.67]
hatch 2011 0 25 0 25 Not estimable
Hersh 1998 B 68 2 59 50.5% 3.80[0.77, 18.66] +——
Total (95% CI) 160 151 100.0% 2.41 [0.73, 8.02] e RE—
Total events ” 10 4 a
Heterogeneity: Chi = 1.03, df m 1 (P = 0.31); F = 3% ; } } |
Test for overall effect: Z = 1.44 (P = 0.15) 0.01 04 LASIK l,,“ 19 100

Figure 6. Loss of >2 Lines of Best Spectacle-Corrected Visual Acuity after 6 Months follow up. Abbrevutions: PRK —
photorefractive keratectomy; LASIK — laser-assisted in situ keratomileusis; Cl — confidence interval; M-H: Mantel-Haenszel
method; df — degrees of freedom; OR — odds ratio; I> — heterogeneity statistic

12 months (OR, 1.00; p=1.00). Three RCTs reported data
for the proportion of patients losing >2 lines at 6 months

or more after PRK or LASIK (Figure 6). There was no
significant difference in safety outcomes, with both pro-
cedures showing similar risk profiles for adverse effects
such as the loss of >2 lines of best spectacle-corrected
visual acuity (BCVA) at 6 months (OR, 2.41; p =0.15).

Adverse Effect

The analysis of adverse effects revealed that LASIK

generally resulted in less postoperative pain than PRK, as
assessed by two studies [10,15]. Subepithelial haze was
less common after LASIK in several studies.[11-13,16]
Four studies reported lower incidence rates at 6 and 12
months [11-13,16]. Flap-related complications in LASIK
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were found in 2.6% to 15% of cases, but none resulted in
a loss of 2 or more lines of BCVA [10,13,16 ]/ Optical side
effects, such as glare and photophobia, were observed after
both procedures, although, according to EI Maghraby et
al. [10], symptoms were more likely to develop after PRK,
whereas according to Wallau et al. [15], photophobia was
more likely to develop after LASIK than PRK. High-order
aberrations were significantly increased in both LASIK
and PRK compared with preoperatively [15—18]. Regard-
ing refractive stability, no significant regression was found
in either group, although Hersh et al. found a slight change
in SE refraction [13]. Patient satisfaction rates at one year
were higher with LASIK, and were comparable between
LASIK and PRK at 2 years [10]

Discussion

Visual Outcome: Safety and Efficacy

Three trials reported postoperative UCVA of 20/20 or
better at 12 months. They did not find evidence supporting
the superiority of one intervention over another [10,11,15].
Five trials reported this outcome at six months and found
no difference in the proportion of eyes achieving UCVA of
20/20 or better [10-13,16]. Overall, short- to mid-term vi-
sual acuity outcomes appear comparable between LASIK
and PRK. In contrast to Castro-Luna et al.[9], femtosecond
LASIK (FS-LASIK) had better effectiveness than PRK at
3 months, 1 year and 2 years, but at 5 and 10 years, both
modalities demonstrated similar efficacy.

Our study demonstrated no significant differences in
mean SE and UCVA of 20/20 or better up to one-year
follow-up and the loss of >2 lines of BCVA at 6 months.
These findings indicate that LASIK provided comparable
efficacy and safety to PRK over the first postoperative year.
While wavefront-guided (WFG) PRK tended to result in a
higher proportion of patients achieving within + 0.50 D
of target refraction at 12 months, this difference was not
statistically significant. WFG PRK provided comparable
refractive stability to WFG LASIK at 12 months. Li et al.
[19] also concluded that the two techniques were similar in
effectiveness, safety, refractive predictability, and stability.

Our study demonstrated that LASIK and PRK showed
comparable refractive stability, with no significant differ-
ences in mean SE until one year of follow-up.However,
during the initial 2—4 weeks, PRK exhibited greater re-
fractive instability, whereas LASIK demonstrated faster
stabilization. In the studies evaluated, PRK eyes exhibited
a higher likelihood of refractive instability in 2—4 weeks,
whereas LASIK gave a faster recovery. Only at 2 to 4
weeks post-treatment, the study eyes had a mean SE of
more than +- 0.5 D; from this study, it can be concluded
that, at 2 to 4 weeks, PRK has a significant chance of re-
fractive instability, and LASIK has a faster recovery in
terms of refractive stability. In the first week after PRK,
epithelial irregularity often results in reduced visual qual-
ity. Tomas et al. [20] found that for target refraction of
+ 0.5 dioptres at 6-month and 12-month follow-up, sug-
gesting both treatments were comparable for myopia. In
contrast, Mounir et al. [21] found better predictability in

FS-LASIK groups of high myopia. Higher variances of SE
were observed in Trans-PRK groups during the postopera-
tive 6 months, which might be attributed to the ongoing
epithelial healing process. Additionally, a study by Chang
et al.[7] found no significant difference between the MMC
groups and controls treated for myopia in terms of the pre-
dictability of refraction and the proportion of patients with
postoperative SE within + 0.50 D of the target at 12 weeks.
With regard to safety outcomes, our study demon-
strated that both modalities had similar safety profiles, as
assessed by the loss of >2 lines of BCVA at the 6-month
evaluation. Two studies showed that the loss two or more
lines of BCVA was more common after PRK, while no
studies reported such a loss in LASIK patients [10,13].
These findings suggest a marginal safety advantage for FS-
LASIK in early postoperative visual acuity preservation.
Our findings align with previous studies, indicating that
FS-LASIK has a slightly better safety profile compared to
PRK, particularly in terms of visual acuity preservation.
The use of femtosecond lasers in LASIK flap creation has
improved surgical precision and reduced complications as-
sociated with mechanical microkeratomes [7]. Addition-
ally, wavefront-based refractive surgery, including WFG
and wavefront-optimized ablation profiles, enables indi-
vidualized correction of higher-order aberrations (HOAsS),
which may explain superior optical quality reported with
WG-LASIK compared with conventional techniques [19].
Adverse Effect
With regard to the comparison of adverse effects of
LASIK versus PRK, LASIK generally results in less post-
operative pain; in PRK, the removal of the corneal epitheli-
um is carried out mainly with epithelial mechanical scrap-
ing using chemical agents like diluted ethanol solution.
The epithelial scraping has postoperative adverse effects
like pain, myopia regression, or corneal haze. Exposure
to ethanol may increase inflammatory cell infiltration and
cause anterior stromal injury, contributing to haze forma-
tion [22]. Tomas et al. [20] reported that subepithelial haze
occurred in all PRK patients after 1 month, reaching the
greatest intensity at 3-6 months. Several studies showed
that corneal haze begins to decrease at 12-24 months after
PRK and is more common when correcting high myopia
(> -6.00 D). Corneal haze tends to be more common af-
ter PRK than after LASIK. This is due to damage to the
basement membrane and the corneal stromal epithelium,
which causes the production of cytokines and growth fac-
tors, with these cytokines activating keratocytes and syn-
thesizing collagen fibrils [23]. Corneal haze can affect
corneal transparency and reduce visual quality. Numerous
ophthalmologists use MMC during surface ablation sur-
geries to prevent corneal haze formation. [24] MMC is an
anti-mitotic agent which inhibits deoxyribonucleic acid
synthesis. Ourdane et al. [25] concluded that MMC ap-
plication after PRK is associated with a lower incidence of
corneal haze formation without any statistically significant
side effects.
Optical side effects, including glare and photophobia,
were more prevalent after LASIK, but both procedures re-
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sulted in a statistically significant increase in high-order
aberrations. These optical phenomena have been reported
in 12-57% of patients following refractive surgery.[26]
According to Liu et al.[27], of all PRK patients, 84% had
no or mild degree of dry sensation and 16% had significant
or severe dry sensation. Keratocyte disturbances, mainly at
high frequencies, can reduce contrast sensitivity and cause
glare. Van Gelder et al.[28] found that refractive results
were relatively stable between 1 and 3-month and 1-year
time points after LASIK procedures, whereas myopic re-
gression was observed after PRK. Zhang et al.[29] , how-
ever, found that, between 1-month and 12-month follow-
up, the proportions of eyes with more than 0.5 D change
in SE refraction were 12% and 18% in PRK and LASIK
groups, respectively. Overall, both LASIK and PRK dem-
onstrated comparable long-term refractive stability with
small fluctuations in spherical equivalent. Hashmani et al.
[30 ] found high patient satisfaction rates after FS-LASIK
and after PRK (93.3% versus 95.6%).

This systematic review and meta-analysis have several
limitations. There was variability in population character-
istics and outcome measures of the studies included, which
could introduce heterogeneity. Some studies included
modified versions of LASIK (e.g., FS-LASIK) and PRK
(e.g., WFG PRK), which may have different outcomes than
conventional techniques. Lastly, study populations varied
in the severity of myopia. This could potentially influence
the outcome measures, as the risks or complications experi-
enced by patients with high myopia might be different from
those experienced by patients with mild myopia.

RCTs have demonstrated similar efficacy and safety
for LASIK and PRK, with the two myopia treatment pro-
cedures generally resulting in comparable outcomes even
at 2 years after surgery. LASIK may offer advantages in
terms of recovery and patient satisfaction compared to
PRK. Compared with conventional LASIK and PRK,
WFG LASIK and WFG PRK show better outcomes in re-
ducing HOA. Effective myopia control should prioritize
early detection through regular refractive screening, time-
ly optical correction, and the implementation of evidence-
based myopia control strategies. For adults requiring re-
fractive surgery, individualized procedure selection based
on corneal characteristics, visual demands, and patient
expectations is essential. Further trials are needed to ana-
lyze other outcome variables, such as cost-effectiveness
and patient satisfaction. Sub-group analysis regarding the
degree of myopia and differences between modified and
conventional procedures can provide new findings as to
whether there are differences between the two procedures.
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Severe hypertensive retinopathy secondary to malignant hypertension
in systemic lupus erythematosus: a case report
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Abstract

Malignant  hypertension is a medical emergency
characterized by severe elevation in blood pressure with
end-organ damage, including ocular involvement. Systemic
lupus erythematosus (SLE) may result from lupus nephritis
or vascular involvement in patients, and reports of severe
hypertensive retinopathy in this setting are extremely
limited. Herein, we report the case of a 30-year-old woman
with SLE and poorly controlled chronic hypertension who
presented with sudden bilateral vision loss. Ophthalmologic
examination revealed grade IV hypertensive retinopathy with
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macular star exudates, a finding not previously described
in similar reported cases. Optical coherence tomography
demonstrated intraretinal hyperreflective deposits at the fovea
without active macular edema, and fluorescein angiography
showed areas of retinal ischemia. Intensive antihypertensive
therapy and immunosuppressive treatment led to systemic
stabilization but limited visual recovery. Only two similar
cases have been reported, all presenting with hypertensive
emergency, active SLE, and visual symptoms; however, the
present case uniquely exhibited a macular star pattern.
Early ophthalmologic recognition is essential for diagnosis,
prognosis, and multidisciplinary management.

Keywords. Hypertensive Retinopathy, Systemic Lupus
Erythematosus, Lupus Nephritis, Hypertensive Crisis,
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Peslome

Mu nogioomnsaemo npo 6unadox 3108KICHOI cinepmensii
y 30-piunoi xcinku 3 cucmemnum uyepgonum soguaxkom CUB,
AKA 36EPHYIACA 3 PANMOBOI0 OB0CHOPOHHBLOIO SMPAMOI0
30py. Ogmanvmonociune obcmedsicennss GUAGUNO 2inepmen-
3ueHy pemunonamiro 1V cmynensa 3 makyisaprumu 3ipuacmu-
MU ekcyoamamu, wo pauiwe He OYI0 ONUCAHO 8 NOOIOHUX
3apeeccmposanux eunaokax. Onmuuna Ko2epeHmHa momo-
epagis nokaszana eHympiuHbOCIMKIGKOGI 2ineppephiexmusni
BIOKNIA0eHHA Y (posea 6e3 aKMUBHO20 MAKYIAPHO2O HAOPSAKY,
a uyopecyenmua aneioepagis nokazara OAHKU iwiemil
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cimkiexku. Inmencusna anmucinepmeHn3ueHa ma iMYHOC)-
npecusHe mepanisi npuseeiu 00 CucmemHoi cmabinizayii,
ane obmedicenozo 8ioHognenHs 3opy. byno onucano nuwe 0ea
noo0iOHI UNAOKU, 8 SAKUX 0)6 2iNepmeH3USHUL HeGIOKIAOHULL
cman, akmusHuti CYB ma 30poei cumnmomu, 0OHAK, yetl
BUNAOOK VHIKATbHUM YUHOM OEMOHCIPYEAE MAKYAAPHULL 3i-
puacmuil manonok. Panne ogpmanvmonoziyne posniznaganns

Introduction

Malignant hypertension is the most serious presenta-
tion of arterial hypertension, although rare, and is char-
acterized by an extreme elevation of blood pressure ac-
companied by acute lesions in target organs [1]. Arterial
hypertension is a complication present in almost half of
patients with systemic lupus erythematosus (SLE), attrib-
uted to multiple factors such as renal involvement, espe-
cially in lupus nephritis, prolonged use of corticosteroids,
and predisposition to cardiovascular diseases [2].

At the ocular level, hypertensive retinopathy is a well-
documented manifestation of malignant hypertension;
however, its presentation with a bilateral star macula pat-
tern is seldom described in the literature and is even rare
in patients with SLE. To date, only two similar cases with
this pattern have been reported in patients with SLE, high-
lighting the exceptional nature of this association [3, 4].
SLE-induced endothelial inflammation affects the vascu-
lature, both renal and ocular, which could contribute to
the development of hypertensive retinopathy [5, 6, 7]. Al-
though evidence in this area is limited, the rare occurrence
of this phenomenon underscores the importance of report-
ing cases that contribute to a better understanding of its
clinical implications and possible relationship with SLE.

In this context, we present the clinical case of a female
patient with SLE who developed a hypertensive emergen-
cy with significant bilateral visual loss. This case is rel-
evant due to its complex interaction between its adjacent
disease, associated secondary complications and ocular
involvement. It underscores the importance of early recog-
nition of atypical ophthalmic signs in SLE and the need for
comprehensive, multidisciplinary management.

Case description

A 30-year-old Equatorian female with a 9-years SLE
history treated with hydroxychloroquine, chronic kidney
disease, and uncontrolled hypertension for the past five
months, presented with a sudden vision loss and headache
over the past 2 hours. Upon further questioning, she re-
ported that mild central visual changes had been present
for approximately seven days prior, which she initially at-
tributed to the need for a change in glasses. On the day
of admission, the vision deteriorated abruptly, prompting
urgent evaluation. A physical examination showed a high
blood pressure (243/130 mmHg), generalized pallor, and
1+ pitting edema of the lower extremities.

Laboratory results revealed leukocytosis, moderate
anemia, mild elevation of C-reactive protein (CRP) and

€ 8adcnusum O OiAeHOCMUKU, NPOZHO3Y ma 6azamonpo-
QDinvHO20 NIKYEAHHS.

Kniouoei cnosa. I'inepmouniuna pemunonamis, cucmem-
HUll 4epeoHull 808UAK, 806YAKOBUL Hehpum, 2inepmoHiyHa
Kpu3sa, opmanbMonoeis..

dyslipidemia with hypercholesterolemia and hypertriglyc-
eridemia, along with decreased coagulation times. Renal
profile showed a glomerular filtration rate of 19.61 ml/
min, consistent with stage IV renal failure, along with
electrolyte imbalances including hypokalemia, Hypocal-
cemia, and hypomagnesemia. Additional findings included
dysproteinaemia with hypoalbuminemia and non-nephrot-
ic range proteinuria. Immunological tests demonstrated
hypocomplementemia and positive autoimmune markers
(C3:64.9 mg/dl, positive ANA, anti-dsDNA: 133.49 IU/m)
with normal anticardiolipin IgM levels and a lupus antico-
agulant ratio of 1.2.

Axial STIR magnetic resonance imaging of the orbits
(Fig. 1) showed a focal hyperintensity in the proximal ret-
robulbar segment of the right optic nerve. However, the
official radiology report did not confirm optic nerve en-
hancement or definite structural damage. Neurology eval-
uated the patient and documented that brain MRI did not
show acute or chronic lesions, and that no clear optic nerve
injury was identified. Although probable optic neuritis was
proposed as a working diagnosis, the neurologist recom-
mended additional dedicated imaging for better character-
ization and requested ophthalmologic consultation due to
persistent visual symptoms.

Before ophthalmologic evaluation, the patient had re-
ceived high-dose corticosteroid and immunosuppressive

Figure 1. Orbital magnetic resonance imaging (MRI) in axial
STIR sequence. A focal hyperintensity (arrow) is observed
along the retrobulbar segment of the right optic nerve. The
left optic nerve demonstrates normal signal.
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therapy — including methylprednisolone 500 mg IV daily
for 4 days, cyclophosphamide 1 g IV with premedication
(dexamethasone 8 mg IV and metoclopramide 10 mg IV
administered as a slow infusion), hydroxychloroquine 200
mg PO daily, and prednisone 5 mg PO daily — along with
triple antihypertensive therapy (Losartan 100 mg PO QD
AM, Amlodipine 10 mg PO QD PM, and Doxazosin 4 mg
PO QD), without any improvement in vision.

Ophthalmology assessed the patient on the seventh day
of hospitalization. Her uncorrected visual acuity in both
eyes was counting fingers at 1 meter, and intraocular pres-
sure, measured by applanation tonometry, was 16 mmHg
in the right eye and 21 mmHg in the left eye. No limitation
or pain was observed in extraocular muscle movements;
moreover, the red desaturation test and direct pupillary
light reflex were symmetric bilaterally. The anterior seg-
ment examination was unremarkable. However, indirect
ophthalmology revealed a well-defined optic disc with a
cup-to-disc ratio of 0.4, along with a macular star pattern
of hard exudates, associated with cotton-wool spots and
scattered intraretinal hemorrhages in both eyes. Conse-
quently, fundus photography was requested for documen-
tation (Fig. 2 a-b — see cover page 3).

Optical coherence tomography (OCT) of the optic
nerve (Fig. 3 — see cover page 3) showed that the peripap-
illary retinal nerve fiber layer (RNFL) and the ganglion cell
complex were within normal limits. The measured Bruch’s
membrane opening area was 2.73 mm? in the right eye and
2.47 mm? in the left eye. However, macular OCT (Fig. 2
c-d — see cover page 3) revealed multiple punctate hy-
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perreflective lesions in the parafoveal region of both eyes,
corresponding to the star-shaped lipid exudates. These le-
sions were associated with disruption of the photorecep-
tor layer, external limiting membrane, and interdigitation
zone, predominantly in the right eye.

Bilateral fluorescein angiography was performed, re-
vealing a broad area of macular hypofluorescence without
evidence of active leakage in the right eye (Fig. 4a), likely
due to blockage from subretinal lipid deposits and altera-
tions of the retinal pigment epithelium. In another hand,
the left eye (Fig. 4b) exhibited foveal hypofluorescence
with an irregular capillary network pattern and no signs
of leakage.

A multidisciplinary approach was adopted for the clini-
cal management, involving internal medicine and rheuma-
tology specialist. Treatment focused on stabilizing blood
pressure using systematic antihypertensive agents to pre-
vent damage to other target organs (Quadruple antihyper-
tensive therapy: Losartan 100 mg PO QD AM, Amlodip-
ine 10 mg PO QD PM, Carvedilol 6.25 mg PO every 12 h,
Doxazosin 4 mg PO QD). Topical bromfenac 0.09% eye
drops were prescribed every 12 hours, along with timolol
0.5% eye drops as neuroprotective agents, also prescribed
twice daily in both eyes. Concurrently, immunosuppressive
and immunomodulatory therapy to control SLE-related in-
flammatory activity, including high-dose methylpredniso-
lone pulses (500 mg IV daily for 4-5 days), cyclophospha-
mide 1 g1V, and rituximab 1 g IV, along with maintenance
hydroxychloroquine 200 mg PO daily.

(200 um
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Figure 4. Late-phase fluorescein angiography shows extensive macular hypofluorescence with irregular borders and no
active fluorescein leakage in the right eye (a). The left eye (b) presents foveal hypofluorescence with irregular capillary pattern
and no leakage.
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The final diagnosis was bilateral hypertensive reti-
nopathy with macular star secondary to malignant hyper-
tension triggered by reactivation of lupus nephritis due
to poor adherence to SLE treatment. Discontinuation of
immunosuppressive and antihypertensive therapy resulted
in active lupus nephritis and a hypertensive crisis, leading
to retinal microvascular damage characterized by cotton-
wool spots, intraretinal hemorrhages, and lipid exudation,
ultimately causing acute visual impairment.

After 15 days of hospitalization, with control of hy-
pertension and SLE-related inflammation, the patient was
discharged with follow-up by rheumatology, nephrology,
and ophthalmology. Three months later, at an ophthalmol-
ogy follow-up, uncorrected visual acuity was logMAR 1.3
(OD) and 0.7 (OS), after which the patient did not return
for further follow-up, completing the documented course
of the case.

Discussion

Although malignant hypertension is less common to-
day due to advances in blood pressure control, it remains
a critical complication in patients with SLE, particularly
when renal involvement such as lupus nephritis is present
[5]. This condition can lead to multiorgan damage, particu-
larly affecting the eyes, and may manifest as hypertensive
retinopathy, optic neuropathy, or choroidopathy, which in
some cases can result in vision loss [1, 6, 7]. In this case,
the patient developed visual loss secondary to hyperten-
sive retinopathy, underscoring that poorly controlled sys-
temic lupus erythematosus, particularly in the context of
non-adherence to therapy, can precipitate indirect ocular
injury through its complications.

Building on the clinical context of our case, malignant
hypertension results from an acute, severe elevation in
blood pressure that overwhelms vascular autoregulation,
leading to endothelial injury, fibrin deposition, and isch-
emia [7]. In patients with SLE, systemic complications
such as lupus nephritis and chronic hypertension amplify
microvascular vulnerability,predisposing to rapid vascular
decompensation. In the eye, this manifests as sudden reti-
nal ischemia and breakdown of the blood-retinal barrier,
leading to cotton wool spots, flame-shaped hemorrhages,
macular edema, and optic disc swelling, while choroidal
involvement results in Elschnig spots, Siegrist streaks, and
subretinal fluid [7]. These acute vascular changes consti-
tute the main pathogenic mechanism responsible for the
patient’s sudden vision loss. Ophthalmologic findings,
including retinal vascular changes, are characteristic of
sustained arterial hypertension [8] and are further influ-
enced by endothelial dysfunction, oxidative stress, chronic
inflammation, and comorbidities such as diabetes mellitus
and kidney disease, which can exacerbate disease progres-
sion [9].

The patient initially attributed her slowly progressive
visual changes to the need for new corrective lenses. When
she experienced sudden and severe vision loss, she sought
emergency care. Ophthalmologic examination revealed

cotton wool spots, flame-shaped hemorrhages and macular
star, supporting the diagnosis [7, 10]. Neuroimaging and
ophthalmologic assessments excluded autoimmune optic
neuropathy, inflammatory vasculitis, and vascular occlu-
sion. Findings, lack of visual response to immunosuppres-
sive therapy, and retinal patterns confirmed acute hyper-
tensive ocular injury as the cause.

Hypertensive retinopathy in patients with SLE is a rare
and poorly documented manifestation. In the literature, we
found two similar cases: one involving a 38-year-old Ko-
rean patient [3] and another 14-year-old Brazilian patient
[4]. Both cases shared common features with our patient,
such as hypertensive crisis, active lupus activity, and vi-
sual disturbances, but also presented differences in comor-
bidities and ophthalmologic findings, such as optic disc
edema. These variations reflect the heterogeneity in the
presentation and progression of hypertensive retinopathy
in SLE, suggesting that additional factors may influence
its clinical manifestation.

Treatment of malignant hypertension secondary to SLE
requires a comprehensive and multidisciplinary approach,
combining antihypertensive therapy with immunotherapy
targeting lupus nephritis- a key contributor to morbidity
and mortality. In this case, brimonidine was prescribed de-
spite normal intraocular pressure due to its neuroprotective
effects on the retina [11]. Implementing a well-rounded
treatment strategy is crucial to improving visual outcomes
and overall prognosis.

This case is strengthened by the thorough documenta-
tion of clinical progression and detailed ophthalmologic
findings, enabling a meaningful correlation between reti-
nal changes and the patient’s systemic condition. How-
ever, it also has limitations, including its nature as a single
case report, the absence of follow-up evaluations, and the
lack of visual field testing-each of which could have con-
tributed valuable information regarding long-term visual
outcomes.

In conclusion, vision loss in patients with uncontrolled
systemic lupus erythematosus — especially with compli-
cation such as lupus nephritis and malignant hypertension
— reflects systemic vascular injury affecting the eyes.
Prompt evaluation for hypertensive retinopathy is essen-
tial, highlighting ocular involvement as an early indicator
of systemic instability and the need for multidisciplinary
management.
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KoHceHcyc ekcnepTiB

Be3nepepBHUN KOHTPOIb 3aXBOpOBaHHSA 3 adnidepcentom 8 Mmr.

lNepenoMHU MOMEHT Y fiKyBaHHi eKCyAaTUBHUX 3aXBOPIOBaHb CiTKiBKU

PoGoua rpyna:

Koponb AHgpin PocTcnaBoBUY — OOKTOP MEAMYHKX HayK, MPpodecop, KEpIBHUK Biaainy BUBYEHHS Gio-
NOTriYHOI Aji | BUKOPUCTaHHSA nasepiB B 0pTanbMonorii IHCTUTYTY O4HUX XBOPOO | TKAHWHHOI Tepanii
im. B.M. dinatoa

Be3kopoBanHa IpuHa MukonaiBHa — [OKTOp MeOMYHUX Hayk, Npodpecop kadenpw OTOnapuHronorii 3
ohranbmonorieto MNonTaBCcbKOro AepXxaBHOr0 MeanyYHOro yHiBepeuTeTy

BecenoBcbka Hatanis MukonaiBHa — JOKTOp MeAuMYHUX Hayk, npodhecop kadpeapw XipypriyHnx xeopob
3 kKypcom odpransmonorii BINMH3 «KuiBcbkuii MeguyHUin yHiBEPCUTETY

3anyeHko NaHHa BonogumupiBHa — JOKTOP MeaWyHKX HayK, npodecop, 3aBigyBadka kadeapu dapma-
konorii HauioHansHoro megmyHoro yHisepcuteTy im. O.0. Boromonbus

JNyueHko Hina CTtenaHiBHa — JOKTOp MeAMYHUX HayK, Nnpodecop, 3aBiayBayka kadpegpu xipyprii 1, 3ano-
Pi3bKOro AepXaBHOrO MeAnKo-papMaLeBTUYHOIO YHIBEPCUTETY

MyTieHko Onekcin OnekcinoBUY — JOKTOP MEAUYHMX HayK, Npodecop, 3aBiayBay kadeapu odTanbmo-
norii JopocnMx Ta AUTSYOro BiKy HauioHanbHOro yHiBepCcuTeTy OXOPOHM 300poB’'s Ykpaiu im. M.J1.
Wynuka

CeprieHko AHapin MukonanoBuY — JOKTOP MeanuHUX Hayk, npodpecop, MN3BO «Akagemis JobpobyTy,
OdpranbmonoriyHa kniHika npotecopa CeprieHko

YnbsaHoBa Hapisa AHaToniiBHa — [JOKTOp MeAUYHMUX HayK, Npodecop, KePIBHKK BiAAiNy nocTTpaBMaTuy-
HOI maTonorii oka, rmaykoMu Ta NaTonorii KpywTanuka IHCTUTYTY O4HKX XBOPOD i TKaHWHHOI Tepanii
im. B.IM. ®dinatoBa

Benses Banepivi AMUTPOBUY — KaHaMAAT MEQUYHMX HAYK, OLEHT Kadbeapu XipypriyHnx gucumnnin da-
KynbTETY MiCNAAMNIIOMHOI OCBITY Ta [OYHIBEPCUTETCHKOI NiArOTOBKM YKrOPOACHKOrO HaLioHanbHOro
yHiBEpCUTETY

MaeniB Onekcanapa bopuciBHa — kaHaMAaT MeauyHWX Hayk, 3aBigyBadka odpTanbMOnoriYyHoro Bigai-
neHHs JTbBiBCbKOT 06MacHOi KNiHIYHOT NikapHi

Yiyyp [iaHa AHApiiBHa — kaHOuaaT MegUYHMX Hayk, 3aBidyBauyka BiTPEOPETMHANBbHOTO BiOAiNEHHS
odhTanbMOnoriYHoi KniHiku «Bisiobyay

LeBumk Bacunb IBaHOBMY — KaHangaT MeguyHMX Hayk, 3aCHOBHUK Ta NPOBIZHWIA Xipypr Mepexi KniHik
«Mikpoxipyprist oka Bacuns Lesunkan»

HanpuikiHui BepecHs 2025 p. B M. KuiB Bigbynocs 3acigaHHs EkcnepTHoi pagum 3a ydacTi npoBigHMX
cneuianicTiB 3 NikyBaHHA 3aXBOPIOBaHb CiTKiBKU. 3acijaHHA Mano Ha METi BU3HAYeHHS ONTUMarbHUX
nigxodiB OO 3acTocyBaHHA B YkpaiHi acdhnibepcenty 8 Mr npu ekcyaaTMBHMX 3aXBOPIOBAHHAX CiTKiB-
kv Ans 6e3nepepBHOro KOHTPOIO 3aXBOPIOBAHHSA Ta MaKCUMarbHUX pe3ynbTaTiB NikyBaHHS. Y OaHin
ny6nikauii 3ibpaHi BCi KNO4OBi pekomeHaauii, WoAo SKUX YHACHUKN 3acifaHHA SiiWwnm KOHCEHCYCY B
pe3ynbrati 06roBOpeHHs.
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dapmakonoriyHi BnactuBocTi achnibepcenTy

AdnibepcenT — NOBHICTIO rymMmaHi3oBaHW peKOMBIHAHTHUI Binok, LWo cknagaeTbCs 3 Napy JOMEHIB-2
peuenTopiB 4o dakTopy pocTy eHgoTenito cyaunH (vascular endothelial growth factor — VEGF) 1-ro
TNy Ta napu gomedis-3 peuentopiB 4o VEGF 2-ro tuny, o6’egHaHuX AiNAHKOK KpUCTanizoBaHOro
dparmeHTy imyHornobyniHy G1 [1]. Monekyna adnibepcenTy Bigpi3HAETLCS Bif, iHLUMX MOMEKYS aHTu-
VEGF npenapartiB HacTynHMMuM BNacTUBOCTAMM:

« CunbHiwa aktuBHicTb Monekynu (IC50 = 2,42 HM) [2]

» binbw miuHe 38’a3yBaHHA 3 VEGF-A165 (Kd = 0,172 nM) [2, 3]

* bBinbwa kinbkicTe MilweHen anga 3s8’adysaHHA (VEGF-A, VEGF-B, PIGF, Gal-1) [1,4]
* MiHimanbHa iMyHoreHHicTb (8o 3%) [5]

36inbLueHHs monspHoi Ao3un adnibepcenTty 3 2 Mr 4o 8 Mr go3sonse Ha 34% ynoBiNbHUTU BUBEAEHHS
npenapary 3 oka, 3a paxyHOK 4Yoro gocsaraeTbcs GinbLU TpMBana Ais Ta, BiANOBIAHO, 3MEHLUEHHS Yac-
TOTW IHTpaBiTpeanbHWX BBeAeHb npenapaty [1].

Adnibepcent — cTaHAapT NiKyBaHHA €KCYJaTUBHUX 3aXBOPHOBaHb CiTKiBKU

Ha cborogHi achnibepcenT € cTaHOapTOM fiKyBaHHSA eKCyAaTUBHUX 3aXBOPIOBaHb CiTKIBKW, TAKMX SK He-
OBaCKyrnsipHa BikOoBa MakyrnsipHa aereHepadis (HBMA), giabetnyHuin Habpsk makynu (OHM) Ta oknto-
3i9 LleHTpanbHOI BeHu CiTkiBkn abo ii rinok (OBC), wo BigobpaxeHo y HacTaHoBax €BPOMNEnNCbKOro
TOBapuCTBa cneuianicTiB 3 nikyBaHHA ciTkiBku (European Society of Retina Specialists — EURETINA)
[6, 7, 8]. B YkpaiHi GinbLlwicTb odTanbmMonoris Takox npusHadarTb acdnibepcenT B SIKOCTi npenapary
Bnbopy npn HBMI, AHM ta OBC.

AdbnibepcenT 8 Mr — iHHOBaUiNHWUIA Npenapar, SK1i 3a paxyHOK BULLIOT KOHUEeHTpauii adnibepcenty
[03Bonsie 4ocarTi 6e3nepepBHOro KOHTPOMO 3aXBOPHOBAHHS Ta 3aBAsKM JOBroTpmBanin Aii — 3HavyHo
3MEHLUNTM YacTOoTy iHTpaBiTpeanbHUX iH' €KUM WO, B CBOK Yepry, MOXe CNpUSTU 3MEHLLEHHIO BUTpaT
nawuieHTiB, 30iNbLUIEHHIO TPMBANOCTI JliKyBaHHS Ta MOKpaLLeHHIO MPOMYCKHOI 30aTHOCTI odTanbMoso-
MYHUX KMiHIK.

Adnibepcent 8 mMr cxBaneHo €sponencbkoro MeanyHot AreHuieto Ang 3acTocyBaHHs 3 iHTepBanamm
00 24 TKHIB MiX iH'ekuismmn B nauieHTiB i3 HBMI ta OHM [9]. Bpaxosytoun nepesaru aconidepcenTty
8 ™r, npenapaT MoXe CTaTu HOBMM CTaHOAPTOM JliKyBaHHS €KCY4AaTMBHUX 3aXBOPIOBaHb CiTKIBKMA B
YKpaiHi.

MepBuHHI nauieHTn 3 HBMO/OHM

BpaxoByouM MOXMNMBICTb 3HAYHOTO 3MEHLLEHHSI YacTOTU HEOBXiOHMX iHTpaBiTpeanbHUX iH'eKUin, pe-
KOMEHOYETLCS PO3rnsHyTM adonibepcenTt 8 Mr B IKOCTi npenaparty BMOOpY AN NEPBUHHNUX NaLieHTIB
i3 HBMI/OHM, a Takox, nicns nosiBv BignNoBigHOro nokasaHHs, i B NaUiEHTIB 3 OKITHO3i€0 LieHTparnbHoi
BEHW CiTKiBKM abo i Tinok.

Adnibepcent 8 Mr BapTo NpuadHayaTth 3 obepexHicTio B nauieHTis i3 HBM[ Ta:
* Bucoknm BigliapyBaHHAM NirMEHTHOro eniTenito CiTKiBKM
* 3HaYHO MOTOHLLUEHO XOpiOiAeeEto Ta Ha MapHOMY OLi B SIKMX BX€e PO3BUHYNacb atpodis CiTKiBKM

Y Takux nauieHTiB BapTO po3noynHaTth NikyBaHHA 3 adnibepcenty 2 mr. Bcim iHWKMM nauieHTam i3
HBMI/OHM pekomeHAayeTbCA po3noyYnHaT nikyBaHHs 3 acnibepcenty 8 mr.

Pexxum 3actocyBaHHA acdnibepcenTty 8 mMr y nepBuHHUX naudieHTiB i3 HBMO/OHM

[na OOCArHeHHs MakcumanbHUX pe3ynbTaTiB NikyBaHHA y NePBUMHHUX nauieHTis i3 HBMAO/OHM peko-
MEHAYETbCA KOXHY iHTpaBiTpearnbHy iH’ekuito adnibepcenTy BUKOHYBaTK B 403i 8 M, LLO MICTUTLCH B
70 mMkn po3uuHy adnibepcenty 114,3 mr/mn.

OnTrmanbHUI pexxum 3actocyBaHHS adnibepcenty 8 mr y nepBuHHMX nauieHTis i3 HBMO/OHM Ha-
CTYNHWI:
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JlikyBaHHSA pO3MNOYMHAETBLCA 3 OOOB’A3KOBMX TPbOX MOYATKOBUX iH'EKUIN 3 iHTepBanom 4 TWXHi
(~1 micsub);
YeTBepTa iH’eKkuis BUKOHYETbCA Yepe3 16 TuxHIB (~4 micaui);

3a HeobXigHOCTI MOXHa 3annaHyBaTh NPOMIXXHMI MOHITOPMHIOBUI Bi3UT Yepe3 12 TuxHIB (~3 Mics-
i) nicnst TpeTbOI iH’eKLii ANs OLiHKN aKTUBHOCTI 3aXBOPIOBAHHSA:

- AKWwo cnocTepiraeTbCa akTUBHICTb 3aXBOPIOBAHHSA — BUKOHYETLCS YeTBepTa iH’ekuis acdnibep-
cenTty 8 Mr, HacTynHa iH'eKList NNaHyeTbCH Yepes3 12 TUXKHIB;

- FAKWO aKTMBHICTb 3aXBOPKOBAHHA BiACYTHA — iH’EKLIS HE BUKOHYETbLCS, a NraHyeTbCs Yepes
4 TkHi (TOGTO 3 iHTepBanom 16 TWUXKHIB BiA NonepeaHbOI iH’ eKwii, 3rigHO 3i CTaHOAPTHUM Pexu-
MOM).

IMig yac yeTBepTOI iH’EKLIT MPOBOAMTBLCA OLiHKa aKTMBHOCTI 3aXBOPIOBAHHS Ta MPUNMAETLCS PilLEH-

HS WOAJOo iHTepBany A0 HACTYNHOI iH'eKL,ii:

- SKWO aKTMBHICTb 3aXBOPIOBAHHSA BiACYTHS — iHTEpBan MiX iH €KUM NOOOBXYETbCH Ha 4 TUX-
Hi (Hanpuknag, 3 16 TwxHIB 40 20 TUXHIB);

- SKwo cnocTtepiraeTbCA aKTUBHICTb 3aXBOPIOBAHHS — iHTEpBas MiX iH'EKLiSIMM CKOPOYYETLCS Ha
2 TWxHi (Hanpuknag, 3 16 TwxHIB 8o 14 TUXHIB).

AHanorivyHo, nig Yac KOXHOI 3 moganbLUMX iH'eKLi NPOBOAUTHCS OLiHKA aKkTUBHOCTI 3aXBOPHOBAHHSA
Ta NPUAMAaETbCS PiLLEHHS LWOAO TPUBANOCTI iHTepBany MiX iH'ekUissMy (MOQOBXEHHS Ha 4 TWXKHI abo
CKOPOYEHHS Ha 2 TUXHI);

MakcumanbHa TpuBanicTb iHTepBaniB MixX iH'ekuismu adnibepcenty 8 Mr cTaHOBUTb 24 TUXKHI
(~6 micauiB), MmiHiManbHa — 8 TWKHIB (~2 micaui);

[ns noBroTpmBanoro 36epexeHHs JOCArHYTOI FOCTPOTW 30pYy pPerynspHi iH’ekuii adnibepcenty He-
006XigHO BMKOHYBaTK sikOMOra [OBLUE, 32 MOXIMBOCTI NauieHTa i 4OUINbHOCTI 3 TOYKM 30py Jikapsi
— MOXWUTTEBO.

Pexum 3actocyBaHHst acnidepcenty 8 mr npy HBMA/OHM cxemaTnyHo 306paxKeHo Ha pUCyHKy 1.

-

g8

/ NepLnii pik Tepanii npu HBMA/AHM \

it ARYTS IBETA aiapl\:ro *?ci?ep;g?:‘:jma defBepTa n'arta
iH'ekWwia iH'ekWia iH'ekuis I ecbusroer] iH'eKuis iH'eKuin

Q—# #

4 TIXKHI 4 TVXKHI +4 TikHi (g20) MpPOAOBKEHHS
(a4) (q4) 16 TMXHIB (q16) abo ATKYBOHHA HO
i d Q =2 TMXKHI (q14) Q 2-my poui

MiHimaasHWE iHTepBaa: g8
MakcrmanasHmi iHTepsan: q24

Oujixka akTueHOCTI
30XBOPIOBAHHA

OujiHka aKTUBHOCTI
30XBOPHOBAHHA

/

Punc. 1

KpuTepii ckopouyeHHs/nofoBXKeHHsA iHTepBaniB Mix iH ekuismu adnibepcenty 8 mr

OuiHKa aKTUBHOCTI 3aXBOPKOBAHHA Ta NPUUAHATTSA PILLEHHS NPO HACTYMHUIA iHTepBan MiX iH eKuisMu
BiAOyBaeTbCA 3riAHO 3i BCTAHOBIIEHUMU KPUTEPISIMX HA OCHOBI NpoTokoniB gocnigxeHs PULSAR Ta
PHOTON. Kputepii ckopoueHHA/NoAoBXKeHHSs iHTepBaniB yHidikoBaHo ana HBM[I ta JHM ta ontumi-
30BaHO 3a4J11 CNPOLLEHHS] BUKOPUCTAHHS B MOBCSAKAEHHIV NpakTuui B YkpaiHi.

Mpwn ouiHLi aKTUBHOCTI 3aXBOPHOBAHHS MOTOYHI MOKA3HMKN MOPIBHIOTLCS 3 MOKAa3HWKaMy Ha yac BU-
KOHaHHSA TPEeTbOI iH'ekuii (TO6TO nicna No4aTKOBOI iIHTEHCMBHOI ha3un NikyBaHHS).
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KpuTepii ckopoyeHHs iHTepBany (iHTepBas CKOPOUYYETLCA Ha 2 TUXHI):
* [loripweHHs rocTpoTn 30py >1 psaaka,
ABO
* 306inblUEHHS LeHTPanbHOI TOBLUWHMN CiTKiBKM Ha 250 MKM.
KpuTepii nogoBxeHHs iHTepBany (iHTepBan NOAOBXYETLCA Ha 4 TUXHI):
» CrabinbHuii 3ip B Mexax 1 psiaka abo Moro nokpalleHHs
TA
+ CrabinbHa LueHTparnbHa TOBLUMHA CiTKIBKM (OonyckaeTbes 30inbleHHs Ao 50 Mkm)
[ns 3py4HOCTi, KpUTEPIT 4OAATKOBO 300paKeHi Ha PUCYHKY 2.

KpuTepii OLiHKM OKTUBHOCTI 3aXBOPIOBAHHS Npyu HBMA/AHM

CKOpPOYEHHA iHTEPBAAY HA =2 TUXHI: MoAOBXEHHS IHTEPBAAY HA +4 TUXHI:
(MOPIBHIOKOYM 3 NOKA3HUKAMM MNia HAC TPETLOT iH €KL (MOPIBHIOIOYM 3 MOKA3HMKAMM Mia 4AC TPETLOT iH €KL
«  [loriplUeHHs rocTpoTH 30pY >1 pRaka +  CrabiabHui1 3ip B mexax 1 psaka abo Horo NokpaLLeHHS
ABO TA
+  3BiAbLUEHHS LLEHTPAABHOI TOBLLIMHM CITKIBKM HO 250 MKM +  CrabiabHO LEHTPAALHA TOBLLMHC CITKiBKM
(aonyckaeTbCd 30iAbLUEHH AO 50 MKM)

Puc. 2

Mauientn 3 HBMO/OHM, 5ki BXke oTpumytotb aHTU-VEGF Tepanito

Y nauieHTiB i3 HBMO/OHM, ski Be oTpumytoTe aHTU-VEGF Tepanito (ak acdnibepcentom 2 Mr, Tak i
6ponyumsymabom, 4n chaprummabom), BapTo pO3rnsHYTU MOXIMBICTE Nepexoay Ha Tepanito adnibep-
cenTom 8 Mr 3 ornagy Ha NoTeHLiNHe NOKpaLLEeHHS pe3ynbTaTiB NikyBaHHSA. A came:

* [lauieHTwn, Aki gocarnu nogoBXeHmx iHTepaanis (12-16 TvxkHIB) Mix iH’ ekuigmn aHT-VEGF npenapa-
Ty — BpaxoBYO4M rapHy BignoBigb Ha NOTOYHE NiKyBaHHS, NepeknioYeHHs Ha Tepanito adnibepcen-
TOM 8 Mr MOXe [003BONMUTY NOJOBXUTK iHTEPBAn 40 24 TUXKHIB MiX iH'ekUisMn 6e3 BTpaTn epeKkTmB-
HOCTI;

* [lauieHTn, Ak He JOCArMM OYiKyBaHWUX pesynbsTaTiB MikyBaHHA Ta/abo maloTb KOpPOTKi iHTepBanu < 8
TWKHIB MK iIH'€KLISMU — 3a paxyHOK BULLOI MOMSIpHOT [03u adnibepcenTty 8 Mr MOXIMBO JOCAITU
A0AaTKOBOrO 3MEHLLEHHS TOBLUMHM CiTKIBKM Ta YCYHEHHS 3anuLLIKOBOI PiAMHN, a TakoX 3a paxyHOK
OinbLw TpmBanoi Aii adnibepcenTty 8 Mr 4OAATKOBO NMOAOBXUTY IHTEPBANM Mix iH eKkUisamu;

* TlauieHTn, AKi 3HaxoOATbCA Ha cepeaHin TpuanocTi iHTepBaniB (8-10 TWXKHIB) — TaKOX MOXYTb
oTpMMaTuv nepesaru Big nepexoay Ha Tepanito acnibepcentom 8 Mr 3aBASKM MOXNMBOCTI OAATKO-
BOrO NOAOBXEHHS TPMBANOCTI iHTEpBaniB MiX iH’exUigMu.

Cxema nepexopy Ha acnibepcent 8 Mr 3 noto4yHoi aHTU-VEGF Tepanii

Mpu NPURHATTI pilleHHst Npo nepexia Ha adnibepcent 8 mr 3 noTovHoi aHTU-VEGF Tepanii, cxema
ONTUMAanbHOro Nepexoay HacTynHa:

» [lpu cTabinbHux pesynsratax NikyBaHHs Ta/abo NOJOBXEHUX iHTEpBanax Mix iH’ekuisMm — B MO-
MEHT 3anniaHoBaHoI iH’ ekuii nonepeaHboro aHTM-VEGF npenapaTy BUKOHYeTbCS iH'eKLis adnibep-
centy 8 mr. HactynHa iH’ekuisg acdnibepcenTy 8 Mr nnaHyeTbCcsa 3 nonepegHim iHTepeanom. lig yac
BMKOHAHHS Apyroi iH'ekuil adnidepcenTy 8 Mr OLIHIOETbCSA aKTUBHICTb 3aXBOPHOBAHHA Ta npuima-
€TbCS PiLLEeHHs1 NPO TpMBanicTb iHTepBany 40 HACTYNHOI iH'eKuUii (MOQOBXEHHNA Ha 4 TWXHI abo cko-
POYEHHS Ha 2 TUXHI);
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MNepexia 3 noTo4HOI aHTU-VEGF Tepanii Ha adpaibepcenT 8 mr

4 N

CTaBiAbHI DE3YALTATH AIKYBAHHS nepuwa HACTYnNHA HACTYNHO
Ta/aB0 NOAOBKEH! IHTEPBAAM iH'ekwia 8 mr iH'ekuia 8 mr iH'ekujia 8 mr

MDK [HEKLISMHM ﬁ }
MonepeaHii iHTepBaA NonepeaHi iHTepPBAA ﬁ +4 ThkHi (920)

e : N - MpoAOBXEHHS
MDK TH' eKLLIAMIM MK TH' eKLLIaMM ato AKYBOHHA
-2 TvkHI (q14)
MpuHHATO pilleHHs o " . 3
npo nepexia Ha OuiHKa aKTUBHOCTI OUiHKO AKTUBHOCTI
acpaiGepcent 8 mr 30QXBOPIOBAHHA 3AXBOPKOBAHHA
MonepeaHin iIHTEPBAA MpoAOBXKEHHS

AKYBOHHA

MIXK TH' EKLLISIMIA ﬁ } }

HeaAocTtaTHs BiANOBiAL HO
AIKYBOHHS TG/Q60 iHTePBAAM 3 no4aTKosi iH'ekuii 8 mr 3 NpoAoOBXeHHa Tepanii 3riAHO
<8 THoKHIB MK iH'EKLIAMM iHTepeasom 4 THHI (q4) CTAHAGPTHOIO PEXHMY

MiHiMCOAbHUME IHTERBOA: 8
MaKCHMAAbHME HTEDPBOA: q24

Puc. 3

* [pw HegocTaTHIN BignoBigi Ha notouHy aHTU-VEGF Tepanito Ta/abo iHTepBanax <8 TMXKHIB Mix
iH eKLiAMN — BMKOHYOTBCA 3 NOYaTKOBI iH' ekLii acdhnibepcenTy 8 Mr 3 iHTepBanom 4 TWXxHi 3 Npoado-
BXXEHHSIM IiKyBaHHS 3ri4HO 3i CTaHOAapPTHUM PEXUMOM BBEOEHHS npenapary.

Cxemy nepexogy Ha adnibepcent 8 mr 3 notouHoi aHTU-VEGF Tepanii cxemaTnyHo 306paxeHo Ha
pUCYHKy 3.

Mpodinb 6e3neku acdnidepcenTty 8 mr

3a JaHMK paHaoMi30BaHUX KOHTPONbOBAHUX AOCNILKEHb Ta MOBCAKAEHHOI NpakTukK, adnibepcent
8 Mr geMoHcTpye cnpuatnmeuii Nnpodine 6e3nekun, cnisctaBHui 3 acdpnibepcentom 2 mr [10-14]. Bpa-
XOBYIOUM Ui AaHi, ekcnepTn He 6avaTb AO4ATKOBUX 3arpo3 LUMPOKOrO BNpOBaSKeHHs adnibepcenTty
8 Mr y KniHiYHy NpakTuKy Ta AOUINbHOCTI B A04ATKOBUX Mipax Afis MiHiMi3auii NoBiYHNX SBULL, OKpiIM
CTaHOApPTHUX ANng iHTpasiTpeaneHoi aHTU-VEGF Tepanii.

BucHoBoOKk

MosiBa acpnibepcenty 8 mMr B YkpaiHi € nepernoMHMM MOMEHTOM Y JliKyBaHHI eKCyAaTUBHMX 3aXBOPHO-
BaHb CiTKIBKM 3aBOSKM YHiKambHIN MOXNMBOCTI NOAOBXEHHS iHTEpBariB 40 24 TWXKHIB MiXK iH' EKLissMK
B nauieHTiB i3 HBMJ ta JHM. 36inbweHHa TepaneBTMYHOT J03M NpenapaTty 40 8 Mr 403BONsie Nogo-
BXUTU edDeKTUBHY Jit0 Ans AOCArHEeHHs1 6Ge3nepepBHOr0 KOHTPOMK 3aXBOPHOBAHHS 3i CNPUSATIINBUM
npodinem 6e3neku, sk i B adonibepcenty 2 Mr.
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