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SANTRUMPOS

AEA — aukStesnés eilés aberacijos

Al — aSies ilgis

ES — Europos sajunga

CME — cistiné makulos edema

D — dioptrija

FAF — fibroblasty augimo faktorius

IOL — intraokulinis lesis

IOL-MKD - intraokulinio lgSio—maiSelio komplekso dislokacija
10S — intraokulinis spaudimas

JAV — Jungtinés Amerikos Valstijos

KLA — kontralateraliné akis

KRAT — koreguotas regos aStrumas j tolj
KTZ — kapsulés tempimo Ziedas

LLEL — likutinés lgSiuko epitelio 1astelés
NRAT — nekoreguotas regéjimo aStrumas j tolj
OKT — optiné koherentiné tomografija

P — pakeitimas

PE — pseudoeksfoliacijos

PES — pseudoeksfoliacinis sindromas

PF — pseudofakija

PFT — pseudofakijos trukmé

PK IOL — priekinés kameros intraokulinis leSis
PKSS — priekinés kapsulés susitraukimo sindromas
plg. — palyginti

PMMA — polimetilmetakrilatas

PI — pasikliautinasis intervalas

PS — prospektyviné studija

RELT — ragenos endotelio lgsteliy tankis

RF — rainelés fiksacija

RMS — angl. root mean square (kvadratinés Saknies vidurkis)
RS — retrospektyviné studija

RTA — ragenos topografiné asis

SE — sferinis ekvivalentas

SN — standartinis nuokrypis

SS — Sansy santykis
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UGH

VK
ZEA

trumparegysté

transformuojantis augimo faktorius beta
trabekulektomija

tarpkvartilinis intervalas
uveitas—glaukoma—hifema

vyrai

vitrektomija

zemesnes eilés aberacijos



IVADAS

Pasaulio sveikatos organizacijos duomenimis, katarakta yra pagrindiné
aklumo ir antra pagal daznj (po nekoreguoty refrakcijos ydy) blogéjancio re-
gos aStrumo priezastis pasaulyje, sukelianti didele socialing bei ekonoming
nasta [1]. Vienintelis efektyvus kataraktos gydymo biidas — chirurginé inter-
vencija, kurios metu pasalinamas drumstas l¢siukas ir implantuojamas intra-
okulinis lesis (IOL) [2]. Si operacija ne tik atkuria rega, reik§mingai pagerina
pacienty gyvenimo kokybe, bet gali turéti ir antring naudg. Tyrimai parode¢,
kad kataraktos operacija sumazina mirtinguma d¢l visy priezasciy ir pailgina
vyresnio amziaus Zzmoniy i§gyvenamuma [3—7].

Siuo metu aukso standartu laikoma fakoemulsifikacijos technika ir su-
lankstomo IOL implantacija | kapsulés maiselj, likusj po natiiralaus leSiuko
pasalinimo. Paskutiniaisiais deSimtmeciais sparciai tobuléjan¢ios mikrochi-
rurginés priemonés — kapsulés tempimo ziedai, rainelés ir kapsulés maiselio
kabliukai bei pazanglis mikrochirurginiai instrumentai — leidzia saugiai atlikti
pagerino operacijy sauguma ir efektyvuma, o kasmet atlieckamy kataraktos
operacijy skaicius vis didéja [8—11].

Nepaisant jspiidingos chirurgijos pazangos, komplikacijy po kataraktos
operacijy iSvengti nepavyksta. Viena sunkiausiy yra IOL dislokacija, kuri
gali atsirasti tiek ankstyvuoju pooperaciniu laikotarpiu, tiek pra¢jus daugeliui
mety po s¢kmingos kataraktos operacijos [12]. Literatiros duomenimis, §ios
komplikacijos daznis svyruoja nuo 0,2 proc. iki 3,0 proc., ta€iau tiksli statis-
tika néra iki galo aiski, nes tyrimai neretai apjungia jvairiy tipy (intraoperaci-
nes, ankstyvas ir vélyvas) dislokacijas [13-21].

Vélyva spontaniné IOL—kapsulés maiSelio komplekso dislokacija lemia
reikSmingus regos funkcijos sutrikimus ir kelia nemazai 1$§tikiy oftalmolo-
gams, turintiems pasirinkti tinkamiausig gydymo strategija. Galimi du pa-
grindiniai gydymo biidai: (1) pasalinti dislokuota IOL ir pakeisti jj nauju arba
(2) bandyti atstatyti dislokuoto IOL padétj ir jj fiksuoti. Nors kai kurie auto-
riai pabrézia, kad to paties dislokuoto IOL fiksacija gali padéti iSvengti pa-
pildomy chirurginiy intervencijy (pvz., vitrektomijos) ir sumazinti poopera-
cinio astigmatizmo rizika, kiti nurodo didesn;j techniskai sudétingy procediiry
pavojy ir iSaugusig galimy komplikacijy rizika [22]. Taigi, chirurgui iskyla
klausimas, koks sprendimas kiekvienu individualiu atveju geriausiai atitikty
paciento biiklg.

Naujausios publikacijos rodo augant] susidomejimg IOL fiksavimo me-
tody rezultatais bei pastangas iSsaugoti esama, bet dislokuotg IOL [23-25].
Taciau literatiiroje vis dar tritksta duomeny, kaip palyginamieji gydymo buidai



veikia regos funkcijas ir akies morfologija. Todél Sio tyrimo tikslas — jvertinti
ir palyginti dviejy skirtingy chirurginiy metody (dislokuoto IOL fiksacijos
prie rainelés bei dislokuoto IOL paSalinimo ir pakeitimo nauju priekinés ka-
meros IOL) pooperacinius rezultatus, siekiant nustatyti, kuris metodas uzti-
krina geresnj regos aStrumg, mazesn¢ komplikacijy rizika ir palankesne akies
bukle.
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1. DARBO TIKSLAS IR UZDAVINIAI

1.1. Darbo tikslas

Ivertinti IOL—kapsulés maiSelio komplekso dislokacijos sukeliamus regos
bei akies morfologinius pakitimus, bei palyginti jy pokycius po skirtingy IOL
dislokacijos chirurginio gydymo metody.

1.2. Uzdaviniai

1. Nustatyti rizikos veiksnius tiriamiesiems, kuriems pasireiské IOL—kap-
sulés maiselio komplekso dislokacija, ir Sios patologijos sukeliamus in-
traokulinio spaudimo, regos ir akies morfologinius pakitimus.

2. Palyginti intraokulinio spaudimo ir regos pokyc¢ius po IOL fiksacijos
prie rainelés ir po IOL eksplantacijos ir pakeitimo  priekinés kameros
IOL.

3. Palyginti akies morfologinius pokycius po IOL fiksacijos prie rainelés
ir po IOL eksplantacijos ir pakeitimo ] priekinés kameros IOL.

4. Jvertinti pooperaciniy komplikacijy daznj ir pobiidj po IOL fiksacijos
prie rainelés ir po IOL eksplantacijos ir pakeitimo j priekinés kameros
IOL.

1.3. Mokslinis naujumas

Siame moksliniame darbe buvo vertintos ne tik pooperacinés iseitys, tai-
kant du skirtingus chirurginius metodus tiriamiesiems, kuriems pasireiSke
IOL—kapsulés maiselio komplekso dislokacija, bet ir analizuoti su Sia pa-
tologija susij¢ rizikos veiksniai. Gauti rezultatai buvo lyginami ne tik tarp
chirurgiskai gydyty grupiy, bet ir su ty paciy tiriamyjy kontralateralinémis
pseudofakinémis akimis bei su sveikais tiriamaisiais, kurie neturéjo IOL dis-
lokacijos pozymiy.

Literattiros duomenimis tai yra pirmasis ir kol kas vienintelis prospekty-
vinis tyrimas, kuriame vertintas dislokuoto IOL fiksavimas prie rainelés. Li-
teratliros analizé parodé¢, kad dauguma iki Siol publikuoty tyrimy Sia tema
buvo retrospektyviis, o dalis jy — aprasomojo pobudzio, be statistiSkai pagrjs-
to chirurginiy metody palyginimo [23,26-33]. Keliuose tyrimuose IOL fik-
sacija prie rainelés buvo nagrinéjama tik kaip viena i§ techniky platesniame
chirurginiy strategijy kontekste, o ne kaip atskiras analizés objektas [34,35].
Si prospektyviné studija — viena pirmuyjy, kuri sistemiskai lygina IOL fik-
sacija prie rainelés su alternatyviu chirurginiu metodu (IOL eksplantacija ir
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pakeitimu ] priekinés kameros IOL (PK IOL)) jvertinant ne tik regos, bet ir
morfologinius akies pokycius.

Sis mokslinis darbas unikalus tuo, kad imtj sudaré pacientai su vélyvaja
IOL—kapsulés maiselio komplekso dislokacija.

Tyrimo metu mes jvertinome aberacijas atsirandancias dél IOL—kapsulés
maiSelio dislokacijos. Tai gali duoti naujy Ziniy apie aberacijas ir naujas dia-
gnostines galimybes. Mums Zinomoje literatiiroje néra atlikty panasiy studijy,
kuriose bty vertinami aberacijy pokyciai po IOL fiksacijos prie rainelés.

Pirma kartg nustatytas galimas biomechaninis IOL dislokacijos vystymosi
krypties désningumas.

1.4. Autorés indélis

Autor¢ atliko iS§samig literatiiros analiz¢. Tyrimo metu atliko oftalmolo-
ginj akiy iStyrima, tokius tyrimus kaip akies uzpakalinio segmento optinés
koherentinés tomografijos (OKT), ragenos endotelio lgsteliy tankio, akies
biometrijos ir aberometrijos tyrimus, taip pat asistavo tiriamyjy chirurginio
gydymo metu. Autor¢ rinko ir sistemino duomenis, atliko statisting analiz¢ ir
duomeny interpretacija. Taip pat atlikusi literatiiros analizg, iSrinkusi tinka-
miausig metodg IOL pasvirimo ir decentracijos matavimui, praktiskai pritaike
Siuos matavimus savo tyrime. Ji iSanalizavo apie 600 priekinio akies segmen-
to vaizdy, atrinko 380 vaizdy ir su ,,Image J* programine jranga (Image J
versija 1.52, NIH, JAV) atliko IOL pasvirimo ir decentracijos matavimus.
Kartu su bendraautoriais paras¢ ir iSleido 3 straipsnius leidiniuose, turin¢iuo-
se Clarivate Analytics Web of Science cituojamumo rodiklj, dalyvavo tarp-
tautinése ir Lietuvos konferencijose, kuriose pristaté savo tyrimo rezultatus.
Padéjo paruosti ir pateikti paraiska ,,Method and device for fixation of a sin-
king intraocular lens in the eye field* Pasauliniam ir Europos patenty biurams
(WO2019016648A1 ir EP3674879(Al)).
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2. LITERATUROS APZVALGA

2.1. Kataraktos paplitimas ir jos chirurgijos daZnis

Katarakta yra vienpusis arba abipusis l¢Siuko skaidrumo mazéjimas, le-
miantis matymo blog¢jima [2,36]. Nepaisant to, kad §i liga gali biiti sekmin-
gai gydoma chirurginiu biidu, visame pasaulyje ji iSlieka viena pagrindiniy
vidutinio ir sunkaus regos sutrikimo bei aklumo priezasciy [37—41]. Pasau-
linio ligy nastos tyrimo (angl. Global Burden of Disease Study) duomenys
atskleide, kad 2020 m. regos negalig pasaulyje turé¢jo 295 min. asmeny, o
aklyjy skaicius sieké 43,3 min. [42]. Prognozuojama, jog iki 2050 m. Sie skai-
¢iai dar labiau 1Saugs: 474 mln. Zmoniy turés regos sutrikimy, o 61 mln. Zmo-
niy bus akli [42]. I8 ataskaitos paaiskejo ir tai, kad katarakta yra pagrindiné
aklumo priezastis ir antra pagal regos sutrikimy daznumg visame pasaulyje
po nekoreguoty refrakcijos ydy [43]. Vien katarakta sudaro 45,4 proc. (15,2
mln.) aklumo ir 38,9 proc. (78,8 min.) regos sutrikimo atvejy [43]. Bourne ir
bendraautoriy tyrimai parodé, jog Ryty Europos regione (jam buvo priskiria-
ma ir Lietuva) katarakta 1990 m. sudar¢ 24,8 proc., o 2010 m. — 22,4 proc.
1§ visy akluma sukelian¢iy priezasciy [37]. Nuo 2015 m. ji uzémé antrg vieta
tarp dazniausiy aklumo (20,9 proc.) ir pirma vietg tarp dazniausiy vidutinio
ar sunkaus regos sutrikimo (26,4 proc.) atvejy [38]. Taigi, katarakta ir jos gy-
dymas iSlieka aktualia pasauline problema, kadangi sukelia didel¢ socialing
ir ekonoming nastg [1].

D¢l senstancios populiacijos kataraktos paplitimas nuolat didéja: 65—74 m.
amziaus grupéje ji nustatoma 31,0 proc. asmeny, o tarp vyresniy negu
75 m. — net 53,4 proc. [41]. Tai prisideda prie sparciai augancio kataraktos
chirurgijos daznio [41]. Itakos turi ir geréjanti Saliy socialiné, ekonominé pa-
detis bei sveikatos prieziiiros paslaugy prieinamumas, be to, atsirado naujy
indikacijy, ir padidéjo antrosios akies kataraktos operacijy daznis [44]. Visa
tai lemia, kad kataraktos operacija yra dazniausiai atliekama chirurginé inter-
vencija i$sivysciusiose Salyse ir skaiciai vis didéja [45—47]. Kasmet atlieka-
ma apie 3,7 mln. kataraktos operacijy Jungtinése Amerikos Valstijose (JAV),
7 min. — Europoje ir 20 mln. — visame pasaulyje [48]. Schein ir kt. progno-
zuoja, kad vien JAV 2030 m. bus atlikta apie 4,4 mln. kataraktos operacijy
asmenims, vyresniems nei 65 m. [8]. Eurostat duomenimis, 2022 m. Europos
Sajungos (ES) Salyse i$ viso atlikta 4,73 mln. kataraktos operacijy (Malta
ir Nyderlandai pateiké 2021 m. duomenis, o Graikija duomeny nepateiké)
[49]. Net 16 ES saliy (jskaitant Lietuva) kataraktos operacijy skai¢ius 2022
m. vir$ijo 1000 atvejy 100 000 gyventojy, o Pranciizijoje sické 1493 atvejus
100 000 gyventojy [49]. Augantj kataraktos chirurgijos daznj patvirtina ir
jvairios studijos. Svedijoje $is rodiklis padidéjo nuo 4,5 iki 9,0 atvejy 1000
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gyventojy per metus laikotarpiu nuo 1992 m. iki 2009 m. [50], o vélesné ana-
lize atskleidé tolesnj augima iki 10,0 atvejy 1000 gyventojy per metus 2008—
2012 m. [51]. Kataraktos chirurgijos daznis taip pat kilo Minesotoje (nuo 8,5
iki 11,0 atvejy 1000 gyventojy per metus 2005-2011 m.) [52], Lenkijoje (nuo
5,22 iki 6,17 atvejy 1000 gyventojy per metus 2010-2015 m.) [53], Pranciizi-
joje (nuo 9,86 iki 11,08 atvejy 1000 gyventojy per metus 2009—2012 m.) [54]
ir kt. Salyse [55,56]. Lietuvoje kataraktos chirurgijos daznis taip pat kasmet
didéjo (nuo 8,0 iki 10,3 atvejy 1000 gyventojy per metus 20162022 m.) [49].

Taciau nepaisant didéjancio kataraktos chirurgijos daznio, kataraktos chi-
rurgijos apréptis (angl. cataract surgical coverage) (vodiklis, rodantis, kiek 18
visy zmoniy, kencianciy nuo reik§mingai rega bloginancios kataraktos, gauna
chirurginj gydyma) tik nedaugelyje Saliy yra pakankama (t.y. 80,0 proc.) [46].
2021 m. jvykusi Pasaulio sveikatos asambléja patvirtino pasaulinius tikslus
ir vienas i§ jy buvo iki 2030 m. 30,0 proc. padidinti kataraktos chirurgijos
aprépt] [57].

Aptartos epidemiologinés tendencijos leidzia daryti iSvada, kad kataraktos
chirurginés intervencijos skaicius ateityje tik didés, taip pat augs ir vélyvy
komplikacijy, tokiy kaip IOL dislokacija, skai¢ius. Todé¢l tai yra labai aktuali
tema.

2.2. Siuolaikiné kataraktos chirurgijos technika ir daZniausiai
naudojami IOL

Chirurginis kataraktos gydymas per pastaruosius kelis deSimtmecius spar-
Ciai tobul¢jo. Idiegus naujus metodus ir instrumentus, $i procediira tapo mi-
nimaliai invazine, reikSmingai sumaz¢jo pooperaciniy komplikacijy tikimy-
bé, o paciento rega atkuriama kur kas grei€iau [46]. Dabartin¢je klinikinéje
praktikoje ,,aukso standartu® laikoma fakoemulsifikacijos technika [2,44,48].
Operacijos metu daZniausiai ragenoje atliekamas 1,8-3,2 mm pjuvis, prieki-
néje lesiuko kapsuléje suformuojama apvali anga (kapsuloreksis). Per sufor-
muotg kapsuloreksj leSiukas yra susmulkinamas ultragarso pagalba ir iSsi-
urbiamas. Po to j likusj tus¢ig kapsulés maiSelj implantuojamas IOL [2,44].
Tokia operacija yra saugi ir tausojanti paciento akj [14].

Mazas pjiivis uztikring greitg gijimg ir sumazina pooperacinio astigmatiz-
mo tikimybe [58]. Operacijos metu yra naudojama viskoelastiné medziaga,
kuri palaiko akies prieking kamerg nuo subliuskimo ir apsaugo ragenos en-
doteli nuo pazeidimo [2]. Baigiantis procedirai, viskoelastiné medziaga yra
i$siurbiama. Taip uZztikrinama, kad kataraktos paSalinimas bty atlickamas
kuo saugiau, kartu siekiant geriausiy refrakcijos ir regos rezultaty.

Gerus refrakcijos rezultatus daugiausiai lemia implantuotas IOL. Siuolai-
kiniai ir daZniausiai naudojami IOL yra sudaryti 1§ optinés dalies (skersmuo
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6 mm), kuri yra atsakinga uz refrakcijos funkcija, ir atraminiy elementy [2].
Dauguma IOL gaminami i§ mink$ty medziagy, pavyzdziui, silikono arba
akrilo, kad biity galima juos sulenkti ir implantuoti per maza pjivi. Reciau
naudojamas polimetilmetakrilatas (PMMA) yra kietas ir nesulankstomas, to-
dél reikalauja didesnio pjiivio [44]. Standartinis vieno zidinio IOL koreguoja
sfering refrakcijg Zitrint j tolj arba i$ arti (priklausomai nuo pasirinkto Zidinio
nuotolio), tuo tarpu astigmatizmg koreguojantys (toriniai) IOL padeda iStai-
syti ragenin] astigmatizmg. Presbiopijg koreguojantys (daugiaZidiniai) IOL
leidzia reikSmingai sumazinti po kataraktos operacijos korekcijos poreikj
[44].

2.3. Kataraktos operacijos komplikacijos

Kataraktos operacija laikoma itin saugia ir efektyvia chirurgine intervenci-
ja. Skirtingi Saltiniai nurodo, kad bendras komplikacijy daznis po kataraktos
operacijos Siuolaikinémis sglygomis svyruoja 1,0-2,0 proc. ribose [59—66].
Dazniausiai pasitaikancios pooperacinés komplikacijos yra uzpakalinés kap-
sulés padrumstéjimas (antriné¢ katarakta) (daznis 0,3-28,4 proc.) ir cisting
makulos edema (CME) (1,2-11,0 proc.) [2,63].

Viena i§ sudétingiausiy pooperaciniy komplikacijy yra IOL dislokaci-
ja, kurios gydymui dazniausiai reikia papildomos sudétingos intervencijos.
Clark ir kt. iStyré pagrindiniy kataraktos operacijos komplikacijy tendencijas
Vakary Australijos populiacijoje per 22 mety laikotarpj. Jie nustaté, kad visy
komplikacijy rizika po fakoemulsifikacijos idiegimo (t.y. 1990 m.) sumazéjo
perpus, iSskyrus IOL dislokacijg, kuri nuo 1995 m. iSaugo [14]. Atsizvelgiant
1 tai, kad IOL dislokacijos daznis prieSingai nei kity komplikacijy nemazéja,
Si komplikacija tampa vis svarbesné problema kataraktos chirurgijoje.

2.4. Intraokulinio l¢Sio dislokacijos tipai: ankstyvoji ir vélyvoji

Atsizvelgiant j tai, kiek laiko pragjo nuo kataraktos operacijos, IOL dislo-
kacija gali buti skirstoma j ankstyvaja ir vélyvaja (2.4.1 lentelé) [13,17,18,67].
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2.4.1 lentelé. IOL dislokacijos tipai (adaptuota is [18]

Ankstyvojl LOL dislo- Vélyvoji IOL dislokacija
acija

Laikas nuo < 3 mén. (jskaitant ir >3 mén.

kataraktos ope- |operacijos metu jvyku-

racijos sias dislokacijas)

IOL dislokaci- |Dazniausiai i§ maiSelio  |IOL su kapsulés maiseliu (angl. in-the-bag)
jos pobudis (angl. out-of-the-bag)

Patogenezé Netinkama IOL fiksacija |Progresuojantis Zinn rai§¢iy nepakankamu-
mas ir kapsulés maiselio susitraukimas
Predisponuojan- | Mechaninis kapsulés Senéjimas, pseudoeksfoliacinis sindromas,
tys faktoriai maiselio ir/ar Zinn rais¢iy | didelio laipsnio trumparegysté, glaukoma,
pazeidimas uveitas, akies trauma, pigmentinis retinitas,

jungiamojo audinio sutrikimai, praeityje atli-
ka vitrektomija ar antiglaukominé operacija

Ankstyvoji dislokacija pasireiSkia per pirmuosius tris ménesius po kata-
raktos operacijos ir yra susijusi su netinkama IOL fiksacija (IOL turi biiti im-
plantuojamas j kapsulés maiselj) [68]. Tai gali nutikti, jei fakoemulsifikacijos
ar IOL implantacijos metu jplySta kapsulés maiselis (dazniausiai uzpakalingje
»18slysta‘ 1§ kapsulés maiSelio pro atsiradusj defekta i stiklakiinj [15,68]. Jei
operacijos metu atliktas per didelis kapsuloreksis ar implantuotas IOL, turin-
tis atraminiy elementy defekta, IOL gali i8nirti 1§ kapsulés maiSelio i priekine
akies kamerg [15,68].

Velyvoji IOL dislokacija apibréziama kaip dislokacija atsirandanti pra¢jus
trims ar daugiau ménesiy po kataraktos operacijos [13,18]. Vis dé¢lto litera-
tiiroje dazniausiai apraSoma, kad velyvoji IOL dislokacija dazniausiai pasi-
reiSkia pra¢jus keleriems ar net keliolikai mety (vidutiniSkai 1,87-11,5 m.)
po operacijos [67]. Mayer-Xanthaki ir kt. atliktoje didelés apimties studijoje
(68 199 pacientai su pseudofakija) nustatyta, jog vidutiné pseudofakijos tru-
kmé (PFT) — laikas nuo kataraktos operacijos iki IOL dislokacijos — yra apie
6,8 mety [69]. Vélyvoji IOL dislokacija dazniausiai jvyksta dél progresuojan-
¢io Zinn raisciy silpnumo [15,16,70]. Tokiais atvejais IOL dislokuojasi kartu
su kapsulés maiSeliu, todél tai vadinama IOL—kapsulés maiSelio komplekso
dislokacija [68].

Literatiiroje nurodoma, kad Sios komplikacijos daznis did¢ja, todél gali
greitai tapti socialine problema ir didesne nasSta visuomenés sveikatos prie-
zitirai [64]. Toliau tekste kalbama tik apie vélyvaja IOL—kapsulés maiselio
dislokacija.
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2.4.1. Vélyvosios IOL—kapsulés maiSelio komplekso dislokacijos
paplitimas

Remiantis jvairiy studijy duomenimis, vélyvosios IOL—kapsulés maise-
lio komplekso dislokacijos metinis daznis po kataraktos operacijos yra 0,0—
0,032 proc. [15,71-73]. Bendras 10-25 mety daznis siekia 0,1-3,0 proc.
[14,15,21,64,71-75]. Taciau Sios komplikacijos paplitimas varijuoja pri-
klausomai nuo geografinés padéties. Europoje atlikti populiaciniai tyrimai
pazymi, kad 10 mety bendras daznis yra apytiksliai 1,0 proc. [21,76]. JAV
atliktoje populiacingje studijoje Pueringer ir kt. nurodé, kad 10 mety bend-
ras daznis yra 0,1 proc. (pragjus 5, 10, 15, 20 ir 25 metams po kataraktos
operacijos, kumuliacin¢ IOL dislokacijos rizika yra atitinkamai 0,1 proc.,
0,1 proc., 0,2 proc., 0,7 proc. ir 1,7 proc.) [76]. Neseniai Azijoje atlikto visos
Salies populiacijos (51 307 821 gyventojy, Piety Kor¢ja) tyrimo rezultatai
parode, kad per 20 mety laikotarpj 39 965 1S 4 848 125 pseudofakija turiniy
pacienty (0,82 proc.) buvo diagnozuota IOL dislokacija, dél kurios reikéjo
chirurginés intervencijos [77]. Tac¢iau pabréziama, kad pseudoeksfoliacinis
sindromas (PES), kaip gerai Zinomas IOL dislokacijos rizikos veiksnys, Azi-
joje yra maziau paplites nei Vakary Salyse [72]. Ménestam Svedijoje atliktoje
studijoje nustatyta, kad bendras 20 mety IOL—kapsulés maiSelio komplekso
dislokacijos daznis buvo 3 proc., o pacienty, sergan¢iy PES — 6,0 proc. [74].
Lietuvoje PES paplitimas yra vienas didziausiy Europoje tarp vyresniy nei
65 mety amziaus asmeny (34,7 proc. plg. 23,0 proc. Svedijoje, Suomijoje —
22,0 proc., Islandijoje — 10,7 proc.) [78]. Tod¢l IOL dislokacija yra taip pat
reikSminga problema.

Spé¢jama, kad did¢jantis IOL dislokacijos daZnis tiesiogiai atspindi augan-
¢ig populiacijg asmeny, turin¢iy pseudofakija [64]. Visgi Dabrowska-Kloda
su kolegomis Svedijoje atliktu retrospektyviu kohortos tyrimu parod¢, kad
velyvosios IOL—kapsulés maiselio komplekso dislokacijos daznis auga ne-
paisant to, jog analiz€je buvo taikyta korekcija dél didé¢jancios pseudofakijos
populiacijos tirtame regione [73].

Bendra 5, 10, 15 ir 20 mety vélyvosios IOL dislokacijos rizika akims,
kurioms 1992-2012 m. buvo atlikta kataraktos operacija, buvo atitinkamai
0,09 proc., 0,55 proc., 1,0 proc. ir 1,0 proc. Jie taip pat nustaté, kad bendra
10 mety vélyvosios IOL dislokacijos rizika buvo didesné akims, kurioms ka-
taraktos operacija atlikta nuo 2002 m. iki 2012 m., nei nuo 1992 m. iki 2001
m. (atitinkamai 0,89 proc., 0,39 proc.) [73]. Autoriai atkreipé démesj, kad re-
gione vidutiné PFT nuo 1992 m. iki 2012 m. pailgéjo mazdaug 4 metais [73].
Kadangi rizika didéja su kiekvienais metais po kataraktos operacijos, ilgéjant
PFT, did¢ja ir tikimyb¢ sulaukti vélyvosios dislokacijos. Vis délto tai nebuvo
tiesiogiai susij¢ su bendru gyvenimo trukmés ilgéjimu — jj eliminavus i$ sta-
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tistinés analizés, rezultatai iSliko panasis [73]. Kitas veiksnys — sparciai tobu-
1¢janti fakoemulsifikacijos technika ir chirurgy patirtis, leidZianti operuoti vis
sudétingesnius atvejus, kurie anks¢iau bty buve netinkami jprastinei kata-
raktos operacijai. Tokie pacientai gali turéti didesne vélyvosios IOL—kapsulés
maisSelio dislokacijos rizika. Tai didina bendrg komplikacijy daznj pseudofa-
kijos populiacijoje [73].

Si problema kelia susiriipinima, nes pasaulyje didéja skaidraus lesiuko
operacijy skaicius, refrakcijos ydy ar presbiopijos korekcijos [79]. Kadangi
dauguma Siy pacienty operuojami jaunesnio amziaus, bendra PFT jiems gali
buti gerokai ilgesné nei jprastai, todél iSauga ir vélyvosios IOL dislokacijos
galimybé [79]. Svarbu, kad pries tokias operacijas biity jvertinami visi reiks-
mingi rizikos veiksniai, o paciento liikes¢iai — derinami su galimomis ilgalai-
kémis komplikacijomis [73].

2.5. Vélyvosios IOL—kapsulés maiSelio komplekso dislokacijos rizikos
veiksniai

Pra¢jus beveik trims deSimtmeciams nuo pirmosios publikacijos apie
velyvaja I0L—kapsulés maiselio komplekso dislokacija, sukaupta nemazai
duomeny, aikinan¢iy galimus ios komplikacijos mechanizmus [80]. Siai
komplikacijai atsirasti gali turéti jtakos vienas ar keli veiksniai: pries- ar po-
operacinis Zinn rais¢iy silpnumas, chirurginé trauma, ir kapsulés maiselio
pakitimai [70] (2.5.1 paveikslas). Tikslus $iy veiksniy santykis ir jtaka kie-
kvienu konkreciu atveju gali skirtis.
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Zinn rai§ciy +/— | LeSiuko kapsulés maiSelio patologiniai pakitimai po
silpnumas/paZeidimas: |~ kataraktos operacijos
* PES
* Vitrektomija
* Trumparegyste
(Al >26 mm, \
>—-6D) Soemmering Negyvo maiselio
. PKSS: .. .
Uveitas [centriniy ir ziedas: sindromas:
Pigmentinis retinitas . > IOL-kapsulés Spontaninis
. 1Scentriniy oy 1 v ..
Trauma (tiesioginé .. maiselio uzpakalinés
SO traukos jégy . .
buka ar netiesioging) . komplekso masés kapsulés
. disbalansas e "
Glaukoma/anksc¢iau padidéjimas plySimas
buvusi glaukomos
operacija
Y Y
Zinn rais¢iy defektas ;'/ - IOL dislokacija

” (kapsulés maiselis licka
¢ vietoje, pilnai arba i§ dalies
prisitvirtings prie Zinno
raisciy)

IOL-kapsulés maiSelio
komplekso dislokacija

2.5.1 pav. IOL—kapsulés maiselio komplekso dislokacijos issivystymo
etiologija ir patologiniai mechanizmai (remtasi [18,64,67,81-83]
Al — asies ilgis; IOL — intraokulinis lgsis; PES — pseudoeksfoliacinis sindromas;
PKSS — priekinés kapsulés susitraukimo sindromas.

2.5.1. PrieSoperacinis ir/ar pooperacinis Zinn rais¢iy silpnumas/
defektai (rizikos veiksniai)

Literatiiroje labiausiai iSanalizuoti veélyvosios IOL—kapsulés maiSelio
komplekso dislokacijos rizikos veiksniai, kurie sukelia prieSoperacinj ir/ar
pooperacinj Zinn raisciy silpnuma [19,68]. Tyrimai rodo, kad PES yra vienas
1§ dazniausiai pasitaikanciy rizikos veiksniy (2.5.1.1 lentelé¢).
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2.5.1.1 lentelé. Pacienty, jtraukty j jvairias studijas dél I0L—kapsulés maise-
lio komplekso dislokacijos, pagrindinés charakteristikos (amzZius, Iytis, laikas
nuo kataraktos operacijos iki IOL dislokacijos, pagrindiniai rizikos veiksniai)

. IOL- | Am- | Lyti Rizikos veiks-
Studija SFUd.lJ 0s MI%D, n | Zius ({;),s PFT nys (((l)zi‘;fiaus-
dizainas (m) .
(proc.) | (m) | proc. sias), proc.
Iranipour ir kt., 2024 [84] RS 87(79) | 80 44 — PES, 67
Mayer-Xanthaki ir kt., 2021 RS 111 (76) | 71 50 6,8 PES, 43
[69] (kohortos)
Artzen ir kt., 2020 [85] PS (serijos|165 (100)| 79 43 9,3 PES, 80
atvejy)

Faramarzi ir kt., 2020 [86] RS 11 (100) | 67 — — PES, 64
Subasi ir kt., 2019 [87] RS 39 (100) | 70 67 7,2 PES, 31
Bulnes ir kt., 2019 [35] RS 134 (100)| 82 43 8,2 PES, 79
Monestam, 2019 [74] PS 10 (100) | 79 60 12,5 PES, 50

(kohortos)
Vounotrypidis ir kt., 2019 RS 112 (62) | 63 57 8,4 VK, 43
[88]
Fujikawa ir kt., 2018 [89] RS 36 (69) | 69 78 10,0 VK, 33
Giansanti ir kt., 2018 [90] RS 22 (71) | 76 — — PES, 48
Kristianslund ir kt., 2017 Randomi- |104 (100)| 82 39 10,3 PES, 83
[91] zuota
Bande ir kt., 2016 [92] RS 36 (100) | 69 75 11,5 PES, 39
Rey ir kt., 2016 [93] RS 83 (100) | 72 44 10,9 T, 40
Dabrowska-Kloda ir kt., RS 140 (100)| — — 8,0 PES, 68
2015 [73] (kohortos)
Krépsteé ir kt., 2013 [94] RS 51(88) | 72 67 53 PES, 57
Jakobsson ir kt., 2013 [95] PS 80(88) | 80 40 8,1 PES, 59

(kohortos)
Fernandez—Buenaga ir kt., RS 61 (100) | 71 69 7,5 T, 20
2013 [34]
Matsumoto ir kt., 2012 [96] RS 21 (100) | 68 57 7,9 VK, 40
Jakobsson ir kt., 2010 [15] RS 63(75) | 79 44 6,8 PES, 60
Lorente ir kt., 2010 [97] RS 45 (100) | 81 57 8,0 PES, 67
Davis ir kt., 2009 [13] RS 86 (100) | 75 54 8,9 PES, 50
Hayashi ir kt., 2007 [68] RS 38 (61) | 71 71 8,3 PES, 45
Chan ir kt., 2006 [98] RS 15(50) | 63 50 3,4 PES, 20
Gross ir kt., 2004 [19] RS 25(100) | 75 68 6,9 PES, 44

IOL-MKD - intraokulinio lgsio—kapsulés maiselio komplekso dislokacija; m — metai; n —
atvejy skaicius; PES — pseudoeksfoliacinis sindromas; PFT — pseudofakijos trukmé (laikas
nuo kataraktos operacijos iki IOL dislokacijos); PS — prospektyvi studija; PT — populiacinis
tyrimas; RS — retrospektyvi studija; T — trumparegysté; V — vyriska; VK — vitrektomija.
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Sios patologijos metu akies audiniuose (ant ragenos endotelio, trabeku-
linio tinklo, rainelés, vyzdzio krasto, priekinés leSiuko kapsulés, Zinn rais-
¢iy ir krumplyno ataugy) kaupiasi patologing fibriliné tarplasteliné¢ medziaga
(pseudoeksfoliacijos (PE)), sukeldama struktiirinius pazeidimus [99,100].
PES randamas 20-80 proc. velyvyjy IOL—kapsulés maiselio komplekso dis-
lokacijos atvejy [13,15,17,35,68,69,73,74,84-87,90-92,94,95,97,98]. Tokia
didelé paplitimo amplitudé susijusi su pacienty jtraukimo kriterijy, amziaus
ir geografinés padéties skirtumais bei retrospektyviais tyrimy dizainais.

PES pozymius gali buti sudétinga identifikuoti pacientams su pseudofa-
kija, nes ryskiausiai jie matomi ant lgSiuko kapsulés bei vyzdzio krasto pries
kataraktos operacijg. Liu ir bendraautoriy studijoje, kurios metu buvo atlieka-
mas pasalinty IOL (dél IOL—kapsulés maiselio komplekso dislokacijos) his-
tologinis vertinimas, nustatyta, kad PES paplitimas yra reikSmingai didesnis
nei klinikiSkai diagnozuojama [101]. PES buvo nustatytas remiantis objekty-
vios apziiiros duomenimis prie$ operacijg 32,5 proc. atvejy. Taciau PE buvo
rastos 65,0 proc. atvejy po histologinio IOL—kapsulés maiseliy kompleksy
jvertinimo [101].

Nustatyta, kad pacienty, kuriems pasireiSkia veélyvoji IOL—kapsulés
maiSelio komplekso dislokacija, vidutinis amzius svyruoja tarp 63 ir 82 mety
[13,15,17,35,68,69,73,74,84-87,90-92,94,95,97,98] (2.5.1.1 lentel¢). Mano-
ma, jog vyresnis amzius didina dislokacijos tikimybe dél su amziumi susiju-
sios Zinn rai$¢iy degeneracijos, ilgesnés PFT bei did¢jancio PES paplitimo
senstant [78,102].

Be PES, reciau pasitaikantys, bet taip pat svarbiis rizikos veiksniai yra:
anksCiau atlikta vitrektomija, auk$to laipsnio trumparegyste, uveitas, pi-
gmentinis retinitas, akies obuolio trauma, glaukoma/anksciau buvusi glau-
komos operacija, ragenos endotelio paZeidimai (daznai nurodo sudétingg
kataraktos operacijos eiga), jungiamojo audinio sutrikimai (Marfano sin-
dromas, homocistinurija, Ehlers-Danlos sindromas, sklerodermija, Weill-
Marchesani sindromas), darbas su vibracijos Saltiniais bei akiy trynimo jpro-
tis [13,18,64,67,71,91,93,97,101,103—-105].

Lyties jtaka véelyvajai IOL—kapsulés maiSelio dislokacijai i$sivystyti ilgai
buvo aiSkinama didesniu traumy dazniu tarp vyry, taciau moksliniai rezul-
tatai Siuo klausimu islieka nevienareik§miai (2.5.1.1 lentel¢). Vienuose ty-
rimuose dominuoja vyrai, kituose — moterys; pastaruoju atveju nurodoma,
kad tai gali buti paaiSkinama didesniu PES paplitimu tarp motery, ilgesne
gyvenimo trukme ir lyties skirtumais populiacijoje, asmeny su pseudofakija
(kataraktos operacija dazniau atliekama moterims) [67]. Visgi, keli neseniai
paskelbti didelés apimties tyrimai atskleide, jog vyriSkoji lytis i$liko rizikos
veiksnys net ir statistiSkai pakoregavus kitus rizikos veiksnius [71,106].
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Pazymétina, kad mazdaug ketvirtadalis atvejy, kuriems nustatyta vely-
voji IOL—kasulés maiSelio komplekso dislokacija, gali neturéti jokiy rizikos
veiksniy [67]. Tai pagrindzia ir studija, kurios metu mikroskopu buvo vertinti
pasalinti IOL d¢l dislokacijos. 23 proc. atvejy nepavyko nustatyti jokios ais-
kios dislokacijos priezasties [13].

2.5.2. Zinn rais$¢iy—kapsulés maiselio komplekso pakitimy svarba
IOL dislokacijai

Velyvosios IOL—kapsulés maiSelio komplekso dislokacijos etiologija daz-
niausiai siejama su aptartais rizikos veiksniais, sukelianciais progresuojantj
Zinn rais¢iy silpnumga. Taciau §j procesg gali paskatinti ir po kataraktos opera-
cijos atsirade kapsulés maiselio patologiniai pokyéiai [69]. Siuolaikinés kata-
raktos operacijos metu yra iSsaugomas lesiuko kapsulés maiselis, kurj sudaro
dalis priekinés kapsulés ir visa uzpakaliné kapsulé. Jis yra panaudojamas IOL
fiksacijai. Taciau kaip ir kiekviena intervencija taip ir kataraktos operacija
yra traumuojanti, po jos neiSvengiamai kyla uzdegiminé reakcija ir vyksta
imuninis atsakas [107]. Pastarasis yra esminis biologinis procesas, jgalinantis
paZzeisty lasteliy pakeitima naujomis, taciau jam uzsitgsus ar esant perdétam
gali sukelti komplikacijas [108]. Viena pagrindiniy problemy yra tai, kad pa-
Salinus lesiuka, vidiniame priekinés kapsulés maiselio pavirsiuje likusios le-
Siuko epitelio 1gstelés (LLEL) pakinta sgveikaudamos su intraokulinio skys-
¢io biologiskai aktyviomis medziagomis [81]. Kitg vertus normos atvejais
Sie pakitimai yra svarbiis ir naudingi, nes uztikrina kapsulés maiselio sutvir-
t¢jimg ir IOL stabilig padétj [83]. Taciau pernelyg isreiksti LLEL poky¢iai
yra pagrindiné patogenezés asis kapsulés maiSelio patologijos iSsivystyme.
Siuos patologinius pakitimus galima suskirstyti j fibrozés (priekinés kapsulés
susitraukimo sindromas (PKSS)), regeneracinio (perly) (antriné katarakta) ir
degradacinio (negyvo kapsulés maiselio) tipo pokycius [109-111]. Regene-
racinio tipo pakitimai yra susij¢ su LLEL diferenciacija j lgSiuko skaidulines
lasteles, todél atsiranda Soemmering Ziedas ir/ar Elschnig perlai [111]. Sie
poZzymiai atsiranda véliau nei fibrozinio tipo atvejais [111]. Fibroziniai paki-
timai vyksta tokia eiga: LLEL hiperproliferacija, transdiferenciacija j miofi-
broblasty fenotipg ir ekstralgstelinés matricos remodeliacija [111]. Abiejy
tipy procesai atskirai, o daznai ir jy kombinacija, gali lemti vélyvosios IOL—
kapsulés maiSelio komplekso dislokacijos i§sivystyma, ypac tais atvejais, kai
pacientai turi rizikos veiksniy, sukelian¢iy Zinn rais¢iy silpnumga [110].

Tam tikro laipsnio lgSiuko kapsulés fibroze ir susitraukimas yra stebimas
daugumoje akiy po kataraktos operacijos, tac¢iau buvo aprasytas ryskus su-
sitraukimas sergant PES, cukriniu diabetu, uveitu, pigmentiniu retinitu, ir
miotonine distrofija [81]. Kita vertus LELL Ziitis ar funkcijos sutrikimas gali
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sukelti kapsulés maiselio degradacinius pokycius, tokius kaip kapsulés iSplo-
néjimas ir iSsisluoksniavimas [82]. Tai veda j veélyva uzpakalinés kapsulés
plySima ir IOL dislokacijg (negyvo maislio sindromas) [82]. Be to, su amziu-
mi susije kapsulés maiselio pokyciai ir proteaziy disfunkcija gali lemti Zinn
raiS¢iy—kapsulés maiselio komplekso struktiirinius pakitimus, kurie ilgainiui
taip pat kelia IOL dislokacijos rizikos did¢jima [83].

Kapsulés patologiniy pokyc¢iy svarbg vélyvajai IOL—kapsulés maiselio
dislokacijai patvirtina ir histologinés studijos, kuriy metu analizuoti pasalinti
IOL—kapsulés maiselio kompleksai. Werner su kolegomis 2012 m. iStyré 23
méginius, i$ kuriy 11 nustatyti PKSS pozymiai [112]. Viename i$ Siy méginiy,
nepaisant implantuoto kapsulés tempimo ziedo, dél ryskios lesiuko kapsulés
fibrozés hidrofilinio akrilinio IOL atraminiai elementai buvo pritraukti prie
optinés dalies [112]. Liu ir kt. tyrime atlikus 40-ies IOL—kapsulés maiselio
kompleksy histopatologine analize, 24 18 jy buvo aptiktas reikSmingas l¢Siu-
ko kapsulés susitraukimas [101].

ISsamesne analizg pateiké Bisevac ir kolegos, kurie ne tik atliko histopa-
tologinj tyrimg (18 pasalinty IOL—kapsulés maiSelio kompleksy), bet ir taiké
eksperimentinius ex vivo kultivavimo metodus [110]. Visi méginiai pasizymé-
jo fibrozés pozymiais bei antrinés kataraktos elementais. Visuose méginiuose
buvo pastebétas Soemmering ziedo formavimasis periferijoje, supancioje IOL
optinés dalies ir atraminiy elementy krasta, su uzpakalinés kapsulés drumstu-
mu arba be jo. Imunohistocheminiais tyrimais visuose kapsulés maiseliuose
buvo identifikuoti miofibroblastai. Sios lastelés pasizyméjo aktyvumu ir ge-
béjo sutraukti kolageno matrica, intensyviai gaminti ekstralgstelinés matri-
cos komponentus, migruoti ir daugintis. Autoriy teigimu, $iy procesy visuma
(miofibroblasty susidarymas, judé¢jimas, ekstralgstelinés matricos reorganiza-
cija) lemia kapsulés rauksléjimasi, fibroze bei padidéjusiag mase, todél Zinn

Sie procesai atskleidzia, kad kapsulés maiselio buklé po operacijos yra
dinamiska ir jg gali veikti endogeniniy (prie$ tai aprasSyti Zinn raisciy sil-
pnuma/defetus sukeliantys rizikos veiksniai) ir egzogeniniy veiksniy (pvz.,
IOL medZiaga ir dizainas, kapsuloreksio dydis, LLEL paSalinimas kataraktos
operacijos metu) kombinacija.

2.5.3. Kapsulés maiSelio pakitimus jtakojantys veiksniai, susije su
IOL

PKSS intensyvumas ir klinikiné eiga gali priklausyti nuo IOL savybiy
[81]. Dauguma tyrimy patvirtina, kad didziausig jtaka priekinés kapsulés su-
sitraukimui daro IOL medziagos, i§ kurios jie pagaminti, savybés. Taciau kiti
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veiksniai (IOL optinés dalies kraSto konfigliracija ar atraminiy elementy di-
zainas) taip pat gali turéti papildoma reikSminga poveikj [113].

Dauguma tyrimy rodo, kad silikoniniai, hidrogelio ir hidrofiliniai akrili-
niai IOL labiau linke skatinti priekinés kapsulés fibroze ir susitraukima nei
polimetilmetakrilato ar hidrofobiniai akriliniai [OL [114—116]. 2024 m. Chen
ir kolegy paskelbta metaanalizé parodé, kad priekinés kapsulés susitraukimo
mastas hidrofiliniy IOL grupéje buvo didesnis nei hidrofobiniy IOL, pra¢jus
1, 3, 6 mén. ir 1 metams po kataraktos operacijos [113]. Tai galima paais-
kinti IOL medziagos sukibimo su kapsule skirtumais. Per kelias valandas po
kataraktos operacijos IOL absorbuoja sudétingg baltymy bioplévele [117].
Geresnis biologinis suderinamumas bei absorbcija su ekstralgstelinés matri-
cos baltymais, ypac fibronektinu, leidzia hidrofobiniams IOL tvir¢iau prilipti
prie kapsulés [118]. Nustatyta, kad tarp jvairiy dazniausiai naudojamy IOL
medziagy (hidrofobinis ir hidrofilinis akrilatas, polimetilmetakrilatas ir si-
likonas), hidrofobiniai akrilatai turi didziausig afinitetg fibronektinui [119].
Fibronektino adsorbcija padidina hidrofobiniy akriliniy IOL ir kapsulés suki-
bimo jéga, taip paliekant maziau vietos LLEL proliferacijai, migracijai ir eks-
tralgstelinés matricos sintezei bei mazinant priekinés kapsulés susitraukimo
rizikg [118]. Be to, medziagos, 1§ kurios pagamintas IOL skiriasi standumu,
t.y. kuo medziaga minksStesné tuo didesné IOL deformacija jvyksta traukiantis
kapsulés maiseliui [120].

Siuolaikiniy IOL optinés dalies krastas dazniausiai biina status, nes tai ma-
zina uzpakalinés kapsulés drumsc¢iy susidaryma [111]. Vis délto, kol kas néra
vieningos nuomongs, kaip status optinés dalies krastas veikia priekinés kap-
sulés fibrozg ir fimoze — kai kurie duomenys rodo neaisky ar minimaly efekta
PKSS dazniui [81]. Priekinio IOL optinés dalies kraSto dizaino patobulini-
mai, pavyzdZiui, smailés formos (angl. peak-like) ir 360° besitesiantis status
krastas, leidzia nepertraukiamai ir tvirtai kontaktuoti su priekine kapsule net
ir optinés dalies jungties vietoje su atraminiais elementais [121]. Tai gali pa-
deéti i8laikyti taisyklingesj kapsuloreksj ir apriboti fibrozés plitimg [122,123].
Maximilian ir kt. 2025 m. paskelbta sistemin¢ analiz¢ atskleidé papildomus
rizikos veiksnius. Vienas tokiy — IOL dizainas, kurio optinés dalies jungimosi
su atraminiais elementais vietoje susidaro tam tikro laipsnio kampas (angl.
haptic-angulation IOL) [67].

Manoma, kad IOL atraminiai elementai taip pat turéty buti vienas i$ svar-
besniy veiksniy, daranciy jtaka priekinés kapsulés susitraukimo laipsniui po
kataraktos operacijos, taiau duomenys yra nevienareikSmiai [113]. Kim ir
kolegos, palyging trijy grupiy pacientus, kuriems buvo implantuoti akriliniai
IOL su skirtingais atraminiais elementais (1 grupé: IOL su dviem atraminiais
elementais; 2 grupé: IOL su keturiais atraminiais elementais; 3 grupé: tri-
juy daliy IOL su PMMA atraminiais elementais), nenustaté reikSmingos jta-
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kos kapsuloreksio susitraukimo laipsniui [124]. Taciau kiti tyrimai rodo, kad
atraminiy elementy skaiCius bei tarpusavio padétis kapsulés maiSelyje lemia,
ar kapsulé bus tolygiai jtempiama visame 360° perimetre [125]. Pavyzdziui,
IOL, kurie neturi atskiry “kojeliy” ir primena vientisg plokstele (angl. plate
haptic IOL) (buvo populiariis pirmosios kartos sulankstomuose silikoniniuo-
se IOL), sukelia zymy l¢Siuko kapsulés susitraukimg [126]. Jei atraminiai
elementai neuztikrina tolygaus kapsulés iStempimo, priekiné kapsulé gali su-
sitraukti labiau tose srityse, kuriose traukos pasiprieSinimas yra menkesnis
[126]. Priesingai, didesnis atraminiy elementy skaicius ir tolygus jy i$sidés-
tymas padidina kontaktinj plota su kapsulés ekvatoriumi bei padeda islaikyti
reguliary kapsuloreksio krasta [113,125]. Daugelis standartiniy Siuolaikiniy
IOL turi du C formos atraminius elementus (angl. C-loop), kurie tinkamai i$-
tempia kapsule 180° vienas nuo kito priesingais taskais [127]. Sie IOL sutei-
kia patikima atramg ir uztikrina gerg IOL stabiluma. Be to, toks dizainas kartu
su hidrofobinés akrilinés medziagos privalumais sumazina priekinés kapsulés
fibrozés bei PKSS tikimybe [127]. Todél Sie IOL yra vieni i§ daZniausiai pa-
sirenkamy klinikin¢je praktikoje [127].

2.5.4. Kapsulés maiSelio pakitimams darantys jtaka veiksniai ir ju
sgsaja su kataraktos chirurgine technika

Kapsuloreksis

Kapsuloreksis (priekinés kapsulés apvali kapsulotomija) yra vienas i$
svarbiausiy kataraktos operacijos zingsniy. Jo dydis, forma ir centruotumas
turi lemiamg jtakg PKSS vystymuisi [128]. Neapvalus ar ekscentriskas (ypac
atraminiy elementy kryptimi (x asis)) kapsuloreksis didina pooperacinj IOL
pasvirimg ir decentracijg [129]. Nors ankstyvuoju periodu paciento regai tai
gali neturéti reikSmingos jtakos, taciau véliau mechaninés jtampos disbalan-
sas tarp kapsulés ekvatoriaus ir kapsuloreksio krasty gali skatinti kapsulés
susitraukimo procesus [129,130]. Per mazas kapsuloreksis (<5,0 mm) didina
kapsulés susitraukimo rizika, kita vertus pernelyg didelis (>6,5 mm) — gali
pazeisti Zinn rais$ciy tvirtinimosi vietas [81]. Todél optimalus kapsuloreksio
skersmuo, ypa¢ implantuojant 6,0 mm optinés dalies skersmens IOL, yra
5,0-5,5 mm (24-27) [131]. Tvirtas sukibimas tarp IOL ir priekinés kapsu-
lés maZina uZpakalinés kapsulés drumstumo daznj, nes sudaro barjera LLEL
migracijai [111]. Taip pat tai svarbu ir norint uztikrinti centring IOL padétj,
todé¢l patariama pasiekti 360° IOL optinés dalies krasto perdengima priekine
kapsule [130]. Kapsuloreksis dazniausiai atlieckamas naudojant sulenkta 26 G
adatg arba reksinj pinceta [131]. Lazeriu asistuojama kataraktos operacija lei-
dzia atlikti tiksliai centruotg ir apvalig prieking kapsulotomija [123,132-136].
Sie privalumai itin svarbiis toriniams, daugiazidiniams ir akomoduojantiems
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IOL, kadangi kapsuloreksio konstrukcija tiesiogiai lemia efektyvig IOL padé-
ti ir gali sumazinti IOL galios skai¢iavimo klaidy rizikg [123,132-136].

Lesiuko epitelio lgsteliy pasalinimas

Kitas svarbus kataraktos operacijos momentas, tiek kapsulés susitraukimo,
tiek antrinés kataraktos vystymosi prevencijai, yra LLEL paSalinimas (prie-
kinés kapsulés poliravimas). NekokybiSkai paSalinta l¢Siuko Zievé gali su-
kelti ankstyvuoju pooperaciniu periodu uzdegima, endoftalmita, o vélyvuoju
— kapsulés susitraukima, antrinés kataraktos, Soemmering ziedo ir Elschnig
perly susidaryma [109,111,137,138]. LLEL gali skatinti asimetriska, fibrozinj
kapsulés susitraukimg, dél kurio ilgainiui galimi nepageidaujami IOL padé-
ties pokyciai — decentracija, pasvirimas ar net viso IOL—kapsulés maiSelio
komplekso dislokacija [81]. Klinikiniy tyrimy duomenys rodo, kad LLEL
paSalinimas reik§mingai sumazina kapsuloreksio angos susitraukima poope-
raciniu laikotarpiu, be to didina IOL aSinés padéties stabilumg ir mazina hi-
peropinj refrakcijos poslinkj [137,139]. Wang ir kt. palygino IOL pasvirima,
decentracijg ir kapsuloreksio plotg po 1, 3 ir 6 pooperaciniy ménesiy pacien-
tams, kuriems buvo atliktas 360° vienos akies priekinés kapsulés poliravimas,
o prieSingos akies poliravimas nebuvo atliktas. Jie nustaté, kad abiejy grupiy
IOL pasvirimas ir decentracija reikSmingai skiriasi. Be to, jie padar¢ iSvada,
kad 360° priekinés kapsulés poliravimas apsaugo nuo priekinés kapsulés su-
sitraukimo ir padidina IOL stabilumg [140]. Nors visiSkas LLEL paSalinimas
praktiskai neijmanomas (ypac kapsulés ekvatoriaus srityje), taciau kapsulés
maiSelyje atliekama irigacija/aspiracija padeda reik§mingai sumazinti jy kie-
kj ir taip kontroliuoti nepageidaujamy kapsulés maiselio komplikacijy i$si-
vystyma [107].

Kapsulés tempimo Ziedas

Kapsulés maiselj palaikantys prietaisai, tokie kaip kapsulés tempimo zie-
dai (KTZ) yra specializuoti C formos PMMA implantai, kuriy paskirtis — sta-
bilizuoti kapsulés maiSelj, esant Zinn raisciy silpnumo rizikos veiksniams
ar juy defektams [8]. Esama jvairiy KTZ modifikacijy, ta¢iau visi yra supro-
jektuoti taip, kad jy skersmuo bty didesnis uz kapsulés maiselio [8]. To-
del tinkamo dydzio ir gerai implantuotas j kapsulés maiselio ekvatoriy KTZ,
perskirsto iScentrines traukos jégas tarp sveiky zoniuliy, taip kad Zinn rais-
&iy defekto srityje jtampa sumazéty [81]. KTZ néra implantuojamas visiems
pacientams (apie 1,0 proc. atvejy), nes tai yra papildoma intervencija, turin-
ti komplikacijy rizikg (implantacija ne j kapsulés maiSelj ar akies struktiiry
pazeidimas) [141,142]. Klinikiniai stebéjimai rodo, kad KTZ gali sumazinti
kapsulés maiSelio susitraukimo ir IOL decentracijos rizika, esant Zinn raisciy
defektams ar Zinn rais¢iy silpnumo rizikos veiksniams (PES, auksto laipsnio
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trumparegysté, trauma, pigmentinis retinitas ir kt.) [143—145]. Tadiau KTZ
neapsaugo nuo tolimesnés Zinn rais¢iy degradacijos (zonulopatijos), kuri gali
lemti IOL-K TZ—kapsulés maiselio komplekso dislokacija [8,146].

Shingleton su kolegomis vertino KTZ efektyvuma IOL dislokacijos pre-
vencijai PES turintiems pacientams. Studijos rezultatai atskleidé, kad esant
Zinn rais¢iy defektams (lgdiuko subliuksacijos poZzymiai) KTZ neapsaugo
nuo IOL—kapsulés maiselio komplikacijy, dél progresuojancios zonulopati-
jos po kataraktos operacijos [147]. Kita didelés apimties kohortin¢ studija
i$ dalies patvirtino §j teiginj. Akyse, kuriose operacijos metu buvo pastebéta
lesiuko subluksacija, KTZ reik§mingai neapsaugojo nuo IOL dislokacijos.
Taciau esant Zinn rais$¢iy silpnumo rizikos veiksniams be akivaizdzios le-
Siuko subliuksacijos pozymiy daugiaveiksné regresiné analizé atskleidé¢, kad
KTZ implantavimas reikimingai sumazino vélyvosios IOL dislokacijos rizi-
ka. Atvejy pogrupio analizé parod¢, kad PES (be Zinn raisciy silpnumo pozy-
miy) turintiems pacientams KTZ Zymiai sumazino dislokacijos rizika. Siame
tyrime atskleistas ir kontraversisSkas rezultatas. Jei IOL dislokacija jvykdavo
KTZ turintiems pacientams, ji vidutini$kai pasireikidavo anksé¢iau (media-
na ~4,3 mety) nei pacientams be KTZ (7,0 mety). Sis paradoksas gali biiti
paaiskinamas studijos metodologijos triikumais (KTZ daZzniau implantuotas
rizikingiems atvejams, kurie ir taip linke dislokuoti anksciau) [148]. Neabe-
jotina KTZ implantacijos nauda yra stebima esant Zinn rai$¢iy defektams,
kurie nelinke progresuoti pvz., dél traumos [149]. Taip pat jrodyta, kad KTZ
yra veiksmingi pacientams, turintiems auksto laipsnio trumparegyste (akies
aSies ilgis >26 mm). Kelios 2024 m. publikuotos randomizuotos studijos vie-
ningai paskelbé, kad papildoma KTZ implantacija kataraktos operacijos metu
pacientams su auksto laipsnio trumparegyste reikSmingai sumaZzina kapsu-
lés susitraukimg ir fibroze [150,151]. O pacientams, kuriy akies aSies ilgis
>30 mm KTZ implantacija sumaZina ne tik IOL decentracija, pasvirima, uZti-
krina IOL padéties stabiluma, bet ir pagerina regos kokybe [150].

Zvelgiant | ateitj, tikimasi, kad tolimesni tyrimai atskleis KTZ optimaly
naudojimg ir veiksminguma uZkertant kelig PKSS ir IOL dislokacijai. Be to,
pastaraisiais metais atsirado KTZ fiksacijos prie skleros techniky ir modifi-
kuoty KTZ modeliy. Jie gali biiti naudojami kataraktos operacijos metu, esant
dideliam saity defektui (> 180°) [8,152,153]. Taciau jy naudai jvertinti reikia
detaliy klinikiniy studijy [8,153].

2.6. Vélyvosios IOL—kapsulés maiSelio komplekso patogenezés aspektai
Toliau tekste bus analizuojama kapsulés maiselio poky¢iy jtaka IOL—kap-

sulés maisSelio komplekso dislokacijai, atsizvelgiant j patologiniy pakitimy
tipus (fibrozinius, regeneracinius (perlo) ir degradacinius).
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2.6.1. Fibroziniy kapsulés maiSelio pakitimy sasajos su IOL—kapsulés
maiSelio komplekso dislokacijos iSsivystymui

Priekinés kapsulés susitraukimo sindromas (angl. anterior capsular cont-
raction syndrome, sinonimai — kapsulés fibrozé, fimozé, kapsulés susitrau-
kimo sindromas) pasitaiko apie 1,4—14,0 proc. pacienty po kataraktos ope-
racijos [81]. Jis gali lemti IOL decentracijg ar pasvirima, o tam tikrais atve-
jais —ir vélyvaja IOL—kapsulés maiselio komplekso dislokacija [81]. Remian-
tis ankstyvaisiais tyrimais, manyta, kad PKSS iSsivysto per kelias savaites po
operacijos ir stabilizuojasi mazdaug po trijy ménesiy [81]. Vis d¢lto ekspe-
rimentiniai tyrimai parodé, jog patologiniai procesai kapsulés maiselyje gali
testis daugeli mety [110]. Tai patvirtina ir literattiroje iSskiriamos dvi zaizdos
gijimo fazés po kataraktos operacijos: (1) imin¢ fazé, kai LLEL proliferuo-
ja ir migruoja ant kapsulés maiSelio priekinés kapsulés ir kapsulés maiselio
ekvatoriuje, reaguodamos i biologiSkai aktyviy veiksniy antpliidj po operaci-
jos; (2) léting fazé, kai kapsuléje persistuojantys miofibroblastai toliau skati-
na fibroze [110]. Be to, aprasyti atvejai, kai dél PKSS IOL—kapsulés maiselio
komplekso dislokacija jvyko praéjus keliems metams po operacijos [101].

PKSS veiksniai gali biiti skirstomi j dvi pagrindines patogenezés grandis:
(1) lasteline, kai operacijos trauma (audiniy vientisumo pazeidimas) inicijuo-
ja LLEL proliferacijg ir jy transformacijg j miofibroblastus; (2) mechanine,
kai ilgainiui dél kapsulés maiselio susitraukimo ir fibrozinio standumo padi-
déjimo susilpnéja Zinn rais¢iy stabilumas, atsiranda jy defektai, kurie lemia
IOL—kapsulés maiselio dislokacija [81].

Po kataraktos operacijos akyje padaugéja citokiny ir augimo faktoriy, o
ypac tada jeigu operacijos metu buvo pazeistas kraujo—intraokulinio skyscio
barjeras [154,155]. Tarp svarbiausiy i$skirtiny veiksniy yra transformuojantis
augimo faktorius beta (TAFP), aktyvinantis LLEL virtimg miofibroblastais
ir skatinantis kapsulés fibroz¢ [156]. Idomu tai, kad didesnis Sio faktoriaus
aktyvumas ir koncentracija intraokuliniame skystyje yra stebimi pacientams,
kurie turi PES ar aukSto laipsnio trumparegyste [157,158]. Kitas reikSmingas
veiksnys — fibroblasty augimo faktoriaus (FAF). Mazesné jo koncentracija
skatina LLEL proliferacija, didesné — jy diferenciacija [159,160]. Be to, FAF
gali skatinti kristalino gamybg ir taip turéti daryti jtaka Soemmering ziedo
formavimuisi [159,160]. LLEL proliferacija taip pat aktyvina hepatocity au-
gimo faktorius ir tam tikri citokinai (interleukinas 1 ir interleukinas 6) [109].
Tuo tarpu epitelio augimo faktorius regulivoja LLEL migracija [109].

Bendras Siy veiksniy poveikis skatina LLEL transdiferenciacija i miofibro-
blastus (epitelio-mezenchiminis per¢jimas), pasizymincius kontraktilinémis
savybémis ir intensyvia ekstralgstelinés matricos komponenty gamyba [81].
Kapsulés maiselio raukslés gali atsirasti per vieng ménesj po kataraktos ope-
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racijos ir yra proporcingos LLEL kiekiui [110]. Be to, priekiné kapsulé susto-
réja ir fibrozuojasi, mazéja kapsulés maiselio ekvatorinis skersmuo, siauréja
kapsuloreksio anga [161]. Kadangi Sie pokyc¢iai daznai biina netolygts skir-
tingose kapsulés maiselio vietose, sutrinka pusiausvyra tarp iScentriniy jégy,
veikianc¢iy 1§ Zinn rais¢iy puseés, ir jcentriniy, kylanciy i§ kapsuloreksio pusés
nés traumos), jos gali neatlaikyti padidéjusio tempimo ir jtrikti [120]. Be to,
fibrozés paveiktose srityse dél makrofagy ir fibroblasty iSskiriamy matricos
lio fibrozé ir susitraukimas veikia Zinn rais¢ius tieck mechaniskai (traukos
mechanizmais), tiek biochemiskai (metaloproteinaziy aktyvumu). Abu Sie
procesai gali ardyti Zinn rai$¢ius, o jy esant nepakankamai priekiné kapsulé
dar labiau linkusi susitraukti. Taip uZvedamas uZzdaras ratas, vedantis j [OL—
kapsulés maiSelio komplekso dislokacijg [107].

Vadinasi, vélyvoji IOL—kapsulés maiSelio komplekso dislokacija gali biiti
ne tik dél progresuojancio Zinn rais¢iy silpnumo, bet ir dél patologinio pro-
ceso, susijusio su fibrozés formavimusi bei priekinés kapsulés susitraukimu.
Toks kompleksinis mechanizmas pabréZzia biitinybe pooperaciniu laikotarpiu
stebéti rizikos veiksniy turin€ius pacientus todel, kad laiku biity pastebéti mi-
néti pokyciai.

2.6.2. Regeneracinio tipo kapsulés maiSelio pakitimy sasajos su IOL-
kapsulés maiSelio komplekso dislokacijos iSsivystymu

Soemmering ziedas yra neskaidri, j leSiuka panasi struktiira, atsirandanti
po kataraktos operacijos i§ LLEL, diferencijuoty i lgsSiuko skaidulines 13s-
teles [163]. Hiramatsu ir kt. iSskyré zmogaus l¢Siuko epitelio Igsteliy linija
(IHLEC-NY1s) ir sukiiré trijy dimensijy lasteliy modeli (3D-IHLEC-NY 1s)
panasy ; Soemmering zieda [163]. Jie nustaté, kad Soemmering Ziedas turi
tokius baltymus kaip aA—kristalinas, fB2—kristalinas ir vimentinas. Tai rodo,
kad jo baltymy sudétis labai panasi j leSiuko sudétj [163,164]. Jis pasireiSkia
kaip ziedo formos drumstis kapsulés maiselio periferijoje aplink IOL optinés
dalies krastg ir atraminius elementus [163].

Vis dar néra iki galo aiSku kokie veiksniai sukelia Soemmering ziedo for-
mavimasi, ta¢iau manoma, kad labiausiai tam jtakos turi TAFf ir FAF [159].
Studijos rodo, kad vien TAFP gali sukelti LLEL transformacija 1 miofibro-
blastus (kapsulés susitraukimas) arba j leSiuko skaidulines lgsteles panasias
lasteles, stimuliuodamas du atskirus molekulinius kelius [156]. FAF gali ska-
tinti kristalino gamyba ir taip pat daryti jtakg Soemmering ziedo formavimui-
si [159,160].
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Nors pradZioje Soemmering Ziedas daZniausiai nesukelia klinikiniy pozy-
miy (yra kapsulés maiselio periferijoje uz rainelés), bet ilgainiui jis gali su-
kelti IOL—kapsulés maiSelio komplekso dislokacijos i8sivystyma. Pastebéta,
kad dauguma vélyvyjy IOL—kapsulés maiselio komplekso dislokacijos atve-
ju kapsulés maiSelyje randamas Soemmering Ziedas ar | jj panasiis dariniai
[166]. Vieno histopatologinio tyrimo, analizavusio paSalintus IOL—kapsulés
maiSelio kompleksus dél dislokacijos, rezultatai parod¢, jog visi tirtieji atve-
jai turéjo LLEL proliferacijos pozymius (kapsulés fibroze, susitraukimas) ir
susiformavusj Soemmering zieda [101]. Kaip jau minéta, tikétina, kad nuo-
latinis ekstralastelinés matricos pertvarkymas, LLEL proliferacija ir trans-
formacija sukelia jcentriniy jégy persvara, kas lemia Zinn rais¢iy defektus
[101]. Manoma, kad augantis Soemmering ziedas vystosi leSiuko kapsulés
maiSelyje aplink IOL ir gali daryti jam mechaninj spaudima. Be to, didelé Zie-
do mase¢ kapsulés maiSelio periferijoje papildomai sukelia netolygia apkrova
Zinn rai$¢iams [70]. Tai leidzia manyti, kad kapsulés maiSelio regeneracinio
tipo patologiniai procesai per metus ar deSimtmecius gali prisidéti prie Zinn
rai$¢iy nestabilumo, pasibaigiancio spontanine IOL—kapsulés maiselio kom-
plekso dislokacija [70,110].

2.6.3. Degradacinio tipo kapsulés maiSelio pakitimy sasajos su
IOL-kapsulés maiSelio komplekso dislokacijos iSsivystymu

Naujausi literatiros duomenys teigia, kad yra 2 atskiri vélyvos IOL dislo-
kacijos tipai [82]. Dazniau pasitaiko IOL—kapsulés maiSelio komplekso dis-
lokacija dél progresuojancios zonulopatijos [82]. Kitas IOL dislokacijos tipas
yra vélyvas spontaniSkas uzpakalinés kapsulés plySimas, dél kurio atsiranda
tik IOL dislokacija [82]. Sj IOL dislokacijos tipa daktaras Samuelis Masketas
2022 m. pavadino ,,negyvo maiselio sindromu* (angl. dead bag syndrome)
[167]. Sio sindromo ypatybé yra ta, kad IOL dislokuojasi, o kapsulés maigelis
lieka vietoje, visiSkai arba i§ dalies pritvirtintas prie Zinn rais¢iy [167].

Sio sindromo etiologija ir patofiziologija vis dar néra aiskiai suprantama.
Vyriska lytis, jaunas amzius ir trumparegysté yra susij¢ su negyvo maise-
lio sindromu [82,168]. Be to, nustatytas rySys su akiy trynimu [168—170].
Pacientui, turiniam negyvo maisSelio sindroma, dél padidéjusio uzpakalinés
kapsulés trapumo gali atsirasti savaiminis uzpakalinés kapsulés plySimas net
ir po nedidelés traumos, pvz., akies trynimo [171]. Manoma, kad dé¢l Siuo-
laikinés IOL medziagos adheziniy savybiy astrus optinés dalies ir atraminiy
elementy krastas tvirtai prilimpa prie silpnos uzpakalinés kapsulés. Trinant
akis, sukeltos spaudimo jégos stumia IOL, todél jo stataus krasto ir uzpaka-
linés kapsulés adhezijos vietoje jvyksta plySimas ir atsiranda IOL nestabilu-
mas. Be to, per didelis IOL jud¢jimas gali pazeisti Zinn raiscius [168—170].
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Taip pat manoma, kad yra ir genetiné predicpozicija, kadangi $is sindromas
daznai pasireiSkia abiejose akyse [82,171]. Kai kurie autoriai rekomenduoja
pernelyg nepoliruoti uzpakalinés lgSiuko kapsulés tam, kad LLEL daugintysi,
o uzpakaliné kapsulé tapty tvirta [172]. TaCiau néra patikimy duomeny, kad
uzpakalinés kapsulés poliravimas kataraktos operacijos metu gali biiti rizikos
veiksnys, lemiantis §j sindroma [82].

Kita vertus, nors §io sindromo patogenez¢ néra aiski, ta¢iau manoma, kad
ji siejast su LLEL ekvatoriaus srityje sunykimu ar sutrikusia funkcija, pa-
laikancia lesiuko kapsulés struktiirg ir Zinn raisciy vientisuma [82]. Culp ir
kt. atliko paSalinty kapsulés maiSeliy histopatologinj tyrimg 7 atvejams su
negyvo maiSelio sindromu [172]. Analiz¢ atskleidé¢, kad tokiuose maiSeliuose
nebuvo arba buvo labai nedaug LLEL ir kapsulés fibroziniy pokyciy [172].
Stebétuose atvejuose kapsulés turéjo degradacijos pozymiy, tokiy kaip iSplo-
néjimas ir (arba) jtrukimai [172]. Hirata ir kt. studijoje atliko histologin;j i8ty-
rimg 12-oje su PES nesusijusiy IOL—kapsulés maiselio kompleksy, paSalinty
dél dislokacijos. Analizé parod¢ kapsulés jtriikkimus ir atsisluoksniavima kap-
sulés maiselio ekvatoriaus regionuose bei labai mazus fibrozinio uzpakalinés
kapsulés drumstumo komponenty kiekius [173,174]. Be to, jie i§kél¢ hipote-
ze, kad Zinn rais¢iy defektai negyvo maiselio sindromo atveju buvo antriniai
del kapsulés atsisluoksniavimo [173]. Vandana ir kolegos didesnés apimties
studijoje (46 atvejai) pastebéjo, kad nors kapsulés nebuvo fibrozuotos, tac¢iau
71,7 proc. atvejy turéjo daugiau ar maziau iSreikSta Soemmering zieda [82].
Vadinasi, patologinis procesas yra susijes su LLEL disfunkcija ir vienpusisku
zaizdos gijimu, nejtraukiant fibroziniy procesy.

Siame moksliniame tyrime tokiy pacienty nepasitaiké arba nebuvo atpa-
zinti, kadangi tai visiSkai naujas velyvos IOL dislokacijos aspektas. | tai verta
atkreipti démesj tolimesnése studijose.

2.7. IOL dislokacijos sukeliami simptomai ir akies morfologiniai
pakitimai

2.7.1. Regéjimo ir refrakcijos poky¢iai

Vykstant Zinn rais¢iy—kapsulés maiselio komplekso patologiniams proce-
sams, keiciasi [OL geometriné padétis, o tai gali turéti tiesioging jtaka refrak-
cijos pokyciams bei regé¢jimo kokybei. Ankstyvoje PKSS stadijoje pacientui
pasireiskia kapsuloreksio krasSto fibroze¢, kartu su nedideliu priekinés kapsu-
lés sustoréjimu ir drumstumu. Taip pat vystosi kapsulés maiselio susirauksle-
jimas, todél kapsuloreksio plotas Siek tieck sumazéja. Regéjimo astrumas lieka
nepakites [81]. Procesui progresuojant skirtinguose kvadrantuose susitrauki-
mo laipsnis skiriasi ir atitinkamuose kvadrantuose kapsuloreksis linkes labiau
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susitraukti. Tai veda prie nezymios IOL padéties (decentracija ir pasvirimas)
ir refrakcijos pasikeitimo bei vidinio astigmatizmo didéjimo [175]. Toliau
traukiantis kapsulés maiSeliui, spaudziami atraminiai elementai gali susilenk-
ti ir/ar deformuotis optiné dalis [176—178]. Tokiais atvejais vystosi IOL op-
tinés dalies pasislinkimas asine kryptimi. Tod¢l didéja ametropija ir vidinis
astigmatizmas [177,179]. IOL padéties poslinkis i priekj sukelia refrakcijos
pokyti i trumparegyste, poslinkis atgal — ] toliaregyste [180]. Apskaiciuota,
kad 1,00 mm vidutinés galios IOL optinés dalies aSinis poslinkis sukelia maz-
daug 1,25 D refrakcijos pokytj [180]. Be to, kapsulés susitraukimas skatina
uzpakalinés kapsulés rauksléjimasi, kuris gali sukelti atspindzius (angl. glare)
gali nutrukti, o [IOL—kapsulés maiselio kompleksas dislokuotis [81]. Kliniskai
matymo pablogéjimas tiesiogiai susij¢s su dislokacijos laipsniu. Jei priekinés
kapsulés periferin¢ dalis su fibroze ir/ar Soemmering Ziedu atsiduria regéjimo
aSyje, tai gali saglygoti iSplaukusj vaizda, matomus atspindZius bei dvejinima-
si zitrint viena akimi [181]. Jei IOL—kapsulés maiSelio kompleksas yra ze-
miau regéjimo asies, tai zymiai pablogina matyma, atsiranda afakijai budinga
refrakcija [91].

2.7.2. AukStesnés eilés aberaciju poky¢iai

Sviesos bangos, sklindanéios per bet kokia terpe, isskyrus vakuuma, pa-
tiria aberacijy dél terpiy lizio rodikliy skirtumo [182]. Taip pat ir per akies
opting sistema peréjusi Sviesa patiria aberacijy, del kuriy nesutampa fokusuo-
jamy pluosty optiniai keliai tinklaingje, tod¢l gaunamas vaizdas tampa nerys-
kus ar iSkraipytas [183]. Kai kurios aberacijos/aberacijy derinys yra naudingi,
nes gali padidinti fokusavimo gylj ir gylio suvokima [184,185]. Taciau esant
didesniems nuokrypiams jos gali pabloginti regéjimo aStruma ir jo kokybe
[183].

Akies optingés sistemos tritkumai gali biiti iSmatuoti ir iSreiksti kaip Sviesos
bangos aberacinés paklaidos [186]. Idealus Sviesos bangos frontas yra sferi-
nés formos, taCiau atsiradus aberacijoms, tampa iSkraipytas. Todél Sviesos
bangos fronto aberacijas apibiidina skirtumas tarp tikrojo analizuojamo Svie-
sos bangos fronto ir idealaus [186]. Zernike polinomai — tai vienas i§ metody
aprasanciy sistemos Sviesos bangos frontg ir jo aberacijas pasinaudojant skir-
tingy polinomy suma [186].

Zernike polinomai yra ortogonaliis (gr. orthogonios — statmenas, status) ir
turi apskritiming simetrijg [186]. Jie paprastai apibréziami polinémis koordi-
natémis (p ir 0), kur p yra radialin¢ koordinaté, svyruojanti nuo 0 iki 1, 0 0 yra
azimutiné komponenté, svyruojanti nuo 0 iki 2 [186]. Kiekvienas Zernike
polinomas susideda i§ 3 komponenty: normalizavimo koeficiento, nuo radia-
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linés komponentés priklausomo komponento (polinomas) ir nuo azimutinés
komponentés priklausomo komponento (sinusoidas) [186]. Paprastai Sioms
funkcijoms apibiidinti rekomenduojama naudoti dvigubo indeksavimo sche-
ma, kai apatinis indeksas n nusako polinomo laipsnj (tvarka), o virSutinis
indeksas m — sinusoidinio komponento kampinj (meridianinj) daznj [186].
Patogu yra Zernike polinomus isdéstyti piramid¢je, kurios eilutés numeris
atitinka n, o stulpelio numeris m, kaip parodyta 2.7.2.1 paveiksle.
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2.7.2.1 pav. Zernike polinomai iki 4 radialinés eilés
A — astigmatizmas, H — horizontalus; | — jstrizas; V — vertikalus; Zernike piramidé, vaizduoja
polinomus iki 4 eilés. Dvigubo indeksavimo schemoje Z ™, n apibudina radialinio polino-
mo tvarka (nuo O virSuje ir einanti Zemyn), o m — sinusoidinio komponento kampinj daznj
(keli meridianai paveikti). m indeksas gali biti (—) arba (+). Teigiamas Zenklas reiskia, kad
aberuotas Sviesos bangos frontas yra prie§ idealig plokStuma, o neigiamas Zenklas — uz ide-
alios plokstumos. Be to i§ polinomy atitinkamo i$sidéstymo matyti, kad jei pokrypis labiau
orientuotas vertikaliai, jis Zymimas minuso Zenklu, o horizontaliai — pliuso. Pvz., Z,* Zer-
nike polinomas yra jstrizas astigmatizmas, jo m = -2 (veikiami 2 meridianai link vertikalios
krypties), indeksas n = 2 nurodo, kad tai yra antros eilés aberacija; Z,> Zernike polinomas
yra trifoil, jo m = 3 (veikiami 3 meridianai), indeksas n = 3 nurodo, kad tai yra trecios eilés
aberacija; Z" ir Z,° Zernike polinomy indeksai n = 0 (visi meridianai yra vienodai paveikti),
indeksai n =2 ir n =4 ir tai atitinkamai nurodo, kad tai yra antros ir ketvirtos eilés aberacijos.
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Aberacijos klasifikuojamos j Zemesnés ir aukStesnés eilés aberacijas
(2.7.2.1 paveikslas). Zemesnés eilés aberacijos (ZEA) apima nuo 0 iki 1 eilés
aberacijas, kurios jtakos matymo kokybei neturi bei 2 eilés aberacijas, tokias
kaip defokusg (trumparegyste arba toliaregyste) ir taisyklingg astigmatizma
[184]. Zemesnés eilés aberacijos sudaro didZiaja dalj (apie 90,0 proc.) akies
optinés sistemos aberacijy [188]. AukStesnés eilés aberacijos (AEA) — tai su-
détingesni optiniai iskraipymai, kurie islieka net ir iskoregavus ZEA (sferi-
niais ar sferocilindriniais l¢Siais) [188,189]. AEA priskiriami trecios ir auks-
tesniy eiliy Zernike polinomai, o dazniausiai pasitaikantys ir reikSmingiausi
yra koma, trefoil, tetrafoil, sferiné aberacija ir antrinis astigmatizmas [190].

AEA lemia regos kokybés pablogéjima: pacientai gali skystis akinimu,
Sviesos blyksniais, aureolés efektais aplink Sviesos Saltinius ar net vienos
akies dvejinimusi [191]. Nors jprastomis salygomis nedidelis AEA kiekis eg-
zistuoja kiekvieno Zmogaus regos sistemoje ir daznai nesukelia pastebimy
simptomy, didesnés AEA (pvz., atsiradus patologijai ar po chirurginiy inter-
vencijy) gali pabloginti matymo kokybe, sumazinti naktinio matymo astrumg
ir sukelti minétus vaizdo igkraipymus [192]. Esminis skirtumas tas, kad ZEA
labiausiai veikia regos astrumg dienos Sviesoje (sukeldamos vaizdo iSsilieji-
ma, kurj galima koreguoti lgSiais), o AEA labiau pasireiskia kaip kokybiniai
iSkraipymai, ypac pastebimi prieblandoje [192].

Eksperimentiniai tyrimai rodo, kad kiekviena AEA turi skirtingg povei-
ki regéjimui ir gali sgveikauti su kitomis aberacijomis, kad teigiamai arba
neigiamai paveikty regéjimo efektyvuma [193]. Zernike polinomy piramidés
centre esantys polinomai (pvz., defokusas, sferiné aberacija, koma, antrinis
astigmatizmas) turi didesnj poveikj regéjimui nei polinomai, esantys pirami-
dés krastuose (t.y. polinomai, turintys didelj kampinj daznj) [187]. Taip pat
buvo nustatyta, kad rezimai, kurie skiriasi polinomo eile, bet turi ta patj kam-
pinj daznj (pvz., defokusas ir sferiné aberacija) yra linke susiderinti tam, kad
pageréty regéjimo kokybé. Tuo tarpu tos pacios eilés polinomai (pvz., sferiné
aberacija ir tetrafoil) linke sumazinti regéjimo kokybe [193].

Aberacijos gali atsirasti dél optinés sistemos (ragenos, leSiuko/IOL, sti-
klakiinio) netobulumo [187]. Atsizvelgiant j tai, jos gali buti skirstomos j ra-
genines ir vidines aberacijas [187]. Didzioji dalis vidiniy aberacijy atsiranda
dél lesiuko/IOL patologijos [194]. Bendrosios akies aberacijos yra ragenos
ir vidiniy aberacijy derinio rezultatas [190]. Bendryjy aberacijy kiekis visoje
akyje dazniausiai yra mazesnis nei paémus atskirai ragenines ar vidines abe-
racijas [187,195]. Keli ankstesni tyrimai parodé¢, kad ragenines aberacijas i$
dalies kompensuoja (neutralizuoja) vidinés aberacijos [190,196]. DazZniausiai
bendryjy akies ir rageniniy aberacijy koeficientai turi ta patj Zenklg (dazniau-
siai teigiamg), o vidinés aberacijos prieSingg (neigiamg)b [197]. Jauniems
asmenims rageninés aberacijos tokios, kaip horizontalus/vertikalus/jstrizas
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astigmatizmai, koma ir sferinés aberacijos, 1§ dalies gali buti kompensuoja-
mos vidine optine sistema (t.y. leSiuku) [195,197-199]. Pastebéta, kad sfe-
riniy aberacijy kompensacija yra paremta ragenos ir leSiuko geometrinéms
savybéms, kuri jvyko evoliucijos eigoje [200]. Taciau vyresnio amziaus Zmo-
néms biina priesingai: l¢gSiuko aberacijos nebekompensuoja, o prisideda prie
ragenos aberacijy, kas palaipsniui suprastina regos kokybe [193,201-203].
Taip yra tod¢l, kad senstant, leSiuko pokyciai lemia, kad jo sferinés abera-
cijos koeficientas nuo 20 iki 70 mety amziaus padidéja kelis kartus ir keicia
savo zenkla, o rageninés aberacijos iSlieka stabilios [196,204]. Manoma, kad
amziné vyzdzio mioz¢ gali biiti vienas i$ natiiraliy prisitaikymo mechanizmy,
siekiant sumazinti sferiniy aberacijy jtaka regos kokybei, nukreipiant Sviesos
bangos frontg tik per centring akies optinés sistemos sritj [187]. Keletas tyri-
my rodo, kad esant aberacijoms tokioms, kaip koma, kompensacija gali vykti
individualiai, per aktyvy leSiuko pozicijos pakeitima (t.y., subtiliai pakrei-
piant arba decentruojant nattraly lesiuka) [196,200]. Kita vertus, aberacijos
gali biiti kei¢iamos ir dirbtinai: lazeriu koreguojamos refrakcijos procediiros
metu (pakei¢iama ragenos forma, taigi ir ragenos aberacijos) ir kataraktos
operacijos metu (IeSiukas pakei¢iamas IOL, turinciu specifing optinés dalies
konstrukcijg) [205,206]. Sferines aberacijas koreguojantys IOL lemia geresng
vaizdo kokybg in vitro ir in vivo palyginus su nekoreguojanciais IOL [207].
Dauguma Siandien naudojamy IOL turi neigiamg asfering opting dalj (panasia
1 jaung asmeny natiraly leSiuka) tam, kad neurtalizuoty teigiamas ragenos
aberacijas [208].

Taciau §is teigiamas IOL poveikis labai priklauso nuo jo padéties. Netinka-
ma IOL padétis, jskaitant decentracija (IOL optinio centro poslinkis nuo vyz-
dzio centro) ir/ar pasvirimg (kai IOL optinés dalies plokStuma sudaro kampa
su akies optine asimi), gali padidinti AEA, sukelti atspindZzius ir pabloginti
regéjimo kokybe [209]. IOL dislokacijos sukeltos AEA didéja proporcingai
dislokacijos laipsniui — kuo didesné decentracija ar pasvirimo kampas, tuo
labiau iSkraipomas Sviesos bangos frontas [210]. Literatiiroje nurodoma, kad
nezymus IOL poslinkis (~0,2—0,3 mm decentracijos ir 2—3° pasvirimas) netu-
r1 reikSmingos jtakos vaizdo kokybei [211]. Ta¢iau >0,5 mm decentracija ar
>5° pasvirimas paprastai sukelia akivaizdy AEA padidéjimg ir su tuo susijusj
IOL decentracijai >0,7 mm, regos astrumas nebesiekia 0,8 pagal Snelena, o
esant >0,9 mm — 0,6 [211]. Tai reiSkia, kad pasislinkus IOL, pacientui ima
reikSmingai blogéti regos astrumas ir kokybé net po refrakcijos pakoregavi-
mo.
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2.7.3. Intraokulinis uZdegimas, sukeltas IOL—kapsulés maiSelio
komplekso dislokacijos ir intraokulinio spaudimo pokyciai

IOL—kapsulés maiselio dislokacija gali sutrikdyti ne tik matyma, bet ir
pazeisti akies anatomines struktiiras, tokias kaip rainelé (sukelia kraujo—intra-
okulinio skyscio barjero pazeidimg) ir krumplyng [212-215]. IOL—kapsulés
maiSelio komplekso dislokacija vystosi individualiai. Vieniems pacientams
3—4 laipsnio dislokacija jvyksta per trumpa laikg ir jie greitai pastebi matymo
pasikeitima, kitiems nedidelio laipsnio dislokacija gali uzsitesti daugelj mety,
nesukeldama zZymaus matymo pablogéjimo. Taciau abiem atvejais [OL—kap-
sulés maiSelio dislokacija sukelia priekinio akies segmento anatomius poky-
Cius, kurie gali daryti jtaka 10S padidé¢jimui, glaukomos i$sivystymui ar pa-
bloginti esamos glaukomos eigg [212-215].

Pacientai su I[OL—kapsulés maiselio komplekso dislokacija daznai turi pa-
didéjusj 10S [35,213,215]. Tai jrodo ir kelios studijos, kuriose pastebétas [0S
skirtumas palyginus akis su IOL—kapsulés maiSelio dislokacija ir ty paciy
pacienty sveikas akis [216,217]. Be to Leung ir kt. atskleidé, kad akys su
IOL—kapsulés maiSelio komplekso dislokacija tur¢jo didesne tikimybe glau-
komos i$sivystymui, o ligos eiga buvo sunkesné nei ty paciy pacienty prieSin-
gose akyse [216]. IOS poky¢iy atsiradimas aiskinamas keliais mechanizmais,
kurie apima mechaninj ir uzdegiminj poveikius. Netolygi kapsulés maiselio
fibroz¢ ir/ar susiformaves Soemmering ziedas sukelia IOL pasvirimg rainelés
plokstumos atzvilgiu, dél to prasideda atraminiy elementy—rainelés ir atrami-
niy elementy—krumplyno trintis [214,218]. Atsiranda ne tik uzdegimas, bet ir
padidéjes 10S [217]. Esant i8reik$tam kontaktui tarp pasislinkusio ir labai ju-
dancio (pseudofakodoneze) IOL—kapsulés maiSelio komplekso ir aplinkiniy
akies audiniy gali i8sivystyti retas uveito—glaukomos—hifemos (UGH) sindro-
mas [214,218,219].

Pastebéta, kad tiek intraokulinis uzdegimas, tiek IOS btina maziau isreiks-
ti esant aukStesnio laipsnio IOL—kapsulés maiSelio komplekso dislokacijai
[35,217]. Medin ir kt. 2024 m. paskelbtoje studijoje vertino uZzdegiming re-
akcija, atlike akies priekinés kameros skyscio lazering flero—fotometrijg pa-
cientams su IOL—kapsulés maiselio dislokacija [217]. Jie nustaté didesnés
uzdegimingés reakcijos ir IOS tendencijg esant nedidelei IOL dislokacijai (1
laipsnio) [217]. Autoriai spéjo, kad esant nedidelio laipsnio dislokacijai is-
reik$ta pseudofakodoneze, dél kurios IOL—kapsulés maiSelio kompleksas
kontaktuoja su rainelés uZpakaliniu pavirSiumi, sukelia pigmento dispersija,
mikrohifemg ir uzdegiming reakcija [217]. Bulnes ir kt. nustaté reikSmingg
IOS mazéjimo tendencija didéjant IOL—kapsulés maiselio komplekso dislo-
kacijos laipsniui [35]. Jie taip pat teigé, kad IOL—kapsulés maiselio kom-
plekso jud¢jimas esant nedidelio laipsnio dislokacijai gali sukelti uzpakalinés
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rainelés dilima. Todé¢l atsiranda pigmento dispersija ir uzdegimas, o véliau
padidé¢ja IOS [35]. Didesnio laipsnio dislokacijos atvejais susilpnéja rainelés
ir IOL—kapsulés maiselio komplekso kontaktas bei kontakto plotas, dél to
yra maziau trinama rainelé, o tai turi mazesnj poveikj j IOS [35]. Leung ir
kt. pasitlé, kad padidéjusio IOS mechanizmas akyse su pseudoeksfoliacine
glaukoma ir IOL—kapsulés maiSelio dislokacija, galéty buti UGH sindromas
su pigmento pertekliumi ir uzdegimu, kurie sutrikdo intraokulinio skysc¢io
nutekéjima per trabekulinj tinklg ir taip padidina 10S [216].

Siuos mechanizmus netiesiogiai patvirtina ir tai, kad I0S sumazéja po chi-
rurginio IOL dislokacijos gydymo (nepriklausomai nuo chirurginio gydymo
metodo), ir tai, kad po chirurginio gydymo daugumai atvejy vaisty, skirty
glaukomai gydyti, reikSmingai nepadaugéja [35,85,95,215]. Taigi, be PES ir
glaukomos, IOL—kapsulés maiselio komplekso dislokacija taip pat tam tikru
mastu prisideda prie padidéjusio 10S.

2.7.4. Ragenos endotelio 1gsteliy tankio poky¢iai

Ragena yra skaidrus, avaskulinis audinys, per kurj Sviesos spinduliai pra-
leidziami j tinklaine [220]. Ji yra sudaryta i$ keliy sluoksniy: 1) daugiasluoks-
nio ploksciojo neragéjancio epitelio, 2) priekinés ribinés membranos (Bow-
man membranos), sudarytos i§ kolageno skaiduly, 3) stromos, sudarytos i§
kolageno skaiduly, proteoglikany ir keratocity, 4) Dua sluoksnio, sudaryto i$
kolageno ir elastino skaiduly, 5) uzpakalinés ribinés membranos (Descemet
membranos), sudarytos i§ kolageno ir 6) vienasluoksnio endotelio, sudaryto
i$ SeSiakampiy lasteliy [221-223]. Ragenos endotelio, kaip barjerinés mem-
branos tarp stromos ir priekinés kameros skysc¢io, esmin¢ funkcija yra uz-
tikrinti ragenos skaidruma, palaikant pusiausvyra tarp skysciy difuzijos | ir
1§ ragenos stromos [224]. Endotelio Igsteliy plazminéje membranoje esantis
Na'/K*—ATPazés siurblys vykdo aktyvy jony pernasos procesg (pasalina natrj
1§ stromos ] priekinés kameros skystj) [224,225]. D¢l susidaran¢io osmosinio
sléegio vandens molekulés difuziskai keliauja i§ stromos ] akies priekine ka-
merg, sekdamos natrio jonus, taip i§laikydamos reikiamg ragenos hidratacijos
lygi ir skaidruma [224,225].

Sveiky asmeny ragenos endotelio Igsteliy tankis (RELT) laipsniskai mazéja
viso gyvenimo metu. Sios lastelés yra labai diferencijuotos ir per biologinius
mechanizmus yra palaikomos G1 mitozés fazéje, uzkertant kelig peréjimui j S
faze [226]. Todél jos neregeneruoja, o 1 mazéjanti RELT reaguoja migruoda-
mos ir didédamos (tampa morfologiskai heterogeniskos) [226]. Naujagimiy
vidutinis RELT siekia apie 3500 lasteliy/mm?, o suaugusiems per gyvenima
sumazéja iki mazdaug 2500 Igsteliy/mm? [227]. Priimta manyti, kad endotelio
lasteliy netenkama apie 0,3—0,6 proc. per metus [220,225,227]. Su amZiumi
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susijes RELT sumazg¢jimas paprastai neturi jtakos jo funkcijai [200]. Taciau
tada kai RELT nukrenta Zemiau funkcinés ribos (paprastai apie 500 lasteliy/
mm?), sutrinka stormos dehitracijos mechanizmas, o ragena paburksta [223].
Todél ragenos endotelio 1gstelés yra ypac jautrios ir jas gali pazeisti daugybé
veiksniy, jskaitant sisteminius sutrikimus, akiy ligas ir oftalmologines inter-
vencijas [228]. Tod¢l labai svarbu nustatyti veiksnius, mazinanc¢ius RELT, ir
kurti strategijas, kaip iSsaugoti endotelio funkcijg bei iSvengti galimos rage-
nos dekompensacijos ar net aklumo.

Literatiroje néra tokiy studijy, kurios patvirtinty, kad IOL—kapsulés
maiSelio dislokacija tiesiogiai gali pazeisti ragenos endotelio lasteles. Vyrau-
ja nuomoné, kad mazesnis RELT atspindi komplikuota/uZzsitgsusig katarak-
tos operacijos eiga [67]. Taciau IOL—kapsulés maiselio dislokacijg dazniau-
siai lydintys veiksniai tokie kaip glaukoma ir PES gali pazeisti Sias Iasteles
[229-234]. Marcosas su kolegomis jvertino RELT 36 akiy su PES, 30 akiy
su pseudoeksfoliacine glaukoma ir palygino su sveikais tiriamaisiais [235].
Jie nustaté, kad PES ir pseudoeksfoliacinés glaukomos grupése RELT buvo
reikSmingai mazesnis nei sveiky asmeny, ypac tais atvejais kai 10S buvo
aukstas [235]. Gagnon ir jo kolegos i8kélé hipoteze, kad glaukomos atvejais
RELT yra maZesnis, palyginti su kontrolinémis, dél tiesioginio suspaudimo
1 endotelio lgsteles (53). Sihota ir kt. atliko jdomy tyrima, kuris parodé, kad
ilgalaikis IOS padid¢jimas kenkia endotelio lasteléms [236]. Pacientams, ku-
riems Giminis pirminés uzdaro kampo glaukomos priepuolis truko maziau nei
72 valandas, RELT praradimas buvo zymiai maZesnis, palyginti su pacien-
tais, kuriy priepuoliai truko ilgiau nei 72 valandas [236].

IOL—kapsulés maiSelio komplekso dislokacija, kaip minéta anks¢iau, su-
kelia uzdegima ir 10S padidé¢jimg [217]. Tai gali paZeisti ragenos endotelio
lasteles dél patologiniy intraokulinio skyscio pokyc¢iy. Streilein ir kt. vieni 1§
pirmyjy atiko tyrimus apie akiy imuning¢ privilegija (pvz., rainelés pigmen-
tinis epitelis ir krumplynas ekspresuoja pavirSiaus molekules, kurios slopi-
na T lasteles) [237]. Mo ir kt. eksperimentinio tyrimo metu jrodé, kad esant
pigmento dispersijos sindromui jvyksta imuninés privilegijos praradimas
(leukocity atsiradimas priekinéje kameroje ir jy kaupimasis rainel¢je) be aki-
vaizdzios klinikinés imuninés reakcijos [238]. Visa tai zinant Ibrahimas ir kt.
iSkélé hipoteze, kad rainelés pazeidimas gali sukelti endotelio lasteliy pazei-
dimg pacientams po keratoplastikos, kuriems yra lengvas arba kliniSkai neap-
tinkamas uzdegimas [239]. Be to, rainelés pazeidimo metu yra pazeidziamas
kraujo—intraokulinio skyscio barjeras [212—215]. Tai sukelia citokiny kiekio
padidéjimg intraokuliniame skystyje, o tai taip pat gali biti susij¢ su létiniu
endotelio lgsteliy sumazéjimu [239-241]. Galbut tie patys mechanizmai per
imuninj atsaka pazeidzia endotelio lgsteles IOL—kapsulés maiSelio disloka-
cijos atveju. Visa tai rodo, kad IOL dislokacija (net ir nedidelio laipsnio IOL
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dislokacijos atvejais) yra biikle, kurig reikia gydyti neuzdelsiant, siekiant ap-
saugoti jautrias ragenos endotelio lasteles.

2.8. IOL—kapsulés maiSelio komplekso dislokacijos gydymo metodai

IOL—kapsulés maiselio komplekso dislokacijos chirurginis gydymas gali
puliacijos chirurginiai gydymo metodai yra jvairiis ir tebéra gin¢y objektas.
Kiekvienas metodas turi privalumy ir trilkumy. Tac¢iau dél lyginamyjy tyrimy
trikumo néra pakankamai duomeny, kad buty galima rekomenduoti vieng
konkrety metodg [242—245]. Vis dar islieka aktualts tikslai, kurie keliami
chirurginéms technikoms: sumazinti pjavio dydj, pooperacinj IOL pasvirima
ir decentracija, komplikacijy skaiciy ir uztikrinti ilgalaike stabilig IOL padét;.

IOL—kapsulés maiSelio komplekso dislokacijai gydyti gali biti taikomi
jvairiis chirurginiai metodai ir jy modifikacijos. Juos galima suskirstyti j dvi
grupes, tokias kaip: 1) IOL pasalinimas ir vienmomentis naujo IOL implan-
tavimas arba 2) dislokuoto IOL—kapsulés maiselio atstatymas su papildoma
fiksacija [246] (2.8.1 paveikslas).

] IOL dislokacija \
To paties IOL atstatymas ir fiksacija ‘ ’ IOL pasalinimas ir naujo IOL implantavimas
Prie rainelés: PMMA IOL:
* Tradicinis metodas « PKIOL

(i8keliant IOL opting * Artisan tipo IOL
dalj virs$ rainelés);

« Modifikuotas metodas Siiliné transskleraliné

fiksacija:

Prie skleros: * Tradicinis metodas

* Modifikuoti transkleralinés (ab externo, ab interno)
fiksacijos metodai * Hoffman metodas

* Z-sitlés metodas

+ Siy metody modifikacijo

Besiilé intraskleraliné fiksacija:

* Scharioth metodas (skleros tunelis)

» Agarwal metodas (fibrino klijai);

* Yamane metodas (flansao suformavimas
atraminio elemento gale)

« Siy metody modifikacijos

2.8.1 pav. IOL—kapsulés maiselio komplekso dislokacijos chirurginis
gvdymas (remtasi [247])
IOL — intraokulinis lesis; PMMA IOL — polimetilmetakrilato intraokuliniai l¢Siai;
PK IOL — priekinés kameros intraokulinis lesis.
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2.8.1. IOL pasalinimas ir vienmomentis naujo IOL implantavimas

Pasalinus 1§ akies IOL, akis lieka be leSio (afakiné). Jeigu iSlieka skai-
dri ragena ir stiklakiinis, gera akies neurosensorinio aparato funkcija, tokiu
atveju regéjimg galima koreguoti afakiniais akiniais (pvz., +10,0 D leSiai)
[248]. Praktikoje $is metodas naudojamas tada, kai abi akys yra panasios, t.y.
afakinés. Jeigu viena akis afaking, o kita sveika, tada susidaro auksto laipsnio
anizometropija, kurios korekcijai, teoriskai, reikéty naudoti skirtingo stipru-
mo lesius pries abi akis (pvz., +10,0 D ir 0,0 D) [248]. Tac¢iau zmogus toleruo-
ja tik nedideli koreguojanciy lesiy tarp abiejy akiy skirtuma, todél korekceija
tokiais akiniais negalima [248]. Afakijos korekcijai daZniausiai yra implan-
tuojamas naujas IOL. Tokiais atvejais chirurgui iSkyla dilema kokj IOL pasi-
rinkti, kad biity gauta stabili IOL fiksacija.

IOL fiksacija prie skleros yra Siuo metu dazniausiai naudojama technika,
kuri turi daug modifikacijy. Jas galima suskirstyti ; du pogrupius: 1) kai IOL
yra prisiuvamas prie skleros (sitiliné transskleraliné fiksacija) 2) arba kai IOL
fiksuojamas be siiiliy (besiilé¢ intraskleraliné fiksacija).

Sitlinés transskleralinés fiksacijos metu IOL atraminiai elementai pritvir-
tinami prie skleros uz rainelés, vagelés srityje (angl. sulcus) naudojant ab
externo (sitilly pravedimas i$ iSorés i akies vidy) ar ab interno (sitly prave-
dimas i§ akies vidaus ] iSor¢) metodikas [249,250]. Tradiciskai skleralinés
fiksacijos technika buvo grindZiama polipropileno siiilés vieno galo pririsi-
mu prie IOL atraminio elemento, o kito sitilés galo iStraukimu per sklerg ir
fiksuojanc¢io mazgo suriSimu akies iSor¢je [249]. Taciau buvo neatsizvelgta
] iSorinio siiilés mazgo, kurj dengé vien junginé, keliama pavojy iSsivystyti
mazgo erozijai ir endoftalmitui [249]. Todél Malbran 1986 m. pirma kartg
pasiiilyta transskleralinés ab externo IOL fiksacijos metodika buvo patobulin-
ta suformuojant dalinio storio skleros lopelius, kuriais bty galima uZzdengti
mazgus, tam kad sumazéty mazgy erozijos rizika [251].

Dalinio storio skleros lopeliai tik atitolina, bet nepanaikina mazgo erozi-
jos problema, nes buvo pastebéta vélyva skleros lopelio atrofija, kuri sukelia
vélyva mazgo erozijg per junging [251]. Tai paskatino tolesnius transsklera-
linio IOL fiksavimo metody pakeitimus, kuriais buvo siekiama neformuojant
skleros lopelio panardinti mazgg skleroje, sukuriant skleros kisenes (Hoff-
man technika) ar suformuojant ,,Z* formos siiiles skleroje [252-254]. Sios
technikos buvo pagrindas vélesnéms modifikacijoms, jskaitant sitilés ilgaam-
ziSkumo prailginimui 9-0 polipropileno ir 80 Gore—Tex siiily panaudojimag
ar daugiau nei 2 viety fiksacijg, tam kad biity uZztikrintas IOL centravimas ir
stabilumas [255-257].

Daugg¢jant studijy apie jvairius sitilinés transskleralinés IOL fiksacijos
metodus, paaiskéjo, kad nepaisant chirurginés pazangos islieka didelé kom-
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plikacijy rizika (astigmatizmas del didelio pjiivio, mazgy erozija, endoftal-
mitas ir IOL decentracija) [258]. Tai paskatino Scharioth ir kt. i§ Vokietijos,
apraSyti pirmajg besitilés intraskleralinés IOL fiksacijos technikg [259]. Jos
metu per nedidelj ragenos pjiivi (2,4 mm) implantuoto hidrofobinio trijy—da-
liy IOL atraminiai elementai yra iStraukiami per sklerotomijas. Tada iSoré¢je
atsidiirgs atraminio elemento galiukas panardinamas j skleros tunelj [259].
Paskui Agarwal ir kt. apraseé naujg besitlés intraskleralinés fiksacijos meto-
da, naudojant greitai veikiancius fibrino klijus, gautus i§ zmogaus plazmos.
Sios operacijos metu buvo daromi skleros lopeliai, o per sklerotomijas, at-
liktas 22 G dydzio adata, atraminiai elementai iStraukiami j iSor¢. Tada iSo-
réje esantys atraminiy elementy galiukai uzdengiami skleros lopeliu pries tai
uzdéjus fibrino klijus [260]. 2014 m. Yamane ir kt. pasiiilé pastaruoju metu
vieng i§ populiariausiy intraskleralinés fiksacijos techniky. Sis metodas yra
unikalus tuo, kad naudojamos dvi 27 G dydZzio adatos tam, kad vienu metu 1§
akies i8vesti trijy daliy IOL atraminius elementus (,,dvigubos adatos®, angl.
double—needle, metodas). Po to atraminiy elementy galai jterpiami j limbui
lygiagrecius skleros tunelius [261]. 2017 m. Yamane ir kt. patobulino savo
technika siekiant dar stabilesnés fiksacijos. ISvesti trijy daliy IOL atraminiai
elementai ] iSor¢ naudojant ,,dvigubos adatos technikg yra pritvirtinami prie
skleros kauterio pagalba suformuojant flan$g atraminio elemento gale (angl.
flanged intrascleral IOL fixation) [262].

Pastaraisiais metais daugelis chirurgy pirmenybe teikia besiiiléms in-
traskleralinéms IOL fiksavimo technikoms, nes $ios metodikos tinka akims,
kuriose yra mazas endotelio lasteliy skaicius, sekli priekiné kamera ir akims
su rainelés defektais [263]. Sios technikos nesukelia komplikacijy susijusiy
su mazgo erozija, taiau, turi keleta joms biidingy komplikacijy. Atraminiy
elementy ekstruzija (iSslydimas i$ skleros tunelio) gali atsirasti dél per plony
skleros lopeliy, prastos tunelio konstrukcijos, per intensyvios skleros kaute-
terizacijos ir jgimto ar jgyto skleros trapumo [264]. Atraminiy elementy eks-
truzijos daznis svyruoja nuo 0,8 proc. iki 12,5 proc. [264]. Besiiilés intraskle-
ralings fiksacijos metodai, kuriy metu atliekamas skleros tunelis, antraminiy
elementy panardinimui, dél didesnio invazinio operacijos pobudzio turi di-
desng CME rizika [265]. Kauteterizuoti atraminiy elementy galai, esantys po
jungine, gali padidinti vélyvojo endoftalmito rizikg [266,267]. Kita dazna be-
sitilés intraskleralinés fiksacijos problema yra IOL nestabilumas [268]. Be to,
vienas didziausiy $iy metody trukumy yra tas, kad adata praduriama per akies
sienele ,,aklu® buidu, orientuojantis j ragenos limba. Netikslumo atveju gali
biiti traumuojamos krumplyninés kraujagyslés. Tai didina suprachoroidinio
kraujavimo rizikg [269].

Norint iSvengti ,,akly“ manipuliacijy akyje gali biiti panaudoti specialiis
IOL. Dazniausiai yra naudojami prie rainelés, be papildomy sitliy, fiksuoja-
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mi (pvz., Artisan) ar priekinés kameros kampe (pvz., Kelman tipo) IOL (PK
IOL). Sie IOL gaminami i§ PMMA, tod¢l yra kieti, nesulankstomi. Norint
implantuoti tokius IOL ragenoje reikia atlikti mazdaug 6,0 mm pjtvj, dél ko
gali atsirasti ar padidéti rageninis astigmatizmas bloginantis matymo kokybe
[270]. PK IOL rizikos profilis yra palankesnis nei IOL fiksuoty prie skleros,
nes iSvengiama komplikacijy, tokiy kaip sitilés mazgo erozija ir endoftalmi-
tas, susijes su akies iSor¢je esanciais mazgais ar flanSais [248]. Be to, antri-
n¢ IOL implantacija afakijos korekcijai yra viena paprasCiausiy intervenci-
ju, todél Sios technikos mokymosi kreivé yra trumpa [246]. Siai operacijai
atlikti reikia trumpesnio laiko lyginant su skleraline fiksacija. Tai naudinga
pacientams, kurie negali toleruoti ilgesnés ar gilesnés sedacijos [248]. Nors
PK IOL implantacija yra saugi chirurginé intervencija, taciau retais atvejais
gali pasitaikyti hifema, vyzdzio deformacija, ragenos edema/dekompensaci-
ja, vyzdzio blokada ir CME [270,271]. Implantuojant Kelman tipo, su ketu-
riais fiksacijos taskais, IOL i priekinés kameros kampa labai svarbu tiksliai
parinkti reikiamg IOL dydj, kad IOL nebtty per didelis (gali sukelti pragulas
rainelés periferijoje, iStempti vyzdj) ar per mazas (dél nepakankamos atramos
IOL akyje dreba, net gali pasisukti ir traumuoti ragenos endotelj, tuomet vys-
tosi bulioziné keratopatija) [258]. Tinkamai implantuotas PK IOL yra gana
saugus ir efektyvus pasirinkimas [OL—kapsulés maiselio komplekso disloka-
cijos gydymui.

Keletas tyrimy parodé apie Artisan tipo IOL implantacijos saugumg ir
veiksminguma, todél Siuo metu klinikinéje praktikoje $io tipo IOL implanta-
cija vis dazniau pasirenkama [272]. Tokio tipo IOL turi specialy dizaing, kuris
leidzia fiksuoti ji prie rainelés nenaudojant papildomy siiily, o ispaudziant
rainelés audinj tarp atraminiy elementy [273]. Daugelyje atvejy Sie IOL labai
stabiliai laikosi akyje, taciau galimos komplikacijos, tokios kaip IOL decen-
tracija (pasitaiko 9,0-14,0 proc.), pooperacinis astigmatizmas dél didelio ra-
genos pjivio, kraujavimas i rainelés, ragenos endotelio 1gsteliy pazeidimas
ir CME [23-26].

2.8.2. Dislokuoto IOL—kapsulés maiSelio atstatymas su papildoma
fiksacija

Literatiiros duomenys rodo, kad vis aktualesnis tampa siekis iSsaugoti
esamg dislokuotg IOL [23-25,274,275]. Todél vis daugiau démesio skiriama
chirurginiy metody kiirimui, siekiant iSplésti galimybes tokiais atvejais, ypac
priekinio segmento chirurgams [25,276]. Taciau chirurginiy metody pasirin-
kimas Siais atvejais yra zymiai mazesnis. Galimi du variantai: transskleraliné
fiksacija arba fiksacija prie rainelés.
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Transskleralinés sitlinés fiksacijos metu dislokuotas IOL yra iSkeliamas
1 priekine kamera, o atraminis elementas iStraukiamas per nedidelj limbinj
pjuvi. Ant jo distalinio galo sufomuojamas mazgas i$ siiily, kurie j akies vidy
yra jvedami per suformuotg skleros loze. Tas pats veiksmas yra atliekamas ir
su kitu atraminiu elementu per antrg skleros loze, esancig prieSingoje puséje
nei pirmoji. Tada sitilai tempiami ] prieSingas puses per skleros loZes kol gau-
nama centruota IOL optinés dalies padétis. Po to skleros lozése suriSami maz-
gai, o skleros lopeliai ir junginé uzsiuvami [24]. Siekiant iSvengti atraminiy
elementy iSvedimo | akies iSore, buvo pasitlytas modifikuotas metodas. Jo
metu IOL optinés dalies susijungimo vietose su atraminiu elementu yra per-
vedamas 5-0 polipropileno sitlas, kurio distaliniame gale kauterio pagalba
suformuojamas flansas. Tada siiilas pervedamas per sklerg 2,5 mm nuo limbo
ir tempiamas tol kol distaliniame sitilo gale esantis flansas jstringa IOL op-
tinés dalies—atraminio elemento susijungimo vietoje. Kai IOL yra centruotas
tada kitas siiilo galas kauteterizuojamas, o susidares flanSas panardinamas po
jungine [277]. Abi technikos turi tas pacias ankS¢iau minétas komplikacijas.
Be to, abiem atvejais yra bitina atlikti vitrektomija [24,277].

Dislokuoto IOL repozicija su papildoma fiksacija prie rainelés priklauso
minimaliai invazyvios chirurgijos riisiai, nes fiksacija atlickama per dvi pa-
racentezes. Tai akj tausojantis gydymo biidas, kurio metu nedaromas didelis
pjuvis limbo ar ragenos srityje. Todél maziau zalojamos ragenos endotelio
lastelés ir neatsiranda pooperacnis astigmatizmas, bloginantis regéjimo astru-
mg [32]. Be to, po tokios intervencijos pasitaiko maziau komplikacijy, tokiy
kaip IOS padidéjimas ar hipotonija, CME ir IOL decentracija [31,32,278].
Tai pagrindiniai tokios chirurgijos privalumai. Deja, $i chirurginé technika
reikalauja gery mikrochirurginiy jgiidziy.

1976 m. McCannel pirmasis aprasé metoda, kurio metu rainelé buvo nau-
dojama IOL fiksavimui [279]. Fiksavimo metu atraminis elementas budavo
fiksuojamas periferijoje tam, kad mazgg bty galima uzdéti netoli rageninio
pjavio [279]. 1994 m. Siepser paskelb¢ slystancio mazgo technika (ang. Slip-
Knot Technique), skirta mazgui suristi akies viduje rainelés defektams sititi
[280]. Véliau Sig technikg modifikavo Osher ir pasitlé idéja, kad sujungus
McCannel ir modifikuoto Siepser mazgo technika biity galima saugiai fiksuo-
ti IOL prie rainelés [281]. Sios technikos trikumas yra vyzdzio deformacija,
kuri gali pabloginti matymo kokybe dél padidéjusiy AEA [282].

Condon pasitlé modifikuota IOL fiksacijos prie rainelés technika, kurios
metu nereikia iSkelti IOL optinés dalies vir§ rainelés [25]. Vietoj to jis pa-
naudojo papildomus instrumentus (rainelés kabliukus ir/ar Sinskey kabliuka)
vizualizuoti IOL fiksacijos vieta. Operacijos metu per paracenteze jvedamas
Sinskey kabliukas tam, kad buty uZzfiksuotas priekinés kapsulés fibrozinis
krastas, o IOL biity centruotas. Atstacius IOL j centring padétj nedominuo-
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janti ranka toliau laiko uz kapsulés, o kita ranka 10-0 polipropileno siiilas su
ilga lenkta adata per prieSingg paracenteze¢ jvedamas j prieking kamerg. Tada
atlieckama modifikuota McCannel siiile. Adata pervedama per rainele vidurio
periferijoje ir per fibrozinuotg kapsule. Siiilas iSvedamas per antrg paracente-
z¢ ir nukreipiamas po rainele. Po to vél iSvedamas per rainele netoli pradinio
jvedimo vietos. Tuomet suriSamas Siepser mazgas [25].

Sios technikos pranasumas lyginant su fiksavimu prie skleros toks, kad
visos atlieckamos manipuliacijos akies viduje yra matomos, tod¢l sumazéja
intraokulinés hemoragijos rizika [283]. Be to, dé¢l tos pacios priezasties i$-
vengiama grubiy vyzdzio deformacijy lyginant su klasikine IOL fiksacija prie
rainelés [25]. Kadangi operacijos metu néra Salinamas stiklakiinis, sumazéja
IOL pasvirimo rizika, o sitilés likusios akies viduje mazina endoftalmito ri-
zikg [25]. Velyva polipropileno sitilés degradacija pasitaiko reciau, atliekant
IOL fiksacija prie rainelés, negu transskleralinés fiksacijos atveju [25]. Con-
don ir kt. teigia, kad polipropileno siiilas yra maziau veikiamas trinties, nes jis
yra netampriai pritvirtintas prie atoninio rainelés audinio vidurio periferijoje.
Priesingai, siiilas patiria didesng trintj, kuri atsiranda standzios fiksacijos prie
skleros metu, be to, jj gali papildomai veikti net akiy trynimas ranka [25].
Periferinés rainelés elastingumas gali suteikti tam tikrg pakabos sistemg su
mazesniu sitilés jtempimu, prieSingai nei standzios transskleralinés fiksacijos
metu [25]. Visa tai leidzia manyti, kad modifikuota IOL fiksacija prie rainelés
yra saugus ir efektyvus gydymo metodas IOL—kapsulés maiselio dislokacijos
gydymui.

2.9. Automatizuota IOL fiksacija prie rainelés

Tam, kad modifikuota IOL fiksacija prie rainelés iSlaikyty minimaliai in-
vazyvios intervencijos profilj, chirurgui yra butini labai gerai iSvystyti mi-
krochirurginiai jgidziai. Sios operacijos mokymosi kreivé yra gana ilga, nes
reikia jvaldyti ne tik Siepser mazgo atlikimo metodika, bet ir gebéti instru-
mentais manipuliuoti labai mazoje erdvéje (priekin¢je kameroje), kad IOL
biity saugiai fiksuotas [246]. Siuo metu rinkoje néra jokiy prieinamy instru-
menty ir metodiky, kuriuos panaudojant biity galima automatizuotai fiksuoti
IOL atraminj elementg prie rainelés.
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3. TYRIMO METODAI

Perspektyvinis steb¢jimo tyrimas buvo atliekamas Lietuvos sveikatos
moksly universiteto ligoninéje Kauno klinikose (LSMUL KK) Akiy ligy
klinikoje 2017-2019 metais. Buvo gautas Kauno regioninio biomedicininiy
tyrimy etikos komiteto leidimas (Nr. BE-2-40). Atliekant tyrima, buvo laiko-
masi Helsinkio deklaracijos etiniy moksliniy tyrimy principy.

3.1. Itraukimo j tyrimg Kriterijai

Klinikiniame tyrime dalyvavo tiriamieji, kuriems buvo paskirta operacija
del IOL—kapsulés maiselio komplekso dislokacijos. Taip pat i studija buvo
jtraukti sveiki kontroliniai asmenys su pseudofakija, kurie kreipési § LSMUL
KK Akiy ligy klinikg profilaktiniam patikrinimui.

Itraukimo Kriterijai:

1.
2.

Amzius nuo 18;

Tiriamieji, kuriems nustatyta vélyva spontaniné IOL—kapsulés maiselio
komplekso dislokacija, ta¢iau IOL yra matomas vyzdzio plote, o kata-
raktos operacija fakoemulsifikacijos biidu atlikta ne anks¢iau kaip prie$
6 mén.

. Tiriamieji, su pseudofakija, kuriems katarakta iSoperuota fakoemulsifi-

kacijos bidu ne anks¢iau kaip prie§ 6 mén., IOL implantuotas endokap-
suliariai, yra centruotas ir nedreba.

Neitraukimo Kkriterijai:

1.
2.
3.

4.

Asmenys jaunesni negu 18 mety.

IOL visiSkai nuskendes stiklakiinyje;

Asmenys alergiski vietiniams anestetikams ar kitiems oftalmologijoje
naudojamiems medikamentams.

Asmenys, sergantys gretutinémis akiy ligomis, galin¢iomis turéti nei-
giamos jtakos pooperaciniam rege¢jimo astrumui: III-IV stadijos glau-
koma; keratitai; ragenos endotelio distrofija; ragenos drumstys; ptery-
giumas; tinklainés makulinés srities pokyciai.

. Akies obuolio kiauriniai suzalojimai, bukos traumos su akies anatomi-

niy struktiiry pazeidimais ar akiduobés liiziai praeityje.

. Praeityje atlikta ragenos transplantacija, pars plana vitrektomija, laze-

riné refrakcijos korekcija, lazeriné ciklodestrukcija.
Matymas prastenis nei 0,02 .

. Sisteminés nekompensuotos biiklés (arteriné hipertezija, sisteminés uz-

degiminés ligos, 1 ir 2 tipo cukrinis diabetas, 1étinés infekcinés ligos).
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9. Pacientai, sergantys psichikos liga.
10. Besilaukiancios ar maitinancios kriitimi moterys.
11. Pacientai, kurie nesutiko biiti tirlami pooperaciniu laikotarpiu.

3.2. Tiriamyjy grupiy charakteristika

Suformuotos 4 grupés:

1. Fiksacijos prie rainelés grupé (RF grupé) — tiriamieji, kuriems dél IOL—
kapsulés maiSelio komplekso dislokacijos buvo atlikta IOL atstatymo
ir fiksavimo prie rainelés operacija (n = 41, n_(tiriamyjy akiy skaicius)
=43).

2. IOL pakeitimo } priekinés kameros IOL grupé (P grupé) — tiriamieji,
kuriems dél IOL—kapsulés maiSelio komplekso dislokacijos buvo at-
likta pars plana vitrektomija ir IOL pakeitimas j priekinés kameros IOL
(n=39,n_=40).

3. Kontralateralinés akies grupé (KLA grupé) — tiriamjy, kurie buvo ope-
ruoti d¢l IOL dislokacijos kontralateralinés akys, kuriose buvo iSope-
ruota katarakta, ne ankSc¢iau kaip prie§ 6 mén. (n =35, n = 35).

4. Pseudofakijos grupé (PF grupé) — tiriamieji asmenys, kurie kreipési i
LSMUL KK Akiy ligy poliklinika profilaktiniam patikrinimui ir ku-
riems, buvo iSoperuota katarakta, ne anksc¢iau kaip prie§ 6 meén., vienoje
arba abiejose akyse (n =49, n_= 81).

3.3. Tyrimo eiga

Per 2017-2019 metus jtraukimo ] tyrimg kriterijus atitiko 186 pacientai.
Atsisakusiyjy dalyvauti tyrime buvo 21. DeSimt tiriamyjy (3 i§ RF, 1 iSPir 6
18 PF grupés) nebuvo jtraukti j tyrima, nes iStyrimo metu buvo nustatyta akiy
patologija, kuri neatitiko jtraukimo kriterijy: amzin¢ geltonosios démés dege-
neracija (5 1§ PF grupeés, 2 1§ RF grupés), premakuliné fibroze (1 i§ PF grupés,
1 1§ RF grupés ir 1 i§ P grupés). Atvykti antrajam vizitui atsisaké ar neatvyko
sutartu laiku 25 tiriamieji (14 i§ RF grupés ir 10 i$ P grupés), 1 pacientas i§ P
grupés miré. Viso studijoje dalyvavo 129 tiriamieji.

Pirmasis visy grupiy pacienty iStyrimas buvo atliekamas prie§ chirurgi-
nj gydyma. Pakartotinis iStyrimas buvo atliekamas praéjus 6,5 (0,5) mén.
po IOL dislokacijos chirurginio gydymo. Pirmojo apsilankymo metu buvo
atliekamas oftalmologinis iStyrimas: refraktometrija, nekoreguotas regéjimo
aStrumas ] tolj (NRAT), koreguotas regéjimo astrumas j tolj (KRAT), abero-
metrija, keratometrija, IOL padéties nustatymas, IOS matavimas Goldmano
aplanaciniu tonometru, oftalmoskopija, priekinio segmento fotografija, uzpa-
kalinio segmento optiné koherentiné tomografija ir ragenos endotelio lgsteliy
tankio jvertinimas.
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Pakartotinis iStyrimas buvo atlieckamas pra¢jus 6 mén. po IOL dislokacijos
chirurginio gydymo. PF grupés tiriamiesiems oftalmologinis iStyrimas atlik-
tas vienkartinai pagal ta pacia metodika.

3.4. Anketiniai apklausos duomenys

Pirmiausiai buvo uZpildomi anketiniai duomenys: amzius, lytis, operuo-
jama akis (deSiné ar kairé), kada atlikta kataraktos operacija, koks tada buvo
paciento amzius, koks IOL implantuotas, IOL tipas, medziaga, i$ kurios jis
pagamintas, ar buvo implantuotas KTZ, ar pageréjo matymas po kataratos
operacijos, kiek laiko pra¢jo nuo IOL dislokacijos diagnozes iki chirurginio
gydymo (IOL dislokacijos simptomy trukmé), gretutinés akiy ligos, kiek lai-
ko jomis serga, akiy operacijos, lazerinés procediiros, vartojami antiglauko-
miniai medikamentai, kiti vartojami vaistai akims. Apklausa buvo pakartota
antrojo apsilankymo metu, siekiant iSsiaiskinti, ar nebuvo antiglaukominiy
vaisty vartojimo rezimo pasikeitimy ir papildomy oftalmologiniy intervenci-
ju. I$ anketiniy duomeny buvo susumuojamas bendras antiglaukominiy medi-
kamenty veikliyjy medziagy skaicius, tenkantis akiai per dieng.

3.5. Oftalmologinis iStyrimas

3.5.1. Autorefraktometrija

Objektyvi refrakcija buvo tiriama autorefraktometru Tonoref III (Nidek
Co., LTD, Gamagori, Japonija). IS refrakcijos duomeny apskaiciuotas sferinis
ekvivalentas (SE) pagal formule:

SE (D) = sferiné refrakcijos reik§mé + (cilindriné refrakcijos reiksmés/2)

3.5.2. Regos aStrumo jvertinimas

Regos aStrumas ] tolj vertintas, naudojant logMAR (angl. Logarithm of
the minimum angle of resolution) optotipy lentele, standartizuotomis apsvie-
timo salygomis kambaryje. Blogé¢jant regéjimo astrumui, LogMAR reikSme
did¢ja. Normalus regéjimo aStrumas atitinka 0,0. Kiekviena lentelés eiluté yra
sudaryta i$ 5 raidziy. Kiekviena raidé turi 0,02 verte, o eiluté — 0,1. Regéjimo
aStrumas apskaifiuojamas i§ Zemiausios eilutés, kurioje tiriamasis teisingai
perskaité bent vieng raideg, atémus toje eilutéje neteisingai atpazinty raidziy
skaiciaus sandaugg 1§ 0,02. Jeigu tiriamasis neatpaZindavo raidZiy virSutinéje
eilutéje, regos astrumas buvo tiriamas prasant suskaiciuoti tyréjo pirStus juo-
dame fone 5 metry atstumu, po 0,5 metro artéjant prie tiriamojo. Rezultatas
perskai¢iuojamas pagal formulg [284]:
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VisusLogMAR = —Log (A/50)

kur VisusLogMAR — regos aStrumas pagal LogMAR, A — atstumas metrais,
18 kurio tiriamasis teisingai suskai¢iavo pirstus.

Pirmiausia buvo tiriamas nekoreguotas regos aStrumas. Jeigu tiriamasis
nemato eilutés, atitinkancios geriausig regos astruma, tuomet buvo tiriamas
geriausias koreguotas regos aStrumas, matyma koreguojant bandomaisiais le-
Siais (taikant korekcija naudojama autorefraktometru gauta refrakcija).

3.5.3. Biomikroskopija ir oftalmoskopija

Visiems tiriamiesiems standartiniu biomikroskopu (SL-D7, Topcon Medi-
cal Systems, Tokijas, Japonija) atlikta priekinio segmento apZiiira, naudojant
10 ir 16 karty padidinimg ir skirtingus apSvietimo budus. [vertintos prieki-
nio akies segmento dalys. Oftalmoskopija atlikta naudojant Volk 90 D Iesj
medikamentinéje midriazéje, kuri buvo sukelta 1,0 proc. tropikamido tirpalu,
jlasinant 1 1a83 ] junginés maiSel;.

3.5.4. Priekinio segmento fotografija ir IOL dislokacijos laipsnio
vertinimas

Priekinis akies segmentas buvo fotografuotas skaitmenine plySine lempa
(Carl Zeiss Meditec, Jena, Vokietija) naudojant standartizuota technologija
(pacienty buvo papraSyta ziiréti j Sviesos Saltinj, tada atliekami keli akies
vaizdai retroiliuminacijoje (didZiausias blykstés intensyvumas, pilnai atida-
rytas plySinis spindulys, plySinis apSvietimas yra beveik koaksialingje pade-
tyje su biomikroskopu, didinimas: 8x), geriausi vaizdai buvo i§saugomi.

Savo darbe naudojome modifikuota IOL dislokacijos laipsnio vertinimo
sistemg [91]:

* [ laipsnis: pseudofakodonezé;

I laipsnis: IOL optinés dalies ekvatoriaus krastas sutampa su vyzdzio

krastu;

» I laipsnis: IOL optinés dalies ekvatorius yra auksc¢iau arba sutampa su

horizontalia linija, nubréZzta per vyzdzio centrg (3.5.4.1 pav.).

» [V laipsnis: matomas IOL optinés dalies krasto likutis, bet kurioje vyz-

dzio krasto dalyje (3.5.4.2).
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3.5.4.1 pav. 11 laipsnio IOL—kapsulés maiselio komplekso dislokacija [285]

3.5.4.2 pav. 1V laipsnio I0L—kapsulés maiselio komplekso dislokacija [285]

3.5.5. Aberometrija

Optinés sistemos ir matymo kokybés jvertinimui prie§ ir po operacijos,
naudojome Sviesos bangos fronto aberometra/ragenos topografa (OPD Scanll
ARK-10000, Nidek Co., LTD, Gamagori, Japonija). Tai neinvazinis, saugus
tyrimo metodas, suteikiantis iSsamig informacijos apie ragenos topografija,
Sviesos bangos fronto aberacijas ir refrakcija.
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Veikimas pagristas kombinuotu automatinés retinoskopijos ir Placido dis-
ko videokeratoskopijos principais. Naudojant §j prietaisa, svarbu jsitikinti,
kad vyzdys yra visiskai iSsiplétes (matavimo metu jo dydis nesikeicia).

Tyrimas buvo atliktas standartinémis saglygomis, placiu vyzdziu, tiriama-
jam sédint, pusiau tamsiame apSvietime. Akies vaizdas OPD—Scan aparato
ekrane buvo centruojamas taip, kad vyzdzio centras sutapty su ekrane rodo-
mu zymekliu. Kai vyzdzio centras ir zymeklis sutapo, aparatas automatiSkai
atliko skenavimus. Viso tyrimo metu atlieckama automatiné kokybés patikra.
Kiekvieno tiriamojo aberometrijos duomeny rinkinj sudaré aberacijos, api-
mancios nuo antros ir ketvirtos Zernike radialinés eilés polinomus. Kiekviena
aberacija suskirstyta i bendraji, rageninj ir vidinj komponentus.

Aberacijy RMS (angl. root mean square, liet. kvadratinés Saknies vidur-
kio) reikSmé — tai vienas pagrindiniy kiekybiniy rodikliy, naudojamy apibi-
dinti bendra akies aukStesnés eilés aberacijy dydi.

RMS apskaiciuota naudojant formule:

kur n — reikSmiy skaicius, x — kiekviena reik§mé (Zernike koeficientas), > —
suma nuo i = 1 iki n.

3.5.6. IOL pasvirimo ir decentracijos matavimas

IOL pasvirimo ir decentracijos matavimai buvo atliekamas naudojant
Scheimpflug kameros vaizdus (Pentacam, Oculus, Wetzlar, Vokietija). Tai yra
neinvazinis, saugus tyrimo metodas. Pentacam yra kombinuotas jrenginys,
susidedantis 1§ plySinio apSvietimo sistemos ir Scheimpflug kameros, besi-
sukancios aplink priekinj akies pavisiy. Per plySj apSvieCiamas siauras akies
struktiiry plotas. Nebtidamos visiskai skaidrios, audinius sudarancios lgstelés
18sklaido Sviesg. Atspindéta Sviesa sukuria pjiivio vaizda, kuris nufotogratuo-
jamas Scheimpflug kameros fotoaparatu i§ Sono. Taip sukuriamas apSviestos
plokstumos vaizdas, kuriame matosi vaizdas nuo ragenos priekinio pavirsiaus
iki pat uzpakalinio lgSiuko ar IOL pavirSiaus. Aplink akj besisukantis Scheim-
pflug kameros jtaisas sukuria radialiai orientuoty akies anatominiy struktiiry
vaizdy serija.

Pentacam aparato programinés jrangos algoritmai pakoreguoja Scheim-
pflug kameros vaizdy geometrinj iSkraipyma. Akiy judesiai vaizdo gavimo
metu fiksuojami antra kamera (vyzdzio kamera) ir i juos taip pat atsizvelgia-
ma atliekant matematinj vertinimg. Sistemos algoritmai aptinka audiniy ribas
ir sukuria taSkinius debesis, kurie priskiriami jvairiems audiniy sluoksniams
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(priekinis ir uzpakalinis ragenos pavirsiai, rainelé, priekinis ir uZzpakalinis le-
Siuko ar IOL pavirSiai). Taip gaunamas trimatis duomeny rinkinys, suteikian-
tis tiksly priekinio akies segmento geometrinj apraSyma.

Tyrimas buvo atliktas standartinémis saglygomis, placiu vyzdziu, tiriama-
jam sédint tamsiame kambaryje. Pirmiausia sulygiuojamas paciento vyzdzio
centras su instrumento optine asimi, fokusuojant ragenos Purkinje vaizdus,
rodomus jrenginio kompiuterio ekrane. Tada paciento paprasoma pazvelg-
ti 1 Zvilgsnio fiksavimo taikinj. Kiekvienas matavimas uZtruko mazdaug 5
sekundes. Tyrimas kartotas tol kol buvo gautas kokybiskas tyrimas ir IOL
priekinis bei uzpakalinis krastai buvo aisSkiai matomi.

IOL pasvirimas ir decentracija apskaiciuoti tokia tvarka [286,287]:

Vaizdy pasirinkimas:

IS Pentacam prietaiso buvo iSkeliami du vaizdai:

90° (vertikalaus) meridiano vaizdas (skenavimo kryptis ,,virSus—apa-
¢ia”).

180° (horizontalaus) meridiano vaizdas (skenavimo kryptis ,,tempora-
liné—nazaling®).

Vaizdy analizé:
Vaizdy analizei buvo naudojama ,,Image J* programiné jranga (Image J
versija 1.52, NIH, JAV).

Mastelio kalibravimas. Pries iSkeliant vaizdus Pentacam aparate kie-

kviename vaizde buvo iSvesta 6000 um tiesé¢. Imagel programoje Sis

zinomas atstumas buvo iSmatuojamas ir jvertinamas kiek pikseliy jis

sudaro. Programa toliau automatiskai pikselius konvertuoja j mikrome-

trus, tam kad visi tolesni matavimai galéty biiti iSreik$ti mikrometrais.

Ragenos topografinés aSies (RTA) nustatymas. Visuose vaizduose

vertikali punktyriné linija atitinka RTA (ja automatiSkai vaizduose nu-

rodo Pentacam prietaisas).

IOL centro nustatymas. ,,Jmagel]* aplinkoje bréziami du lankai pagal

IOL priekinio ir uzpakalinio pavir$iy kreives. Lanky susikirtimo taSkai

parodo IOL centring plokStuma turimame skerspjivyje. Per lanky susi-

kirtimo taSkus bréziama IOL centring plok§tuma atitinkanti linija. IOL

centro taskas — tai Sios linijos vidurio taskas. IOL aSis — statmena linija

iSvesta i§ IOL centro.

IOL decentracijos ir pasvirimo (angl. #ilf) nustatymas:

o [OL decentracija — tai statmenas atstumas nuo IOL centro iki RTA.

o JOL pasvirimo kampas — tai kampas tarp IOL aSies ir RTA, kuris
skaitine verte atitinka kampg tarp IOL plokStumos ir RTA atémus
90°.

Gauty parametry interpretavimas.

o Decentracija parodo, kiek IOL centras yra pasislinkes nuo RTA.
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o Pasvirimo kampas (tilt) nurodo, kiek laipsniy IOL aSis nukrypusi
nuo statmenos padéties RTA atzvilgiu.
o Teigiamy ir neigiamy zenkly pagalba buvo nustatyta decentracijos ir
pasvirimo kryptis abiejuose meridianuose:
o Vertikaliame meridiane:
— ,, 7 vertés nurodo virSuting pus¢ (,,JOL decentruotas j virSy*;
,IOL pasvirgs virSuje®).
— ,,— ¢ vertés nurodo apatin¢ puse (,,JOL decentruotas zemyn*;
,IOL pasvirgs apacioje®).
o Horizontaliame meridiane:
— 1+ vertés nurodo temporaline puse (,,JOL decentruotas tem-
poraliai®; ,,JOL pasvirgs temporalingje pusé¢je®).
— ,,—“vertés nurodo nazalin¢ pus¢ (,,JOL decentruotas nazaliai®;
,IOL pasvirgs nazalingje puséje®).
Pateikiamas pavyzdys (3.5.6.1 pav.) IOL pasvirimo ir decentracijos nusta-
tymo ir interpretavimo.

3.5.6.1 pav. Priekinio segmento Pentacam vaizdas horizontalioje
plokstumoje

T — temporaliné pusé; N — nazaliné pusé. Raudonas taskas yra intraokulinio /g§io centras,
balta punktyriné linija — ragenos topografiné asis, purpuriné linija — IOL centriné ploks§tuma,
geltona linija — IOL asis. Melyna linija rodo IOL 217,4 pm decentracija j temporaling pusg
(statmenas atstumas tarp IOL centro (raudonas taskas) ir RTA (balta punktyriné linija). IOL
pasvirimo laipsnis (kampas tarp IOL aSies ir RTA — Zalia spalva) yra 94,3° — 90° = 4,3° tem-
poralingje puséje.
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3.5.7. Oftalmotonometrija

IOS matuotas Goldmann aplanaciniu tonometru (Haag—Streit AG, Kioni-
sas, Sveicarija). Tyrimas atlickamas tiriamajam sédint prie plysinés lempos,
] junginés maiselj 3 kartus sulasinama 0,5 proc. proksimetakaino tirpalo kas
2-3 minutes, asary plévelé nudazoma priglaudziant fluoresceinu impregnuota
lapelj prie apatinio voko junginés. Goldmann prizmé priglaudziama prie ra-
genos centro. PlySinés lempos mélynojoje Sviesoje gautas apvalus meniskas
prizmés i$skiriamas j 2 puslankius, kurie susijungia vidinémis sienelémis, su-
kant prie plySinés lempos esancig graduotg rankené¢lg, o panaudojama aplana-
ciné jéga lygi 10S. Atlikti 3 matavimai, i§vestas vidurkis.

3.5.8. Uzpakalinio segmento optiné koherentiné tomografija

Uzpakalinio segmento OKT (DRI OCT Triton plus, Topcon, Japonija) yra
neinvazinis tyrimo metodas, kurio metu sukuriami vienmomenciai skenuo-
jamos dalies skerspjlivio vaizdai. Veikimo principas pagrjstas labai trumpy
(1050 nm) $viesos bangy atsispindéjimu nuo akies struktiiry ir jy uzregistra-
vimu specialiu detektoriumi. Skenavimo greitis — 100000 skeny per sekunde.
Tyrimas atliekamas tiriamajam sédint, pusiau tamsiame apSvietime, taikant
vyzdzio plétimg. Visiems tiriamiesiems atliktas geltonyjy démiy tyrimas nau-
dojant 3D Macula V/H (7,0 x 7,0 mm) rezimg. Vertintas bendras tinklainés
geltonosios démes srityje storis (nuo iSorinés ribojan¢iosios membranos iki
tinklainés pigmentinio epitelio). Jis iSmatuotos automatiskai ir pateiktas mi-
krometrais (pum).

3.5.9. Ragenos endotelio 1asteliy tankio matavimai

RELT buvo vertinant vaizduose, gautuose naudojant in vivo ragenos kon-
fokalin; mikroskopa (Heidelberg Retina Tomography with III Rostock Cor-
nea Module; Heidelberg Engineering GmbH, Heidelberg, Berlin, Germany).

Tyrimas buvo atliktas standartinémis salygomis, taikant vieting nejau-
trg anestetiky lasais (proksimetakaino hidrochloridas 0,5 proc.), tiriamajam
sédint, normalaus apSvietimo salygomis. Tiriamojo buvo paprasyta sutelk-
ti démes;j 1 tolimg Sviesos taikinj prie§ nuskaitant centring rageng. Ragenos
skenavimas buvo uZfiksuotas nuo bazinio epitelio iki endotelio lasteliy. IS
endotelio lgsteliy sluoksniy buvo pasirinkti trys reprezentatyviis geros ko-
kybés vaizdai. Tada Siuose vaizduose buvo pasirinktas dominantis regionas.
Endotelio matavimo DR plotas buvo 0,04 (0,009) mm?. Lastelés buvo pazy-
métos rankiniu biidu, o prietaiso programiné jranga automatiskai apskaiciavo
lasteliy tankj (Igsteliy/mm?) (3.5.9.1).
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3.5.9.1 pav. Ragenos endotelio lgsteliy tankio tyrimas

3.6. Operacijos metodika

Dislokuoto IOL fiksacija prie rainelés (RF grupé) [288]:

Operacijos metu buvo atlickamos dvi paracentezés skaidrioje ragenos da-
lyje. Fiksacijai buvo naudotas 10—0 polipropileno sitilas su ilga lenkta adata
(Alcon Laboratories, Inc., Fort Worth, TX, USA). Adata su sitilu per pirmaja
paracentez¢ buvo jvedama } akj, vedama pro vyzdj, po IOL atraminiu ele-
mentu. Tada ji iSvedama per rainelg toje vietoje, kur planuojama fiksuoti IOL.
Sio etapo metu IOL—kapsulés maiSelio kompleksas laikinai stabilizuojamas
mentele. Per antraja paracenteze jvedama 27 G kaniulé tam, kad buty gali-
ma ] jg jstrigdinus adatg saugiai jg iSvesti i§ akies. Adata vél buvo jvedama
1 akies prieking kamera per antraja paracenteze, per rainele (toje vietoje, kur
planuojama IOL atraminio elemento fiksacija), vir§ IOL atraminio elemento,
pro vyzdj i priekine kamera ir iSvedama i§ akies per pirmajg paracenteze. To-
kiu budu siiilas apgaubé IOL atraminj elementa. Su mikrokabliuku abu siiilai
traukiami i§ akies per antrgjg paracentezg. Trumpasis sitilo galas iStraukiamas
1§ akies pilnai, o ilgasis traukiamas taip, kad formuoty kilpa. Tada trumpasis
sitilas riSamas prie kilpos, du kartus apsukant apie vieng kilpos krastg. Po to
abu siiilo galai tempiami ] prieSingas puses taip, kad mazgas susidaryty uz
rainelés. Pakartotinai ilgasis sitilo galas traukiamas mikrokabliuku per an-
traja paracenteze taip, kad susidaryty kilpa ir trumpasis siiilas vieng kartg
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apsukamas apie vieng kilpos kraStg. Sitilai tempiami prieSingomis kryptimis
taip, kad susiformuoty antras mazgo aukstas uz rainelés. Tokiu pat biidu su-
formuojamas ir trecias mazgo aukStas. Galiausiai siiilo galai buvo nukerpami
vitrektominémis zirklémis akies viduje uz rainelés.

IOL—kapsulinio maiSelio komplekso pakeitimas j PK IOL (P grupé):

Operacijos metu buvo atlieckamos trys sklerotomijos 25 G trokaru ir dvi
paracentezés ragenoje. Per vieng 1§ trokary buvo jvestas infuzinis vamzdelis
ir pradedama infuzija. Atlikus pars plana vitrektomija, vitrektoru buvo atlie-
kama iridektomija ties 12 val. Tada buvo atlickamas pagrindinis 6 mm pjivis
ragenoje ties 12 val. Per ji pasalinamas dislokuotas IOL, o naujas PK IOL
(MTA4UO0; Alcon Laboratories, Inc., Fort Worth, TX, USA) implantuojamas i
akies prieking kamera. IOL pasukamas ] horizontalig padéti, tada pagrindinis
rageninis pjuvis susiuvamas trimis viengubomis 10—0 Ethylon sitlémis. Pa-
racentezes uzsandarinamos jSvirkSc¢iant subalansuoto drusky tirpalo i ragenos
stromg. Galiausiai iStraukiami trokarai i$ sklerotomijy.

3.7. Statistiné duomeny analizé

Statistiné duomeny analiz¢ atlikta naudojant statistinés analizés programi-
nj paketa (IBM SPSS Version 29.0 for Windows, Armonk, NY: IBM Corp).

Tyrimo duomenis sudaré kiekybiniai ir kokybiniai (nominaliniai) pozy-
miai. Hipotezés, ar kiekybiniy poZymiy reikSmiy skirstinys populiacijoje yra
normalusis (Gauso), buvo tikrintos, taikant Shapiro-Wilk kriterijy. Kiekybi-
niai parametrai, atitinkantys normalujj skirstinj, aprasyti kaip aritmetinis vi-
durkis bei standartinis nuokrypis (SN). Kiekybiniai parametrai, neatitinkan-
tys normaliojo skirstinio, apraSyti kaip mediana bei tarpkvartilinis intervalas
(TKI), t.y. 25 ir 75 procentilés.

Jei kiekybiniy pozymiy reikSmés populiacijoje buvo pasiskirs¢iusios pagal
normalyj; (Gauso) désnj, dviejy nepriklausomy populiacijy vidurkiai buvo
lyginti taikant Student t kriterijy nepriklausomoms populiacijoms, o dviejy
priklausomy populiacijy vidurkiai buvo lyginti taikant Student t kriterijy pri-
klausomoms populiacijoms. Kiekybiniy pozymiy, netenkinan¢iy normalumo
salygos, reik§miy skirtumas lyginamosiose grupése vertintas taikant nepara-
metrinj Mann-Whitney kriterijy (dviejy nepriklausomy grupiy atveju), Krus-
kal-Wallis kriterijy (keliy nepriklausomy grupiy atveju) arba Wilcoxon krite-
rijy (dviejy priklausomy grupiy atveju). RySys tarp dviejy kokybiniy poZymiy
reik§miy vertintas, naudojant chi kvadrato (y*) nepriklausomumo (homoge-
niskumo) kriterijy (nepriklausomoms imtims), McNemar kriterijy (priklau-
somoms imtims), Fisher’s arba tikslyjj chi kvadrato (?) kriterijy (maZzoms
imtims). Jei pozymis jgyja daugiau nei dvi reikSmes, Siy reikSmiy proporcijas
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tarp grupiy lyginome taikydami x> kriterijaus porinius palyginimus (z—krite-
rijus).

Kiekybiniy pozymiy, tenkinusiy normalaus (Gauso) skirstinio salygas, tar-
pusavio rySiai analizuoti taikant Pearson, o netenkinusiy normalaus (Gauso)
skirstinio salygy Spearman koreliacijos koeficienta. Kiekybiniy kintamyjy,
tenkinusiy normaliojo skirstinio sglyga, sasajai nustatyti taikyta tiesiné lini-
jiné regresiné analizé. Tirty parametry jautrumui ir specifiSkumui palyginti
naudotos ROC (angl. Receiver Operating Characteristics) kreivés, apskai-
¢iuojant plotg po kreive (angl. Area Under the Curve). Prognozavimui, re-
miantis lyginamosios analizés reik§mingais skirtumais, buvo taikyta logistiné
regresing analizé. Skirtumai ar rySys tarp pozymiy buvo laikomi statistiSkai
reikSmingais, jei apskai€iuotoji p reikSmé buvo mazesné uz pasirinktg reiks-
mingumo lygmen;j a = 0,05.

3.8. Imties dydis

Norint nustatyti 111 lgsteliy/mm? RELT skirtumg tarp grupiy (SN 160),
reikalinga | kiekvieng tiriamajg grupe jtraukti bent 33 tiriamgsias akis (o =
0,05, p=0,2, galia 0,8) [91]. Imties dydis dviem nepriklausomoms grupéms,
kai lyginami vidurkiai, apskai¢iuotas pagal formulg:

(0'12 + UZZ/K)(Z1—a/2 + Z1—ﬁ)2
n =
AZ
(1607 + 160%/1)(1,96 + 0,84)
B 1112

n = 32,58

kur: n — minimalus imties dydis, ¢ — standartinis nuokrypis, K — grupiy dy-
dziy santykis, a — tikimybé pagal I tipo klaida (0,05); B — tikimybé pagal II
tipo klaida (0,1); z — kritin¢ Z reikSmé (a ir B); A — absoliutus skirtumas tarp
dviejy vidurkiy.
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4. REZULTATAI

4.1. Rizikos veiksniai, susij¢ su IOL—kapsulés maiSelio komplekso
dislokacija

Tyrime dalyvavo 129 asmenys — 66 vyrai (51,2 proc.) ir 63 moterys
(48,8 proc.). Tirlamyjy amziaus mediana pirmo vizito metu buvo 78 (72-81)
metai. Amziaus mediana kataraktos operacijos metu buvo 70 (65—75) mety.

PFT mediana buvo 6 (3—10) metai. AmZius ir lytis tarp grupiy statistiSkai
reikSmingai nesiskyré (4.1.1 lentelé).

4.1.1 lentelé. Tiriamyjy grupiy demografiniai duomenys

RF grupé P grupé KLA grupé PF grupé
(n=41) (n=139) (n =35) (n=49)
Mediana (TKI)

77(74-80) | 77(74-80) | 78(73-81) | 78(70-81)
H(3) = 0,825, p = 0,844
Amzius kataraktos 70 (66-74) | 69 (67-74) | 72(68-76) | 70 (62-75)

Amzius, metai

operacijos metu, metai H(3) =2,897, p < 0,408
. ab o _Q)\a _ b
PET. metai 8(5-10p* | 74975 | 509 | 63-10)
H(3) = 10,602, p = 0,014, *p < 0,013
n (proc.)
16 (39) 17 (44) 12 (34) 30 (61)
Moterys 25 (61 2 2 1
Vita, 5(61) (56) 3 (66) 9 (39)

(3) = 7,402, p = 0,06

KLA — kontralateralinés; n — tiriamyjy skaicius; P — pakeitimo; PF — pseudofakijos; PFT —
pseudofakijos trukmé; RF — rainelés fiksacijos; TKI — tarpkvartilinis intervalas (25—oji ir
75—0ji procentilés); virSutiniy indeksy (* *) kiekviena atskira raidé nurodo tarp kuriy dviejy
grupiy nustatytas statistiSkai reikSmingas skirtumas; statistiskai nereikSmingi skirtumai tarp
grupiy virSutiniais indeksais nezymimi; p reik§Smés gautos, taikant x> testa ir tarpgrupinj dau-
gkartinj palyginima po Kruskal-Wallis testo.

Tarp II ir III dislokacijos laipsniy atvejy skai¢ius tarp RF ir P grupiy buvo
pasisikirste tolygiai. I laipsnio IOL dislokacijos atvejy buvo daugiau RF gru-
péje nei P grupéje, o IV laipsnio — P grupéje nei RF grupéje. Taciau [OL—kap-
sulés maiSelio komplekso dislokacijos laipsniai statistiSkai reikSmingai tarp
RF ir P grupiy nesiskyré. Tiriamyjy su IOL—kapsulés maiselio komplekso
dislokacija (n, = 83) 31 (37,3 proc.) akis turé¢jo PES. 45 (54,2 proc.) akyse
pirminé atviro kampo glaukoma buvo nustatyta pries IOL—kapsulés maiSe-
lio komplekso dislokacijg. 15 (18,1 proc.) akiy IOL—kapsulés maiselio kom-
plekso dislokacija buvo diagnozuota kartu su glaukomos jtarimu (kai IOS
> 21 mm Hg). Kartu paémus, glaukoma, kaip lydin¢ig patologija, turé¢jo 60
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(72,32 proc.) tiriamyjy akiy su IOL—kapsulés maiselio komplekso dislokaci-
ja. Kataraktos operacijos charakteristikos ir rizikos veiksniai susij¢ su IOL—
kapsulés maiselio komplekso dislokacija, atsizvelgiant j grupes, pateikti 4.1.2
lenteléje.

4.1.2 lentelé. Kataraktos operacijos charakteristikos ir rizikos veiksniai su-
sije su 10L—kapsulés maiselio komplekso dislokacija ir jy palyginimas tarp

tiriamyjy grupiy

RF grupé P grupé KLA grupé PF grupé
Charakteristikos (n, =43) (n_=40) (n, =35) (n, =81)
n_(proc.)
IOL dislokacijos laipsnis: - -
I 7(16,3) 1(2,5)
11 8 (18,6) 6 (15,0
11 15 (34,9) 13 (32,5)
v 13 (30,2) 20 (50,0)
¥ =6313,p=0,097
IOL medziaga:
Hidrofobinis akrilas 29 (67,4) 25 (62,5) 21 (60) 62 (76,5)
Hidrofilinis akrilas 14 (32,6) 15 (37,5) 14 (40) 19 (23,5)
¥(3) =3,895, p=0,273
KTZ 122790 | 184500 | 8(229 | 21(259)
¥(3) = 5,670, p=0,129
YAG kapsulotomija 3700 | 50125 | 386 | 11(13,6)
¥(3) = 1,676, p = 0,642
PES 17395 | 1433500 | 19279 | 100123)
+(3) = 13,806, p = 0,003
Pirminé glaukoma 25(58,1) | 19(47,5 | 36 (529 | 17D
v*(3) =23,143, p < 0,001
Glaukomos jtarimas 6 (14,0) | 10 (25,0) | 1(1,5) | —
(I0S 221 mm Hg) ¥(3) = 31,017, p < 0,001
TB 8(18,6) | 260 | 115 | 1012
¥2(3) = 20,281, p <0,001
Trumparegysté 247 | 125 | 15 | 2@25
(>-6D/AI >26 mm) _
Uveitas 123) | - | - | -

Al - asies ilgis; IOL — intraokulinis I¢Sis; IOS — intraokulinis spaudimas; KLLA — kontralatera-
liniy akiy; KTZ — kapsulés tempimo Ziedas; n,_— akiy skaicius; P — pakeitimo; PES — pseudo-
eksfoliacinis sindromas; PF — pseudofakijos; RF —rainelés fiksacijos; TB — trabekulektomija;
p reik§meés gautos, taikant y? testg.
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Pacienty amzius kataraktos operacijos metu neigiamai koreliavo su PFT,
t.y. kuo vyresniame amziuje operuojama katarakta tuo trumpesné yra PFT
(4.1.1 pav.).
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4.1.1 pav. Rysys tarp paciento amziaus kataraktos operacijos metu ir
pseudofakijos trukmés
r,=-0,391, p <0,001; r, — Spearman koreliacijos koeficientas; grafike pateikiami abiejy gru-
piu (RF ir P) su IOL—kapsulés maiselio komplekso dislokacija rezultatai.

Siekiant iSsiaiSkinti [OL—kapsulés maiSelio komplekso dislokacijos i8si-
vystymo sasajas su rizikos veiksniais, visus tiriamuosius suskirstéme j dvi
grupes: I grupe akys su IOL dislokacija (n, = 83); II grupé akys be IOL dislo-
kacijos (n, = 116). | analizg jtraukti regresoriai, kurie lyginamojoje analizeje
reikSmingai prognozavo IOL—kapsulés maiselio komplekso dislokacijg (4.1.3
lentelé).

4.1.3 lentelé. Rizikos veiksniy IOL—kapsulés meiselio komplekso dislokacijai
prognozuoti regresoriy pasiskirstymas

Su IOL dislokacija | Be IOL dislokacijos
Regresoriai (n,=83) (n, =116) SS [95 proc. PI] P
reikSme
n (proc.)
TB 10 (12,0) 2 (1,3) 10,068 [2,15-47,149]| <0,001
Glaukoma 60 (72,3) 54 (36,2) 4,589 [2,556-8,241] | <0,001
PES 31(37,3) 29 (19,5) 2,467 [1,351-4,503] | 0,003

IOL — intraokulinis lesis; PES — pseudoeksfoliacinis sindromas; PI — pasikliautinas interva-
las; SS — $ansy santykis; TB — trabekulektomija; p reik§més gautos, taikant j? testa.
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Kadangi PES reikSmingai koreliavo su glaukoma (r = 0,325, p < 0,001),
tod¢l gavome du daugiaveiksnés logistinés regresinés modelius. I modelis
(teisingai prognozuoja 67,7 proc., Nagelkerke determinacijos koeficientas
0,261): IOL—kapsulés maiselio komplekso dislokacijos iSsivystymo San-
sy santykis (SS) didesnis 8,795, jei praeityje buvo atlikta TB ir SS didesnis
2,272, jei pacientas serga PES. II modelis (teisingai prognozuoja 69,7 proc.,
Nagelkerke determinacijos koeficientas 0,266): [OL—kapsulés maiselio kom-
plekso dislokacijos issivystymo SS didesnis 5,049, jei praeityje buvo atlikta
TB ir SS didesnis 3,975, jei pacientas serga glaukoma (4.1.4 lentel¢).

4.1.4 lentelé. Daugiaveiksnés logistinés regresijos modelis, rodantis kintamy-
Juy sgsajq su IOL—kapsulés maiselio komplekso galimybe, atmetus amziaus ir
Iyties jtakg

Modelis 1
Regresoriai SS [95 proc. PI] p reik§mé
TB 8,795 [1,844-41,942] 0,006
PES 2,272 [1,223-4,221] 0,009
Konstanta —0,919, p < 0,001
Modelis IT1
Regresoriai SS [95 proc. PI] p reik§mé
TB 5,049 [1,052-24,245] 0,043
Glaukoma (P ir ]) 3,975 [2,175-7,264] 0,019
Konstanta —1,418, p < 0,001

| — itarimas; P — pirminé; PES — pseudoeksfoliacinis sindromas; PI — pasikliautinas interva-
las; SS — 3ansy santykis; TB — trabekulektomija; p reik§més gautos, taikant ¥ testa.

4.1.1. Intraokulinis spaudimas ir su glaukoma susije¢ aspektai

Akiy su IOL—kapsulés maiSelio komplekso dislokacija (n, = 83) IOS me-
diana prie$ operacijg buvo 19,0 (16,0-22,0) mm Hg. 24 (28,9 proc.) akys
pries IOL dislokacijos chirurginj gydyma, nepaisant maksimalaus medika-
mentinio gydymo, turé¢jo > 21 mm Hg IOS, o 1§ jy pusé (12 (50,0 proc.) akiy)
— 30 mm Hg. Pries operacijg (n, = 83) vartojamy IOS maZinanciy vaisty me-
diana buvo 2,0 (0,0-3,0). Pries operacija dazniausiai buvo vartojami beta blo-
katoriai (44 (55,4 proc) akys) ir kardoanhidrazés inhibitoriai (31 (37,3 proc.)
akis) (prostaglandinai — 29 (34,9 proc.) akys, alfa 2 adrenoreceptoriy ago-
nistai — 11 (13,3 proc.) akiy, prostaglandiny analogai — 9 (10,8 proc.) akys).
Sisteminiai karboanhidrazés inhibitoriai buvo skiriami 6 (7,2 proc.) tiriamie-
siems. Su glaukoma susij¢ duomenys, atsizZvelgiant | grupes, pateikti 4.1.1.1
lenteléje.
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4.1.1.1 lentelé. Su glaukoma susije duomenys ir jy palyginimas tarp tiriamyjy
grupiy

RF grupé P grupé KLA grupé PF grupé
(n, =43) (n_ =40) (n, = 35) (n_ =81)
Mediana (TKI)
I0S, mm Hg 20,0 17,5 14,0 14,0

(17,0-25,07 | (16,0-22,0"" | (12,0-16,0)* | (12-16,0)
H(3) = 66,551, p < 0,001, ®p < 0,001

Antiglaukominiy 2 2 2 1
medikamenty skaicius per (1-3) (1-3) (1-3) (1-2,5)
dieng H(3)=15,579, p=0,140
Laikas nuo G nustatymo 8 5 10 10
pradzios, metai (1-13) (0,6-9)* (5-13) (4-18,5)"

H(3) =9,758, p = 0,021, ** p < 0,015

G — glaukoma; KLA — kontralateraliniy akiy; n, — akiy skaiCius; P — pakeitimo; PF — pseu-
dofakijos; RF — rainelés fiksacijos; TB — trabekulektomija; TKI — tarpkvartilinis intervalas
(25—0ji ir 75—0ji procentilés); virSutiniy indeksy (* > © ¢) kiekviena atskira raidé nurodo tarp
kuriy dviejy grupiy nustatytas statistiSkai reikSmingas skirtumas; statistiskai nereik§mingi
skirtumai tarp grupiy virSutiniais indeksais nezymimi; p reikSmés gautos, taikant tarpgrupinj
daugkartinj palyginima po Kruskal-Wallis testo.

Glaukomos jtarimo atvejai RF ir P grupése buvo diagnozuojami dazniau-
siai kartu su IOL—kapsulés maiSelio komplekso dislokacija. Todél jy laikas
nuo diagnozés nustatymo pradzios iki IOL dislokacijos chirurginio gydymo
yra Zymiai trumpesnis nei pirmings atviro kampo glaukomos. Pasalinus glau-
komos jtarimo atvejus i§ analizés, laikas nuo pirminés atviro kampo glauko-
mos nustatymo pradzios, statistiSkai reik§mingai nesiskyre tarp grupiy (me-
diana (TKI) RF grupé: 10,0 (4,5-14,0) mety; P grupe: 6,0 (4,0-10,0) metai;
KLA grupé: 10,0 (5,0-13,0) mety; PF grupé: 10,0 (4,0-18,5) mety (H(3) =
3,20, p = 0,362)).

Atlikus pogrupiy analize, atsizvelgiant j glaukomos diagnoze nustatyta,
kad IOS buvo didesnis RF ir P nei KLA ir PF grupiy tiek atvejais su glauko-
mos diagnoze (G+), tiek be glaukomos diagnozes (G—) (G+ H(3) = 39,613,
p < 0,001, G- H(3) = 13,618, p < 0,003). ReikSmingi skirtumai tarp grupiy
pazymeti 4.1.1.1 ir 4.1.1.2 paveiksluose.
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4.1.1.1 pav. Intraokulinio spaudimo pries IOL dislokacijos gydymg
staciakampeé diagrama, tarp intervenciniy grupiy ir grupiy be IOL
dislokacijos, pogrupyje su glaukomos diagnoze
(minimali reik§mé, pirmasis kvartilis, mediana, tre¢iasis kvartilis, maksimali reik§mé, o —
reik§mé, nutolusi maziau kaip % tarpkvartilinio skirtumo nuo tre¢iojo kvartilio ir * — reiks-
me, nutolusi daugiau kaip - tarpkvartilinio skirtumo nuo treciojo kvartilio).
IOS - intraokulinis spaudimas; KLA — kontralateraliniy akiy; P — pakeitimo; PF — pseudo-
fakijos; RF — rainelés fiksacijos; indeksy vir§ sta¢iakampiy (> > © ¢) kiekviena atskira raidé
nurodo tarp kuriy dviejy grupiy nustatytas statistiskai reik§Smingas skirtumas; statistiskai ne-
reik§mingi skirtumai tarp grupiy indeksais nezymimi; ***p < 0,004, taikant tarpgrupinj dau-
gkartinj palyginima po Kruskal-Wallis testo.
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4.1.1.2 pav. Intraokulinio spaudimo pries IOL dislokacijos gydymg
staciakampé diagrama, tarp intervenciniy grupiy ir grupiy be IOL
dislokacijos, pogrupyje be glaukomos diagnozés
(minimali reik§mé, pirmasis kvartilis, mediana, treéiasis kvartilis, maksimali reik§mé, o —
reik§mé, nutolusi maziau kaip % tarpkvartilinio skirtumo nuo pirmojo kvartilio)
IOS — intraokulinis spaudimas, K — kontrolinés, KLA — kontralateraliniy akiy, P — pakeitimo,
PF — pseudofakijos, RF —rainelés fiksacijos; indeksy vir§ stac¢iakampiy (* °) kiekviena atskira
raidé nurodo tarp kuriy dviejy grupiy nustatytas statistiskai reik§mingas skirtumas; statistis-
kai nereik8mingi skirtumai tarp grupiy indeksais nezymimi; **p <0,004, taikant tarpgrupinj
daugkartinj palyginima po Kruskal-Wallis testo.

4.2. IOL—kapsulés maiSelio komplekso dislokacijos laipsnis ir jo sasajos
su intraokuliniu spaudimu

Tiriamyjy su IOL-kapsulés maiSelio komplekso dislokcija (n, = 83) IOS
statistiSkai reikSmingai buvo didesnis esant I laipsnio IOL—kapsulés maiselio
komplekso dislokacijai (H(3) = 13,783, p = 0,003). ReikSmingi skirtumai tarp
grupiy pazymeti 4.2.1 paveiksle.
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4.2.1 pav. Intraokulinio spaudimo pries IOL dislokacijos gydymq
staciakampeé diagrama, atsizvelgiant j IOL—kapsulés maiselio komplekso
dislokacijos laipsnj
(minimali reik§Smé, pirmasis kvartilis, mediana, treciasis kvartilis, maksimali reik§mé, o —
reik§meé, nutolusi maziau kaip 2 tarpkvartilinio skirtumo nuo pirmo arba tre€iojo kvartilio ir

* — reik§mé, nutolusi daugiau kaip % tarpkvartilinio skirtumo nuo treéiojo kvartilio).

10S — intraokulinis spaudimas, IOL — intraokulinis le8is; indeksy vir§ staciakampiy (> > ©)
kiekviena atskira raidé nurodo tarp kuriy dviejy grupiy nustatytas statistiSkai reik§mingas
skirtumas; statistiSkai nereik§mingi skirtumai tarp grupiy indeksais nezymimi; **p < 0,05,
taikant tarpgrupinj daugkartinj palyginimg po Kruskal-Wallis testo.

Be to, nustatyta reikSminga neigiama koreliacija tarp IOL—kapsulés
maiSelio komplekso dislokacijos laipsnio ir prieSoperacinio I0S (r, = —0,354,
p = 0,001). ReikSmingy koreliacijy nenustatyta tarp IOL—kapsulés maiselio
komplekso dislokacijos laipsnio ir paciento amziaus, PFT ir IOL dislokacijos
simptomy trukmeés (p > 0,05).

4.3. I0S ir vartojamy antiglaukominiy vaisty kiekio pokyc¢iai po IOL
dislokacijos chirurginio gydymo

Tiriamyjy akiy su [OL—kapsulés maiSelio komplekso dislokacija (n, = 83)

IOS mediana 6 mén. po chirurginio gydymo buvo 16 (14-19) mm Hg. 10S
sumaz¢jimo mediana buvo statistiSkai reikSminga ir sieké 1,4 (—1-5) mm Hg
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(p < 0,001). Analizuojant pogrupi su gretutine glaukomos diagnoze
(n, = 60) nustatytas statistiSkai reikSminga I0S sumaZ¢&jimo mediana (3,0
(-1-9) mm Hg, p <0,001). Pogrupyje be glaukomos diagnozés sumaz¢jimas
buvo statistiskai nereikSmingas (0 (—1-1,4) mm Hg, p = 0,984).

Po IOL dislokacijos chirurginio gydymo IOS medianos tarp RF ir P gru-
piy reikSmingai nesiskyré (atitinkamai 16,0 (14,0-18,0) plg. 16,5 (15-21,75),
p =0,057). I0S sumaz¢jimo mediana, lyginant IOS pries ir po IOL dislokaci-
jos gydymo, buvo reikSminga tik RF grupéje (RF grupé: 3,0 (0-9,0) mm Hg
(Z = 4,710, p < 0,07); P grupe: 0,5 (-2,75-4,75) mm Hg (Z = —0,684,
p =0,494). 4.3.1 paveiksle pateikstas IOS pokytis tarp RF ir P grupiy.
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4.3.1 pav. Intraokulinio spaudimo pokycio staciakampé diagrama,
atsizvelgiant j tiriamgsias grupes
(minimali reik§mé, pirmasis kvartilis, mediana, treCiasis kvartilis, maksimali reikSmé, o —
reik§me, nutolusi maziau kaip % tarpkvartilinio skirtumo nuo treciojo kvartilio)
IOS — intraokulinis spaudimas, RF — rainelés fiksacijos, P — pakeitimo; *p = 0,004, taikant
Mann-Whitney testa.

Atlikta pogrupiy analize, kai j vertinima buvo jtraukti tik atvejai su prie-
Soperaciniu intraokuliniu spaudimu daugiau nei 21 mm Hg ir pasalinus i$
analizés atvejus (n = 5) kai po IOL dislokacijos gydymo papildomai buvo
atlikta filtruojanti operacija. Tokiais atvejais, IOS reikSmingai sumazéjo abie-
jose grupéje (mediana (TKI) RF grupé: nuo 27 (22—-30) mm Hg pries chirur-
ginj gydyma iki 18 (14,25-19,5) mm Hg po chirurginio gydymo (Z =-2,810,
p = 0,005); P grupé: nuo 26,5 (23,5-33) mm Hg pries$ chirurginj gydyma iki
23,5 (14,75-26) mm Hg po chirurginio gydymo (Z =-1,958, p = 0,05). I10S
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poky¢io mediana tarp grupiy reikSmingai nesiskyré (RF grupe: 9,0 (3,75—
13,5) mm Hg plg. P grupé: 8 (—1,0-16,0) mm Hg (p = 0,481)).

Palyginus pooperacinj 10S tarp visy keturiy grupiy, gautas statistiSkai
reikSmingas skirtumas (H(3) = 25,054, p <0,001). ReikSmingi skirtumai tarp
grupiy pazymeéti 4.3.2 paveiksle.
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4.3.2 pav. Intraokulinio spaudimo, po chirurginio gydymo, staciakampé
diagrama, tarp intervenciniy grupiy ir grupiy be IOL dislokacijos
(minimali reik§mé, pirmasis kvartilis, mediana, tre¢iasis kvartilis, maksimali reik§mé, o —

reik§meé, nutolusi maziau kaip % tarpkvartilinio skirtumo nuo treciojo kvartilio).

10S — intraokulinis spaudimas, KLA — kontralateraliniy akiy, P — pakeitimo, PF — pseudo-
fakijos, RF — rainelés fiksacijos; indeksy vir§ stadiakampiy (* > © 9) kiekviena atskira raidé
nurodo tarp kuriy dviejy grupiy nustatytas statistiSkai reik§mingas skirtumas; statistiSkai ne-
reikSmingi skirtumai tarp grupiy indeksais nezymimi; ***p < 0,015, taikant tarpgrupinj dau-
gkartinj palyginimg po Kruskal-Wallis testo.

Atlikta IOS pogrupiy analizé, atsizvelgiant j glaukomos diagnoze. Poo-
peracinis IOS reikSmingai tarp grupiy nesiskyré, atvejais su glaukomos dia-
gnoze (G+), taciau buvo reikSmingai didesnis RF ir P grupése nei KLA ir PF
grupése, atvejais be glaukomos diagnozés (G-) (G+: H(3) = 7,337, p=0,062;
G—: H(3) = 16,842, p < 0,001). ReikSmingi skirtumai tarp grupiy paZymeti
4.3.3 paveiksle.
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4.3.3 pav. Intraokulinio spaudimo, po IOL dislokacijos gydymo,
staciakampé diagrama, tarp intervenciniy grupiy ir grupiy be IOL
dislokacijos, pogrupyje be glaukomos diagnozés

(minimali reik§mé, pirmasis kvartilis, mediana, treciasis kvartilis, maksimali reikSmé).

IOS - intraokulinis spaudimas, KL A — kontralateraliniy akiy, P — pakeitimo, PF — pseudofa-
kijos, RF — rainelés fiksacijos; indeksy vir$ sta¢iakampiy (* > ©) kiekviena atskira raidé nuro-
do tarp kuriy dviejy grupiy nustatytas statistiSkai reikSmingas skirtumas; statistiskai nereiks-
mingi skirtumai tarp grupiy indeksais nezymimi; ***p <0,022, taikant tarpgrupinj daugkartinj
palyginima po Kruskal-Wallis testo.

Praéjus 6 mén. po IOL dislokacijos chirurginio gydymo (n, = 83), antiglau-
kominiy vaisty kiekis staistiSkai reikSmingai nepasikeité (mediana (TKI) 2,0
(0—4) medikamentai per dieng, Z = —-0,467, p = 0,64). 59 (71,1 proc.) akims
medikamentinis rezimas nepasikeite, 13 (15,7 proc.) akiy reikéjo padidinti
vartojamy antiglaukominiy vaisty kiekj, o 11 (13,2 proc.) akiy — sumazgéjo.

Penkioms (6,02 proc.) akims per 6 mén. laikotarp; po IOL dislokacijos
chirurginio gydymo buvo atlikta papildoma filtruojanti operacija dél subkom-
pensuoto I0S. Siems atvejams (n, = 5) pries IOL dislokacijos chirurginj gy-
dyma buvo nustatyta aukstas IOS (mediana (TKI) 41 (30—41) mm Hg), kuris
sumazéjo (mediana (TKI) 12 (10—15) mm Hg) po IOL dislokacijos chirurgi-
nio gydymo papildomai atlikus filtruojancig operacija. Po IOL dislokacijos
chirurginio gydymo ir papildomai atliktos filtruojancios operacijos antiglau-
komis gydymas vaistais buvo nutrauktas 4 akims, 1 akiai tikslinio IOS palai-
kymui reikéjo 3 antiglaukominiy medikamenty per dieng.

Antiglaukominiy vaisty kiekis statistiSkai reikSmingai nepasikeité nei
vienoje grup¢je lyginant rezultatus pries§ ir po IOL dislokacijos chirurginio
gydymo (mediana (TKI) RF grupé pries chirurginj gydyma 2 (1-3) medi-
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kamentai per diena, 2 (1-3) medikamentai per dieng po chirurginio gydymo
(Z =-0,476, p = 0,634); P grupé: pries chirurginj gydyma 2 (1-3) medika-
mentai per dieng, 2 (1-3) medikamentai per dieng po chirurginio gydymo
(Z =-0,443, p = 0,658)). RF grup¢je 31 (72,1 proc.) akiai medikamentinis
rezimas nepasikeite, 6 (13,9 proc.) akims vartojamy antiglaukominiy vaisty
kiekis padid¢jo, o 6 (13,9 proc.) akims — sumazéjo. P grupéje antiglauko-
miniy medikamenty kiekis nepasikeit¢ 28 (70,0 proc.) akims, 7 (17,5 proc.)
akims — padidéjo, o 5 (12,5 proc.) akims — sumazgjo.

Papildoma filtruojanti operacija po IOL dislokacijos chirurginio gydymo
buvo atlikta 4 (9,3 proc.) akims i§ RF grupés ir 1 (2,5 proc.) akiai i$ P grupéje.
RF grupéje Siose akyse pries IOL dislokacijos chirurginj gydyma IOS buvo
41 (32-41) mm Hg. Po IOL dislokacijos chirurginio gydymo papildomai at-
likus filtruojancia operacija IOS buvo 11 (9,25-14,25) mm Hg, be antiglau-
kominiy vaisty. P grupéje vieno atvejo 10S prie§ IOL dislokacijos chirurginj
gydyma buvo 31,0 mm Hg ir sumaZzéjo iki 15,0 mm Hg po IOL dislokacijos
chirurginio gydymo papildomai atlikus filtruojancig operacija. IOS palaiky-
mui buvo skiriami 3 antiglaukominiai vaistai per dieng.

4.4. Regos astrumo pokyciai po IOL dislokacijos chirurginio gydymo

NRAT ir KRAT po chirurginio IOL—kapsulés maiselio komplekso dislo-
kacijos gydymo (n, = 83) reikSmingai pager¢jo (mediana (TKI) NRAT: nuo
1,1 (0,7-1,4) LogMAR iki 0,4 (0,2-0,7) LogMAR (Z = —6,925, p <0.001);
KRAT: nuo 0,5 (0,3-1,0) LogMAR iki 0,2 (0,0-0,4) LogMAR (Z = 5,344,
p <0,001)).

Vertinant regos pokycius tiriamiesiems, su nedidelio laipsnio IOL—kap-
sulés maiselio komplekso dislokacija (t.y. I — III laipsnio) NRAT reikSmin-
gai pager¢jo abiejose grupése (mediana (TKI) RF grupé: nuo 0,8 (0,48—1,1)
LogMAR iki 0,2 (0,1-0,4) LogMAR (Z = 4,352, p < 0,001); P grupé: nuo
1,0 (0,78-1,18) LogMAR iki 0,6 (0,4-1,0) LogMAR (Z =-2,225, p = 0,026).
NRAT pokytis tarp RF ir P grupiy reikSmingai nesiskyré (p = 0,365). KRAT
taip pat reikSmingai pageréjo abiejose grupése (mediana (TKI) RF grupé: nuo
0,5 (0,4-1,0) LogMAR iki 0,1 (0,0-0,2) LogMAR (Z = 4,719, p < 0,001);
P grupé: nuo 0,5 (0,3-0.9) LogMAR iki 0,3 (0,2-0,4) LogMAR (Z =-1,921,
p = 0,05). KRAT pokytis buvo reikSmingai didesnis RF grupéje (p = 0,006)
(4.4.1 pav.).
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4.4.1 pav. Koreguoto regéjimo astrumo pokycio staciakampé diagrama,
atsizvelgiant j tiriamgsias grupes
(minimali reik§mé, pirmasis kvartilis, mediana, treciasis kvartilis, maksimali reik§mé, o —
reik§meé, nutolusi maziau kaip % tarpkvartilinio skirtumo nuo treciojo kvartilio).

KRAT — koreguotas regéjimo astrumas j tolj, RF — rainelés fiksacijos, P — pakeitimo; *p =
0,004, taikant Mann-Whitney testa.

Palyginus prieSoperacinj NRAT ir KRAT tarp RF ir P grupiy nesi-
skyre, taCiau buvo reikSmingai prastesni nei KLA ir PF grupiy (NRAT:
H(3) = 118,061, p < 0,001; KRAT: H(3) = 113,381, p < 0,001). ReikSmingi
skirtumai tarp grupiy pazyméti 4.4.2 ir 4.4.3 paveiksluose.
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4.4.2 pav. Nekoreguoto regéjimo astrumo j tolj, pries IOL—kapsulés maiselio
komplekso dislokacijos gydymaq, staciakampé diagrama, tarp intervenciniy
grupiy ir grupiy be IOL dislokacijos
(minimali reik§mé, pirmasis kvartilis, mediana, treciasis kvartilis, maksimali reik§mé, o —

reik§mé, nutolusi maziau kaip ' tarpkvartilinio skirtumo nuo tre¢iojo kvartilio).

KLA — kontralateraliniy akiy, NRAT — nekoreguotas regéjimo astrumas j tolj, P — pakeitimo,
PF — pseudofakijos, RF — rainelés fiksacijos; indeksy vir§ stadiakampiy (* > © ¢) kiekviena
atskira raidé nurodo tarp kuriy dviejy grupiy nustatytas statistiSkai reik§mingas skirtumas;
statistiS$kai nereik§mingi skirtumai tarp grupiy indeksais neZymimi; ****p <0,001, taikant tarp-
grupinj daugkartinj palyginimg po Kruskal-Wallis testo.

70



T
=

=
n

-‘7 *
ab * .

l 1 - it

RF grupe P grupe KLA grupé PF grupe

=
=

m
*

KRAT pries chirurginj gydyma, LogMAR

4.4.3 pav. Koreguoto regéjimo astrumo j tolj, pries IOL—kapsulés maiselio
komplekso dislokacijos gydymgq, staciakampé diagrama, tarp intervenciniy
grupiy ir grupiy be IOL dislokacijos
(minimali reik§mé, pirmasis kvartilis, mediana, tre¢iasis kvartilis, maksimali reik§mé, o —
reik§mé, nutolusi maziau kaip ' tarpkvartilinio skirtumo nuo tre¢iojo kvartilio ir * — reiks-

mé, nutolusi daugiau kaip ' tarpkvartilinio skirtumo nuo tre¢iojo kvartilio).

KLA - kontralateraliniy akiy, KRAT — koreguotas regéjimo astrumas j tolj, P — pakeitimo, PF
— pseudofakijos, RF —rainelés fiksacijos; indeksy vir$ stadiakampiy (* * © 9) kiekviena atskira
raidé nurodo tarp kuriy dviejy grupiy nustatytas statistiskai reikSmingas skirtumas; statistis-
kai nereik§mingi skirtumai tarp grupiy indeksais nezymimi; ***p <0,001, taikant tarpgrupinj
daugkartinj palyginima po Kruskal-Wallis testo.

Pooperaciniai NRAT ir KRAT taip pat statistiSkai reikSmingai skyrési tarp
grupiy (NRAT: H(3) = 48,738, p < 0,001; KRAT: H(3) = 35,583, p < 0,001).
ReikSmingi skirtumai tarp grupiy pazyméti 4.4.4 ir 4.4.5 paveiksluose.
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4.4.4 pav. Nekoreguoto regéjimo astrumo j tolj, po IOL—kapsulés maiselio
komplekso dislokacijos gydymo, staciakampé diagrama, tarp intervenciniy
grupiy ir grupiy be IOL dislokacijos
(minimali reik§mé, pirmasis kvartilis, mediana, treciasis kvartilis, maksimali reik§mé, o —
reik§mé, nutolusi maziau kaip ' tarpkvartilinio skirtumo nuo tre¢iojo kvartilio ir * — reiks-

me, nutolusi daugiau kaip Y% tarpkvartilinio skirtumo nuo tre€iojo kvartilio).

KLA — kontralateraliniy akiy, NRAT — nekoreguotas regéjimo astrumas j tolj, P — pakeitimo,
PF — pseudofakijos, RF — rainelés fiksacijos; indeksy vir§ staiakampiy (* > ¢ 9) kiekviena
atskira raidé nurodo tarp kuriy dviejy grupiy nustatytas statistiSkai reikSmingas skirtumas;
statistiSkai nereikSmingi skirtumai tarp grupiy indeksais nezymimi; #**p <0,001, taikant tarp-
grupinj daugkartinj palyginima po Kruskal-Wallis testo.
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4.4.5 pav. Koreguoto regéjimo astrumo j tolj, po IOL—kapsulés maiselio
komplekso dislokacijos gydymo,staciakampé diagrama, tarp intervenciniy
grupiy ir grupiy be IOL dislokacijos
(minimali reik§Smé, pirmasis kvartilis, mediana, treCiasis kvartilis, maksimali reik§mé, o —
reik§mé, nutolusi maziau kaip ' tarpkvartilinio skirtumo nuo tre¢iojo kvartilio ir * — reiks-

me, nutolusi daugiau kaip Y% tarpkvartilinio skirtumo nuo tre¢iojo kvartilio).

KLA — kontralateraliniy akiy, KRAT — koreguotas regé¢jimo aStrumas j tolj, P — pakeitimo, PF
— pseudofakijos, RF — rainelés fiksacijos; indeksy vir$ sta¢iakampiy (* > ©) kiekviena atskira
raidé nurodo tarp kuriy dviejy grupiy nustatytas statistiskai reikSmingas skirtumas; statistis-
kai nereik§mingi skirtumai tarp grupiy indeksais nezymimi; #*p <0,001, taikant tarpgrupinj
daugkartinj palyginima po Kruskal-Wallis testo.

4.5. Refrakcijos ir rageninio astigmatizmo poky¢iai po IOL dislokacijos
chirurginio gydymo

4.5.1. Sferinio ekvivalento pokyciai

SE mediana (TKI) po chirurginio IOL—kapsulés maiselio komplekso dis-
lokacijos gydymo (n_ = 83) reikSmingai sumazéjo nuo 3,38 (0,25-9,5) D iki
—0,75 (-1,5-0) D (Z =-6,922, p < 0,001).

Vertinant SE pokycius tiriamiesiems, kuriems nereikéjo afakijos korekci-
jos (t.y. I — IIT IOL dislokacijos laipsniai) SE reikSmingai pasikeité abiejose
grupése (mediana (TKI) RF grupé: nuo 1,44 (0,63-3,84) D iki —0,25 (—1,13—
0,5 D (Z=-4,681,p <0,001); P grupé: nuo 1,5 (0,5-2,88) D iki —0,69 (-2,0—
—0,38) D (Z =-3,885, p<0,001). SE pokytis reikSmingai tarp RF ir P grupiy
nesiskyre (p = 0,394).
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Palyginus prieSoperacinj SE tarp visy keturiy grupiy, gautas statistiSkai
reikSmingas skirtumas (H(3) = 82,282, p <0,001). Reik§mingi skirtumai tarp
grupiy pazymeti 4.5.1.1 paveiksle.
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4.5.1.1 pav. Sferinio ekvivalento, pries 10L—kapsulés maiselio komplekso
dislokacijos gydymaq, staciakampé diagrama, tarp intervenciniy grupiy ir
grupiy be I0OL dislokacijos
(minimali reik§mé, pirmasis kvartilis, mediana, treéiasis kvartilis, maksimali reik§mé, o —
reik§mé, nutolusi maziau kaip % tarpkvartilinio skirtumo nuo pirmojo kvartilio ir * — reiks-
mé, nutolusi daugiau kaip % tarpkvartilinio skirtumo nuo pirmojo kvartilio).
KLA - kontralateraliniy akiy, P — pakeitimo, PF — pseudofakijos, RF — rainelés fiksacijos;
indeksy vir§ staciakampiy (> * © 9) kiekviena atskira raidé nurodo tarp kuriy dviejy grupiy
nustatytas statistikai reik§mingas skirtumas; statistiSkai nereik§mingi skirtumai tarp gru-
piy indeksais neZymimi; ***p < 0,001, taikant tarpgrupinj daugkartinj palyginima po Krus-
kal-Wallis testo.

Pooperacinis SE statistiSkai reikSmingai nesiskyré tarp grupiy (H(3) =
6,695, p = 0,082).

4.5.2. Rageninio astigmatizmo poky¢ciai

StatistiSkai reikSmingo rageninio astigmatizmo pokyc¢io RF grupéje ne-
buvo nustatyta (mediana (TKI) pries operacija buvo 1,10 (0,65-1,55) D, po
operacijos — 0,86 (0,41-1,39) D (Z =-1,863, p = 0,62)). Tuo tarpu P grup¢je
nustatytas reikSmingas rageninio astigmatizmo padid¢jimas (mediana (TKI)
nuo 1,01 (0,53—-1,51) D prieS operacija iki 2,8 (1,51-4,72) D po operacijos
(Z = 4,888, p = 0,001)). Tyrimo pradzioje reikSmingy rageninio astigma-
tizmo skirtumy tarp RF ir P grupiy nenustatyta (p = 0,613), taciau pragjus
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6 ménesiams po IOL dislokacijos chirurginio gydymo S§is parametras buvo
reikSmingai didesnis P grup¢je (p < 0,001) (4.5.2.1 pav.).

o

-

-3 *

Rageninio astigmatizmo pokytis, D
w

RF grupe P grupé

4.5.2.1 pav. Rageninio astigmatizmo pokycio staciakampé diagrama,
atsizvelgiant j grupes
(minimali reik§me, pirmasis kvartilis, mediana, treCiasis kvartilis, maksimali reik§me, o —
reik§mé, nutolusi maziau kaip % tarpkvartilinio skirtumo nuo tre¢iojo kvartilio ir * — reiks-
mé, nutolusi daugiau kaip 2 tarpkvartilinio skirtumo nuo pirmojo arba tre¢iojo kvartilio).
P — pakeitimo, RF — rainelés fiksacijos; *p < 0,001, remiantis Mann-Whitney testu.

Palyginus prieSoperacinj rageninj astigmatizma tarp visy keturiy grupiy,

gautas statistiSkai reikSmingas skirtumas (H(3) = 10,753, p = 0,013). Reiks-
mingi skirtumai tarp grupiy pazyméti 4.5.2.2 paveiksle.
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Rageninis astigmatizmas prie§ chirurginj gydyma, D

4.5.2.2 pav. Rageninio astigmatizmo, pries 10L—kapsulés maiselio
komplekso dislokacijos gydymgq, staciakampé diagrama, tarp intervenciniy
grupiy ir grupiy be IOL dislokacijos

(minimali reik§mé, pirmasis kvartilis, mediana, treéiasis kvartilis, maksimali reik§mé, o —
reik§mé, nutolusi maziau kaip % tarpkvartilinio skirtumo nuo pirmojo kvartilio ir * — reiks-
mé, nutolusi daugiau kaip % tarpkvartilinio skirtumo nuo pirmojo kvartilio).

KLA - kontralateraliniy akiy, P — pakeitimo, PF — pseudofakijos, RF — rainelés fiksacijos;
indeksas vir$ staciakampiy (*) nurodo tarp kuriy dviejy grupiy nustatytas statistiSkai reiks-
mingas skirtumas; statistiSkai nereik§mingi skirtumai tarp grupiy indeksais nezymimi; *p <
0,01, taikant tarpgrupinj daugkartinj palyginimg po Kruskal-Wallis testo.

Pooperacinis rageninis astigmatizmas statistiSkai reikSmingai skyreési tarp

grupiy (H(3) = 62,234, p <0,001). ReikSmingi skirtumai tarp grupiy pazymé-
t1 4.5.2.3 paveiksle.
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4.5.2.3 pav. Rageninio astigmatizmo, po 10L—kapsulés maiselio komplekso
dislokacijos gydymo, staciakampé diagrama, tarp intervenciniy grupiy ir
grupiy be IOL dislokacijos

(minimali reik§mé, pirmasis kvartilis, mediana, treéiasis kvartilis, maksimali reik§mé, o —
reik§mé, nutolusi maziau kaip % tarpkvartilinio skirtumo nuo pirmojo arba tre¢iojo kvartilio
ir * — reik§me, nutolusi daugiau kaip % tarpkvartilinio skirtumo nuo tre¢iojo kvartilio).
KLA - kontralateraliniy akiy, P — pakeitimo, PF — pseudofakijos, RF — rainelés fiksacijos;
indeksy vir§ staciakampiy (> * © 9) kiekviena atskira raidé nurodo tarp kuriy dviejy grupiy
nustatytas statistiSkai reik§mingas skirtumas; statistikai nereik§mingi skirtumai tarp gru-
piy indeksais nezymimi; *p < 0,001, taikant tarpgrupinj daugkartinj palyginima po Krus-
kal-Wallis testo.

RF ir P grupése statistisSkai reikSmingo rageninio astigmatizmo asies po-
kycio nenustatytas. RF grupéje pries operacijg asies mediana (TKI) buvo 95
(41-135), po operacijos — 95 (29-133) (Z = -0,605, p = 0,545). P grupé¢je
pries operacijg asies mediana (TKI) buvo 110 (89-126), po operacijos — 94
(29-107) (Z = -1,881, p = 0,06). ASies orientacija reikSmingai nesiskyré ir
tarp visy keturiy tiriamyjy grupiy tiek pries chirurginj gydyma (H(3) = 2,996,
p = 0,392), tiek po jo (H(3) = 0,895, p = 0,827).
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4.6. Aberacijos, esant IOL—kapsulés maiSelio dislokacijai, ir ju poky¢iai
po IOL dislokacijos chirurginio gydymo

Atlikta AEA (Zernike polinomy trecios ir ketvirtos radialinés eilés) koe-
ficienty RMS reikSmiy analizé. Nustatyta, kad tiek bendrosios, tiek vidinés
aberacijy RMS reikSmés po operacijos statistiskai reikSmingai sumazgjo tiek
REF, tiek P grupése (p < 0,001). Tuo tarpu rageninés RMS reikSmés poopera-
ciniu laikotarpiu statistiskai reikSmingai padid¢jo P grupéje (p = 0,05). Paly-
ginus $iy grupiy aberacijy RMS reikSmes su KLA ir PF grupémis, nustatyta,
kad pries operacija RF ir P grupiy bendrosios ir vidinés aberacijy RMS reiks-
més buvo reikSmingai didesnés nei KLA ir PF grupése (p < 0,05). Poope-
raciniu laikotarpiu, nepaisant reikSmingo sumaZz¢jimo, bendrosios ir vidinés
RMS reik§més RF ir P grupése isliko aukstesnés nei PF grupés (p < 0,05), bet
nebesiskyré nuo KLA grupés (p > 0,05). Rageniniy aberacijy RMS reikSmés
po operacijos P grupéje buvo statistiSkai reikSmingai aukstesnés nei RF, KLA
ir PF grupése (p < 0,05). RMS reikSmiy skirtumai tarp grupiy pazyméti 4.6.1
lentel¢je.
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4.6.1 lentelé. Bendryjy, rageniniy ir vidiniy aberacijy RMS reiksmiy palyginimas tarp intervenciniy grupiy ir grupiy

be IOL dislokacijos
RF grupé P grupé KLA grupé PF grupé
Charakteristikos (n, =43) (n_=40) (n_=35) (n_ =81)
Mediana (TKI)
» | Pries 2,384 (0,96-4,144)* 1,959 (0,800—4,320)° 0,485 (0,291-0,903 )¢ 0,271 (0,168-0,49)bd
-% Po 0,811 ( 0,322-1,337)* 0,536 (0,294-1,123)" 0,514 (0,288-0,907)° 0,271 (0,168-0,49)2>
£ .E pries plg. po Z.=-4,610,p < 0,001 Z.=-4,259,p <0,001 Z=-0,444, p = 0,657 —
= 2 Pries H(3) = 83,050, p < 0,001, *<%p < 0,048
L Po H(3) = 24,894, p < 0,001, ***p < 0,024
>§ " Pries§ 0,218 (0,168-0,409) 0,290 (0,203-0,740) 0,211 (0,186-0,320) 0,222 (0,179-0,471)
° g Po 0,250 (0,179-0,364)* 0,489 (0,24—1,322)2c 0,230 (0,189-0,285)" 0,222 (0,179-0,471)°
E §o pries plg. po =-1,788, p=10,074 7 =-1,885,p =0,05 =-0,498,p=0,619 -
[~ é Pries H(3)=4,030,1ls=3,p=0,258
= Po H(3) = 19,224, p < 0,001, *p < 0,011
E Pries 2,754 ( 1,471-7,22)* 2,423 (1,01-4,708) 0,619 (0,353-1,136)* 0,417 (0,21-0,775)"4
% E Po 0,757 (0,331-1,305)? 0,972 (0,397-1,510)" 0,546 (0,349-1,089) 0,417 (0,21-0,775)*
= pries plg. po =-5,148, p < 0,001 Z.=-3,603, p < 0,001 =-1,105,p = 0,269 -
> | Pries H(3) = 71,940, p < 0,001, *p < 0,002
Po H@3)=17,781, p < 0,001, **p < 0,017

KLA — kontralateralinés akies; RF — rainelés fiksacijos; P — pakeitimo; PF — pseudofakijos; RMS (angl. root mean square, liet. kvadratinés
Saknies vidurkio reik§mé); TKI — tarpkvartilinis intervalas (25—0ji ir 75—0ji procentilés); virSutiniy indeksy (* > © ¢ ©) kiekviena atskira raidé
nurodo tarp kuriy dviejy grupiy nustatytas statistiskai reik§mingas skirtumas; statistiSkai nereik§mingi skirtumai tarp grupiy virSutiniais indek-
sais nezymimi; p reik§més gautos, taikant Wilcoxon testg ir taikant tarpgrupinj daugkartinj palyginima po Kruskal-Wallis testo.



Tyrimo metu buvo jvertintos atskiros ZEA ir AEA (bendrosios, rageninés
ir vidinés), nuo antros iki ketvirtos Zernike eilés. Nustatyta, kad tiek ZEA
(iskaitant bendrasias ir vidines aberacijas), tiek AEA (jskaitant bendrasias ir
vidines aberacijas, po IOL dislokacijos chirurginio gydymo reikSmingai su-
mazgjo tiek RF, tiek P grupése (p < 0,05). Vidinés sferinés aberacijos ir jstri-
7as antrinis astigmatizmas po chirurginio gydymo sumaz¢jo abiejose grupése,
taCiau statistiSkai reikSmingi pokyc¢iai buvo stebéti tik RF grupéje (p < 0,05).

Rageninés aberacijos RF grupéje reikSmingai nepasikeiteé (p > 0,05), i8sky-
rus vertikalig koma, kuri po IOL dislokacijos chirurginio gydymo sumazéjo
(p < 0,05). Tuo tarpu rageninés aberacijos (istrizas astigmatizmas, vertikalus
astigmatizmas ir jstrizas trefoil) P grupéje reikSmingai padidéjo (p < 0,05).

Palyginus RF ir P grupiy aberacijas su KLA ir PF grupémis nustatyta, kad
prie§ operacijag RF ir P grupiy visos bendrosios ir vidinés aberacijos buvo
reikSmingai didesnés nei KLA ir PF grupiy (p <0,05). Nepaisant to, kad dau-
gelis aberacijy po chirurginio IOL—kapsulés maiselio komplekso dislokacijos
gydymo reikSmingai sumaz¢jo, dauguma jy po operacijos buvo reikSmingai
didesnés nei PF grupés (p < 0,05) ir nebesiskyré nuo KLA grupés (p > 0,05).
Po IOL dislokacijos chirurginio gydymo rageninés aberacijos (jstrizas asti-
gmatizmas, vertikalus astigmatizmas, vertikalus trefoil, jstrizas trefoil ir jstri-
zas tetrafoil) buvo reikSmingai didesnés P grupéje, nei RF, KLA ir PF grupése
(p <0,05). Aberacijy reikSmiy skirtumai tarp grupiy pazyméti 4.6.2 lenteléje.
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4.6.2 lentelé. Atskiry aberacijy (bendryjy, rageniniy ir vidiniy) reiksmiy palyginimas tarp intervenciniy grupiy ir gru-

I8

Vidinis

piy be IOL dislokacijos
RF grupé P grupé KLA grupé PF grupé
(n, =43) (n, = 40) (n, =35) (n = 81)
Mediana (TKI)
Pries§ 2,42 (0,95-6,73)*® 2,09 (0,61-4,33) 0,38 (0,19-0,79)* 0,31 (0,19-0,68)"
§ Po 0,60 (0,34-1,65)* 0,81 (0,34-1,68)" 0,56 (0,33-1,11) 0,31 (0,19-0,68)*
e |p pries plg, po 7. =-4,543, p < 0,001 7 =-3,069, p = 0,002 Z=-1,507,p=0,132 —
2|8 & p tarp grupiy pries§ H(3) =53,610, p < 0,001, *** p < 0,001
‘g j p tarp grupiy po H(3) = 18,276, p < 0,001, * p < 0,002
_q;; g " Pries 0,53 (0,24-1,01) 0,46 (0,3-0,76) 0,30 (0,19-0,42) 0,39 (0,18-0,66)
= g = |Po 0,46 (0,26-0,85)* 0,91 (0,44-2,46)™¢ 0,30 (0,22-0,44)" 0,39 (0,18-0,66)°
% g{) §n p pries plg, po Z=-0,726,p =0,468 Z.=-2,948, p = 0,003 Z=-0,578,p=10,563 —
2 ’% & |p tarp grupiy pries H(3)=4,485,p=0,214
% @ p tarp grupiy po H(3) = 24,894, p < 0,001, > p < 0,037
E ')E Pries§ 3,80 (1,35-7,88)™ 1,99 (1,00-4,92) 0,58 (0,22-2,12) 0,35 (0,16-0,87)"
N = Po 0,68 (0,46—-1,53)* 1,52 (0,37-2,35)" 0,60 (0,26—-1,95)

0,35 (0,16-0,87)™

p pries plg, po

Z=-4,591, p < 0,001

=2,231, p = 0,026

=_0,036, p = 0,971

p tarp grupiy pries

H(3) = 63,187, p < 0,001, ™ p < 0,001

p tarp grupiy po

H(3) = 20,126, p < 0,001 ® p < 0,017




8

4.6.2 lentelés tesinys

RF grupé P grupé KLA grupé PF grupé
Pries 4,15 (2,15-11,83)* 7,52 (2,65-15,80) 1,04 (0,57-1,70) 0,79 (0,38-1,54)*
§ Po 1,01 (0,51-1,45) 1,04 (0,49-2,35) 1,31 (0,51-2,18) 0,79 (0,38-1,54)
2 |p pries plg, po Z =-4,946, p < 0,001 Z =-4,402, p < 0,001 Z=-0,556,p=0,578 —
2 & |p tarp grupiy pries H(3) = 80,067, p < 0,001, ***¢ < 0,001
‘§ p tarp grupiy po H(3)=4,302, p=0,231
5 E_ " Pries 0,91 (0,53-1,39) 1,07 (0,56-1,71) 0,97 (0,63-1,37) 1,08 (0,75-1,41)
ca £ |Po 0,84 (0,44-1,25) 0,99 (0,66—-1,63) 1,06 (0,68-1,31) 1,08 (0,75-1,41)
j% E §n p pries plg, po Z=-1,326,p=0,185 Z=-0,147,p= 0,883 =-1,144,p=0,253
2 |2 |Z [p tarp grupiy pries H(3) = 3,266, p = 0,352
5 = p tarp grupiy po H(3)=7,134,p=0,059
5 Pries 6,77 (3,25-14,96)* 8,63 (2,75-13,86)* 1,27 (0,46-2,68)* 0,95 (0,5-2,07)"
N 2 Po 1,03 (0,44-1,52) 1,62 (1,06-1,62)* 1,26 (0,25-3,36) 0,95 (0,5-2,07)
< |p pries plg, po =-5,282, p < 0,001 7 =-3,548, p < 0,001 =-0,256, p = 0,798
> p tarp grupiy prie$ H(3) = 75,290, p < 0,001, *<*< 0,001
p tarp grupiy po H(3) =8,752, p = 0,033, * p = 0,009




€8

4.6.2 lentelés tesinys

RF grupé

P grupé

KLA grupé

PF grupé

Pries

2,11 (0,91-5,14)®

1,87 (0,94-4,79)

0,67 (0,40-1,33)

0,46 (0,20-0,92)"

Po

0,64 (0,38-1,19)

1,59 (0,63-2,58)"

0,67 (0,22-1,36)"

0,46 (0,20-0,92)

p pries plg, po

Z = 4,167, p <0,001

Z=-1,855,p=10,064

Z=-1,194,p=0232

Bendras

p tarp grupiy pries

H(3) = 52,352, p < 0,001, < p < 0,001

p tarp grupiy po

H(3) = 20,510, p <

0,001, > p < 0,035

Pries

0,74 (0,31-1,27)

0,97 (0,35-1,47)

0,36 (0,19-0,81)

0,72 (0,37-1,05)

Po

0,59 (0,27-1,34)"

2,39 (0,96-4,45)"

0,42 (0,14-0,78)"

0,72 (0,37-1,05)°

p pries plg, po

Z=-1,443,p=0,149

Z=2,829, p = 0,005

= 0,058, p = 0,058

Rageninis

p tarp grupiy pries

H(3) = 7,298, p = 0,063

p tarp grupiy po

H(3) = 31,093, p <

0,001, ™ p < 0,001

Pries

3,19 (1,09-8,65)™

3,43 (1,48-5,86)

1,25 (0,56-2,44)

0,64 (0,36-1,14)

Zemesnés eilés aberacijos

2

Po

Vertikalus astigmatizmas, pm

0,77 (0,41-1,23)

1,77 (0,47-2,89)

0,89 (0,38-1,53)

0,64 (0,36-1,14)

p pries plg, po

=—4,772, p < 0,001

Z=-2,881,p = 0,004

=-0,068, p= 0,062

Vidinis

p tarp grupiy pries

H(3) = 44,608, p < 0,001, *** p < 0,005

p tarp grupiy po

H(3) = 7,444, p = 0,059




78

4.6.2 lentelés tesinys

RF grupé

P grupé

KLA grupé

PF grupé

AukStesnés eilés aberacijos

Vertikalus trefoil, pm

Pries 1,77 (0,38-3,72)* 1,04 (0,50-3,74) 0,40 (0,19-0,59) 0,32 (0,15-0,55)*
§ Po 0,40 (0,20-0,68) 0,45 (0,18-1,03) 0,42 (0,31-0,71) 0,32 (0,15-0,55)
g p pries plg, po Z.=-3,965, p < 0,001 Z=-3,599, p < 0,001 Z=-0,738, p= 0,461
/& |p tarp grupiy prie§ H(3) =50,917, p < 0,001, ****p < 0,001

p tarp grupiy po H(3) =3,629, p = 0,304

Pries§ 0,29 (0,16-0,54) 0,40 (0,16-0,89) 0,29 (0,07-0,53) 0,27 (0,12-0,65)
E Po 0,30 (0,11-0,52)* 0,54 (0,30-2,09) 0,31 (0,10-0,44)" 0,27 (0,12-0,65)¢
q:an p pries plg, po Z=-1221,p=0,222 7=1,327,p=0,185 Z=-0,583,p=0,560
& |Dp tarp grupiy pries H(3) = 6,864, p = 0,076

p tarp grupiy po H(3) = 17,744, p < 0,001, * p < 0,004

Pries 2,29 (0,68-5,83)® 1,65 (0,45-5,34) 0,40 (0,12-0,71) 0,36 (0,12—1,01)"
2 Po 0,61 (0,17-1,006) 0,73 (0,22-1,10) 0,50 (0,25-0,98) 0,36 (0,12-1,01)
= |p pries plg, po 7.=-4,301, p < 0,001 7 =-2,659, p = 0,008 Z=-0,118, p=0,905
= p tarp grupiy pries§ H(3) = 45,402, p < 0,001, *p <0,002

p tarp grupiy po

H(3)=4,173, p= 0,243




S8

4.6.2 lentelés tesinys

RF grupé

P grupé

KLA grupé

PF grupé

AukStesnés eilés aberacijos

Vertikali koma, pm

Pries 1,86 (0,39-4,11)™ 0,93 (0,53-2,46)* 0,41 (0,12-0,79)* 0,23 (0,11-0,55)"
§ Po 0,43 (0,19-0,79) 0,39 (0,27-0,69) 0,41 (0,17-0,61) 0,23 (0,11-0,55)
e |p pries plg, po 7.=-4,315,p < 0,001 Z7.=-3,137, p = 0,002 Z=-0,300,p=0,764
& |p tarp grupiy pries H(3) = 47,470, p = 0,001, *<p < 0,001

p tarp grupiy po H(3)=9,716, p = 0,052

Pries 0,25 (0,11-0,58) 0,29 (0,16-0,80) 0,31 (0,13-0,47) 0,30 (0,15-0,70)
E Po 0,18 (0,09-0,35)* 0,50 (0,16-1,35)* 0,30 (0,13-0,47) 0,30 (0,15-0,70)
§n p pries plg, po 7=-2,473,p=0,013 Z=1,605,p=0,108 =-0,163, p=0,870
& |Dp tarp grupiy pries H@3)=2,115,p= 0,549

p tarp grupiy po H(3) =14,313, p = 0,003, * p = 0,002

Pries 1,52 (0,57-7,34)™ 1,08 (0,44-3,22) 0,58 (0,12-0,99)* 0,42 (0,15-0,91)
2 Po 0,49 (0,27-0,93) 0,69 (0,29-1,40) 0,45 (0,19-0,76) 0,42 (0,15-0,91)
%= |p pries plg, po 7 =-3,844,p < 0,001 Z.=-2,094, p = 0,036 =—0,844, p= 0,399
= p tarp grupiy prie$ H(3) =29,347, p < 0,001, *p <0,033

p tarp grupiy po

H(3) =4,603, p = 0,203




98

4.6.2 lentelés tesinys

AukStesnés eilés aberacijos

Horizontali koma, pm

RF grupé P grupé KLA grupé PF grupé

Pries 1,17 (0,30-3,09)* 0,77 (0,41-2,66)* 0,26 (0,13-0,82)* 0,19 (0,07-0,43)"
§ Po 0,54 (0,39-1,04)* 0,37 (0,12-0,73) 0,29 (0,15-1,10) 0,19 (0,07-0,43) *
2 |p pries plg, po Z7.=-2,534,p =0,011 Z.=-2,915p =0,004 Z=-1,044,p=0,296
& |p tarp grupiy pries H(3) = 45,375, p < 0,001, *<p <0,007

p tarp grupiy po H(3) =25,636, p < 0,001, * p <0,012

Pries§ 0,17 (0,07-0,28) 0,14 (0,05-0,29) 0,19 (0,08-0,26) 0,17 (0,09-0,33)
E Po 0,17 (0,05-0,33) 0,15 (0,05-0,43) 0,12 (0,05-0,23) 0,17 (0,09-0,33)
§n p pries plg, po Z=-0,195,p=10,845 Z=0,950,p=0,342 =-0,980, p=10,326
& |Dp tarp grupiy pries H(3)=10,807,p =0,848

p tarp grupiy po H(3)=1,712,p=0,634

Pries 1,50 (0,39-3,05)* 1,01 (0,28-2,94)« 0,33 (0,15-0,86)* 0,20 (0,09-0,39)"
2 Po 0,58 (0,20-0,87)* 0,41 (0,17-1,26)" 0,35 (0,12-0,89) 0,20 (0,09-0,39)*
%= |p pries plg, po =-2,863, p = 0,004 Z=-2,180, p = 0,029 =-0,681, p= 0,496
= p tarp grupiy pries H(3) =51,146, p < 0,001, **p < 0,046

p tarp grupiy po

H(3) =15,853, p = 0,001, ** p < 0,023




L8

4.6.2 lentelés tesinys

Istrizas trefoil, pm

RF grupé P grupé KLA grupé PF grupé

Pries 1,34 (0,48-2,71)* 1,24 (0,25-3,53)« 0,40 (0,21-0,8)* 0,20 (0,10-0,38)"
§ Po 0,50 (0,14-1,39)* 0,35 (0,17-0,78) 0,33 (0,12-0,93) 0,20 (0,10-0,38)*
e |p pries plg, po 7.=-3,347, p = 0,001 7.=-3,243, p = 0,001 Z=-0,331,p=0,740
& |p tarp grupiy pries H(3) = 52,540, p < 0,001, *¢p <0,003

p tarp grupiy po H(@3) =13,522, p < 0,004, * p = 0,004

Pries§ 0,22 (0,09-0,40) 0,20 (0,07-0,66) 0,17 (0,06-0,27) 0,20 (0,08-0,33)
E Po 0,24 (0,12-0,44) 0,43 (0,09-1,50)* 0,17 (0,07-0,32)* 0,20 (0,08-0,33)"
§n p pries plg, po Z=-0,239,p=0,811 7=2,349,p =0,019 =-0,084, p=10,933
& |Dp tarp grupiy pries H3)=2,129,p =0,546

p tarp grupiy po H(3)=9,755, p = 0,021, ** p < 0,047

Pries 1,68 (0,65-3,43)™ 2,14 (0,77-4,64)% 0,58 (0,19-1,32)* 0,23 (0,11-0,47)"
2 Po 0,42 (0,22-1,14) 0,66 (0,20-1,41) = 0,36 (0,08-0,75)* 0,23 (0,11-0,47)"
%= |p pries plg, po =-4,006, p < 0,001 Z =-3,341, p = 0,001 =-1,056, p=0,291
= p tarp grupiy prie$ H(3) = 65,434, p < 0,001, "> p < 0,013

p tarp grupiy po

H(3) =9,755, p = 0,021, ** p < 0,048




88

4.6.2 lentelés tesinys

AukStesnés eilés aberacijos

Istrizas tetrafoil, pm

RF grupé P grupé KLA grupé PF grupé

Pries 0,91 (0,25-4,05)* 1,23 (0,22-3,74)« 0,28 (0,08-0,63)* 0,15 (0,07-0,29)"
§ Po 0,42 (0,18-0,80)* 0,21 (0,08-0,64) 0,31 (0,11-0,79) 0,15 (0,07-0,29)"
2 |p pries plg, po Z=-3,280, p = 0,001 Z =—-4,095, p < 0,001 Z=-0,375,p=0,708
& |p tarp grupiy pries H(3) = 48,396, p < 0,001, **** p < 0,006

p tarp grupiy po H@3) = 21,216, p < 0,001, ** p < 0,004

Pries 0,14 (0,07-0,29) 0,15 (0,05-0,29) 0,11 (0,67-0,23) 0,11 (0,05-0,20)
E Po 0,12 (0,06-0,22) 0,23 (0,09-0,54)* 0,09 (0,04-0,18)* 0,11 (0,05-0,2)
§n p pries plg, po Z=-1,777,p=0,076 Z=0,566,p= 0,572 =-0,496, p=10,620
& |Dp tarp grupiy pries H3)=6,125,p=0,106

p tarp grupiy po H(3) =12,736, p = 0,005, ** p < 0,046

Pries 1,89 (0,37-4,29)™ 1,36 (0,79-5,33)« 0,37 (0,03-0,70) 0,17 (0,05-0,47)
2 Po 0,47 (0,20-0,81)® 0,55 (0,21-1,14)" 0,27 (0,06-1,10) 0,17 (0,05-0,47)®
< |p pries plg, po 7 =-3,852,p < 0,001 7 =-4,111, p < 0,001 =-0,694, p = 0,488
> p tarp grupiy prie$ H(3) =56,906, p < 0,001, "> p < 0,001

p tarp grupiy po

H(@3) = 15,136, p <

0,002, ** p < 0,009




68

4.6.2 lentelés tesinys

RF grupé

P grupé

KLA grupé

PF grupé

Pries

1,12 (0,34-3,77)"

1,02 (0,37-2,26)

0,23 (0,06-0,47)

0,09 (0,03-0,26)"

Po

0,37 (0,18-0,74)"

0,26 (0,12-1,23)"

0,31 (0,12-0,59)°

0,09 (0,03-0,26)*

p pries plg, po

Z=-3,717, p < 0,001

Z=-2,154, p= 0,031

Z=-0,652,p= 0,514

Bendras

p tarp grupiy pries

H(3) = 64,138, p < 0,001, *** p < 0,002

p tarp grupiy po

H(3)=30,723,p <

0,001, ™ p < 0,041

Pries

0,07 (0,02-0,15)

0,07 (0,03-0,29)

0,05 (0,02-0,09)

0,06 (0,02-0,13)

Po

0,06 (0,02-0,16)

0,11 (0,04-0,37)™

0,05 (0,02-0,08)"

0,06 (0,02-0,13)"

p pries plg, po

Z=-0,747, p = 0,455

Z=0,573,p= 0,566

=0,151,p = 0,879

Rageninis

p tarp grupiy pries

H(3) = 2,796, p = 0,424

p tarp grupiy po

H(3)=13,072,p=

0,004, ** p < 0,021

Pries

1,35 (0,42-4,86)™

0,96 (0,38-2,50)<

0,32 (0,08-0,98)

0,16 (0,06-0,38)"

Po

AukStesnés eilés aberacijos

0,31 (0,12-0,74)

0,52 (0,11-1,74)"

0,35 (0,12-0,70)

0,16 (0,06-0,38)"

Istrizas antrinis astigmatizmaas, pm

p pries plg, po

Z=-3,992,p < 0,001

=-1,572,p=0,116

=-0,211,p= 0,832

Vidinis

p tarp grupiy pries

H(3) = 55,399, p < 0,001, < p < 0,025

p tarp grupiy po

H(3) = 15,239, p < 0,002, * p = 0,004




06

4.6.2 lentelés tesinys

RF grupé

P grupé

KLA grupé

PF grupé

AukStesnés eilés aberacijos

Sferinés aberacijos, pm

Pries 1,31 (0,40-3,81)* 0,69 (0,30-3,27)« 0,41 (0,13-0,83)* 0,23 (0,11-0,37)
§ Po 0,47 (0,18-0,97)* 0,39 (0,18-0,71)° 0,33 (0,12-1,12) 0,23 (0,11-0,37)*
2 |p pries plg, po 7 =-3,831, p < 0,001 Z =-3,047, p = 0,002 Z=-0,905, p= 0,365
& |p tarp grupiy pries H(3) = 48,046, p < 0,001, *** p < 0,004

p tarp grupiy po H(3) = 11,906, p = 0,008, ** p = 0,049

Pries 0,24 (0,16-0,39) 0,28 (0,22-0,45) 0,27 (0,17-0,32) 0,32 (0,2-0,42)
E Po 0,23 (0,12-0,34)" 0,31 (0,17-0,47) 0,29 (0,17-0,37) 0,32 (0,2-0,42)
§n p pries plg, po Z=-1,276,p=0,202 7=0,322,p=0,747 Z =-0,606, p = 0,543
& |Dp tarp grupiy pries H@3)=7.272,p = 0,064

p tarp grupiy po H(3) =8,762, p = 0,033, *p =0,03

Pries§ 1,68 (0,76-4,75)™ 0,82 (0,57-3,19)« 0,54 (0,21-1,50)* 0,37 (0,21-0,80)*
2 Po 0,43 (0,24-1,30) 0,81 (0,30-1,75) 0,45 (0,24-1,21) 0,37 (0,21-0,80)
= |p pries plg, po Z=-3,616, p < 0,001 = 1,769, p = 0,077 = 1,206, p=0,227
> p tarp grupiy prie$ H(3) = 38,330, p < 0,001, *** p < 0,028

p tarp grupiy po

H(3)=7,271,p=0,064
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4.6.2 lentelés tesinys

RF grupé

P grupé

KLA grupé

PF grupé

AukStesnés eilés aberacijos

Vertikalus antrinis astigmatizmas, pm

Pries 1,12 (0,33-2,44)™ 0,87 (0,34-4,17) 0,22 (0,13-0,73)* 0,13 (0,06-0,28)"
§ Po 0,34 (0,17-1,99) 0,55 (0,17-1,68)" 0,22 (0,11-0,71) 0,13 (0,06-0,28)*
'g p pries plg, po Z=-3,817,p < 0,001 7 =-2,326,p = 0,02 Z=-0,793,p = 0,427
& p tarp grupiy pries H(3)=61,278, p < 0,001, ***! p < 0,02

p tarp grupiy po H(3) =23,702, p < 0,001, ** p < 0,001

Pries 0,08 (0,04-0,19) 0,12 (0,07-0,25) 0,08 (0,05-0,17) 0,14 (0,03-0,27)
E Po 0,08 (0,05-0,14)* 0,16 (0,07-0,90)* 0,08 (0,05-0,16) 0,14 (0,03-0,27)
q:.)n p pries plg, po 7 =-0,595,p=0,552 Z=1,500,p=0,134 7=-0,417,p=0,676
& |Dp tarp grupiy pries H(3) =4,539, p = 0,209

p tarp grupiy po H(3)=10,345,p = 0,016, * p < 0,01

Pries§ 1,29 (0,41-3,59)*® 1,21 (0,42-4,36) 0,37 (0,15-1,35) 0,22 (0,09-0,53)"
2 Po 0,44 (0,17-1,07) 0,76 (0,23-1,42)* 0,33 (0,17-1,30) 0,22 (0,09-0,53)*
= |p pries plg, po 7 =-3,804, p < 0,001 Z=-2,514,p=0,012 Z=-1,035,p=0,300
= p tarp grupiy pries H(3) = 44,398, p < 0,001, ** p < 0,049

p tarp grupiy po

HQ3) = 15,308, p =

0,002, * p = 0,002




6

4.6.2 lentelés tesinys

RF grupé P grupé KLA grupé PF grupé
Pries 0,85 (0,26-4,57)* 0,96 (0,32-3,63)* 0,46 (0,16—1,28)* 0,10 (0,03-0,3)d
§ Po 0,41 (0,19-0,97) 0,26 (0,14-0,53) 0,51 (0,17-1,32)" 0,10 (0,03-0,3)*
2 |p pries plg, po Z.=-2,634, p = 0,008 7.=-3,874, p = 0,001 Z=-0,228,p=0,819
é £ & |p tarp grupiy pries H(3) = 53,843, p < 0,001, *=* p < 0,001
'g :’;- p tarp grupiy po H(3) =34,747, p = 0,001, ** p < 0,001
2 '3 Pries§ 0,13 (0,08-0,27 0,18 (0,07-0,48 0,12 (0,04-0,21 0,12 (0,06-0,35)
2L |
s g £ |Po 0,12 (0,04-0,31) 0,18 (0,11-1,01)* 0,11 (0,03-0,22)* 0,12 (0,06-0,35)
% 5—-; §n p pries plg, po Z=-1,356,p=0,175 7 =0,958,p=0,338 =-1,170,p=10,241
E T'i & |Dp tarp grupiy pries H(3)=2,440,p = 0,486
g = p tarp grupiy po H(3)=10,666, p = 0,014, p= 0,01
’% § Pries 1,25 (0,37-5,77)* 1,35 (0,37-4,07)« 0,42 (0,13—-1,44) 0,17 (0,07-0,61)P4
< 2 Po 0,58 (0,29-1,06)* 0,48 (0,18-1,56)" 0,38 (0,13-1,39) 0,17 (0,07-0,61)*®
S [P pries plg, po =-2,742, p = 0,006 Z.=-3,079, p = 0,002 =-1,714, p = 0,086
~ | p tarp grupiy pries H(3) = 48,946, p < 0,001, *** p < 0,028
p tarp grupiy po H(3) =16,606, p = 0,001, ** p < 0,022

KLA — kontralateralinés akies; RF — rainelés fiksacijos, P — pakeitimo; PF — pseudofakijos; TKI — tarpkvartilinis intervalas (25—oji ir 75—0ji
procentilés); virSutiniy indeksy (* * & ¢ ) kiekviena atskira raidé nurodo tarp kuriy dviejy grupiy nustatytas statistiskai reik§mingas skirtumas;
statistiSkai nereikSmingi skirtumai tarp grupiy virSutiniais indeksais nezymimi; p reikSmés gautos, taikant Wilcoxon testa ir taikant tarpgrupinj
daugkartinj palyginima po Kruskal-Wallis testo.



Nustatytos reik§mingos teigiamos koreliacijos tarp prieSoperaciniy abera-
cijy (bendry ir vidiniy) ir NRAT, KRAT bei IOL—kapsulés maiselio komplek-
so dislokacijos laipsnio. Kuo buvo prastesnis prieSoperacinis regos astrumas
(NRAT, KRAT) ir kuo didesnis IOL dislokacijos laipsnis, tuo didesnés buvo
atitinkamos prieSoperacinés aberacijos (4.6.3 lentel¢).

4.6.3 lentelé. Aberacijy koreliacijos su nekoreguotu ir koreguotu regéjimo
astrumu j tolj bei su IOL—kapsulés maiselio komplekso dislokacijos laipsniu

IOL dislokaci-
jos laipsnis
r P r P r P

0,193 0,09 0,130 0,255 | 0,285 | 0,011

NRAT, LogMAR | KRAT, LogMAR
Aberacijos, pm Tipas o8 o8

Istrizas astigmatizmas | B
Defokusas B 0,503 0,001 0,006 0,956 | 0,616 | <0,001
\" 0,373 0,001 0,039 0,732 | 0,436 | <0,001
Vertikalus B 0,231 0,042 0,067 0,557 | 0,363 | 0,001
astigmatizmas \" 0,233 0,04 0,085 0,458 | 0,303 | 0,006
Vertikalus trefoil B 0,269 0,02 0,070 0,537 | 0,279 | 0,013
Vertikali koma B 0,161 0,157 0,314 0,005 | 0,132 | 0,247
Horizontali koma B 0,265 0,018 0,119 0,299 | 0,221 0,05
\% 0,314 0,005 0,173 0,127 | 0,238 | 0,035
Istrizas trefoil \Y 0,231 0,04 0,098 0,386 0,331 | 0,002
[striZas tetrafoil B 0,372 0,001 0,071 0,531 0,396 | 0,001
\" 0,219 0,052 0,093 0,411 0,250 | 0,026
Vertikalus tetrafoil B 0,178 0,114 0,046 0,684 | 0,307 | 0,005
RMS 1\3] 0,287 0,010 0,130 0,253 | 0,317 | 0,004

0,192 0,088 0,116 0,308 | 0,235 | 0,036

IOL — intraokulinis l¢Sis; KRAT — koreguotas regéjimo astrumas j tolj, NRAT — nekoreguotas
regéjimo astrumas j tolj; p reikSmés gautos, remiantis Spearman koreliacija.

Grupése be IOL dislokacijos (KLA ir PF) reikSmingy koreliacijy tarp abe-
racijy ir NRAT bei KRAT nenustatyta.

Po IOL dislokacijos chirurginio gydymo reikSmingy koreliacijy tarp vidi-
niy aberacijy ir NRAT bei KRAT nenustatyta nei RF, nei P grupése. P grupéje
stebétos statistiSkai reikSmingos teigiamos koreliacijos tarp NRAT ir rageni-
nés horizontalios komos (r = 0,450, p = 0,006), tarp KRAT ir rageninio jstrizo
astigmatizmo (r = 0,343, p = 0,044) bei tarp KRAT ir rageninés horizontalios
komos (r=0,515, p =0,001).
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4.7. Ragenos endotelio 1gsteliy tankio sasajos su IOL—kapsulés maiSelio
komplekso dislokacija ir ju pokyciai po IOL dislokacijos chirurginio
gydymo

Po chirurginio IOL dislokacijos gydymo RELT sumazéjo abiejose grupése
(mediana (TKI) RF grupé: pries chirurginj gydyma 1974,3 (1606,7-2227,0)
lastelés/mm?, po chirurginio gydymo 1865,0 (1534,0-2153,2) lgstelés/mm?
(Z =-5,627, p <0,001); P grupé: pries chirurginj gydyma 2085,3 (1548,2—
2435,5) lastelés/mm?, po chirurginio gydymo 1682,7 (1408,8-2166,5) laste-
lés/mm? (Z =-5,444, p < 0,001)). StatistiSkai reikSmingai didesnis sumazéji-
mas buvos stebétas P grupéje (4.7.1 pav.).
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4.7.1 pav. Ragenos endotelio lgsteliy tankio pokycio, pries ir po IOL
dislokacijos gydymo, staciakampé diagrama, atsizvelgiant j grupes
(minimali reik§mé, pirmasis kvartilis, mediana, treiasis kvartilis, maksimali reik§mé,
* — reik§mé, nutolusi daugiau kaip Y tarpkvartilinio skirtumo nuo tre¢iojo kvartilio).

P — pakeitimo, RF — rainelés fiksacijos; *p <0,001, reimiantis Mann-Whitney testu.

RELT pries IOL dislokacijos chirurginj gydyma nesiskyré tarp RF ir P gru-

piy, taciau buvo reik§mingai mazesnis nei KL A ir PF grupiy (H(3) = 24,925,
p <0,001). ReikSmingi skirtumai tarp grupiy pazyméti 4.7.2 paveiksle.
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4.7.2 pav. Ragenos endotelio lgsteliy tankio, pries IOL dislokacijos
gvdymq, staciakampé diagrama, tarp intervenciniy grupiy ir grupiy be IOL
dislokacijos
(minimali reik§mé, pirmasis kvartilis, mediana, treiasis kvartilis, maksimali reik§mé,
o — reik8mé, nutolusi maziau kaip % tarpkvartilinio skirtumo nuo pirmojo kvartilio ir

* — reik§mé, nutolusi daugiau kaip % tarpkvartilinio skirtumo nuo pirmojo kvartilio).

KLA — kontralateralinés akies, P — pakeitimo, PF — pseudofakijos, RELT — ragenos endotelio
lasteliy tankis; RF — rainelés fiksacijos; indeksy vir§ staciakampiy (* > = 9) kiekviena atskira
raidé nurodo tarp kuriy dviejy grupiy nustatytas statistiskai reik§mingas skirtumas; statistis-
kai nereik§mingi skirtumai tarp grupiy indeksais nezymimi; ®¢ p < 0,05, taikant tarpgrupinj
daugkartinj palyginima po Kruskal-Wallis testo.

Nustatytas reikSmingas neigiamas rySys tarp prieSoperacinio RELT ir
laiko nuo pirminés glaukomos nustatymo pradzios (r = —0,386, p < 0,001).
Mazesnis prieSoperacinis RELT buvo susijes su ilgesne pirminés glaukomos
sirgimo trukme (4.7.3 pav).
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4.7.3 pav. RysSys tarp priesoperacinio ragenos endotelio lgsteliy tankio ir
glaukomos nustatymo laiko pries IOL dislokacijos operacijq

r, = —0,386, p <0,001; r, — Spearman koreliacijos koeficientas. Grafike pateikiami abiejy
grupiy su IOL—kapsulés maisSelio komplekso dislokacija rezultatai.

Toks pat neigiamas rySys tarp RELT ir laiko nuo pirminés glaukomos nu-
statymo pradzios buvo stebétas ir atvejais be IOL dislokacijos (sujungus KLA
bei PF grupes) (r = —0,263, p = 0,005). Nustatyta neigiama koreliacija tarp
prieSoperacinio RELT ir IOL dislokacijos simptomy trukmes (r =—0,389, p <
0,001). Mazesnis prieSoperacinis RELT buvo susijes su ilgesne IOL disloka-
cijos simptomy trukme (4.7.4 pav,). RySys nenustatytas tarp prieSoperacinio
RELT ir IOS bei PFT (p > 0,05).
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4.7.4 pav. Rysys tarp priesoperacinio ragenos endotelio lgsteliy tankio ir
1OL dislokacijos simptomy trukmés
r — Spearman koreliacijos koeficientas; r = —0,389 p < 0,001; gauta tiesiné lygtis: y = 2,19
x 10° 20,96 x x, kur x — IOL dislokacijos simptomy trukmé, y — ragenos endotelio lasteliy

tankis. Grafike pateikiami abiejy grupiy su IOL—kapsulés maiselio kompleso dislokacija re-
zultatai.

Kadangi prieSoperacinis RELT reik§mingai nesiskyré tarp RF ir P grupiy
bei tarp KLA ir K grupiy (4.7.2 pav.), tolimesnei analizei $ias grupes ap-
jungeme: I grupé akys su IOL dislokacija (n, = 83) (mediana (TKI) RELT
1990,33 (972,0-2966,6) last/mm?); II grupé akys be IOL dislokacijos
(n, = 116) (RELT mediana 2324,6 (1118,0-3014,5) Igst,/mm?).

Remdamiesi ROC testu gavome slenksting RELT reik§me 2050 1gst/mm?,
atsiSvelgiant | IOL—kapsulés maiSelio kompleso dislokacija, t,y, RELT buvo
<2050 Igst/mm? 54,2 proc. atvejy grupéje su IOL dislokacija ir 21,5 proc.
atvejy grup¢je be IOL dislokacijos (p < 0,05) (4.7.5 pav.).
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4.7.5 pav. Pacienty ROC kreive slenkstinei ragenos endotelio lgsteliy tankio
reikSmei prognozuoti, atsizvelgiant j IOL—kapsulés maiselio kompleso
dislokacijq

Plotas po kreive — 68,8 proc., jautrumas 54,2 proc., specifiSkumas 78,5 proc.

Remdamiesi dvinare logistine regresine analize galime progonzuoti, kad
esant IOL dislokacijai SS [pasikliautinasis intervalas] didesnis 4,33 [2,418—
7,753], kad RELT bus < 2050 lagst/mm? (p < 0,001).

Gavome daugiaveiksnj logistinés regersinés analizés modelj, kuris tei-
singai prognozuoja 75,0 proc., kad RELT bus < 2050 last,/mm? SS dides-
nis 4,409, esant IOL—kapsulés maiselio komplekso dislokacijai, SS didesnis
2,120, jei sergama glaukoma ir SS didesnis 1,101 padidéjus paciento amziui
1 metais (4.7.1 lentele).

4.7.1 lentelé. Daugiaveiksnés logistinés regresijos modelis, rodantis kintamy-
Juy sgsajg su ragenos endotelio lgsteliy tankio sumazéjimu (<2050 lgst,/mm?)

Regresoriai SS [95 proc. PI) p reikSmé
IOL dislokacija 4,409 [2,347-8,281] <0,001
Glaukoma 2,120 [1,143-3,935] 0,017
Amzius, metai 1,101 [1,048-1,156] <0,001
Modelio konstanta —5,336, p<<0,001

Daugiaveiksnés logistinés regresijos modelis teisingai prognozuoja 74,5 proc., Negelkerke
determinacijos koeficientas 0,28; IOL —intraokulinis leSis; PI — pasikliautinasis intervalas;

SS — sansy santykis.
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Po IOL dislokacijos chirurginio gydymo RELT tarp RF ir P grupiy reiks-
mingai nesiskyré, taciau buvo reikSmingai mazesnis palyginus su KLA ir PF
grupemis (H(3) = 62,625, p <0,001).

4.8. IOL decentracijos ir pasvirimo vertinimas IOL fiksacijos prie
rainelés grupéje

Siekiant jvertinti IOL fiksacijos prie rainelés efektyvuma, buvo atlikta IOL
padéties analiz¢ vertikalioje ir horizontalioje aSyse, vertinant pasvirimo ir de-
centracijos parametrus pries ir po chirurginio gydymo. Tyrimo rezultatai pa-
rod¢, kad po operacijos tiek IOL pasvirimas, tiek decentracija abiejose asyse
reikSmingai sumazéjo (4.8.1 lentelé).

4.8.1 lentelé. IOL decentracija ir pasvirimas pries ir po IOL fiksacijos prie
rainelés

Asis | Tipas | Laikas | RF grupé | preikimé
Mediana (TKI)

Decentracija, pm Pries 1004,3 (185,5-3567,8) Z=-2711,

Teal ' Po 235,5 (33,4-1323,8) p=0,007

Vertikali —

Pasvirimas, ° Pries 6,6 (0,2-15,1) 7 =-3,980,

’ Po 2,8(0,10-7,8) p < 0,001
Decentracija, pm Pric§ 554,0 (112,5-3,156,7) Z =-3,258,

Horizontali ’ Po 234,6 (75,4-1286,1) p=0,001
Pasvirimas, © |0 5,4(2,6-12,6) Z=-0,594,

’ Po 2,4 (0,1-4.9) p = 0,001

RF — rainelés fiksacijos, TKI — tarpkvartilinis intervalas; p reikSmés gautos, remiantis Wil-
coxon testu.

Palyginus RF grupés duomenis su KLA ir PF grupiy, nustatyta, kad pries$
operacijag IOL pasvirimo ir decentracijos laipsniai vertikalioje bei horizon-
talioje asyse buvo reikSmingai didesni RF grupéje nei KLA ir PF grupése
(pasvirimas vertikalioje aSyje: H(2) = 34,976, p < 0,001; pasvirimas hori-
zontalioje aSyje: H(2) = 20,942, p < 0,001; decentracija vertikalioje aSyje:
H(2) = 57,360, p < 0,001; decentracija horizontalioje asyje: H(2) = 32,362,
p <0,001). ReikSmingi skirtumai tarp grupiy pazymeéti 4.8.1 ir 4.8.2 paveiks-
luose.
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4.8.1 pav. IOL pasvirimo, pries IOL atstatymo ir fiksavimo prie rainelés
operacijq, staciakampé diagrama, tarp intervenciniy grupiy ir grupiy be
1IOL dislokacijos
(minimali reik§mé, pirmasis kvartilis, mediana, treéiasis kvartilis, maksimali reik§mé, o —

reik§mé, nutolusi maziau kaip % tarpkvartilinio skirtumo nuo tre¢iojo kvartilio).

KLA — kontralateralinés akies, PF — pseudofakijos, RF — rainelés fiksacijos; indeksy vir$
staciakampiy (* > © ) kiekviena atskira raidé nurodo tarp kuriy dviejy grupiy nustatytas sta-
tistiSkai reik§mingas skirtumas; statistiS$kai nereik§mingi skirtumai tarp grupiy indeksais ne-
Zzymimi; ® p < 0,001, taikant tarpgrupinj daugkartinj palyginima po Kruskal-Wallis testo.
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4.8.2 pav. IOL decentracijos, pries IOL atstatymo ir fiksavimo prie rainelés
operacijq, staciakampé diagrama, tarp intervenciniy grupiy ir grupiy be
1IOL dislokacijos
(minimali reik§mé, pirmasis kvartilis, mediana, treéiasis kvartilis, maksimali reik§mé, o —
reik§mé, nutolusi maziau kaip % tarpkvartilinio skirtumo nuo tre¢iojo kvartilio ir * — reiks-

mé, nutolusi daugiau kaip % tarpkvartilinio skirtumo nuo pirmojo kvartilio).

KLA — kontralateralinés akies, PF — pseudofakijos, RF — rainelés fiksacijos; indeksy vir$
staciakampiy (* > © ¢) kiekviena atskira raidé nurodo tarp kuriy dviejy grupiy nustatytas sta-
tistiSkai reik§mingas skirtumas; statistiSkai nereik§mingi skirtumai tarp grupiy indeksais ne-
Zzymimi; ® p < 0,021, taikant tarpgrupinj daugkartinj palyginima po Kruskal-Wallis testo.

Po chirurginés intervencijos, RF grupéje IOL pasvirimas vertikalioje asyje
buvo reikSmingai didesnis nei PF grupéje, taciau nebesiskyré nuo KLA gru-
pés (H(2) = 11,340, p = 0,003), o horizontalioje aSyje pasvirimo laipsnis RF
grupéje buvo mazesnis nei KLA grupéje ir nesiskyré nuo PF grupés (H(2) =
8,400, p=0,015). ReikSmingi skirtumai tarp grupiy pazymeéti 4.8.3 paveiksle.
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4.8.3 pav. IOL pasvirimo, po IOL atstatymo ir fiksavimo prie rainelés
operacijos, staciakampé diagrama, tarp intervenciniy grupiy ir grupiy be
1IOL dislokacijos
(minimali reik§mé, pirmasis kvartilis, mediana, treéiasis kvartilis, maksimali reik§mé, o —
reik§mé, nutolusi maziau kaip % tarpkvartilinio skirtumo nuo pirmojo ir treciojo kvartilio ir

* — reik§mé, nutolusi daugiau kaip ¥ tarpkvartilinio skirtumo nuo tre¢iojo kvartilio).

KLA — kontralateralinés akies, PF — pseudofakijos, RF — rainelés fiksacijos; indeksy vir$
staciakampiy (* > © ¢) kiekviena atskira raidé nurodo tarp kuriy dviejy grupiy nustatytas sta-
tistiSkai reik§mingas skirtumas; statistiS$kai nereik§mingi skirtumai tarp grupiy indeksais ne-
Zzymimi; ® p < 0,027, taikant tarpgrupinj daugkartinj palyginimg po Kruskal-Wallis testo.

Vertinant decentracijos pokycius po operacijos, nustatyta, kad vertikalioje
aSyje RF grup¢je decentracija buvo reikSmingai mazesné nei KLA grupéje,
taciau buvo didesné nei PF grupéje (H(2) = 16,810, p < 0,001). Tuo tarpu
horizontalioje asSyje RF grupés decentracija buvo reikSmingai didesné nei PF
grupg¢je, taciau nesiskyré nuo KLA grupés (H(2) = 10,064, p = 0,007). Reiks-
mingi skirtumai tarp grupiy pazymeéti 4.8.4 paveiksle.
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4.8.4 pav. IOL decentracijos, po IOL atstatymo ir fiksavimo prie rainelés
operacijos, staciakampé diagrama, tarp intervenciniy grupiy ir grupiy be
1IOL dislokacijos
(minimali reik§mé, pirmasis kvartilis, mediana, tre¢iasis kvartilis, maksimali reik§mé, o —
reik§mé, nutolusi maziau kaip ' tarpkvartilinio skirtumo nuo tre¢iojo kvartilio ir * — reiks-

mé, nutolusi daugiau kaip % tarpkvartilinio skirtumo nuo treciojo kvartilio).

KLA — kontralateralinés akies, PF — pseudofakijos, RF — rainelés fiksacijos; indeksy vir§
staiakampiy (* > © 9) kiekviena atskira raidé nurodo tarp kuriy dviejy grupiy nustatytas sta-
tistiSkai reik§mingas skirtumas; statistiskai nereik§mingi skirtumai tarp grupiy indeksais ne-
Zymimi; ®° p < 0,011, taikant tarpgrupinj daugkartinj palyginimg po Kruskal-Wallis testo.

IOL pasvirimo krypties ir masto pokyciai pries ir po operacijos pavaizduo-
ti 4.8.5 paveiksle. Kaip matyti paveiksle, prie§ operacija daugumos pacienty
IOL buvo pasvire temporalinés—apatinés krypties link. Po IOL padéties at-
statymo ir fiksacijos prie rainelés daugumos IOL pasvirimo taskai susitelké
arCiau koordinaciy centrg Zymincio tasko. Taciau kryptis statistiSkai reiks-
mingai nepasikeite nei horizontaliam (p = 0,125), nei vertikaliam (p = 0,219)
meridianuose.

103



15

10}

0

-5

-10

-15

4.8.5 pav. Intraokulinio lesio pasvirimo krypties ir masto projekcija,
horizontalia (temporaliné—nazaliné) ir vertikalia (virsutiné—apatiné)
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kryptimis, pries ir po IOL fiksacijos prie rainelés

Kiekvienas taskas zymi individualaus atvejo IOL pasvirimo kryptj ir mastg: juodi apskritimai
— prie§ operacija, balti apskritimai — po operacijos. Koordinatés isreikstos laipsniais; koor-
dinaciy asiy susikirtimo taskas atitinka teoring IOL optinés dalies orientacijg be pasvirimo.

Pries operacija daugumos pacienty IOL buvo decentruoti Zemyn ir | tem-
poraline puse. Po IOL padéties atstatymo ir fiksavimo prie rainelés daugumos
tasky pozicijos pasislinko arciau koordinaciy centro, atspindincio centring
IOL padét;. Pooperaciniy tasky susitelkimas parodé sumazéjusig decentraci-
jos sklaidg bei masta, ypac vertikaliame meridiane, kur pastebimas reik§min-
gas poslinkis nuo apatinés krypties link centro (p = 0,004). Horizontaliame
meridiane krypties pokytis buvo nereik§mingas (p = 0,688). IOL decentraci-
jos krypties ir masto pasiskirstymas pries ir po chirurginio gydymo pateiktas

4.8.6 paveiksle.
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4.8.6 pav. Intraokulinio lesio decentracijos krypties ir masto projekcija,
horizontalia (temporaliné—nazaliné) ir vertikalia (virsutiné—apatiné)

-3000  —2000  —1000 0 1000 2000 3000
VirSus
Nasaliné Temporaliné
H = e iz ;
-.? ogal = .
L]
L]
-
- -
-
| L ]
Apacia
-3000 —2000  —1000 0 1000 2000 3000

4000

3000

2000

1000

—-1000

—2000

-3000

—4000

kryptimis, pries ir po IOL fiksacijos prie rainelés

Kiekvienas taskas zymi individualaus atvejo IOL decentracijos krypt] ir masta: juodi apskriti-
mai — prie$ operacija, balti apskritimai — po operacijos. Koordinatés isreikstos mikrometrais;
koordinaciy asiy susikirtimo taSkas atitinka teorinj IOL optinés asies centro centring padét;.

4.8.7 paveiksle pateiktas IOL pasvirimo pasiskirstymas PF ir KLA grupése
atskleidZia reikSmingg skirtumg tarp kliniskai sveiky pseudofakiniy akiy ir
kontralateraliniy akiy pacienty, kuriems buvo chirurgiskai gydyta IOL dislo-
kacija kitoje akyje. PF grupéje dominuoja virSutiné—nazaliné IOL pasvirimo
kryptis. PrieSingai, KLA grupéje IOL pasvirimo kryptys buvo i temporali-
ne—apating puse (vertikalus meridianas: ¥* = 23,377, p < 0,001; horizontalus

meridianas: x* = 62,759, p <0,001).
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4.8.7 pav. Intraokulinio lesio pasvirimo krypties ir masto projekcija,
horizontalia (temporaliné—nazaliné) ir vertikalia (virsutiné—apatiné)
kryptimis, grupése be 10L dislokacijos

Kiekvienas taskas zymi individualaus atvejo IOL pasvirimo kryptj ir mastg: juodi apskritimai
— PF grupé, balti apskritimai — KLA grupé. Koordinatés iSreikstos laipsniais; koordinaciy
asiy susikirtimo taskas atitinka teoring IOL optinés dalies padétj be pasvirimo.

4.8.8 paveiksle pateiktas IOL decentracijos pasiskirstymas PF ir KLA
grupése parodé aiskius skirtumus tarp kliniskai sveiky pseudofakiniy akiy ir
kontralateraliniy akiy, kuriose dislokacija néra diagnozuota, taciau prieSinga
akis buvo gydyta dél IOL dislokacijos. PF grupés pacienty IOL padétys buvo
koncentruotos aplink koordinaciy centra, iSlaikydamos gana tolygy, centrinj
pasiskirstyma. PrieSingai, KLA grup¢je stebétas didesnis IOL padéties iSsi-
sklaidymas (vertikalus meridianas y* = 3,906, p = 0,048, horizontalus meridi-
anas x> = 0,407, p = 0,523).
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4.8.8 pav. Intraokulinio le¢Sio decentracijos krypties ir masto projekcija,
horizontalia (temporaliné—nazaliné) ir vertikalia (virsutinée—apatiné)
kryptimis, grupése be IOL dislokacijos

Kiekvienas taskas zymi individualaus atvejo IOL decentracijos krypti ir masta: juodi aps-
kritimai — PF grupé, balti apskritimai — KLA grupé. Koordinatés iSreik§tos mikrometrais;
koordinaciy asiy susikirtimo taSkas atitinka teorinj IOL optinés aSies centro centring padétj.

4.9. Kitos pooperacinés iSeitys

CME buvo stebétas 18 1§ 83 akiy (21,6 proc.) po IOL dislokacijos chirur-
ginio gydymo, Tarp grupiy nustatytas statistiSkai reikSmingas skirtumas — RF
grupéje CME pasitaiké reciau nei P grupéje (atitinkamai 2 atvejai (4,4 proc.)
ir 16 atvejy (39,0 proc.), (x> = 15,247, p < 0,001)). RF grupéje 3 atvejams i$
43 (6,7 proc.) IOL buvo pakartotinai fiksuotas dél nepakankamo IOL cen-
truotumo.

Per Sesiy ménesiy laikotarpi nei vienoje grupéje nebuvo stebétos tokios
komplikacijos, kaip suprachoroidinis pakraujavimas, bulioziné keratopatija,
pigmento dispersijos sindromas, 1étinis uveitas, tinklainés atSoka ar endoftal-
mitas.
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5. REZULTATU APTARIMAS

Siame moksliniame darbe buvo vertintos ne tik pooperacinés iseitys,
taikant du skirtingus chirurginius metodus tiriamiesiems, su [OL—kapsulés
maiSelio komplekso dislokacija, bet ir analizuoti su $ia patologija susijusije
rizikos veiksniai. Be to, gauti rezultatai buvo lyginami ne tik tarp chirurgiskai
gydyty grupiy, bet ir su ty paciy tiriamyjy kontralateralinémis pseudofakiné-
mis akimis bei su tiriamaisiais, kurie neturéjo IOL dislokacijos pozymiy.

IOL—kapsulés maiselio komplekso dislokacija dazniausiai i$sivysto praé-
jus 6-11 mety po kataraktos operacijos, o tipiSkas pacienty amzius svyruoja
nuo 70 iki 85 mety [67]. Musy tyrimo rezultatai atitiko $ig tendencija — paci-
enty amziaus mediana (TKI) buvo 77 (74-80) metai, o PFT mediana (TKI)
sieké 7 (4-10) metus. Nustatyta reikSminga neigiama koreliacija tarp tiria-
myjy amziaus ir PFT t. y. vyresniems tiriamiesiems IOL dislokacija i$sivysté
per trumpesnj laika nuo kataraktos operacijos. Sis rysys gali bati aiskinamas
su amziumi susijusia Zinn rais¢iy degeneracija, dél kurios IOL stabilumas
prarandamas grei¢iau senyvo amziaus asmenims [78,102].

Atliekant rizikos veiksniy analize¢ nustatyta, kad akys, kurioms pasireis-
ké IOL—kapsulés maiselio komplekso dislokacija, reikSmingai dazniau buvo
nustatyti PES (37,3 proc.) ir glaukoma (54,2 proc.). 18,1 proc. akiy su IOL-
kapsulés maiselio komplekso dislokacija buvo diagnozuota kartu su glauko-
mos jtarimu (kai IOS > 21 mm Hg). Kartu paémus, glaukoma, kaip lydinti
patologija, nustatyta 60 (72,3 proc.) tiriamyjy akiy su IOL—kapsulés maiSelio
komplekso dislokacija. Anamnez¢je filtruojanti chirurginé intervencija buvo
atlikta 12,0 proc. atvejy. Sie rizikos veiksniai statistiskai reik§mingai dazniau
pasitaiké akyse su IOL dislokacija, palyginti su akimis, neturéjusioms IOL
dislokacijos (KLA ir PF grupés). Sie veiksniai jau anks¢iau buvo siejami su
kapsulés maiSelio—Zinn rai$¢iy komplekso patologiniais pakitimais, lemian-
Ciais jo destabilizacija [13,15,17,35,68,69,73,74,84-87,90-92,94,95,97,98].
Misy tyrimo duomenys patvirtina jy kliniking reikSme. Tarp jvairiy studi-
Ju, kuriose vertinami IOL—kapsulés maiSelio komplekso dislokacijos rizikos
veiksniai PES pasitaiko nuo 16,0 — 78,9 proc. atvejy, glaukoma, kaip lydinti
patologija, nustatoma 25,0 — 56,0 proc. atvejy, anamnezéje atlikta TB siekia —
10,0-11,4 proc. atvejy [13,15,17,35,68,69,73,74,84-87,90-92,94,95,97,98].

Siekiant iSsiaiskinti IOL—kapsulés maiSelio komplekso dislokacijos sgsa-
jas su galimais rizikos veiksniais, tiriamosios akys buvo suskirstytos j dvi
grupes: su IOL dislokacija ir be IOL dislokacijos. Atsizvelgiant | tai, kad PES
koreliavo su glaukoma, buvo atlikta analizé su dviem atskirais modeliais, lei-
dzianciais geriau atskirti regresoriy nepriklausomg poveikj. Daugiaveiksné
logistinés regresijos analizé parode, kad regresoriai, tokie kaip anksciau at-
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likta filtruojanti operacija, PES, bei pirmin¢ glaukoma/glaukomos jtarimas
(I0S =21 mm Hg pries IOL dislokacijos chirurginj gydyma) buvo reik§min-
gai susij¢ su didesne IOL dislokacijos tikimybe. Nors TB ir glaukoma yra
todél juos buvo galima vertinti kaip atskirus regresorius. TB Siame kontekste
galéjo atspindéti sunkesnés eigos glaukomos atvejus. Sie rezultatai atitinka
ankstesniy tyrimy duomenis, patvirtinan¢ius PES, glaukomos bei glaukomos
chirurginio gydymo svarbg IOL dislokacijos rizikai [67]. Lee ir kt. atliktame
populiaciniame tyrime nustaté, kad tiek PES, tiek glaukoma, tiek filtruojanti
glaukomos operacija reikSmingai didino IOL dislokacijos rizikg — atitinka-
mai apskaiciuoti rizikos santykiai sudar¢ 2,305, 3,898 ir 3,116 [72]. Idomu
tai, kad modelyje, papildomai koreguotame dél kity akiy ligy (glaukomos,
uveito, PES, trauminés ar subrendusios kataraktos), filtruojancios glaukomos
operacijos rizikos santykio reikSmé sumazéjo iki 2,443, kas leidzia manyti,
jog dalis nepakoreguoto TB rizikos efekto i$ tikryjy gali biiti paaisSkinama jau
esama glaukoma ar PES [72]. Si i§vada sutampa su miisy analizéje pastebéta
tendencija, kad TB nepriklausomai prisideda prie dislokacijos rizikos.

Su intraokuliniu spaudimu ir glaukoma susij¢ aspektai esant IOL—
kapsulés maiSelio komplekso dislokacijai bei ju poky¢iai po chirurginio
gydymo. Analizuojant 10S, atsizvelgiant ] [OL—kapsulés maiSelio komplek-
so dislokacijos laipsnj, nustatyta, kad IOS buvo reikSmingai didesnis esant |
laipsnio dislokacijai palyginti su aukStesnio laipsnio dislokacijos atvejais. Be
to, pastebéta neigiama koreliacija tarp dislokacijos laipsnio ir IOS, tai rodo
atvirksting priklausomybe¢ — did¢jant IOL dislokacijos laipsniui, IOS linkes
mazéti. Sj ry$j galima paaiskinti tuo, kad esant nedidelio laipsnio IOL dis-
lokacijai, dazniau pasireiSkia iSreik$ta pseudofakodoneze, del kurios didelis
IOL—kapsulés maiSelio komplekso plotas kontaktuoja su rainelés uzpakaliniu
pavirSiumi, sukeldamas pigmento dispersijg, mikrohifemg ir uzdegiming re-
akcijg. Visa tai gali trikdyti intraokulinio skyscio cirkuliacijg ir sglygoti IOS
padidéjima. Esant didelio laipsnio IOL dislokacijai, kontakto plotas mazéja,
sumazéja tiesiogis krumplyno dirginimas, o tai turi mazesn¢ jtakg [0S. Bul-
nes ir kt. taip pat nustaté reikSmingg IOS maz¢jimo tendencijg didéjant IOL—
kapsulés maiselio komplekso dislokacijos laipsniui [35]. Medin ir kt. tyrime
taip pat nustatyta didesnés uzdegiminés reakcijos ir didesnio 10S tendencija,
esant mazesnio laipsnio IOL dislokacijai [217]. Sie rezultatai pabréZia klini-
king butinybe, esant pseudofakijai, ypa¢ kai IOL dislokacija néra akivaizdi,
jvertinti IOS padidéjima ne tik kaip glaukomos progresavimo rizikos veiksnj,
bet ir kaip galima netiesioginj IOL nestabilumo pozymj.

Tyrimo rezultatai parodé, kad po chirurginio IOL dislokacijos gydymo
IOS reikSmingai sumazéjo bendroje imtyje, o sumazéjimas buvo statistiskai
reikSmingai didesnis RF grupéje. Artzen ir kt. perspektyviniame tyrime buvo
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vertintas [0S po ab externo siiilinés to paties IOL transkleralinés fiksacijos
(be vitrektomijos) ir IOL pakeitimo j vienos dalies PMMA IOL su ta pacia
technika atlikta IOL fiksacijg (su vitrektomija) [85]. Nustatytas reikSmingas
I0S vidurkio (SN) sumazéjas nuo 20,12 (8,4) iki 18,44 (5,96) mm Hg, taciau
pokycio dydis tarp grupiy reikSmingai nesiskyré [85]. Iranipour ir kt. retros-
pektyvingje studijoje, nustaté, kad 10S vidurkis (SN) reikSmingai sumazéjo
tiek IOL pakeitimo } Artisan tipo IOL grupéje (2,1 (6,9) mm Hg), tiek sit-
lings transkleralinés IOL fiksacijos grupéje (—3,7 (6,5)). Pokytis tarp grupiy
reikSmingai nesiskyré, taciau stebéta didesnio pokycio tendencija IOL fiksa-
cijos grupéje [84].

Misy tyrimo pogrupiy analizé atskleide, kad reikSmingas IOS pokytis
abiejose intervencingje grupése buvo stebimas tiriamiesiems, kuriems buvo
diagnozuota glaukoma arba glaukomos jtarimas (IOS >21 mm Hg), tuo tarpu
tiriamiesiems be glaukomos diagnozés reik§mingo pokyéio nefiksuota. Sie
duomenys atitinka Bulnes ir. kt. atliktos retrospektyvinés studijos iSvadas
[35]. Jose nurodoma, kad po IOL dislokacijos chirurginio gydymo nepriklau-
somai nuo chirurginio metodo (IOL pakeitimas ar IOL fiksacija prie skleros)
IOS reikSmingai sumazéjo. Be to, IOS sumaz¢jimas buvo Zymiai rySkesnis
glaukomos grupg¢je, o vaisty, skirty glaukomai gydyti, skai¢ius reikSmingai
nepadidéjo [35]. Kristianslund ir kt. atsitiktiniy im¢iy tyrime didesnis 10S
vidurkio (SN) sumazéjimas buvo stebimas IOL pakeitimo ] Artisan tipo IOL
grup¢je (—3,8 (6,4) mm Hg), palyginus su IOL fiksacijos prie skleros grupe
(—1,2 (5,8) mm Hg). Taciau $is skirtumas galéjo buti nulemtas tuo, kad pra-
dinis 10S buvo didesnis IOL pakeitimo grup¢je tiek bendroje imtyje, tiek
glaukomos pogupyje [215].

Misy tyrime reik§mingo antiglaukominiy vaisty kiekio pasikeitimo nebu-
vo nustatyta nei vienoje i§ grupiy po chirurginio IOL dislokacijos gydymo.
Soiberman ir kt. retrospektyvioje studijoje IOS padidéjimas po IOL fiksacijos
prie rainelés buvo laikinas ir sukontroliuotas tik medikamentais [32]. Artzen
ir. kt. prospektyviniame tyrime 10,9 proc. atvejy 1OS kontrolei prireiké ci-
klofotokoguliacijos po siiilinés transkleralinés IOL fiksacijos [85]. Jakobs-
son ir kt. prospektyvingje studijoje 1 atvejui 1§ 28 prireike trabekulektomijos,
po siiilinés transkleralinés IOL fiksacijos [95]. Kristianslund ir kt. studijoje
28,0 proc. atvejy, po sitlinés IOL fiksacijos prie skleros, ir 21,0 proc. atvejy,
po IOL pakeitimo j Artisan tipo IOL, pooperaciniu laikotarpiu papildomai
reik¢jo 10S mazinanc¢io gydymo: (antiglaukominiy vaisty kiekio padidinimo
(atitinkamai 44,0 proc. ir 33,0 proc.), trabekuloplastikos lazeriu (atitinkamai
9,0 proc. ir 4,0 proc.), ciklofotokoguliacijos (atitinkamai 4,0 proc. ir 7,0 proc.)
ar filtruojancios operacijos (atitinkamai 9,0 proc. ir 4,0 proc.)) [215].

Miisy tyrime, vertinant IOS tarp visy keturiy tiriamyjy grupiy pastebéta,
kad po chirurginio IOL dislokacijos gydymo RF ir P grupése jis iSliko di-
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desnis, palyginti su KLA ir PF grupémis. Pogrupiy analizé parode, kad tiria-
muyjy su glaukomos diagnoze, pooperacinis 10S tarp grupiy nesiskyre, o be
glaukomos diagnozés IOS buvo normalus, bet reikSmingai didesnis RF nei
PF grupés, o P grupés didesnis — nei KLA ir PF grupiy. Tai leidZia manyti,
kad chirurginis IOL—kapsulés maiSelio komplekso stabilizavimas, fiksuojant
Ji prie rainelés ar pakeitus nauju IOL gali pagerinti IOS kontrolg glaukomos
gydymo kontekste, ypac tais atvejais, kai padidéjes IOS gali biiti nulemtas
biomechaniniy veiksniy, susijusiy su IOL padéties nestabilumu. Artzen ir kt.
studijos duomenys parodé, kad akyse su padidéjusiu IOS prie§ IOL disloka-
cijos chirurginj gydyma, 10S vidurkio (SN) reik§mingai sumaz¢jo nuo 24,79
(9,42) mm Hg iki 18,93 (6,36) mm Hg. Tuo tarpu akyse su normaliomis [0S
vertémis, IOS vidurkis (SN) reik§mingai padid¢jo nuo 15,93 (3,18) mm Hg
iki 18,01 (5,46) mm Hg po sitlinés transkleralinés IOL fiksacijos [85]. Vie-
nintelé¢ iki Siol publikuota Leung ir kt retrospektyviné studija, lyginusi akis
su IOL—kapsulés maiSelio komplekso dislokacija ir ty paciy tiriamyjy kon-
tralateralinémis akimis, nustaté, kad IOS biina didesnis akyse su IOL dislo-
kacija, nei kontralateralinése akyse be IOL dislokacijos pozymiy [216]. Si
tendencija atitinka miisy tyrimo rezultatus.

Apibendrinant, misy tyrimo duomenys rodo, kad aukstas 10S, IOL—kap-
sulés maiSelio dislokacijos metu, neretais atvejais negali biiti sumazintas vien
IOL dislokacijos chirurginiu gydymu. Ta¢iau pacientams, esant padidéjusiam
IOS kartu su IOL dislokacija, rekomenduojama vienu metu planuoti chirurgi-
nj IOL dislokacijos gydyma ir IOS kontrolés strategija.

Regos pokyciai po IOL dislokacijos chirurginio gydymeo. Po chirurgi-
nio IOL—kapsulés maiSelio komplekso dislokacijos gydymo NRAT ir KRAT
reikSmingai pageréjo tiek RF, tiek P grupéje. Nors NRAT pokytis tarp grupiy
nesiskyré, KRAT pageré¢jimas buvo didesnis RF grupéje (analizéje atmetus
IV laipsnio dislokacijg). Lyginant duomenis tarp visy keturiy grupiy, prie-
Soperaciniu laikotarpiu NRAT ir KRAT buvo statistiskai reikSmingai buvo
geresnis KLA ir PF grupése. Po chirurginio gydymo abiejose intervencinése
grupése reikSmingai pager¢jes NRAT ir KRAT isliko prastesnis P grupéje, ly-
ginant su RF, KLA ir PF grupémis. Tuo tarpu RF grupés NRAT po chirurginio
gydymo isliko prastesnis nei PF grupés, taciau nebesiskyré nuo KLA grupés,
o KRAT RF grupéje buvo reikSmingai geresnis nei P grupéje ir nesiskyré nuo
KLA ir PF grupiy.

Soiberman ir kt. retrospektyviai analizavo pacientus, kuriems buvo atlikta
IOL pakeitimo j trijy daliy IOL ir fiksacijos prie rainelés, naudojant modi-
fikuotag McCannel technika [289]. Nors bendroje imtyje reikSmingo KRAT
pager¢jimo nebuvo nustatyta (0,34 LogMAR pries ir 0,34 LogMAR po, p =
0,83), pogrupyje be regéjima ribojanciy patologijy, vidutinis KRAT, pageréjo
nuo 0,34 LogMAR iki 0,16 logMAR (p = 0,06) [38]. Rusu ir kt. retrospekty-
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viame tyrime, kuriame IOL dislokacijos gydymui buvo taikoma IOL fiksacija
prie rainelés McCannel technika, KRAT vidurkis pageréjo nuo 1,07 iki 0,52
logMAR (p <0,001) [290]. Kim ir kt. retrospektyvinéje studijoje lygino IOL
fiksacijos prie rainelés ir IOL fiksacijos prie skleros metodus (abi be vitrekto-
mijos). Joe nustaté reikSmingg KRAT vidurkis pageréjimg abiejose grupése:
nuo 0,58 iki 0,25 logMAR (fiksacija prie rainelés) ir nuo 0,57 iki 0,19 lo-
gMAR (fiksacija prie skleros) [291].

Sie duomenys leidzia daryti prielaidg, kad abu chirurginiai metodai veiks-
mingai pagerina regos astruma, taciau IOL fiksacija prie rainelés uZztikrina
geresnj KRAT atkiirima, palyginti su IOL pakeitimu j priekinés kameros IOL.
Visgi fiksuotas regos astrumo pageréjimas nepriklausomai nuo metodo, todél
sprendimas dél chirurginio metodo pasirinkimo turéty biiti grindZziamas ne tik
regos prognoze, bet ir individualia situacija bei chirurgine rizika.

Sferinio ekvivalento pokyciai po chirurginio gydymo. Po IOL—kapsulés
maiSelio komplekso dislokacijos chirurginio gydymo SE reik§mingai suma-
z¢jo tiek RF, tiek P grupése. Abiejose grupése buvo stebétas nedidelis refrak-
cijos poslinkis j trumparegyste. SE pokytis tarp RF ir P grupiy nesiskyré. SE
pokytis buvo didesnis nei RF grupéje. Lyginant duomenis tarp visy keturiy
grupiy, prieSoperacinis SE reikSmingai nesiskyre tarp RF ir P grupiy (analize-
je atmetus IV laipsnio dislokacijg), ta¢iau buvo reikSmingai didesnis nei KLA
ir PF grupiy. Po operacijos SE reikSmés tarp visy keturiy grupiy suartéjo ir
tarp grupiy nebesiskyré.

Refrakcijos pokyciai po chirurginio gydymo analizuoti ir kituose tyrimuo-
se. Soiberman ir kt. retrospektyviniame tyrime, kuriame buvo atlikta IOL pa-
keitimas j trijy daliy IOL ir fiksacija prie rainelés (modifikuota McCannel
technika), stebétas reikSmingas SE vidurkio (SN) sumazéjimas i trumpare-
gystés pus¢ nuo +7,62 (4,38) D iki —1,33 (1,45) D (p <0,001) [289]. Condon
ir kt. retrospektyvingje studijoje taip pat nustaté statistiSkai reikSmingg SE
sumaz¢éjimg. Didzioji dalis tiriamyjy pasieke didesnj nei 0,5 regos aStruma po
IOL implantacijos ir fiksacijos prie rainelés naudojant modifikuota McCan-
nel ir Siepser mazgo technikg [292].

Levy—Neuman retrospektyvingje studijoje palygino du IOL dislokacijos
gydymo metodus: sitling transkleraling fiksacija (Hoffman technika) ir fik-
sacija prie rainelés (McCannel ir Siepser mazgo technika). Abiejose grupése
buvo stebétas reikSmingas KRAT pageréjimas ir SE sumaz¢jimas. Pooperaci-
nis SE abiejose grupése buvo i trumparegystés puse (SE —1,8 (3,1)) D) [28].

Priesingus duomenis, nei misy studijos, pateiké Kristianslund ir kt. pros-
pektyviame atsitiktiniy im¢iy tyrime. Jie pasteb¢jo, kad SE vidurkis (SN) po
operacijos reikSmingai skyrési: IOL fiksacijos prie skleros grupéje buvo—1,58
(1,58) D, o IOL pakeitimo j Artisan tipo IOL —0,46 (0,97) D (p < 0,001). Ty-
réjai pabréze, kad refrakcijos poslinkis j trumparegyste buvo ryskesnis IOL
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fiksacijos grupéje [293]. Taciau jie IOL pakeitimo metu atlikdavo skleroje
tunelinj pjuvi, kuris kaip Zinoma Zymiai maziau turi jtakos pooperacinei re-
frakcijai, nei rageninis pjuvis taikytas miisy studijoje [84].

Apibendrinant, miisy tyrimo rezultatai rodo, kad abiejy chirurginiy meto-
dy atvejais buvo pasiektas reikSmingas SE sumaz¢jimas su poslinkiu j trum-
paregysteés puse.

Rageninio astigmatizmo poky¢iai. Po chirurginio IOL dislokacijos gy-
dymo RF grupéje reikSmingo rageninio astigmatizmo pasikeitimo nebuvo
nustatyta, o P grupéje fiksuotas statistiskai reikSmingas §io parametro padi-
déjimas. Lyginant rezultatus tarp visy keturiy grupiy, prieSoperacinis rageni-
nis astigmatizmas RF grupés buvo didesnis nei PF grupés, tarp kity grupiy
skirtumy nenustatyta. Po operacijos P grup¢je astigmatizmas buvo didesnis,
palyginti su visomis kitomis grupémis. Astigmatizmo aSies orientacija po
operacijos reikSmingai nepakito nei RF, nei P grupése, o skirtumy tarp visy
keturiy grupiy taip pat nenustatyta. Tai rodo, kad chirurginis gydymas pavei-
ké astigmatizmo dydj, bet ne jo krypt;.

Kai kuriy tyrimy duomenys sutampa su miisy stebétomis tendencijomis.
Michaeli ir kt, retrospektyvingje studijoje, kurioje 44 pacientams buvo atlikta
IOL repozicija ir fiksacija prie rainelés naudojant modifikuota McCannel ir
Siepser technika, nebuvo nustatyta reikSmingo rageninio astigmatizmo pa-
did¢jimo. Rezultatai parodé stiprig teigiama koreliacijg tarp prieSoperacinio
rageninio astigmatizmo ir galutinio subjektyvaus refrakcinio astigmatizmo (r
=0,8; p <0,01), kas rodo, kad chirurginis poveikis ragenai buvo minimalus
[31]. Kim ir kt. retrospektyvingje studijoje, lygino IOL fiksacijos prie raine-
lés ir transskleralinés fiksacijos metodus (be vitrektomijos). Jie nustaté, kad
ankstyvuoju pooperaciniu laikotarpiu fiksacijos prie skleros grupéje rageni-
nio astigmatizmo padidéjimas buvo mazesnis nei fiksacijos prie rainelés (p
=0,009). Taciau astigmatizmo padidéjimas rainelés fiksacijos grupé€je grjzo
i prieSoperacines vertes po 3 mén. ir isliko stabilus po 12 mén. Sis trumpa-
laikis astigmatizmo padidéjimas patvirtina, kad, nors tam tikras chirurginis
astigmatizmas gali biiti sukeltas ir po IOL fiksacijos prie rainelés, taciau jo
stabilizacija dazniausiai pasiekiama per pirmuosius 3 mén. [291].

Apibendrinant, miisy tyrimas parodé, kad didesnis pjuvis, reikalingas Kel-
man tipo IOL implantacijai, gali reikSmingai paveikti ragenos morfologija
ir padidinti astigmatizmg. Tuo tarpu RF grupéje intervencija atlickama per
nedidelj pjiivi leidzia i§laikyti esama ragenos forma. Sis aspektas ypa¢ svar-
bus norint i§vengti papildomos refrakcinés klaidos pooperaciniu laikotarpiu.
Sie duomenys pabrézia, kad chirurginio metodo pasirinkimas turi reik§minga
poveikj ragenos morfologijai.

AuksStesnés eilés aberacijos ir ju sgsajos su regos funkcija. Aukstesnés
eilés aberacijos, apibiidinanc¢ios bendrg optinés sistemos iSkraipymy masta,
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yra svarbus rodiklis vertinant regos kokybe po chirurginiy intervencijy. Sia-
me tyrime buvo jvertintos aukstesnés eilés aberacijy RMS reik§meés bendro-
joje, rageninéje ir vidinéje akies optinés sistemos dalyse. Nustatyta, kad po
chirurginio gydymo bendrosios ir vidinés aukstesnés eilés aberacijy reikSmés
reikSmingai sumazejo tiek RF, tiek P grupése. Tuo tarpu rageninés aberacijos
reikSmingai padidéjo P grupéje, o tai siejama su invazyvesne chirurgine tech-
nika ir didesne jtaka ragenos struktiirai.

Detalesné analizé parode, kad RF grupéje pooperacinis aberacijy pokytis
buvo labiau susijes su vidiniy komponenty sumazéjimu, o P grupéje — su prie-
Singu reiSkiniu — reik§mingu rageniniy aberacijy padidéjimu. Nors daugelis
aberacijy abiejose grupése po operacijos sumazejo, jos vis dar iSliko didesnés
nei PF grupés, o nuo KL A dazniausiai nebesiskyreé.

Tyrimo metu taip pat nustatytos teigiamos koreliacijos tarp prieSoperaciniy
bendry ir vidiniy aberacijy bei regos astrumo (NRAT, KRAT) ir IOL disloka-
cijos laipsnio. Tuo tarpu KLA ir PF grupése reikSmingy sasajy tarp aberacijy
ir regos rodikliy nenustatyta. Tai rodo, kad akyse, be IOL dislokacijos, abe-
racijos neturi rySkios jtakos regos aStrumui, o esant dislokacijai — atvirksciai,
reikSmingai prisideda prie regéjimo sutrikimy.

Idomu tai, kad po chirurginio gydymo reikSmingy koreliacijy tarp vidiniy
aberacijy ir regos aStrumo nebebuvo nustatyta, o tai leidzia manyti, jog IOL
dislokacijos chirurginis gydymas sumazina aberaciniy defekty jtaka regos
funkcijai (nepriklausomai nuo chirurginio metodo). Visgi, P grupéje stebé-
tos teigiamos koreliacijos tarp NRAT ir rageninés horizontalios komos, tarp
KRAT ir rageninio jstrizo astigmatizmo bei tarp KRAT ir rageninés horizon-
talios komos. Tai dar kartg patvirtina, kad ragenos biiklé po Sio tipo chirurgi-
nés intervencijos gali turéti ilgalaikj poveikj regéjimo kokybei.

IOL padéties svarbg aberacijy poky¢iams patvirtina ir literarttiros duome-
nys. Cui ir kt. tyrime nustatyta, kad vertikali IOL decentracija reikSmingai
koreliavo su vidinémis auks$tesnés eilés aberacijomis, ypa¢ su koma. Hori-
zontalus decentravimas buvo susijes su horizontalia vidine koma, kas rodo,
jog net minimalis IOL centro nukrypimai gali turéti reikSmingg jtaka regos
kokybei [294].

Panasiai Oshika ir kt. nustaté, kad po siiilinés transskleralinés IOL fiksaci-
jos IOL pasvirimo kampas reik§mingai koreliavo su komos tipo aberacijomis,
o tai patvirtina, jog net nedidelis IOL pasvirimas gali Zymiai pabloginti regos
kokybe [295].

Hayashi ir kt. taip pat parodé, kad po skleralinés IOL fiksacijos IOL pasi-
virimo kampas siekia vidutiniskai 6,35° (plg. — tik 3,18° po standartinés ka-
taraktos operacijos), o decentracija — 0,62 mm (p/g. 0,29 mm po standartinés
kataraktos operacijos), kas lemia rysky komos padidéjima [296].
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Nors kai kurie autoriai, pvz., Bellucci ir kt., nurodo, kad komos tipo abe-
racijos reikSmingai nesiskiria tarp skirtingy IOL tipy, o sferinés aberacijos
labiau priklauso nuo pacios IOL konstrukcijos, misy bei kity tyrimy duome-
nys rodo, kad esmine reikSme turi ne tiek IOL dizainas, kiek jo padétis akyje
[297].

Apibendrinant, galima teigti, kad IOL dislokacija yra vienas svarbiausiy
veiksniy, lemianéiy vidiniy aukstesnés eilés aberacijy padidéjima. Sie rezul-
tatai parodo, kad optimali [OL padétis yra biitina siekiant maksimalios regos
kokybés, ypac¢ pacientams, kuriems atliekama IOL fiksacija.

Ragenos endotelio lasteliy tankio pokyciai po chirurginio IOL dislo-
kacijos gydymo. Miisy tyrimo rezultatai parodé, kad po chirurginio gydymo
RELT reik$Smingai sumaze¢jo tiek RF, tiek P grupéje, taciau didesnis sumazé-
jimas buvo stebétas P grupéje. Sie pastebéjimai atitinka ir literatiiros duome-
nis. Pavyzdziui, Eum ir kt. studijoje po IOL pakeitimo j priekinés kameros
IOL RELT vidurkis (SN) sumazéjo nuo 2070,4 (458,8) iki 1805,9 (426,5), o
po IOL repozicijos ir fiksacijos prie skleros — nuo 1778,5 (775,6) iki 1689,6
(685,7) [298]. Kang ir kt. nustaté, kad nors prie§ operacija RELT reikSmés
tarp grupiy nesiskyré, pooperacinis sumaz¢jimas buvo reikSmingai didesnis
IOL pakeitimo grupé¢je (vidutiniskai 207,8 Igstelés/mm?), palyginti su repozi-
cijos ir besitlés intraskleralinés IOL fiksacijos grupe (vidutiniSkai 71,1 laste-
1és/mm?) [299].

Tai atitinka bendra tendencijg — pooperacinis RELT sumaz¢jimas dazniau-
siai biina didesnis po IOL pakeitimo, palyginti su IOL repozicija ir fiksacija.
Sis skirtumas, tikétina, susijgs su invazyvesne chirurgine technika — P grupé-
je. Atliekamas platus, apie 6 mm rageninis pjlivis, o operacijos metu atlieka-
ma IOL pasalinimas bei naujo IOL implantacija, manipuliuojant arti ragenos
endotelio. Toks metodas sukelia didesne¢ intraokuling traumg. Tuo tarpu RF
grupéje taikomos tik dvi mazos paracentezes, o pati chirurginé manipuliacija
vyksta toliau nuo ragenos, todél poveikis endotelio Igsteléms yra mazesnis.
Nors kai kuriais atvejais naudojant skleralinj tunelinj pjiiv] ir pakankama kie-
kj viskoelastiniy medZiagy galima sumaZinti rizika, vis délto literatiiroje ap-
raSyta, kad RELT sumaz¢jimas po IOL dislokacijos gydymo gali siekti nuo
11,0 proc. iki 21,0 proc. priklausomai nuo taikyto metodo ir stebéjimo tru-
kmés (3—12 mén.) [300].

Masy tyrime prie§ operacija RELT buvo mazesnis tiek RF, tiek P grupése,
palyginti su KLA ir PF grupémis. Tai rodo, kad endotelio pazeidimas galéjo
biiti nulemtas ne tik chirurginés intervencijos, bet ir pacios IOL dislokaci-
jos bei ja lydinciy veiksniy. Sumazéjes RELT yra daznai nustatomas studi-
jose apie IOL—kapsulés maiSelio komplekso dislokacijg. Kristianslund ir kt.
tyrime nustatyta, kad pries IOL dislokacijos chirurginj gydyma RELT sieké
1718-1940 lastelés/mm? [91]. PanaSius duomenis pateiké ir Eum ir kt. studi-
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ja [298], tai yra RELT buvo mazesnis akyse su IOL dislokacija, nei tikétina
pagal amziy sveiky individy populiacijoje (22002400 lastelés/mm?) [301].
Be to, misy tyrime tirtos akys be IOL dislokacijos, turéjo RELT atitinkantj
normg pagal amziy (mediana (TKI), KLA grupé: 2352,3 (2158,5-2507,3) 1as-
teles/mm?; PF grupé: 2257,0 (1985,1-2557,9) lastelés/mm?).

Miisy tyrime nustatyta reikSminga neigiama koreliacija tarp prieSopera-
cinio RELT ir glaukomos bei IOL dislokacijos simptomy trukmés. Daugia-
veiksme logistinés regresijos analizé parode, kad rizika turéti RELT < 2050
lastelés/mm?, didéja esant IOL—kapsulés maiSelio komplekso dislokacijai ir
pirminés glaukomos diagnozei, nepriklausomai nuo amziaus. Tai rodo, kad
tiek akiy ligos, tokios kaip glaukoma, tiek lokaliis veiksniai (IOL dislokacijos
sukelti intraokuliniai pakitimai) turi itakos ragenos endotelio pazeidimui.

Zinoma, kad endotelio lastelés yra jautrios jvairiems pazeidimams — in-
traokulinéms intervencijoms, uzdegimui, padid¢jusiam 10S [223,285,302—
304]. Dislokuotas IOL—kapsulés maiSelio kompleksas, ypa¢ esant Soemme-
ring ziedui ar kapsulés maiSelio fibrozei, gali mechaniSkai dirginti rainelg
ir krumplyng, skatindamas uzdegima, pigmento dispersijg ir uzdegiminius
poky¢ius akies priekinés kameros skystyje [110,217]. Sie poky¢iai gali lemti
létin} endotelio lasteliy pazeidimg net esant minimaliai ar kliniSkai nepasi-
reiSkianciai uzdegiminei akies reakcijai [237-240]. Ragenos endotelio 13s-
teliy praradimas visada stebimas po chirurginiy intervencijy [300,305-307].
Kai RELT nukrenta zemiau funkcinés ribos (paprastai apie 500 lasteliy/mm?),
sutrinka stromos dehidracijos mechanizmas ir ragena paburksta [223]. Todél
labai svarbu nustatyti veiksnius, mazinancius RELT, ir kurti strategijas, kaip
iSsaugoti endotelio funkcijg bei iSvengti galimos ragenos dekompensacijos.
Net esant nedidelio laipsnio IOL dislokacijai reikéty apsvarstyti greitesnés
chirurginés intervencijos galimybe, siekiant apsaugoti ragenos endotelj.

Apibendrinant, misy tyrimo rezultatai patvirtina, kad IOL dislokacija gali
sukelti arba padidinti ragenos endotelio pazeidimg. IOL fiksacija prie raine-
1és, palyginti su IOL pakeitimu, gali biiti saugesné alternatyva, ypac jei tikslas
— maksimaliai i§saugoti ragenos skaidrumg ir funkcija.

Intraokulinio leSio padéties pokyciai po chirurginio gydymo ir ju
reik§mé optinés sistemos stabilumui. Atliekant [OL padéties analizg pries
ir po chirurginio gydymo, nustatyta, kad tiek IOL pasvirimas, tiek decentra-
cija reikSmingai sumaz¢jo abiejose — vertikalioje ir horizontalioje — aSyse, tai
patvirtina chirurginio gydymo efektyvuma. Prie§ operacija RF grup¢je IOL
pasvirimas ir decentracija buvo reik§mingai didesni nei KLA ir PF grupése.
Po chirurginio IOL padéties atstatymo RF grupéje vertikalioje asyje pasviri-
mas sumazejo iki KLA lygmens, o horizontalioje aSyje jis tapo net mazesnis
nei KLA grupéje.
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Pooperaciniai decentracijos duomenys taip pat rodo reik§minga pageréji-
ma — RF grup¢je vertikalioje aSyje decentracija buvo net maZzesné nei KLA
grup¢je, o horizontalioje — nesiskyré nuo KL A, ta¢iau buvo didesné nei PF
grupéje. Sie rezultatai atspindi chirurginés intervencijos efektyvuma, ypaé
vertikalios aSies stabilizavimo poziiiriu, bei leidzia manyti, kad RF metodas
leidzia pasiekti ne tik anatomiSkai, bet ir optiSkai palankesng¢ IOL pozicija.

Idomu, kad PF grupéje — kliniSkai stabiliose pseudofakinése akyse — IOL
padétis buvo simetriSkesn€, su mazesne pasvirimo ir decentracijos sklaida,
tuo tarpu KL A grupéje — tiriamyjy akyse, kuriy prieSinga akis jau patyré IOL
dislokacija — pastebétas didesnis padéties issisklaidymas. Sis skirtumas gali
rodyti zonuliy silpnuma, biidingg abiem akims, kuris dar néra pasireiskes kli-
nikine dislokacija kontralateralin¢je akyje. Tokia prielaida remiasi Jakobsson
ir kt. duomenimis, kur 18,0 proc. atvejy per steb¢jimo laikotarpj IOL disloka-
cija iSsivysté kontralateralingje akyje [95].

Analizuojant IOL pasvirimo kryptj pries chirurginj gydyma, dominuojanti
tendencija buvo IOL pasvirimas j temporalinés—apatinés krypties puse, o po
operacijos daugumos IOL padétis susitelké arciau koordinaciy centro. Decen-
tracijos krypties pasiskirstymas taip pat atskleide, kad prie§ gydyma dauguma
IOL buvo decentruoti Zemyn ir ] temporaline puse, o po gydymo pozicijos
persiskirsté link centro.

KLA grup¢je IOL pasvirimo kryptis buvo analogiska RF grupei, tuo tar-
pu PF grupéje pasvirimas buvo prieSinga kryptimi — nazaliné—virSutiné. Tai
iliustruoja galimg biomechaninj dislokacijos krypties désninguma, kuris ga-
léty buti jtrauktas j profilaktiniy pseudofakiniy pacienty tyrimy planavima.

IOL padéties netolygumai — tiek pasvirimas, tiek decentracija — daro jta-
ka regos kokybei, ypa¢ didindami vidines aukStesnés eilés aberacijas. Anks-
tesniuose tyrimuose parodyta, kad nedideli IOL decentracija ir/ar pasvirimas
(atitinkamai, >0,7 mm arba >5°) gali reikSmingai didinti komos tipo abera-
cijas ir bloginti reg¢jimo kokybe [294,308]. Todél pasiekta gera pasvirimo ir
decentracijos kontrol¢ RF grupéje gali buti laikoma ne tik anatomine, bet ir
funkciskai reikSminga korekcija.

Pooperacinés komplikacijos po IOL dislokacijos chirurginio gydymo.
Pooperacinio laikotarpio analizé parodé¢, kad dazniausia komplikacija buvo
CME, kuri pasireiské 21,7 proc. i§ visy atvejy. Tarp chirurginiy grupiy nu-
statytas reikSmingas skirtumas — RF grupéje CME pasireiské reciau nei P
grupéje (atitinkamai 4,4 proc. ir 39,0 proc.). Sis rezultatas gali biiti susijes su
mazesniu chirurginiu invazyvumu RF grupgje.

Garcia—Rojas ir kt. studijoje, taikant IOL fiksacija prie rainelés, naudojant
McCannel ir Siepser mazgo technika, CME atvejy nebuvo nustatyta [278].
Taip pat CME atvejy nebuvo fiksuota ir Condon ir. kt. studijoje, kuriame ana-
logiskas fiksacijos metodas buvo taikytas afakijos korekcijai [292]. Rusu ir
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kt. tyrime, kuriame IOL buvo fiksuotas prie rainelés, CME pasitaike 3,8 proc.
atvejy [290]. Sie duomenys leidzia manyti, kad IOL fiksacija prie rainelés
yra reiau susijusi su uzpakalinio segmento komplikacijomis, tokiomis kaip
CME. Be to, Li ir kt. atlikta metaanalizé, lyginusi tris skirtingus IOL fik-
sacijos metodus — fiksacijg prie rainelés, sitling intraskleraline fiksacijg ir
sitiling transskleraling fiksacijg — parod¢, kad IOL fiksacija prie rainelés buvo
susijusi su mazesne ne tik CME, bet intraokuline hemoragijos rizika, paly-
ginti su kitais dviem fiksacijos metodais [243]. Mahapatra ir kt. studijoje, po
trauminés afakijos korekcijos implantuojant priekinés kameros IOL pasitaike
8,8 proc. CME atvejy [270]. Wagoner ir kt. literatiiros apzvalga atskleidé, kad
CME daznis buvo reik§mingai mazesnis IOL fiksacijos prie rainelés atvejais,
palyginti su IOL fiksacija prie skleros ar priekinés kameros IOL implantacija
[242]. Schein ir kt. randomizuotoje studijoje buvo vertinamos trys IOL fik-
sacijos metodikos atliekant keratoplastikg [309]. Nors regos astrumo iseitys
visose grupése buvo panasios, pastebéta, kad fiksacijos prie rainelés grupeje
buvo statistiSkai reikSmingai maziau CME atvejy (20,0 proc.), palyginti su
priekinés kameros IOL implantacija (38,0 proc.) ir IOL fiksacija prie skleros
(41,0 proc.) (p <0,05) [309].

Kita svarbi chirurginé komplikacija — pakartotina IOL fiksacija dél ne-
pakankamo IOL centruotumo — buvo reikalinga tik RF grupéje, 3 atvejams
(6,7 proc.). Kim ir kt. studija atskleidé, kad tiek po IOL fiksacijos prie raine-
lés, tiek po fiksacijos prie skleros pasitaiké atvejy kai dél redislokacijos ar ne-
pakankamo IOL centruotumo reikéjo pakartotinés intervencijos (atitinkamai
13,6 proc. plg. 17,1 proc., p > 0,05) [291].

Misy tyrime per SeSiy ménesiy stebéjimo laikotarpi nei vienoje grupé-
je nebuvo uzfiksuotos tokios sunkios komplikacijos, kaip bulioziné kerato-
patija, pigmento dispersijos sindromas, létinis uveitas, tinklainés atSoka ar
endoftalmitas. Tai leidzia daryti prielaidg, kad abi chirurginés technikos yra
saugios, taciau RF metodas gali biti pranasesnis d¢l mazesnio CME pasi-
reiskimo. Siuos rezultatus atspindi Caporossi ir kt. retrospektyviné studija,
kurioje buvo analizuoti 41 IOL—kapsulés maiSelio dislokacijos atvejai, gydyti
IOL fiksacija prie rainelés. Tyrime uzfiksuoti geri refrakcijos rezultatai, ir
nepasireiské komplikacijos, tokios kaip bulioziné keratopatija ar pigmento
dispersija. Autoriai pri¢jo prie iSvados, kad tiek vienos, tiek trijy daliy IOL
fiksacija prie rainelés yra saugus ir efektyvus IOL dislokacijos gydymo meto-
das [23]. Miisy tyrimo rezultatai $iai iSvadai neprieStarauja.
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ISVADOS

. IOL—kapsulés maiSelio komplekso dislokacijos rizikg didino anks-
¢iau atlikta TB, PES ir glaukoma. MaZesnio laipsnio IOL dislokaci-
ja buvo susijusi su didesniu 10S padid¢jimu. IOL—kapsulés maiselio
komplekso dislokacija blogino regos aStrumg ir didino vidinines akies
aberacijas. IOL—kapsulés maiselio komplekso dislokacija ir glaukoma
didina rizika, kad RELT pries IOL dislokacijos chirurgini gydyma bus
<2050 lasteliy/mm? .

. IOL dislokacijos chirurginis gydymas, nepriklausomai nuo metodo, pa-
gerino regos aStrumg ir sumazino vidines akies aberacijas, kurios nebe-
daré jtakos regos kokybei. IOL fiksacija prie rainelés uztikrino geresnj
KRAT. Po IOL eksplantacijos ir pakeitimo ; PK IOL padidéjo rageninés
aberacijos, bloginusios regos astruma.

. IOL dislokacijos chirurginis gydymas, nepriklausomai nuo metodo, su-
mazina [OS esant padidéjusiam IOS (> 21mmHg) prie§ operacijg. IOL
fiksacija prie rainelés buvo maziau invazyvi: nepadidino rageninio asti-
gmatizmo ir Iémé mazesnj RELT praradimg. Po $ios intervencijos IOL
pasvirimas ir decentracija buvo artima ar gerensé nei kontralateralin¢je
akyje. Visa tai leidzia IOL fiksacijos prie rainelés metoda laikyti akies
morfologijai palankesniu pasirinkimu.

. Dazniausia komplikacija buvo CME, kuri daZniau pasitaiké po eksplan-
tacijos ir pakeitimo j PK IOL. Refiksacijos po fiksacijos prie rainelés
prireiké 6,7 % atvejy. Papildomos filtruojanc¢ios operacijos prireike
9,3 proc. atvejy po IOL fiksacijos prie rainelés ir 2,5 proc. po IOL eks-
plantacijos ir pakeitimo j PK IOL.
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PRAKTINES REKOMENDACIJOS

Atsiradus padidéjusiam 10S pseudofakinéje akyje, ypac kai IOL dis-
lokacija néra akivaizdi, tikslinga vertinti 10S padidé¢jima ne tik kaip
glaukomos progresavimo rizikos veiksnj, bet ir kaip galimg netiesioginj
IOL nestabilumo pozymi.

Pacientams su IOL—kapsulés maiSelio komplekso dislokacija ir sergan-
tiems glaukoma ar turintiems padidéjusj 10S, rekomenduojama vienu
metu planuoti tiek IOL padéties korekcija, tiek IOS kontrolés strategija,
kad bty iSvengta papildomos glaukomos progresavimo rizikos.
Pacientams su IOL—kapsulés maisSelio komplekso dislokacija ir glau-
koma, matuoti RELT prie§ planuojant IOL dislokacijos chirurginj gy-
dyma.

Pacientams su IOL—kapsulés maiselio komplekso dislokacija ir gretuti-
ne glaukomos diagnoze (neatsizvelgiant | IOS) chirurginj gydyma tai-
kyti neuzdelsiant, siekiant apsaugoti ragenos endotelio lgsteles.

Esant IOL—kapsulés maiselio dislokacijai vienoje akyje, stebéti kontra-
lateraling akj dél galimos IOL dislokacijos arba iskart taikyti prevenci-
nes priemones.
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ACIOL
BCVA
CECD
CME
CLE
CTA
CTR
DPP
IF
IOL
IOLE
IOP
IQR

MD
OCT
OR
PEX
Pph
SIA
SE

SD

TB
UCVA

According to the World Health Organization, cataracts are the leading cause
of blindness and the second leading cause of reduced visual acuity worldwide
(after uncorrected refractive errors), representing a significant social and
economic burden [1]. The only effective treatment for cataracts is surgery
to remove the opacified lens and replace it with an artificial intraocular lens
(IOL) [2]. This surgery not only restores vision and significantly improves
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the patient’s quality of life but also provides secondary benefits. Studies
have shown that cataract surgery reduces overall mortality and increases life
expectancy in older people [3-7].

Currently, the gold standard is phacoemulsification, which involves the
implantation of a foldable IOL into the capsular bag that remains after the
removal of the natural lens. In recent decades, rapidly advancing microsurgical
tools, such as capsular tension rings, iris and capsular hooks, and advanced
microsurgical instruments, have made it possible to safely perform surgery
even in complex clinical cases [8—11]. These innovations have significantly
improved the safety and effectiveness of these procedures, and the number of
cataract operations performed each year continues to increase [8—11].

Despite the impressive progress in cataract surgery, complications cannot
always be avoided. One of the most serious complications is IOL dislocation,
which can occur either in the early postoperative period or many years after
a seemingly successful cataract procedure [12]. According to the literature,
the incidence of this complication ranges from 0.2% to 3%. However, exact
statistics remain unclear due to the inclusion of various dislocation types
(intraoperative, early, and late) in many studies [13-21].

Late spontaneous dislocation of the IOL—capsular bag complex often
results in significant visual disturbances and presents challenges for
ophthalmologists in choosing the most appropriate treatment strategy. Two
main treatment options are available: [1] removal of the dislocated IOL and its
replacement with a new IOL or [2] repositioning and fixation of the dislocated
IOL. While some authors emphasize that fixation of the same dislocated IOL
can help avoid additional surgical interventions (e.g., vitrectomy) and reduce
the risk of postoperative astigmatism, others point out the greater degree of
technical difficulty and increased risk of complications associated with such
procedures [22]. Thus, the surgeon must determine which approach best suits
each patient’s condition.

Recent publications have shown increasing interest in the long—term
outcomes of fixation techniques and efforts to preserve existing but dislocated
IOLs [23-25]. However, the literature still lacks sufficient data comparing
how different treatment methods affect visual function and ocular anatomy.
Therefore, this study aims to evaluate and compare the postoperative outcomes
of two different surgical approaches — fixation of the dislocated IOL to the iris
and removal of the dislocated IOL with replacement by an anterior chamber
IOL (ACIOL) — to determine which method ensures better visual acuity, a
lower risk of complications, and a more favorable anatomical state of the eye.
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Aim of the study

To evaluate the risk factors for dislocation of the IOL—capsular bag
complex and the impact of surgical treatment methods on visual quality and
ocular morphology.

Objectives of the study

1. To determine the risk factors in patients who have developed dislo-
cation of the IOL capsular bag complex and to evaluate the associated
changes in intraocular pressure, visual function and ocular anatomy.

2. Comparison of changes in intraocular pressure and visual acuity after
IOL fixation to the iris and after explantation of the IOL and replace-
ment with an ACIOL.

3. Comparison of the anatomical changes of the eye after IOL fixation to
the iris and after IOL explantation and replacement with an ACIOL.

4. Evaluation of the frequency and type of postoperative complications
after IOL fixation to the iris and after IOL explantation with replace-
ment by an ACIOL.

The scientific novelty of the study

In this study, we evaluated the postoperative outcomes of two different
surgical techniques in patients with [OL—capsular bag complex dislocation
and analyzed the risk factors associated with this pathology. In addition, the
results were compared not only between the surgically treated groups but also
with the contralateral pseudophakic eyes of the same patients and with a group
of individuals with pseudophakia who showed no signs of IOL dislocation.
To the best of our knowledge, this is the first and thus far the only prospective
study investigating iris sutured fixation of a dislocated IOL. A literature
review revealed that most of the previously published studies on this topic
were retrospective, and many were descriptive and did not include statistically
robust comparisons of surgical techniques [23, 27-34]. In several studies, IOL
fixation to the iris was investigated only as one of several techniques within
broader surgical strategies and not as an independent subject of analysis
[35,36]. Our prospective study is one of the first to systematically compare
IOL fixation to the iris with an alternative surgical method — replacement of
the IOL with an anterior ACIOL — by evaluating not only visual outcomes but
also morphologic changes in the eye.

For the first time, we identified a possible biomechanical pattern toward
dislocation that could inform preventive research planning for pseudophakic
patients who do not yet show signs of IOL dislocation but have a history of

123



risk factors such as unilateral IOL dislocation, glaucoma, pseudoexfoliation
syndrome (PEX), or trabeculectomy (TB).

1. MATERIALS AND METHODS OF THE STUDY

This prospective observational study was conducted at the Department of
Ophthalmology, Hospital of the Lithuanian University of Health Sciences
Kaunas Clinics, between 2017 and 2019. The study was approved by the
Kaunas Regional Biomedical Research Ethics Committee (Approval No.
BE-2-40]. The research followed the ethical principles outlined in the
Declaration of Helsinki.

The clinical study included participants scheduled for surgery due to IOL—
capsular bag complex dislocation. In addition, healthy control subjects with
pseudophakia who visited the Department of Ophthalmology at the Lithuanian
University of Health Sciences Kaunas Clinics for routine examinations were
included.

Four groups were formed:

1. Iris fixation group (IF group) — patients who underwent repositioning
and iris fixation of the dislocated IOL—capsular bag complex (n = 41,
eyes =43).

2. IOL exchange group (IOLE group) — patients who underwent pars pla-
na vitrectomy and IOL exchange with an anterior chamber IOL (n = 39,
eyes = 40).

3. Contralateral eye group (CLE group) — contralateral eyes of patients
who underwent surgery for IOL dislocation and had cataract surgery at
least 6 months earlier (n = 35, eyes = 35).

4. Pseudophakia group (Pph group) — pseudophakic subjects who atten-
ded routine outpatient clinic visits and had undergone cataract surgery
in one or both eyes at least 6 months earlier (n = 49, eyes = 81).

Inclusion criteria:

* Age > 18 years;

» Patients with late spontaneous IOL—capsular bag complex dislocation
in which the IOL was visible in the pupil area and who had undergone
cataract surgery (by phacoemulsification) at least 6 months earlier;

» Pseudophakic patients with a centrally positioned, stable, endocapsular
implanted IOL placed at least 6 months earlier by phacoemulsification.

Exclusion criteria:

* Age under 18 years;
» Allergies to local anesthetics or ophthalmic medications;
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» Coexisting eye diseases that could affect postoperative visual acuity:
Stage III-1V glaucoma, keratitis, endothelial dystrophy, corneal opaci-
ties, pterygium, and macular retinal changes;

» History of injury to the eyeball, blunt trauma causing anatomical dama-
ge, or orbital fractures;

» History of corneal transplantation, pars plana vitrectomy, laser refracti-
ve surgery, or cyclodestruction;

* Visual acuity worse than 0.02;

* Uncontrolled systemic diseases (e.g., arterial hypertension, systemic
inflammatory diseases, type 1 or 2 diabetes, and chronic infectious di-
seases);

» Diagnosed with psychiatric illness;

* Pregnant or breastfeeding women;

+ Patients who are not willing to participate in postoperative aftercare.

From 2017-2019, 186 patients met the inclusion criteria. Twenty—one
declined to participate. Ten patients (3 from the IF group, 1 from the IOLE
group, and six from the Pph group) were excluded due to findings that were
not compatible with the inclusion criteria: age—related macular degeneration
(5 from the Pph group and 2 from the IF group) and macular fibrosis (1 from
the Pph group, 1 from the IF group, and 1 from the IOLE group). Twenty—five
patients did not show up for follow—up or canceled (14 from the IF group and
10 from the IOLE group), and 1 patient from the IOLE group died. A total of
129 participants completed the study.

The initial examination was performed before surgical treatment. The
follow—up examination was performed 6.5 (+0.5) months after surgery. At
the first visit, a comprehensive ophthalmologic examination was performed,
including autorefraction, uncorrected corrected visual acuity (UCVA) and best
corrected visual acuity (BCVA), aberrometry, keratometry, IOL positioning
(tilt and decentration) measurement, IOP measurement using Goldmann
applanation tonometry, ophthalmoscopy, photography of the anterior segment
of the eye, optical coherence tomography (OCT) of the posterior segment of
the eye, and assessment of corneal endothelial cell density (CECD).

Six months after surgery, all examinations were repeated for the surgically
treated groups, and the results were compared with the preoperative data and
the KLA and PF groups. All the participants read and signed an informed
consent form. All examinations were performed according to the same
standardized protocol.
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Questionnaire data

The participants first completed a questionnaire containing the following
information: age, gender, eye to be operated on (right/left), date of cataract
surgery, patient’s age on the day of cataract surgery, type and material of
implanted IOL, use of a capsular tension ring (CTR), subjective visual impro-
vement after cataract surgery, duration from diagnosis of IOL dislocation to
the time of IOL dislocation surgery (duration of symptoms), concomitant
ocular diseases and their duration, previous ocular surgery or laser procedures,
current antiglaucoma, and other ocular medications.

The questionnaire was repeated at the second visit to record changes in
antiglaucoma medication and additional ophthalmologic interventions. The
total number of daily antiglaucoma medications per eye was calculated.

Ophthalmic evaluation

All eyes underwent a full ophthalmic examination, including UCVA
and BCVA using the LogMAR chart, refractometry and keratometry using
an autorefractometer (Tonoref III, Nidek Co., Ltd., Gamagori, Japan),
biomicroscopy using a slit lamp (SL-D7, Topcon Medical Systems, Tokyo,
Japan), measurement of IOP with a Goldmann tonometer (Haag—Streit AG,
Koniz, Switzerland) after diagnostic mydriasis with Tropicamide 1%, and
ophthalmoscopy with a 90D lens (Volk, USA).

Photography of the anterior segment and grading of IOL dislocation

Photographs of the anterior segment were taken with a digital slit lamp
(Carl Zeiss, Jena, Germany) using standardized methods: patients looked
into the light source, and retroillumination images were taken at maximum
flash intensity with a fully open slit beam in a near—coaxial position and 8x
magnification. The best images were selected.

A modified scoring system for IOL dislocations was used [92]:

Grade I: Pseudophacodonesis

Grade II: The IOL equator is in line with the pupil margin

Grade III: The IOL equator is above or aligned with a horizontal line thro-

ugh the center of the pupil

Grade I'V: Only the IOL edge is visible at any part of the pupil margin

Aberometry

To evaluate the optical system and visual quality before and after surgery, we
used a wavefront aberrometer/corneal topographer (Optical Path Difference
Scanning System (OPD—Scan IT ARK-10000), Nidek Co., Ltd., Gamagori,
Japan). The examination was performed under standardized conditions with
the pupil fully dilated. Each participant’s aberrometry dataset contained
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aberrations represented by Zernike polynomials of the 2nd to 4th radial order.
Each aberration was divided into total, corneal, and internal components.

Measurement of IOL tilt and decentration

IOL tilt and decentration were assessed using Scheimpflug images
(Pentacam, Oculus, Wetzlar, Germany). The examination was performed
under standard conditions in a dark room with the pupils fully dilated. The
decentration and tilt of the IOL were calculated as follows [287, 288]:

1. Image selection

Two images were exported from the Pentacam: a 90° meridian scan (scan
direction: superior to inferior) and a 180° meridian scan (scan direction: from
temporal to nasal).

2. Image analysis was performed using ImageJ software (version 1.52;
NIH, USA).

* Scale calibration: Before export, a reference line of 6000 um was
drawn in the Pentacam software for each image. This known distance
was measured in pixels using Imagel, whereupon all subsequent pixel
measurements were converted to micrometers.

* Determination of the topographic axis of the cornea (CTA): In all
images, the vertical dotted line represents the CTA (automatically
marked by the Pentacam).

* Determination of the IOL center: Two arcs were drawn in Imagel
corresponding to the curvature of the anterior and posterior IOL surfaces.
The intersection of these arcs represented the central IOL plane in the
cross—section. A line drawn through the intersection points defined the
IOL plane, and its center was defined as the IOL center. The IOL axis
was defined as the line perpendicular to the IOL center.

3. Determination of the decentration and tilt of the IOL:

* IOL decentration: The perpendicular distance from the IOL center to
the CTA.

» IOL tilt angle: The angle between the IOL axis and the CTA, calculated
as the angle between the IOL plane and the CTA minus 90°.

4. Interpretation of the parameters:

* The decentration indicates how far the IOL center is displaced from the
CTA.

* The tilt angle describes how many degrees the IOL axis deviates from
the perpendicular alignment to the CTA.

Positive and negative values were used to indicate the direction of

decentration and tilt in each meridian:

» Vertical meridian:
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o “+” values indicate an upper direction (e.g., “IOL decentered
upward”; “IOL tilted upward”).
“~” values indicate an inferior direction (e.g., “IOL decentered
downward”; “IOL tilted inferiorly™).
* Horizontal meridian:

o “+” values indicate a temporal direction (e.g., “IOL temporally
decentered”; “IOL temporally tilted”).
“~values indicate a nasal direction (e.g., “IOL nasally decentered”;
“IOL nasally tilted”).

o

OCT of the posterior segment

OCT of the posterior segment (DRI OCT Triton Plus (Ver. 10.13), Topcon,
Japan) was performed for all the subjects. The examination was carried out
in a semidarkened room after pupil dilation. For all participants, the macula
was examined in 3D Macula V/H mode (7.0 x 7.0 mm scan area). The total
thickness of the retina in the macular area (from the outer limiting membrane to
the retinal pigment epithelium) was assessed. The thickness (in micrometers,
um) was measured automatically by the system.

Measurement of corneal endothelial cell density

CECD was measured using in vivo confocal microscopy (Heidelberg
Retina Tomograph IIT) equipped with the Rostock Cornea Module (Heidelberg
Engineering GmbH, Heidelberg, Berlin, Germany).

The examination was performed under standard conditions with local
anesthesia (proxymetacaine hydrochloride 0.5%) with the patient seated in
a normally illuminated room. Three high—quality, representative images of
the endothelial layer were selected. In each image, the region of interest was
manually selected. The measurement range for endothelial cell density was
0.04 (£0.009) mm?. The cells within this range were manually marked, and
the integrated software automatically calculated the cell density (cells/mm?).

Statistical data analysis

Statistical analysis was performed using a statistical software package (IBM
SPSS version 29.0 for Windows, Armonk, NY: IBM Corp). The study data
included both quantitative and qualitative (nominal) variables. The Shapiro-
Wilk test was used to test the hypothesis that the distribution of the quanti-
tative variables in the population followed a normal (Gaussian) distribution.

The quantitative parameters that follow a normal distribution are expressed
as the mean and standard deviation (M (SD)). Parameters that do not conform
to the normality assumption are shown as the median and interquartile range,
1.e., the 25th and 75th percentiles (M (IQR)).
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When the distribution of quantitative variables was normal, Student’s t test
was used to compare means between two independent groups, and a paired t
test was used for two dependent samples.

If the data were not normally distributed, comparisons were made by
nonparametric tests: the Mann-Whitney U test for two independent samples, the
Kruskal-Wallis test for more than two independent samples, and the Wilcoxon
signed—rank test for paired samples. Associations between two qualitative
variables were evaluated using the chi—square test () for independence (for
independent samples), the McNemar test (for paired samples), and Fisher’s
exact test or the exact y? test (for small samples). For variables with more than
two categories, pairwise comparisons of proportions between groups were
performed with z tests using the y* test. Correlations between quantitative
variables were assessed using Pearson’s correlation coefficient if the data
were normally distributed and Spearman correlation coefficient if the data
were not normally distributed. A linear regression analysis was performed for
associations between quantitative variables that followed anormal distribution.
Receiver operating characteristic (ROC) curves were used to compare the
sensitivity and specificity of the investigated parameters, and the area under
the curve (AUC) was calculated. Logistic regression analysis was used for
predictive modeling on the basis of statistically significant differences from
the comparative analysis. The results were considered statistically significant
if the p value was less than the selected significance level a = 0.05.

Sample size calculation

To detect a difference of 111 cells/mm? in corneal endothelial cell density
(CECD) between groups (SD = 160), at least 33 eyes per group were needed
(a=0.05, p =0.2, and power = 0.8) [92].

The sample size for two independent groups (comparison of means) was
calculated using the following formula:

"= (0f + 07 /K)(Z1_as2 + 21-8)°
= e

(160 + 1602/1)(1.96 + 0.84)"
B 1112

= 32.58

n

n — required minimum sample size per group, ¢ — standard deviation, K —
ratio of the group sizes, a — Type I error probability (0.05),  — Type II error
probability (0.1), z — critical Z value for a and B, A — absolute difference
between the two mean values.
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RESULTS

Risk factors associated with IOL—bag complex dislocation

A total of 129 individuals participated in the study — 66 men (51.2%) and
63 women (48.8%). The median age of the participants at the first examination
was 78 (72—81) years. The median age at the time of cataract surgery was 70
(65-75) years.

The median DPP was 6 (3—10) years. Age and gender did not differ
significantly between the groups (Table 1).

Table 1. Demographic data

IF group IOLE group | CLE group Pph group

(n=41) (n=39) (n=35) (n = 49)
Median (IQR)
Age, years 77 (74-80) | 77(74-80) | 78(73-81) | 78 (70-81)

H(3) = 0.825, p = 0.844
Age at the time of cataract| 70 (66-74) | 69 (67-74) | 72 (68-76) | 70 (62-75)

surgery, years H(3) =2.897, p < 0.408
DPP, years 8(5-100* | 74975 | 529 | 6(3-10p
H(3) = 10.602, p = 0.014, *p < 0.013
n (%)
Female 16 (39) 17 (44) 12 (34) 30 (61)
Male 25 (61) 22 (56) 23 (66) 19 (39)

¥(3)=17.402, p=0.06

CLA — contralateral; DPP — duration of pseudophakia; IOLE — intraocular lens exchange; IR
— iris fixation; IQR — interquartile range (25th and 75th percentiles); n — number of subjects;
Pph — pseudophakia; each individual superscript letter (a, b) indicates a statistically signifi-
cant difference between the two groups; statistically nonsignificant differences between the
groups are not superscripted; p values were determined using the x* test and post hoc multiple
comparisons following the Kruskal-Wallis test.

Between grades II and III of IOL dislocation, the number of cases was
evenly distributed between the IR and IOLE groups. Grade I IOL dislocations
occurred more frequently in the IR group than in the IOLE group, while grade
IV dislocations occurred more frequently in the IOLE group than in the IR
group. However, the extent of displacement of the [OL—capsular bag complex
did not differ significantly between the IR and IOLE groups. Among the
subjects with a dislocation of the IOL—capsular bag complex (n = 83), 31 eyes
(37.3%) had PEX. In 45 eyes (54.2%), primary open—angle glaucoma was
diagnosed before IOL—capsular bag complex dislocation. In 15 eyes (18.1%),
dislocation of the IOL—capsular bag complex was diagnosed simultaneously

130



with suspected glaucoma (when the IOP was > 21 mmHg). Overall, glaucoma
was present as a comorbidity in 60 eyes (72.3%) with IOL—capsular bag
complex displacement. The characteristics of cataract surgery and the risk
factors associated with IOL—capsular bag complex displacement are shown
by group in Table 2.

Table 2. Characteristics of cataract surgery and risk factors associated with
1OL—capsular bag complex dislocation and their comparison between study
groups

IF group |IOLE group | CLE group | Pph group
(n,=43) (n, = 40) (n, = 35) (n, = 81)
n_ (%)
Degree of IOL dislocation: - -
I 7(16.3) 1(2.5)
1 8 (18.6) 6 (15.0)
il 15 (34.9) 13 (32.5)
v 13 (30.2) 20 (50.0)
v =6.313, p=0.097
IOL material:
Hydrophobic acrylic 29 (67.4) 25 (62.5) 21 (60) 62 (76.5)
Hydrophilic acrylic 14 (32.6) 15 (37.5) 14 (40) 19 (23.5)
¥2(3)=13.895, p=0.273
CTR 12(279) | 18(450) | 8(229) | 21(25.9)
¥2(3)=5.670, p=0.129
YAG capsulotomy 3(7.00 | 50125 | 3(8.6) | 11(13.6)
¥(3) =1.676, p = 0.642
PEX 17(39.5 | 143500 | 192790 | 10(12.3)
v*(3) =13.806, p = 0.003
Primary glaucoma 25(58.1) | 19(475) | 36(529) | 171
v*(3) =23.143, p < 0.001
Glaucoma suspect 6(140) | 102500 | 1015 | -
(IOP =21 mmHg) ¥(3)=31.017, p < 0.001
TB 8(18.6) | 23.0) | 1015 | 102
¥(3) = 20.281, p <0.001
Myopia (>-6D/AL>26mm) | 24.7) | 125 | 115 | 2@25)
Uveitis 123) | - | - | -

AL — axial length; CLE — contralateral eye group; CTR — capsular tension ring; DPP — du-
ration of pseudophakia; IF — iris fixation group; IOL — intraocular lens; IOLE — intraocular
lens exchange; n_ — number of eyes; PEX — pseudoexfoliation syndrome; Pph — pseudophakia
group; TB — trabeculectomy; the p values were calculated using the ? test.
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The age of the patients at the time of cataract surgery was negatively
correlated with the DPP, i.e., the older the patient was at the time of cataract
surgery, the shorter the DPP was (Figure 1).

80

60

40

Age at the time of cataract surgery, years

10

Duration of pseudophakia, years

Fig. 1. Relationship between the age of the patient at the time of cataract

surgery and the duration of pseudophakia

r,=-0.310, p = 0.004; r, — Spearman’s correlation coefficient; the graph shows the results of

both groups with IOL—capsular bag complex dislocation.

To investigate the relationships between IOL dislocation and risk factors,
all participants were divided into two groups: Group 1 — patients with IOL
dislocation (n = 83) and Group 2 — patients without IOL dislocation (n = 116).
The regressors that significantly predicted dislocation in the comparative

analysis were included in the analysis (Table 3).

Table 3. Distribution of regression predictors for the risk of dislocation of the
1OL—capsular bag complex

With IOL Without IOL
dislocation dislocation
(na= 83) (n.‘1 = 116) OR [95 % CI] P value
n (%)
B 10 (12.0) 2(1.3) 10.068 [2.15-47.149] | <0.001
Glaucoma 60 (72.3) 54 (36.2) 4.589 [2.556-8.241] | <0.001
PEX 31(37.3) 29 (19.5) 2.467 [1.351-4.503] 0.003
P glaucoma 44 (53.0) 53 (35.6) 2.044 [1.184-3.528] 0.010

CI — confidence interval; CTR — capsular tension ring; IOL — intraocular lens; OR — odds
ratio; PEX — pseudoexfoliation syndrome; TB — trabeculectomy; the p value was determined

using the  test.
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As PEX was significantly correlated with glaucoma (r = 0.325, p <0.001),
two multivariate logistic regression models were developed. Model I (correct
prediction of 67.7%, Nagelkerke’s R?=0.261): The odds ratio for developing
an [OL—capsular bag complex dislocation was 8.795 if the patient had
previously undergone TB and 2.272 if the patient had PEX. Model II (correct
prediction of 69.7%, Nagelkerke’s R? = 0.266): The odds ratio for developing
dislocation of the IOL—capsular bag complex was 5.049 if the patient had
previously undergone TB and 3.975 if the patient had glaucoma (Table 4).

Table 4. Multivariate logistic regression model showing the associations of
variables with the probability of IOL—capsular bag complex dislocation, ex-
cluding the effects of age and gender

Model 1
Regressors OR [95% CI] p value
TB 8.795 [1.844-41.942] 0.006
PEX 2.272[1.223-4.221] 0.009
Constant —0.919, p < 0.001
Model I1
Regressors OR [95% CI] p value
TB 5.049 [1.052-24.245] 0.043
Glaucoma 3.975 [2.175-7.264] 0.019
Constant —1.418, p <0.001

CI - confidence interval; OR — odds ratio; PEX — pseudoexfoliation syndrome; TB — trabe-
culectomy; the p value was determined using the y test.

Intraocular pressure and glaucoma-related aspects

In eyes with IOL—capsular bag complex dislocation (n = 83), the median
IOP before surgery was 19.0 mmHg (16.0-22.0) mmHg. In 24 eyes (28.9%),
the IOP before surgical treatment for IOL dislocation was > 21 mmHg despite
antiglaucoma medical therapy, and in half of these cases (12 eyes, 50%), the
IOP was > 30 mmHg.

The median number of IOP—lowering medications used preoperatively
(n = 83) was 2.0 (0.0-3.0). The most commonly used medications were
beta—blockers — 44 eyes (55.4%), carbonic anhydrase inhibitors — 31 eyes
(37.3%), prostaglandins — 29 eyes (34.9%), a2 agonists — 11 eyes (13.3%),
and prostaglandin analogs — 9 eyes (10.8%). Systemic carbonic anhydrase
inhibitors were prescribed in 6 cases (7.2%). The data on glaucoma by group
are shown in Table 5.
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Table 5. Data related to glaucoma and comparisons between the study groups

IF group IOLE group | CLE group Pph group
(n,=43) (n, = 40) (n,=35) (n,=81)
Median (IQR)
IOP, mmHg 20.0 17.5 14.0 14.0
(17.0-25.0)* | (16.0-22.0)*¢ | (12.0-16.0)* | (12-16.0)

H(3)= 66.551, p < 0.001, ***p<0.001
Number of antiglaucoma 2 2 2 1

medications per day (1-3) (1-3) (1-3) (1-2.5)
H(3) =5.579, p=0.140
Time since glaucoma 8.0 5.0 10.0 10.0
diagnosis, years (1.0-13.0) (0.6-9.0)*® (5.0-13.0) (4.0-18.5)"

H(3)=9.758, p = 0.021, ** p <0.015

CLE - contralateral eyes; IF — iris fixation; IOLE — intraocular lens exchange; IQR — in-
terquartile range (25th and 75th percentiles); n, — number of eyes; Pph — pseudophakia; TB
— trabeculectomy; each individual superscript letter (* > © ¢) indicates the two groups between
which a statistically significant difference was found; statistically nonsignificant differences
between the groups are not superscripted; p values were determined by post hoc multiple
comparisons following the Kruskal-Wallis test.

When glaucoma was suspected (n = 15), the diagnosis was most frequently
made at the time of IOL dislocation in the IF and IOLE groups, which explains
why the time from diagnosis to surgical treatment was significantly shorter
than that in cases of primary open—angle glaucoma. After excluding suspected
glaucoma cases from the analysis, the median time since the diagnosis of
primary open—angle glaucoma did not differ significantly between the groups:
the IF group — 10.0 (4.5-14.0) years, the IOLE group — 6.0 (4.0-10.0) years,
the CLE group — 10.0 (5.0-13.0) years, and the Pph group — 10.0 (4.0-18.5)
years (H(3) = 3.20, p = 0.362).

A subgroup analysis by glaucoma status revealed that IOP was greater in
the IF and IOLE groups than in the CLE and Pph groups, both in patients
with a diagnosis of glaucoma (G+) and in patients without glaucoma (G-):
G+ group: H(3) = 39.613, p < 0.001; G— group: H(3) = 13.618, p < 0.003.
Significant pairwise differences are marked in Figures 2 and 3.
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Fig. 2. Boxplot of IOP before treatment for IOL—capsular bag complex
dislocation, comparing the intervention groups with the groups without IOL
dislocation in the subgroup of patients with a glaucoma diagnosis

(minimum value, first quartile, median, third quartile, maximum value, ° — value that deviates
less than % of the interquartile range above the third quartile, * — value that deviates greater
than 'z of the interquartile range above the third quartile).

CLE — contralateral eyes; IF — iris fixation; IOLE — intraocular lens exchange; Pph — pseu-
dophakia; superscript letters above the bars (* ® © ¢) indicate the two groups between which a
statistically significant difference was found; statistically nonsignificant differences between
groups are not indicated by superscripts; ®p < 0.004, determined using post hoc multiple
comparisons following the Kruskal-Wallis test.
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Fig. 3. Boxplot of IOP before treatment for IOL—capsular bag complex
dislocation, comparing the intervention groups with the groups without IOL
dislocation in the subgroup of patients without a glaucoma diagnosis
(minimum value, first quartile, median, third quartile, maximum value, ° — value that deviates

less than %% of the interquartile range away from the first quartile)

CLE - contralateral eyes; IF — iris fixation; IOLE — intraocular lens exchange; Pph — pseu-
dophakia; superscript letters above the bars (* ®) indicate the two groups between which a
statistically significant difference was found; statistically nonsignificant differences between
groups are not indicated by superscripts; ®p < 0.004, determined using post hoc multiple
comparisons following the Kruskal-Wallis test.

Degree of IOL—capsular bag complex dislocation and its relationship
with intraocular pressure

The 10P was significantly greater in patients with Grade I IOL—capsular
bag complex dislocation (H(3) = 13.783, p = 0.003). Significant pairwise
differences are shown in Figure 4.

136



Fl

Baseline intraocular pressure, mmHg
&

I II 11l v

Degree of IOL-capsular bag complex dislocation

Fig. 4. Boxplot of intraocular pressure before IOL dislocation surgery
according to the degree of IOL—capsular bag complex dislocation
(minimum value, first quartile, median, third quartile, maximum value, ° — value that deviates
less than ' of the interquartile range from the first or third quartile, * — value that deviates

from the third quartile by more than % of the interquartile range).

IOL - intraocular lens; superscript letters above the bars (* > ©) indicate the two groups
between which a statistically significant difference was found; statistically nonsignificant
differences between groups are not indicated by superscripts; ®p < 0.05, determined using
post hoc multiple comparisons following the Kruskal-Wallis test. The graph shows the results
of both groups with I[OL—capsular bag complex dislocation.

A significant negative correlation was found between the degree of
dislocation of the IOL—capsular bag complex and the preoperative IOP
(r,=-0.354, p = 0.001). No significant correlations were found between the
degree of dislocation and the age of the patient, DPP, or the duration of IOL
dislocation symptoms (p > 0.05).

Influence of surgical treatment of IOL dislocation on IOP and the use of
antiglaucoma medications

In eyes with IOL—capsular bag complex dislocation (n = 83), the median
IOP 6 months after surgery was 16 mmHg (14—19). The decrease in IOP was
statistically significant and amounted to 1.4 mmHg (-1-5) (p < 0.001). In
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the subgroup with a glaucoma diagnosis (n = 60), the IOP decreased by 3.0
mmHg (-1 to 9) (p < 0.001). In the subgroup without a glaucoma diagnosis,
the reduction in IOP was not statistically significant (p = 0.984).

After surgical treatment for IOL dislocation, the IOP did not differ
significantly between the IF and IOLE groups (p = 0.057). However, the
reduction in IOP before and after treatment was significant only in the IF
group (IF group: IOP decreased from 20 mmHg (17-25) preoperatively to
16 mmHg (14-18) 6 months postoperatively (Z = —4.710, p < 0.07); IOLE
group: IOP changed from 17.5 mmHg (16-21.75) to 16.5 mmHg (15-21.75)
(Z =-0.684, p = 0.494)). Figure 5 shows the change in IOP between the IF
and IOLE groups.
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Fig. 5. Boxplot of the change in intraocular pressure by study group

(minimum value, first quartile, median, third quartile, maximum value, ° — value that deviates
less than % of the interquartile range from the third quartile).

IF — iris fixation; IOLE — intraocular lens exchange; ?p = 0.004, determined based on the
Mann-Whitney test.

A subgroup analysis was performed on the basis of a preoperative IOP >
21 mmHg, excluding cases in which an additional filtering procedure was
performed after IOL dislocation surgery due to subcompensated IOP (n =
5). In these cases, IOP was significantly lower in both groups: the IF group
ranged from 27 (22—-30) mmHg before surgery to 18 (14.25-19.5) mmHg after
surgery (Z =-2.810, p = 0.005); the IOLE group ranged from 26.5 (23.5-33)
mmHg to 23.5 (14.75-26) mmHg (Z = —1.958, p = 0.05). The reduction in
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IOP between the groups was not significantly different: IF group: 9.0 (3.75—
13.5) mmHg; IOLE group: 8.0 (—1.0-16.0) mmHg (p = 0.481).

When comparing the postoperative IOP among all four groups, a
statistically significant difference was found (H(3) = 25.054, p < 0.001).
Significant pairwise differences are shown in Figure 6.
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Fig. 6. Boxplot of IOP after treatment for IOL—capsular bag complex
dislocation comparing the intervention groups with the groups without IOL
dislocation
(minimum value, first quartile, median, third quartile, maximum value, ° — value that deviates

less than % of the interquartile range from the third quartile).

CLE - contralateral eyes; IF — iris fixation; IOLE — intraocular lens exchange; Pph — pseu-
dophakia; superscript letters above the bars (* ® © 9) indicate the two groups between which a
statistically significant difference was found; statistically nonsignificant differences between
groups are not indicated by superscripts; ®“p < 0.015, determined using post hoc multiple
comparisons following the Kruskal-Wallis test.

A subgroup analysis of IOP was performed based on the diagnosis of
glaucoma. In cases with glaucoma (G+), the postoperative IOP did not differ
significantly among the four groups. However, in cases without glaucoma
(G—), the postoperative IOP was significantly greater in the IF and IOLE
groups than in the CLE and Pph groups (G+: H(3) = 7.337, p = 0.062; G—:
H(3) = 16.842, p < 0.001). Significant pairwise differences are shown in
Figures 7.
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Fig. 7. Boxplot of IOP after treatment for IOL—capsular bag complex
dislocation comparing the intervention groups with the groups without IOL
dislocation in the subgroup of patients without a glaucoma diagnosis

(minimum value, first quartile, median, third quartile, maximum value).

CLE - contralateral eyes; IF — iris fixation; IOLE — intraocular lens exchange; Pph — pseu-
dophakia; superscript letters above the bars (* ® ©) indicate the two groups between which a
statistically significant difference was found; statistically nonsignificant differences between
groups are not indicated by superscripts; ®p < 0.022, determined using post hoc multiple
comparisons following the Kruskal-Wallis test.

Six months after surgical treatment for [OL dislocation (n = 83), the number
of antiglaucoma medications used did not change significantly (median 2.0
(0—4) medications per day, Z = —0.467, p = 0.64). In 59 (71.1%) eyes, the
medication regimen remained unchanged; in 13 (15.7%) eyes, the number of
medications increased; and in 11 (13.2%) eyes, the number of medications
decreased. Five (6.02%) eyes underwent additional filtering surgery within 6
months after treatment for IOL dislocation due to subcompensated IOP. In all
these cases, a high preoperative IOP of 41 (30—41) mmHg was found, which
decreased to 12 (10-15) mmHg after IOL dislocation surgery and additional
filtering surgery. After IOL dislocation surgery and additional filtering
surgery, antiglaucoma medications were discontinued in 4 eyes, and 1 eye
required 3 medications per day to maintain the target IOP.

The number of antiglaucoma medications did not significantly differ
between the pre— and postoperative values (IF group: median before
surgery, 2 (1-3) medications per day; 2 (1-3) after surgery (Z = —0.476,
p = 0.634); IOLE group: before surgery, 2 (1-3); and after surgery, 2 (1-3)
(Z = —0.443, p = 0.658)). In the IF group, 22 (70.97%) eyes showed no
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change in medication, 4 (12.90%) increased, and 5 (16.13%) decreased. In
the IOLE group, 31 (72.1%) eyes showed no change, 6 (13.95%) showed
an increase, and 6 (13.95%) showed a decrease. In the Pph group, 28 (70%)
eyes showed no change, 7 (17.5%) increased, and 5 (12.5%) decreased. In the
CLE group, 34 (91.89%) eyes showed no change, 2 (5.41%) increased, and 1
(2.70%) decreased.

In 4 (9.3%) eyes from the IF group and 1 (2.5%) eye from the IOLE group,
additional filtering surgery was performed after treatment for IOL dislocation.
In the IF group, the IOP in these eyes was 41 (32—41) mmHg before IOL
dislocation surgery. After the IOL dislocation surgery and additional filtering
surgery, the [OPwas 11 (9.25-14.25) mmHg without antiglaucoma medication.
In the IOLE group, one eye had an IOP of 31.0 mmHg before IOL dislocation
treatment, which decreased to 15.0 mmHg after additional filtering surgery.
Three antiglaucoma medications per day were used to maintain the IOP.

Influence of surgical treatment for IOL dislocation on changes in visual
acuity

UCVA and BCVA improved significantly after surgical treatment for
IOL—capsular bag complex dislocation (n = 83) (UCVA: from 1.1 (0.7-1.4)
LogMAR to 0.4 (0.2-0.7) LogMAR (Z = -6.925, p < 0.001); BCVA: from
0.5 (0.3-1.0) LogMAR to 0.2 (0.0-0.4) LogMAR (Z =-5.344, p < 0.001)).

When assessing changes in visual acuity in patients with low—grade [OL—
capsular bag complex dislocation (IOL dislocation degree I-II1), the median
UCVA improved significantly in both groups (RI group: from 0.8 (0.48-1.1)
LogMAR to 0.2 (0.1-0.4) LogMAR (Z = —4.352, p < 0.001); IOLE group:
from 1.0 (0.78-1.18) LogMAR to 0.6 (0.4-1.0) LogMAR (Z = -2.225,
p = 0.026)). The change in UCVA did not differ significantly between the
RI and IOLE groups (p = 0.365). The median BCVA also improved signifi-
cantly in both groups (RI group: from 0.5 (0.4-1.0) LogMAR to 0.1 (0.0—
0.2) LogMAR (Z = —4.719, p < 0.001); IOLE group: from 0.5 (0.3-0.9)
LogMAR to 0.3 (0.2-0.4) LogMAR (Z =—-1.921, p = 0.05)). The change in
BCVA was significantly greater in the RI group (p = 0.006) (Figure 8).
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Fig. 8. Boxplot of the changes in best corrected distance visual acuity
across study groups

(minimum value, first quartile, median, third quartile, maximum value,  — value that deviates
less than % of the interquartile range from the third quartile).

BCVA — best corrected distance visual acuity; IF — iris fixation; IOLE — IOL exchange;
*p = 0.004, determined based on the Mann-Whitney test.

Preoperative UCVA and BCVA did not differ between the RI and IOLE
groups but were significantly worse than those between the CLA and
Pph groups (UCVA: H(3) = 118.061, p < 0.001; BCVA: H(3) = 113.381,
p < 0.001). Significant differences between the groups are shown in Figures
9 and 10.
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Fig. 9. Boxplot of uncorrected distance visual acuity before treatment for
1OL—capsular bag complex dislocation comparing the intervention groups
with the groups without IOL dislocation

(minimum value, first quartile, median, third quartile, maximum value, ° — value that deviates
less than % of the interquartile range from the third quartile).

CLE - contralateral eye; IOLE — intraocular lens exchange; Pph — pseudophakia; IF — iris
fixation; UCVA — uncorrected distance visual acuity; superscript letters above the bars
(* * « 9) indicate the two groups between which a statistically significant difference was fo-
und; statistically nonsignificant differences between groups are not indicated by superscripts;
abedy < 0.001, determined using post hoc multiple comparisons following the Kruskal-Wallis
test.
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Fig. 10. Boxplot of the best corrected distance visual acuity before treatment
for complex IOL—capsular bag complex dislocation comparing the
intervention groups and the groups without IOL dislocation
(minimum value, first quartile, median, third quartile, maximum value, ° — value that deviates
less than Y of the interquartile range from the third quartile, * — value that deviates from the

third quartile by more than ' of the interquartile range).

CLE — contralateral eyes; BCVA — best corrected distance visual acuity; IF — iris fixation;
IOLE - intraocular lens exchange; Pph — pseudophakia; superscript letters above the bars
(* > © 9) indicate the two groups between which a statistically significant difference was fo-
und; statistically nonsignificant differences between groups are not indicated by superscripts;
abedpy < 0.001, determined using post hoc multiple comparisons following the Kruskal-Wallis
test.

Postoperative UCVA and BCVA also differed significantly between the
groups (UCVA: H(3) =48.738, p <0.001; BCVA: H(3) = 35.583, p <0.001).
Significant differences between the groups are shown in Figures 11 and 12.
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Fig. 11. Boxplot of uncorrected distance visual acuity after treatment for
10L—capsular bag complex dislocation comparing the intervention groups
with the groups without IOL dislocation

(minimum value, first quartile, median, third quartile, maximum value, ° — value that deviates
less than Y% of the interquartile range from the third quartile, * — value that deviates from the
third quartile by more than ' of the interquartile range).

CLE - contralateral eyes; IF — iris fixation; IOLE — intraocular lens exchange; Pph — pseu-
dophakia; UCVA — uncorrected distance visual acuity; superscript letters above the bars
(* * = 9) indicate the two groups between which a statistically significant difference was fo-
und; statistically nonsignificant differences between groups are not indicated by superscripts;
abedy < 0.001, determined using post hoc multiple comparisons following the Kruskal-Wallis
test.
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Fig. 12. Boxplot of best corrected distance visual acuity after treatment for
1OL—capsular bag complex dislocation comparing the intervention groups
with the groups without IOL dislocation
(minimum value, first quartile, median, third quartile, maximum value, ° — value that deviates
less than Y of the interquartile range from the third quartile, * — value that deviates from the

third quartile by more than ' of the interquartile range).

CLE — contralateral eyes; BCVA — best corrected distance visual acuity; IF — iris fixation;
IOLE - intraocular lens exchange; Pph — pseudophakia; superscript letters above the bars
(* ® ) indicate the two groups between which a statistically significant difference was fo-
und; statistically nonsignificant differences between groups are not indicated by superscripts;
ey < 0.001, determined using post hoc multiple comparisons following the Kruskal-Wallis
test.

Influence of surgical treatment for IOL dislocation on changes in
refraction and corneal astigmatism

Changes in the spherical equivalent

The median SE after surgical treatment of IOL—capsular bag complex
dislocations (n = 83) decreased significantly from 3.38 (0.25-9.5) D to —0.75
(-1.5-0) D (Z=-6.922, p <0.001).

When SE changes were evaluated in subjects who did not require aphakia
correction (i.e., degree of IOL dislocation I-III), the median SE changed
significantly in both groups (RI group: from 1.44 (0.63-3.84) D to —0.25
(-=1.13-0.5) D (Z = —-4.681, p < 0.001); IOLE group: from 1.5 (0.5-2.88) D
to —0.69 (-2.0 — —0.38) D (Z =-3.885, p <0.001)). The change in SE did not
differ significantly between the RI and IOLE groups (p = 0.394).
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The comparison of preoperative SE among all four groups revealed a
statistically significant difference (H(3) = 82.282, p < 0.001). Significant
pairwise differences are shown in Figure 13.
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Fig. 13. Boxplot of the spherical equivalent before treatment for IOL—
capsular bag complex dislocation comparing the intervention groups with
the groups without IOL dislocation
(minimum value, first quartile, median, third quartile, maximum value, ° — value that deviates
less than % of the interquartile range from the first quartile, * — value that deviates from the

first quartile by more than % of the interquartile range).

CLE - contralateral eyes; IF — iris fixation; IOLE — intraocular lens exchange; Pph — pseu-
dophakia; superscript letters above the bars (* ® © ¢) indicate the two groups between which a
statistically significant difference was found; statistically nonsignificant differences between
groups are not indicated by superscripts; ®p < 0.001, determined using post hoc multiple
comparisons following the Kruskal-Wallis test.

The postoperative SE did not differ significantly between the groups (H(3)
=6.695, p=10.082).

Corneal astigmatism changes

No statistically significant change in corneal astigmatism was observed
in the IF group (preoperative median was 1.10 (0.65—1.55) D; postoperative
median was 0.86 (0.41-1.39) D (Z = —1.863, p = 0.62)). In contrast, a
significant increase in corneal astigmatism was observed in the IOLE group,
from 1.01 (0.53-1.51) D preoperatively to 2.8 (1.51-4.72) D postoperatively
(Z =-4.888, p = 0.001). At baseline, there was no significant difference in
corneal astigmatism between the IF and IOLE groups (p = 0.613), but at 6
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months after IOL dislocation surgery, this parameter was significantly greater
in the IOLE group (p < 0.001) (Figure 14).
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Fig. 14. Boxplot of the changes in corneal astigmatism by group

(minimum value, first quartile, median, third quartile, maximum value, ° — value that deviates
less than Y of the interquartile range from the third quartile, * — value that deviates from the
first or third quartile by more than ' of the interquartile range).

IOLE - intraocular lens exchange; IF — iris fixation; p < 0.001, determined based on the
Mann-Whitney test.

A statistically significant difference was found in preoperative corneal
astigmatism among the four groups (H(3) = 10.753, p = 0.013). Significant
pairwise differences are shown in Figure 15.
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Fig. 15. Boxplot of corneal astigmatism before treatment for IOL—capsular
bag complex dislocation comparing the intervention groups with the groups
without IOL dislocation

(minimum value, first quartile, median, third quartile, maximum value, ° — value that deviates
less than % of the interquartile range from the first quartile, * — value that deviates from the
first quartile by more than ' of the interquartile range).

CLE — contralateral eyes; IF — iris fixation; IOLE — intraocular lens exchange; Pph — pseu-
dophakia; superscript letters above the bars (*) indicate the two groups between which a
statistically significant difference was found; statistically nonsignificant differences between
groups are not indicated by superscripts; *p < 0.01, determined using post hoc multiple com-
parisons following the Kruskal-Wallis test.

Postoperative corneal astigmatism was also significantly different among
the four groups (H(3) = 62.234, p < 0.001). Significant pairwise differences
are shown in Figure 16.
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Fig. 16. Boxplot of corneal astigmatism after treatment for IOL—capsular
bag complex dislocation comparing the intervention groups with the groups
without IOL dislocation
(minimum value, first quartile, median, third quartile, maximum value,  — value that deviates
less than ' of the interquartile range from the first or third quartile, * — value that deviates

from the third quartile by more than % of the interquartile range).

CLE - contralateral eyes; IF — iris fixation; IOLE — intraocular lens exchange; Pph —pseu-
dophakia; superscript letters above the bars (* ® ©) indicate the two groups between which a
statistically significant difference was found; statistically nonsignificant differences between
groups are not indicated by superscripts; ®p < 0.001, determined using post hoc multiple
comparisons following the Kruskal-Wallis test.

No statistically significant change in the axis of corneal astigmatism was
observed in either the IF or the IOLE group. In the IF group, the median
preoperative axis was 95° (41-135), and the median postoperative axis was
95° (29-133) (Z = —0.605, p = 0.545). In the IOLE group, the preoperative
axis was 110° (89-126), and the postoperative axis was 94° (29-107)
(Z=-1.881,p=0.006).

Axis alignment did not differ significantly among the four study groups
either before surgery (H(3) =2.996, p = 0.392) or after surgery (H(3) = 0.895,
p =0.827).

Aberrations in IOL—capsular bag dislocation and their changes after
surgical treatment

The RMS values of the higher—order aberration coefficients (third— and
fourth—order Zernike polynomials) were analyzed. Both the total and internal
aberration RMS values decreased significantly after surgery in both the IF
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and IOLE groups (p < 0.001). In contrast, the corneal RMS values in the
IOLE group increased significantly postoperatively (p = 0.05). When the
aberration RMS values of these groups were compared with those of the
CLE and Pph groups, the total and internal aberration RMS values were
significantly greater in the [F and IOLE groups than in the CLE and Pph groups
(p <0.05). During the postoperative period, the total and internal RMS values
remained greater in the IF and IOLE groups than in the Pph group despite
the significant decrease (p < 0.05) but no longer differed from those in the
CLE group (p > 0.05). Postoperatively, the RMS values of corneal aberrations
were significantly greater in the IOLE group than in the IF, CLE, and Pph
groups (p < 0.05).

Separate lower— and higher—order aberrations (total, corneal, and internal
aberrations), from the second to the fourth Zernike order, were assessed. Both
lower—order aberrations (including total and internal aberrations) and higher—
order aberrations (including total and internal aberrations) were found to
decrease significantly after surgical treatment for IOL—capsular bag complex
dislocation in both the IF and IOLE groups (p < 0.05). Internal spherical
aberration and oblique secondary astigmatism decreased in both groups, but
statistically significant changes were observed only in the IF group.

Corneal aberrations in the IF group did not change significantly (p > 0.05),
with the exception of vertical coma, which decreased after surgical treatment
for IOL dislocation (p < 0.05). In contrast, corneal aberrations (oblique
astigmatism, vertical astigmatism, and oblique trefoil) increased significantly
in the IOLE group (p < 0.05).

When the IF and IOLE groups were compared with the CLE and Pph
groups, all total and internal aberrations were significantly greater in the IF
and IOLE groups than in the CLE and Pph groups (p < 0.05). Although many
aberrations decreased significantly after surgical treatment for IOL—capsular
bag complex dislocation, most remained significantly greater than those
in the Pph group (p < 0.05) and no longer differed from those in the CLE
group (p > 0.05). After IOL dislocation surgery, corneal aberrations (oblique
astigmatism, vertical astigmatism, vertical trefoil, oblique trefoil, and oblique
tetrafoil) were significantly greater in the IOLE group than in the IF, CLE,
and Pph groups (p < 0.05).

Significant positive correlations were found between preoperative
aberrations (total and internal) and UCVA, BCVA, and the degree of IOL—
capsular bag complex dislocation. The worse the preoperative visual acuity
(UCVA and BCVA) and the greater the degree of IOL displacement are, the
greater the corresponding preoperative aberrations (Table 6).
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Table 6. Correlations of aberrations with uncorrected and corrected distance
visual acuity and with the degree of IOL—capsular bag complex displacement

Degree of IOL

A, LogMAR | BCVA, LogMAR 2 .

Aberrations, pm | Type UCVA, Log CVA, Log dislocation
r p r p r p

0193 | 0.09 | 0.130 | 0255 | 0.285 | o.011

Oblique astigmatism T

et T | 0.503 | 0.001 | 0.006 | 0956 | 0.616 | <0.001
T | 0373 | 0.001 | 0.039 | 0732 | 0.436 | <0.001

Vertcal astigmatiom |_L_| 0231 | 0042 | 0067 | 0.557 | 0363 | 0.001
I | 0233 | 0.04 | 0085 | 0458 | 0303 | 0.006

Vertical trefoil T | 0269 | 0.02 | 0070 | 0537 | 0279 | 0.013
Vertical coma T | 0161 | 0.157 | 0.314 | 0.005 | 0.132 | 0247
o T | 0265 | 0.018 | 0.119 | 0299 | 0221 | 0.05
Horizontal coma I | 0314 | 0.005 | 0.173 | 0.127 | 0.238 | 0.035
Oblique trefoil T | 0231 | 0.04 | 0098 | 0386 | 0331 | 0.002
Oblique terafol || 0372 | 0001 | 0.071 | 0.531 | 03% | 0.001

I | 0219 | 0.052 | 0.093 | 0411 | 0250 | 0.026

Vertical tetrafoil | T | 0.178 | 0.114 | 0.046 | 0.684 | 0.307 | 0.005
RS ? 0.287 | 0.010 | 0.130 | 0253 | 0317 | 0.004

0.192 | 0.088 | 0.116 | 0.308 | 0.235 0.036

BCVA — best corrected visual acuity; I — internal; IOL — intraocular lens; T — total; UCVA —
uncorrected visual acuity; p values obtained using Spearman’s correlation.

In the groups without IOL displacement (CLE and Pph), no significant
correlations were found between aberrations and UCVA or BCVA.

After surgical treatment for IOL displacement, no significant correlations
between internal aberrations and UCVA or BCVA were found in either the
IF or IOLE groups. In the IOLE group, statistically significant positive
correlations were found between UCVA and horizontal corneal coma
(r = 0.450, p = 0.006), between BCVA and oblique corneal astigmatism
(r = 0.343, p = 0.044), and between BCVA and horizontal corneal coma
(r=0.515,p=0.001).

Associations between corneal endothelial cell density and dislocation
of the IOL—capsular bag complex and their changes after surgical
treatment

After surgical treatment for IOL dislocation, the CECD decreased in both
groups: IF group: before surgery, 1974.3 (1606.7-2227.0) cells/mm?; after
surgery, 1865.0 (1534.0-2153.2) cells/mm? (p < 0.001); P group: before the
operation, 2085.3 (1548.2-2435.5) cells/mm?; after the operation, 1682.7
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(1408.8-2166.5) cells/mm? (p < 0.001). However, a statistically significantly
greater reduction was observed in the IOLE group (Figure 17).
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Fig. 17. Boxplot of the change in corneal endothelial cell density before and
after IOL dislocation treatment by group

(minimum, first quartile, median, third quartile, maximum; * — value that deviates from the

third quartile by more than ' of the interquartile range).
CECD - corneal endothelial cell density; IOLE — intraocular lens exchange; IF — iris fixation;

*p <0.001, determined based on the Mann—Whitney test.

The CECD before surgical treatment of IOL dislocation did not differ
between the IF and IOLE groups but was significantly lower than that in the
CLE and Pph groups. Significant pairwise differences are shown in Figu-
re 18.
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Fig. 18. Boxplot of corneal endothelial cell density before IOL dislocation
treatment in the intervention and nondislocation groups

(minimum, first quartile, median, third quartile, maximum; ¢ — value that deviates less than %
of the interquartile range below the first quartile; * — value that deviates more than ' of the
interquartile range below the first quartile).

CECD - corneal endothelial cell density; CLE — contralateral eyes; IOLE — intraocular
lens exchange; Pph —pseudophakia; IF — iris fixation; superscript letters above the bars
(* > © 9) indicate the two groups between which a statistically significant difference was fo-
und; statistically nonsignificant differences between groups are not indicated by superscripts;
abedpy < 0.05, determined using post hoc multiple comparisons following the Kruskal-Wallis
test.

A significant negative correlation was found between preoperative
CECD and the duration of primary glaucoma (r = —0.386, p < 0.001). A
lower preoperative CECD was associated with a longer history of primary
glaucoma. A similar negative correlation between preoperative CECD and
glaucoma duration was also observed when the CLE and Pph groups were
combined (r =—0.263, p = 0.005). A negative correlation was also observed
between preoperative CECD and the duration of IOL dislocation symptoms
(r =-0.389, p < 0.001). A lower preoperative CECD was associated with
a longer symptom duration of IOL dislocation. No significant associations
were detected between preoperative CECD and IOP or DPP (p > 0.05).

As the preoperative CECD did not differ significantly between the IF and
IOLE groups or between the CLE and Pph groups (Figure 18), these groups
were combined for further analysis (Group 1 with IOL dislocation [CECD
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median 1990.33 (972.0-2966.6) cells/mm?]; Group 2 without IOL dislocation
[CECD median 2324.6 (1118.0-3014.5) cells/mm?]). On the basis of the ROC
curve, a CECD threshold of 2050 cells/mm? was determined in relation to
IOL—capsular bag complex dislocation, i.e., the CECD value was less than
2050 cells/mm? in 54.2% of the cases in the group with IOL dislocation and
in 21.5% of those in the group without IOL dislocation (p <0.05) (Figure 19).
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Fig. 19. Patient ROC curve for predicting the corneal endothelial cell
density threshold in relation to dislocation of the IOL—capsular bag complex

The area under the curve was 68.8%, the sensitivity was 54.2%, and the specificity was
78.5%.

On the basis of binary logistic regression analysis, the OR [confidence
interval] of 4.33 [2.418-7.753] was predicted to be greater for CECD < 2050
cells/mm? in the presence of IOL dislocation (p < 0.001).

We obtained a multivariate logistic regression model that correctly
predicted 75.0% of the cases in which the CECD was < 2050 cells/mm?.
The OR is greater at 4.409 if there is a dislocation of the IOL—capsular bag
complex; the OR is 2.120 if the patient has primary glaucoma; and the OR is
1.101 with each 1—year increase in patient age (Table 7).
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Table 7. Multivariate logistic regression model showing the associations of
variables with reduced corneal endothelial cell density (CECD < 2050 cells/
mm?)

Regressors OR [95% CI] p value
IOL—capsular bag complex dislocation 4.409 [2.347-8.281] <0.001
Primary glaucoma 2.120[1.143-3.935] 0.017
Age, years 1.101[1.048-1.156] <0.001
Model constant —5.336, p<0.001

IOL - intraocular lens; CI — confidence interval; OR — odds ratio; the multivariate logistic
regression model correctly predicted 74.5% of the cases; Negelkerke R*> = 0.28.

After surgical treatment for IOL dislocation, the CECD did not differ
significantly between the IF and IOLE groups (p = 0.253) but was significantly
lower than that between the CLE and Pph groups (H(3) = 62.625, p <0.001).

Evaluation of IOL decentration and tilt in the iris fixation group

To assess the effectiveness of the procedure, i.e., IOL fixation to the iris, an
analysis of the IOL position along both the vertical and horizontal axes was
performed, evaluating the tilt and decentration parameters before and after
surgical treatment. The results revealed that both IOL decentration and tilt
decreased significantly in both axes after surgery (Table 8).

Table 8. Decentration and tilt of the IOL before and after IOL fixation to the
iris

Axis | Type | Surgery | IF group | p value
Median (IQR)

Vertical Decentration, pm Before 1004.3 (185.5-3567.8) 7Z=-2711,
After 235.5 (33.4-1323.8) p =0.007

Tilt, © Before 6.6 (0.2-15.1) Z =-3.980,
After 2.8 (0.10-7.8) p <0.001

Horizontal | Decentration, pm Before 554.0 (112.5-3156.7) 7 =-3.258,
After 234.6 (75.4-1286.1) p =0.001

Tilt, © Before 5.4 (2.6-12.6) 7 =-0.594,
After 2.4 (0.1-4.9) p =0.001

IF — iris fixation; IQR — interquartile range; p values were determined using the Wilcoxon
test.
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When the study groups were compared, the degree of IOL decentration
and tilt in both the vertical and horizontal axes was significantly greater
in the IF group than in the CLE and Pph groups (vertical decentration:
H(2) = 57.360, p < 0.001; horizontal decentration: H(2) = 32.362, p <
0.001; vertical tilt: H(2) = 34.976, p < 0.001; horizontal tilt: H(2) = 20.942,
p <0.001). Significant pairwise differences are marked in Figures 20 and 21.
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Decentration of IOL before surgery, um

Fig. 20. Boxplot of IOL decentration before IOL fixation to the iris
comparing the intervention group with the groups without 10L dislocation

(minimum value, first quartile, median, third quartile, maximum value, ° — value that deviates
less than % of the interquartile range from the third quartile, * — value that deviates more than
Y of the interquartile range from the first quartile).

CLE - contralateral eye; Pph — pseudophakia; IF — iris fixation; superscript letters above
the bars (* > & 9) indicate the two groups between which a statistically significant differen-
ce was found; statistically nonsignificant differences between groups are not indicated by
superscripts; ®p < 0.021, determined using post hoc multiple comparisons following the
Kruskal-Wallis test.
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Fig. 21. Boxplot of IOL tilt before IOL fixation to the iris comparing the
intervention group with the groups without IOL dislocation
(minimum value, first quartile, median, third quartile, maximum value, ° — value that deviates

less than ' of the interquartile range from the third quartile).

CLE - contralateral eye; Pph — pseudophakia; IF — iris fixation; superscript letters above
the bars (* » © 9) indicate the two groups between which a statistically significant differen-
ce was found; statistically nonsignificant differences between groups are not indicated by

superscripts; ®dp < 0.001, determined using post hoc multiple comparisons following the

Kruskal-Wallis test.

After surgery, the vertical IOL tilt was significantly greater in the IF
group than in the Pph group but did not differ from that in the CLE group
(H(2) = 11.340, p = 0.003). On the horizontal axis, the tilt was lower in the
IF group than in the CLE group and did not differ from that in the Pph group
(H(2) = 8.400, p = 0.015). Significant pairwise differences are shown in
Figure 22.
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Fig. 22. Boxplot of IOL tilt after IOL fixation to the iris comparing the
intervention group with the groups without IOL dislocation
(minimum value, first quartile, median, third quartile, maximum value, ° — value that deviates
less than Y% of the interquartile range from the first or third quartile, * — value that deviates

more than %2 of the interquartile range from the third quartile)

CLE - contralateral eye; Pph — pseudophakia; IF — iris fixation; superscript letters above the
bars (**) indicate the two groups between which a statistically significant difference was fo-
und; statistically nonsignificant differences between groups are not indicated by superscripts;
#p < 0.027, determined using post hoc multiple comparisons following the Kruskal-Wallis
test.

An evaluation of the changes in decentration after surgery revealed
that decentration in the IF group was significantly lower on the vertical
axis than that in the CLE group but greater than that in the Pph group
(H(2) = 16.810, p < 0.001). On the horizontal axis, on the other hand, de-
centration was significantly greater in the IF group than in the Pph group
but did not differ from that in the CLE group (H(2) = 10.064, p = 0.007).
Statistically significant pairwise differences are shown in Figure 23.
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Fig. 23. Boxplot of IOL decentration after IOL fixation to the iris comparing
the intervention group with the groups without IOL dislocation
(minimum value, first quartile, median, third quartile, maximum value, ° — value that deviates
less than Y of the interquartile range from the third quartile, * — value that deviates more than

Y2 of the interquartile range from the third quartile).

CLE - contralateral eye; Pph — pseudophakia; IF — iris fixation; superscript letters above the
bars (* * ©) indicate the two groups between which a statistically significant difference was
found; statistically nonsignificant differences between groups are not indicated by su-
perscripts; ®p < 0.021, determined using post hoc multiple comparisons following the
Kruskal-Wallis test.

The changes in the direction and magnitude of the IOL tilt before and after
surgery are shown in Figure 24. As shown, the IOLs of most of the subjects
were tilted in the inferotemporal direction before surgery. After the IOL was
repositioned and fixed to the iris, the majority of the IOL tilt points were
closer to the point marking the center of the coordinate system. However, the
axis did not change significantly in either the horizontal or vertical meridians
(p=0.125 and p = 0.219, respectively).

160



—-15 -10 -5 0 5 10 15

15 15
10| " 10
5 5
Nasal 2 Temporal
0 4 0
-5 : -5

'
-10 " _ -10
-15 -15
-15 -10 -5 0 5 10 15

Fig. 24. Projection of the IOL tilt direction and magnitude along the
horizontal (temporal-nasal) and vertical (superior—inferior) axes before
and after IOL fixation to the iris

Each point represents the direction and magnitude of the IOL tilt in an individual case:
black circles — before surgery; white circles — after surgery. The coordinates are expressed in
degrees; the intersection of the coordinate axes represents the theoretical orientation of the
optical part of the IOL without any tilt.

The distributions of the IOL decentration direction and magnitude before
and after surgical treatment are shown in Figure 25. Before surgery, the
IOLs were decentered downward and toward the temporal side in most
patients. After IOL fixation to the iris, the majority of points shifted closer
to the coordinate center, which is the central IOL position. The clustering of
postoperative points indicates less spread and less magnitude of decentration,
especially on the vertical axis, where a significant shift from the inferior
direction toward the center was observed ((p = 0.004). The change in axis in
the horizontal meridian was not significant (p = 0.688).

161



-3000 2000  —1000 0 1000 2000 3000
4000 4000
3000 3000
2000 2000
1000 1000
Nasal Temporal
Hea a :
- .E ogal =
—1000 . | . —1000
L]
-2000 —2000
-
3000 = . |-3000
L]
—4000 -4000
-3000 -2000 —1000 0 1000 2000 3000

Fig. 25. Projection of the IOL decentration direction and magnitude along
the horizontal (temporal-nasal) and vertical (superior—inferior) axes before
and after IOL fixation to the iris

Each point represents the direction and magnitude of IOL decentration in an individual case:
black circles — before surgery; white circles — after surgery. The coordinates are given in
micrometers; the intersection of the coordinate axes represents the theoretical central positi-
on of the optical axis center of the IOL.

Figure 26 shows the distributions of the IOL tilt directions in the Pph
and CLE groups. There was a significant difference between clinically
healthy pseudophakic eyes and contralateral eyes in patients who underwent
surgical treatment for IOL dislocation in the fellow eye. In the Pph group, the
predominant tilt direction of the IOL was superior—nasal, whereas in the CLE
group, the tilt direction was toward the temporal-inferior quadrant (vertical
meridian: > =23.377, p <0.001; horizontal meridian: y* = 62.759, p <0.001).
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Fig. 26. Projection of the IOL tilt direction and magnitude in the horizontal
(temporal-nasal) and vertical (superior—inferior) axes in groups without
1OL dislocation
Each point represents the tilt direction and magnitude of a single case: black circles — Pph

group; white circles — CLE group. The coordinates are in degrees; the intersection of the
coordinate axes represents the theoretical position of the optical part of the IOL without tilt.

Figure 27 shows the distribution of IOL decentration in the Pph and CLE
groups, with clear differences between clinically healthy pseudophakic eyes
and contralateral eyes without diagnosed dislocation but with surgically
treated IOL dislocation in the fellow eye. In the Pph group, the IOL positions
were concentrated around the coordinate center and remained relatively
evenly and centrally distributed. In contrast, the CLE group presented a
greater dispersion of IOL positions (vertical meridian: y*> = 3.906, p = 0.048;
horizontal meridian: ¥> = 0.407, p = 0.523).
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Fig. 27. Projection of the IOL decentration direction and magnitude in the
horizontal (temporal-nasal) and vertical (superior—inferior) directions in
the groups without IOL dislocation

Each point represents the direction and magnitude of IOL decentration in an individual case:
black circles — Pph group; white circles — CLE group. The coordinates are in micrometers;
the intersection of the coordinate axes represents the theoretical central position of the optical
axis of the IOL.

Other postoperative results

Cystoid macular edema (CME) was observed in 18 of 83 eyes (21.69%)
after surgical treatment for IOL dislocation. A statistically significant
difference was found between the groups: CME occurred less frequently in
the IF group than in the IOLE group (2 cases (4.4%) vs. 16 cases (39%),
(x*=15.247,p <0.001)). In the IF group, the IOL had to be refixed in 3 0of 43
eyes (6.7%) due to insufficient centration.

During the six-month follow—up period, no cases of bullous keratopathy,
pigment dispersion syndrome, chronic uveitis, retinal detachment, or
endophthalmitis were observed in either group.

CONCLUSIONS

1. The risk of dislocation of the IOL—capsular bag complex was increased
by previous TB, PEX, and glaucoma. The degree of IOL dislocation
influences the IOP, i.e., a lower degree of IOL dislocation leads to a
greater increase in IOP. Dislocation of the IOL—capsular bag complex
was associated with poorer visual acuity, higher spherical equivalent,
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and higher total and internal aberration coefficients. Dislocation of the
IOL—capsular bag complex together with glaucoma increases the like-
lihood that the CECD value before surgical treatment of IOL dislocati-
on is <2050 cells/mm?.

. Both IOL fixation to the iris and IOL exchange with an anterior cham-
ber IOL improved visual acuity. IOL fixation to the iris led to a better
BCVA. Changes in aberrations were associated with a reduction in in-
ternal aberration coefficients regardless of the surgical technique. Ho-
wever, after IOL exchange with an anterior chamber IOL, the corneal
aberration coefficients increased. After surgical treatment (regardless of
technique), internal aberrations no longer correlated with visual acuity.
After IOL exchange with an anterior chamber IOL, there were positi-
ve correlations between visual acuity and corneal aberrations, which
explains the relatively poorer BCVA.

. Surgical treatment for IOL displacement (regardless of method) redu-
ced the elevated IOP present before surgery (=21 mmHg). IOL fixation
to the iris was less invasive and did not alter corneal astigmatism, which
preserved the morphological stability of the cornea. This also led to a
lower decrease in the CECD. After IOL fixation to the iris, the tilt and
decentration of the IOL matched or even improved those of the contra-
lateral eye.

. The most common complication was cystoid macular edema, which
occurred more frequently after IOL exchange with an anterior chamber
IOL. Refixation was required in 6.7% of the cases after iris fixation. An
additional filtering operation was required in 9.3% of the cases after
IOL fixation to the iris and in 2.5% of the cases after [OL exchange with
an anterior chamber IOL.

PRACTICAL RECOMMENDATIONS

If an elevated IOP occurs in a pseudophakic eye — especially if no IOL
displacement is evident — the increase in IOP should be considered not
only as a risk factor for glaucoma progression but also as a possible
indirect sign of IOL instability.

In patients with dislocation of the IOL—capsular bag complex who have
glaucoma or elevated IOP, planning both IOL repositioning and an IOP
control strategy simultaneously is recommended to avoid additional
risk for glaucoma progression.
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* In patients with dislocation of the IOL—capsular bag complex and glau-
coma, endothelial cell density should be measured before surgical tre-
atment for IOL displacement is planned.

* In patients with a dislocation of the IOL—capsular bag complex and a
comorbid diagnosis of glaucoma (independent of IOP), surgical treat-
ment should be performed without delay to protect corneal endothelial
cells.

» If dislocation of the IOL—capsular bag complex occurs in one eye, the
contralateral eye should be monitored for possible IOL dislocation, or
immediate preventive measures should be considered.
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Abstract: Background: This study compared the visual and morphological outcomes
between iris fixation and anterior chamber intraocular lens (ACIOL) implantation for
late spontaneously dislocated intraocular lens (IOL)—capsular bag complexes in a tertiary
reference center in Lithuania. Methods: A prospective observational study was conducted
between 2017 and 2019 involving 80 patients (83 eyes) with late spontaneous IOL—capsular
bag dislocation. Patients underwent repositioning and fixation of the dislocated IOL
to the iris (IF group) or IOL exchange with an ACIOL implant (ACIOL group). Pre-
and postoperative assessments included best-corrected distance visual acuity (BCDVA),
intraocular pressure (IOP), corneal endothelial cell density (ECD) and macular thickness
(evaluating whether cystoid macular edema (CME) had occurred). Results: Both groups
showed a significant improvement in BCDVA, with a more remarkable improvement in
the IF group (median: 0.1 logMAR) than in the ACIOL group (median: 0.3 logMAR),
p = 0.001. Corneal astigmatism increased significantly in the ACIOL group (p < 0.001) but
remained stable in the IF group. IOP management outcomes were better in the IF group
as fewer eyes required additional glaucoma treatment. ECD decreased in both groups,
but the decrease was significantly greater in the ACIOL group (p < 0.001). Postoperative
CME occurred in 4.4% of IF eyes and 39% of ACIOL eyes (p = 0.01). Conclusions: The iris
fixation of late dislocated IOL-capsular bag complexes is a safe and minimally invasive
technique that offers better visual outcomes, less astigmatism and fewer complications
than ACIOL exchange.

Keywords: late spontaneous IOL—-capsular bag complex dislocations; IOL fixation to the
iris; anterior chamber IOL

1. Introduction

Cataract surgery with the implantation of an intraocular lens (IOL) is a highly suc-
cessful surgical procedure that restores patients’ vision and quality of life [1]. Sutureless
incisions, a continuous curvilinear capsulorhexis, phacoemulsification and the placement
of a foldable IOL into the capsular bag are now the gold standard for routine cataract
surgery, with the number of operations increasing each year [2]. In addition, improvement
of surgical techniques and the development of new tools, such as capsular support de-
vices and iris and capsular hooks, together with intraocular sophisticated microsurgical
instruments, offer possibilities for the safe placement of an IOL in the capsular bag, even in
difficult cases [3-6]. Unfortunately, there are a number of known complications following

J. Clin. Med. 2025, 14, 1462

https:/ /doi.org/10.3390/jcm14051462

190



J. Clin. Med. 2025, 14, 1462

20f15

uncomplicated cataract surgery and the spontaneous dislocation of the IOL—capsular bag
complex is one of them.

In a recent systematic review, Maximilian et al. identified several risk factors, such
as preoperative trauma and zonular dehiscence, previous vitrectomy, retinitis pigmen-
tosa, pseudoexfoliative syndrome, high myopia, glaucoma or previous glaucoma surgery,
corneal endothelial damage (often an indication of complicated cataract surgery) and
uveitis. In addition, hydrophilic, quadripod and haptic angulation IOLs were mentioned as
potential risk factors. Notably, about a quarter of patients presented with no identifiable risk
factors [7]. An increasing trend in the incidence of IOL—capsular bag complex dislocation
has been reported [8]. This could possibly reflect a true increased incidence, or it could
rather be the result of more cases due to a growing pseudophakic population [8].

The literature reports an annual incidence of IOL dislocation after cataract surgery of
0.0-0.032%, and the overall incidence over 10-25 years is 0.1-3% [1,9-16]. However, the
exact number of late spontaneous IOL—capsular bag complex dislocations is not known, as
most studies have included all types of dislocations, including cases of early or even imme-
diate dislocations at the time of cataract surgery [17]. In addition, the prevalence of IOL
dislocations varies by region and other factors, such as pseudoexfoliative syndrome [18].
A recent nationwide population-based study in South Korea by Lee et al. found that the
overall probability of IOL dislocation after cataract surgery was approximately 2.73% [17].
However, it is emphasized that pseudoexfoliation syndrome, as a well-known risk factor
for IOL dislocation, is lower in Asia than in Western countries [17]. It is possible that the
incidence is higher in Europe, as shown by a prospective cohort study in Sweden, which
found a 20-year cumulative incidence of 3% and 6% in patients with pseudoexfoliation
syndrome [19]. In Lithuania, as in other European countries, a high incidence of pseudoex-
foliation syndrome is observed [20]. Therefore, in parallel, the problem of IOL dislocation
is also of great importance.

IOL—capsular bag complex dislocation presents significant surgical management chal-
lenges and questions for ophthalmologists when it comes to surgical treatment. The two
main options are the removal of the IOL and replacement with a new IOL, or the reposition-
ing and fixation of the same IOL in the eye. One of the advantages of IOL repositioning and
fixation is that extensive surgical maneuvers, including large incisions and vitreous surgery,
can be avoided. This may lead to less corneal endothelial damage and lower postoperative
astigmatism [21]. Moreover, replacement of the IOL-capsular bag complex with an anterior
or posterior chamber IOL with additional fixation is challenging and carries the risk of
complications such as the development of choroidal hemorrhage, macular edema, etc. [21].

It seems that the need to preserve the IOL is becoming more common according to
the literature [22-26]. Consequently, much attention is being paid to the development of
surgical techniques to expand the options in different cases, especially for anterior segment
surgeons [22-26].

The current study focuses on the outcomes of the iris suture late spontaneously
dislocated IOL—-capsular bag complex and compares it with IOL exchange in a large tertiary
reference center in Lithuania.

2. Materials and Methods

The prospective observational study was conducted between 2017 and 2019 year at
the Department of Ophthalmology, Lithuanian University of Health Sciences, Kaunas,
Lithuania. All study procedures were conducted in accordance with the Declaration of
Helsinki. Kaunas Regional Ethics Committee approved (12 July 2017) the study protocol
(No. BE-2-40) for biomedical research. Written informed consent was obtained from
all patients.
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The inclusion criterion was a late spontaneous IOL—capsular bag complex dislocation
with visible IOL in the pupil area more than 6 months after uncomplicated cataract surgery
(by phacoemulsification). IOLs which were completely dislocated into the vitreous where
an anterior surgical approach is not possible were not included. Patients who were allergic
to local anesthetics or other medications used in ophthalmology; patients with a history of
concomitant eye diseases that may have a negative impact on postoperative visual acuity
(stage ITI-IV glaucoma, keratitis, corneal endothelial dystrophy, corneal opacity, pterygium,
changes in the macular area of the retina); patients who had had injuries to the eyeball
or orbital fractures and deformations, eye surgery (corneal transplantation, pars plana
vitrectomy), or laser procedures (refractive laser correction, laser cyclodestruction) in the
past; patients with systemic, uncompensated diseases (arterial hypertension, systemic in-
flammatory diseases, diabetes mellitus type 1 and 2, chronic infectious diseases, conditions
after tissue or organ transplantation); patients with one sighted eye (the prognosis for
vision in the other eye is poor, the eye is blind or missing); patients with a mental illness;
pregnant or breastfeeding women; and patients who did not consent to an examination in
the postoperative period were excluded from the study.

A total of 80 patients (83 eyes) with late spontaneous IOL-capsular bag complex
dislocation were enrolled. The surgical technique chosen depended on the extent of the
IOL dislocation and the patient’s preference to retain their own IOL.

2.1. Preoperative Examination

The time interval between cataract surgery and the dislocation of the IOL-capsular
bag complex, the IOL type, the presence or absence of a capsular tension ring (CTR) and
concomitant ocular diseases were recorded before IOL—capsular bag complex dislocation
surgery. In addition, previous glaucoma diagnoses, filtering surgeries and glaucoma
medication requirements were recorded, indicating the number of different glaucoma
medication drops the patient was taking during the preoperative visit.

Refractive status was examined using autokeratometry (Tonoref III, Nidek, Japan), and
spherical and cylindrical powers were converted to the spherical equivalent (SE) (sphere
plus half cylinder). Other investigations were conducted, including the following: exami-
nation of best corrected distance visual acuity (BCDVA) using the Early Treatment Diabetic
Retinopathy Study visual acuity chart from a distance of 5 m; applanation tonometry,
using a Goldmann tonometer, slit lamp biomicroscopy and ophthalmoscopy; slit lamp
photography of the anterior segment of the eye; and measurement of the corneal endothe-
lial cell density (ECD) with confocal microscopy of the cornea in vivo (Heidelberg Retina
Tomography with III Rostock Cornea Module; Heidelberg Engineering GmbH, Heidelberg,
Berlin, Germany).

The Grade of IOL-Capsular Bag Complex Dislocation

The degree of IOL—capsular bag complex dislocation was evaluated by slit-lamp
examination and a photograph of the anterior segment was taken. The dislocation was
classified as follows:

e  Grade 1: Pseudophacodonesis.

e  Grade 2: Small decentration. The IOL is slightly decentered, but the equator of the
IOL optic is located behind the iris and outside the pupillary zone. With the narrow
pupil, only the decentration of the capsulorhexis (no IOL equator) can be observed.

e  Grade 3: Moderate dislocation. The equator of the IOL optic is above or coincides with
the line drawn through the center of the pupil.
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e Grade 4: Advanced dislocation. The IOL is more dislocated than grade 3 and the
equator of the IOL optic is below the line horizontally drawn through the center of
the pupil.

The assessment of the degree of dislocation methodology is described in more detail

by our group [27].

2.2. Surgical Procedure
2.2.1. IOL Repositioning and Fixation to the Iris Procedure (IF Group)

Two paracenteses in the clear cornea are performed along the anticipated path of
the needle’s entry and exit. The 10-0 Polypropylene suture with a long curved needle
(Alcon Laboratories, Inc., Fort Worth, TX, USA) was used. The needle is passed through
the first stab incision and the pupil beneath the haptics of the IOL and guided into the
anterior chamber through the iris in a matched place for IOL fixation. The IOL—capsular
bag complex can be temporarily stabilized by planting a spatula behind it to facilitate the
puncture of a fibrosed capsular bag and to prevent subsequent additional damaging of the
residual Zinn’s zonules. A 27-gauge cannula is introduced through the distal paracentesis,
and the needle is docked to facilitate exit. The needle is passed back into the eye through the
second stab incision, the iris (close to the first perforation), above the IOL haptics, through
the pupil, into the anterior chamber and out of the eye through the first stab incision. At
this moment, the IOL haptic is encircled by the suture. The first double throw is performed
outside the eye. Both suture ends are pulled to make the first floor of the knot behind the
iris. The long end of the thread is pulled outside the eye through the second stab incision
and the double throw is pulled inside of the eye. A gently tied knot is formed inside the
eye and beneath the iris. The long suture is repeatedly drawn through the first stab incision
with a microhook, and a second single throw is performed outside the eye. The third single
throw is performed in the same manner. The ends of the suture are pulled away, bringing
the third throw snugly into position without twisting. The ends of the suture are cut off
with vitrectomy scissors or a knife inside the eye and the knot is buried behind the iris.
Using this fixation method the pupil remains circular after the procedure. This modified
Siepser knot methodology was described earlier [28].

2.2.2. Replacing the IOL-Capsular Bag Complex with Anterior Chamber Intraocular Lens
Implant Procedure (ACIOL Group)

Three sclerotomies are performed by 25 G trocars and two paracenteses by a 20 G
knife. An infusion line is inserted into the trocar and after checking its full penetration
through pars plana balanced saline solution (BSS), infusion is started. After the full pars
plana vitrectomy is performed, an iridotomy at 12 o’clock is made by the vitrector at a slow
cutting rate.

The main 6 mm corneal incision is made by a knife. The old IOL is removed and a
new IOL (MTA4UO (Alcon Laboratories, Inc., Fort Worth, TX, USA)) is implanted into the
anterior chamber of the eye. The IOL is rotated into a horizontal position. The main corneal
incision is sutured with three single-knotted 10/0 Ethylon sutures. The paracenteses are
closed by injecting a balanced salt solution into the corneal stroma. The trocars are removed
from the sclerotomies.

2.3. Postoperative Examination

All patients underwent corneal suture removal 3 months after replacing the IOL-
capsular bag complex with the anterior chamber lens surgery. Six months after the surgery,
all participants underwent the same ophthalmic examination as before surgery. Postop-
erative complications were recorded. After surgery, to evaluate the status of the macular
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area, optical coherence tomography (DRI OCT Triton plus (Ver.10.13), Topcon, Japan) was
performed. We investigated whether cystoid macular edema (CME) was present and
measured the postoperative central macular thickness.

2.4. Statistical Analysis

Statistical analysis was performed using IBM SPSS Statistics for Windows, Version
29.0.2.0, Armonk, NY, USA: IBM Corp. The Kolmogorov-Smirnov test was used to as-
sess the distribution of quantitative data. For quantitative variables that did not meet
the assumption of normality, the differences between groups were evaluated using non-
parametric tests: the Mann-Whitney U test for comparisons between two independent
groups, the Kruskal-Wallis test for comparisons among more than two independent
groups and the Wilcoxon signed-rank test for comparisons between two dependent groups.
For normally distributed variables, comparisons were performed using Student’s t-test—
specifically, the independent samples t-test for two independent groups and the paired
t-test for two dependent groups. The association between two qualitative variables was
assessed using the Chi-square (x?) test. The data are presented as the mean (standard
deviation (SD)), minimum (min.) and maximum (max.) values, median (interquartile range
(IQR)) or number (percentage), and p < 0.05 is considered statistically significant.

3. Results
3.1. Demographic Data

In total, 80 patients (83 eyes) (30 female, 50 male) were included in the study. A total
of 43 eyes were in the IF group, and 40 eyes were in the ACIOL group. The mean age of the
patients at the moment of diagnosed IOL dislocation was 77.08 & 7.28 years. The mean
age at the moment of cataract surgery was 69.45 + 8.02 years. The mean time from cataract
surgery to IOL dislocation was 7.64 + 3.88 years. Baseline characteristics and preoperative
study parameters are presented in Table 1.

Table 1. Late spontaneous IOL—capsular bag complex dislocation: baseline characteristics.

IF Group ACIOL Group
N of Eyes =43 N of Eyes = 40 4
Mean (SD) (min.-max.)
Age (years) 76.91 (8.08) (48-98) 77.28 (6.40) (60-92) 0.820 *
Age at the cataract surgery (years) 68.44 (8.9) (29-82) 70.53 (6.9) (58-90) 0.239 *
Time since cataract surgery (years) 8.26 (4.1) (3-19) 6.98 (3.61) (1-14) 0.134 *
N (%)
Gender (male/female) 25 (60.98)/16 (39.02) 22 (56.41)/17 (43.59) 0.623*
IOL material:
Hydrophobic acrylic 29 (67.4) 24 (60) 0.481 **
Hydrophilic acrylic 14 (32.6) 16 (40)
CTR presence 12 (27.9) 22 (45) 0.105*
Laser capsulotomy 3(7.0) 5(10.0) 0.620 **
IOL dislocation grade:
1 8(17.8)2 1(24)°
2 8 (20.0) 7(17.1) -
3 14 (333) 8 (22.0) 0016
4 13 (28.9)2 24 (58.5)
TB 8(18.6) 2(5.0) 0.057 **

ACIOL = anterior chamber intraocular lens, CTR = capsular tension ring, IF = iris fixation, IOL = intraocular lens,
N = number, TB = trabeculectomy; * denotes the difference between groups, * t-test, ** x? test.
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Age, gender and time since cataract surgery did not differ between the two groups.
Also, the data related to the cataract surgery (IOL type, CTR presence and previous laser
capsulotomy) did not differ between the groups. Trabeculectomy (TB) prior to IOL disloca-
tion was performed more frequently in the IF group than in the ACIOL group. However,
this difference was not significant (Table 1).

3.2. Visual Outcomes

As shown in Figure 1, median BCDVA statistically significantly improved throughout
the follow-up period in both groups, increasing from 0.5 (1.0-0.5) logMAR at baseline to 0.1
(0.2-0.0) logMAR at 6 months in the IF group (Z = —5.13, p < 0.001), and from 0.7 (1.0-0.3)
logMAR at baseline to 0.3 (0.7-0.13) logMAR at 6 months in the ACIOL group (Z = —3.223,
p =0.001). No statistically significant differences were observed between the two groups at
baseline BCDVA (p = 0.508), but it was significantly better in the IF group after 6 months
(p = 0.001).

IF group ACIOL group
o —_
*
*
o
Baseline After surgery Baseline After surgery

Figure 1. Boxplot of BCDVA changes in the two groups before and after surgery. ACIOL = anterior
chamber intraocular lens, BCDVA = best corrected distance visual acuity, IF = iris fixation. Circles
indicate mild outliers (1.5 x IQR), while stars represent extreme outliers (3 x IQR).

During the follow-up period, there was no statistically significant change in corneal
astigmatism in the IF group’s (median cylinder 1.10 (0.65-1.55) D at baseline and 0.86
(0.41-1.39) D at 6 months, (Z = —1.863, p = 0.62). However, the change was significant in
the ACIOL group’s 6 months after surgery (median cylinder 1.01 (0.53-1.51)) D at baseline
and 2.8 (1.51-4.72) D at 6 months, (Z = —4.888, p = 0.001). No significant differences in
corneal astigmatism were found between the two groups at baseline (p = 0.613), but after
6 months, corneal astigmatism was significantly higher in the ACIOL group (p < 0.001).

The median SE changed statistically significantly from 1.38 (—0.63-6.38) D at baseline
to —0.75 (—1.63-—0.13) D at 6 months (Z = —3.797, p < 0.001) in the IF group and from
5.38 (0.47-10.63) D at baseline to —1.31 (—1.97-—0.63) D at 6 months (Z = —5.498, p < 0.001)
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in the ACIOL group. The SE was significantly higher in the ACIOL group at baseline
(p = 0.002) and did not differ significantly between the groups after 6 months (p = 0.001).

3.3. IOP and Glaucoma Treatment Outcomes

A total of 45 (54.22%) eyes were diagnosed with primary open angle glaucoma before
the IOL—capsular bag complex dislocation. A total of 15 (18.1%) eyes were diagnosed
with secondary glaucoma at the time of the IOL—capsular bag complex dislocation. Taken
together, this represents 60 (72.32%) eyes of the study participants. The most commonly
used preoperative eye drops were beta-blockers (44 (55.4%) eyes) and carbonic anhydrase
inhibitors (31 (37.3%) eyes) (prostaglandins—29 (34.9%) eyes, alpha-mimetics—11 (13.3%)
eyes and prostamides—9 (10.8%) eyes). Systemic carbonic anhydrase inhibitors were
administered in six (7.2%) patients. All investigated eyes (n = 83) had a median preoperative
IOP of 19.0 (16.0-22.0) mmHg. Despite medical treatment, an IOP > 21 mmHg before
surgery for IOL dislocation was found in 24 (28.9%) eyes, and half of them (12 (50%) eyes)
even had an IOP > 30 mmHg.

The analysis of the preoperative IOP in relation to the grade of IOL dislocation revealed
a statistically significantly higher IOP with a grade 1 dislocation compared to grades 2, 3
and 4 (x? = 13.783,df = 3, p = 0.003) (Figure 2).

20 o *
2
£ " . o
§ o o
£ i il T
g " '—f 0 T

1 2 3 4

Degree of dislocation of the complex 10L/capsular bag

Figure 2. Boxplot of the preoperative IOP drop with the increasing degree of IOL—capsular bag
dislocation. IOL = intraocular lens, IOP = intraocular pressure. Circles indicate mild outliers
(1.5 x IQR), while stars represent extreme outliers (3 x IQR).

As shown in Figure 3, IOP decreased throughout the follow-up period in both groups,
decreasing from 20.0 (17.0-25.0) mmHg at baseline to 16.0 (14.0-18.0) mmHg at 6 months
in the IF group (Z = —4.710, p < 0.01), and from 17.5 (16.0-21.75) mmHg at baseline to 16.5
(15.0-21.75) mmHg at 6 months in the ACIOL group (Z = —0.684, p = 0.494). There was no
significant difference in IOP between the groups before or after IOL dislocation surgery
(p = 0.248 and p = 0.057, respectively), but the change was statistically significantly bigger
in the IF group (p = 0.004).
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Figure 3. Boxplot of IOP changes in the two groups before and after surgery. ACIOL = anterior
chamber intraocular lens, IF = iris fixation, IOP = intraocular pressure. Circles indicate mild outliers
(1.5 x IQR), while stars represent extreme outliers (3 x IQR).

The changes in the IOP-lowering medical treatment between the preoperative and

postoperative visits are shown in Table 2.

Table 2. Outcome after surgery for late spontaneous IOL—capsular bag complex dislocation in the

two surgical groups.

IF Group ACIOL Group
N of Eyes =43 N of Eyes = 40 P
Median (IQR)

N of IOP-lowering .
medication, drops 2(0-3) 2(0-3) 0.272
N of IOP-lowering .
medication change, drops 0©-0) 0(0-0.75) 0-119

. 262.6 303.7 N
Macular thickness, um (252.65-271.63) (269.92-338.23) 0.01

N (%)

CME 2 (44) 16 (39) 0.01 **
TB 4(8.9) 1(2.4) 0.363 **
Refixation 3(6.7) 0 0.243 **

ACIOL = anterior chamber intraocular lens, CME = cystoid macula edema, IF = iris fixation, N = number,
TB = trabeculectomy; * Mann-Whitney test, ** X2 test.

The amount of antiglaucoma medication did not change statistically significantly in
either group when comparing the results before and after IOL dislocation treatment (IF
group p = 0.519, ACIOL group p = 0.159). In the IF group, the number of antiglaucoma drops
did not change in twenty-two (70.97%) eyes, increased in four (12.90%) eyes and decreased
in five (16.13%) eyes. In the IF group, three of twelve eyes that were not diagnosed with
glaucoma before IOL dislocation treatment started with antiglaucoma therapy after surgical
IOL dislocation treatment. In the ACIOL group, the amount of antiglaucoma drops did not
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change in eighteen (62.07%) eyes, increased in eight (27.59%) eyes and decreased in three
(10.34%) eyes.

Four (9.3%) eyes from the IF group and one (2.5%) eye from the ACIOL group under-
went filtering surgery for subcompensated IOP during the 6-month period after IOL dislo-
cation treatment (p = 0.193). In the IF group, the mean IOP of these eyes was 38.0 mmHg
before IOL dislocation treatment and 11.5 mmHg 6 months after IOL dislocation treatment
and filtering surgery, without antiglaucoma medication. In the ACIOL group, the IOP
of the eye with additional filtering surgery was 31.0 mmHg before IOL dislocation and
15.0 mmHg 6 months after IOL dislocation treatment and filtering surgery. Three drops of
an antiglaucoma medication were administered daily to support the IOP.

3.4. Other Postoperative Outcomes

As shown in Figure 4, mean ECD significantly decreased throughout the follow-up
period in both groups, from 1922 & 468 cells/mm? at baseline to 1800 £ 433 cells/mm?
at 6 months in the IF group (p < 0.001), and from 2021 + 480 cells/mm? at baseline to
1683 =+ 446 at 6 months in the ACIOL group (p < 0.001). There was no significant difference
in ECD between the groups before or after IOL dislocation surgery (p = 0.347 and p = 0.230,
respectively), but the change was statistically significantly bigger in the ACIOL group
(p <0.001).

IF group ACIOL group
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......
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I
3
8

1000 =

Baseline After surgery Baseline After surgery

Figure 4. Boxplot of ECD changes in the two groups before and after surgery. ACIOL = anterior
chamber intraocular lens, ECD = endothelial cell density, IF = iris fixation.

CME was found in 18 of 83 eyes (21.69%) after surgery. Statistically significantly less
cases occurred in the IF group than in the ACIOL group (two (4.4%) vs. sixteen (39%),
respectively, p = 0.01). The central macular thickness was higher in the ACIOL group
(p = 0.01) (Table 2). In three (6.7%) of the forty-three eyes in the IF group, the IOL was
re-fixated due to the insufficient centering of the IOL. An improvement was observed in
these patients after topical non-steroidal anti-inflammatory drugs were administered.

There was no intraocular hemorrhage, fluid misdirection syndrome during surgery,
bullous keratopathy, anterior pigmentary dispersion syndrome, chronic uveitis, retinal
detachment or endophthalmitis during the 6-month period after surgery in both groups.
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4. Discussion

Over the decades, a number of surgical techniques have been developed to treat IOL
dislocations. These include removal of the dislocated IOL and secondary IOL implanta-
tion (anterior chamber IOL, iris-claw IOL, iris-fixated IOL, scleral-fixated IOL with suture,
scleral-fixated IOL without suture) or repositioning and fixation of the same IOL to the
sclera or iris, each with its benefits and risks [29-33]. Despite numerous studies on this
topic, however, no single technique has gained an advantage over the others [30-35]. Nev-
ertheless, complications such as corneal decompensation, glaucoma, chronic inflammation
and CME are more common with IOL exchange (due to the large incision wounds and
longer operating times) than with other treatment options, including the repositioning of a
dislocated IOL using a scleral or iris fixation in the globe as a closed system [36]. The scleral
fixation of IOLs, especially the sutureless technique, reduces the risk of many of these
complications [32]. However, it is considered the most technically challenging technique
requiring a posterior segment surgeon [32]. When performing this to a deep scleral groove,
a microvitreoretinal knife or needle can traumatize the ciliary vessels, which carries the
risk of suprachoroidal hemorrhage (incidence after sutured scleral fixation is up to 3%
and rarely occurs after sutureless scleral fixation) [37]. On the other hand, extrusion of
the haptics (slippage of the haptics from the scleral tunnel) may occur due to thin scleral
flaps, poor scleral tunnel construction or adhesion, excessive use of scleral cauterization
and congenital or acquired fragility of the sclera [38]. Reported rates vary from 0.8% to
12.5% [38]. Permanent externalized sutures or the ends of cauterized haptics may also
increase the risk of late endophthalmitis [39,40]. Another common problem with sutureless
fixation is the instability of the IOL [41]. Also, the increased iris flutter caused by eye
movement can lead to a reverse pupillary block due to the absence of the barrier behind the
iris, which prevents the aqueous humor and vitreous humor from flowing into the anterior
chamber [42].

To expand the options for anterior segment surgeons, we have focused on the tech-
nique of the iris fixation for a dislocated IOL—capsular bag complex. The technique we
have presented is safe and minimally invasive. When performing IOL fixation with this
technique, there are no blind movements of the needle behind the iris. The haptics (with the
surrounding capsule) are sutured to the iris under direct observation under the microscope,
precisely in the anticipated location with no or minimal pupil deformation, with the knot
tied behind the iris. Fixation of the dislocated IOL to the iris using McCannel sutures is
generally performed in a ‘blind” manner (when the needle is behind the iris) [43]. This may
cause the improper localization of the haptic and suturing to the iris in the unintended
place. Furthermore, it is challenging to penetrate the iris from behind close to the first
prick. In addition, the presence of a fibrous capsular bag increases the risk due to IOL
luxation into the vitreous. The described surgical technique of the additional stabilization
of the IOL—capsular bag complex with an instrument (spatula) during surgery prevents
damage to the remaining Zinn’s zonules. In addition, another unique feature is that the
Siepser slipknot remains behind the iris (between the posterior surface of the iris and
the IOL—capsular bag complex). We believe that creating this small space between these
structures has positive properties. After such fixation, none of the patients had pigment
dispersion syndrome or uveitis-glaucoma-hyphema syndrome. This technique also does
not require large incisions in the cornea or sclera and does not harm the conjunctiva [24].
As 72.3% of patients had concomitant glaucoma, it was important to find the least traumatic
method of repositioning the IOL to spare the superior conjunctiva and sclera in patients
if subsequent filtration surgery should be required due to glaucoma. This technique can
be used by anterior segment surgeons as no additional surgical intervention is required.
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However, experience with McCannel suturing and tying a Siepser slipknot is essential to
maintain the minimally invasive nature of this technique.

Our prospective study is unique because we have included cases of late spontaneous
IOL-capsular bag complex dislocation treated with the repositioning of the same IOL using
iris suture fixation or IOL exchange into the anterior chamber IOL. Early in our study,
the IOL exchange into the anterior chamber IOL was preferred. Still, the trend shifted
from IOL exchange to iris-claw IOL or IOL repositioning as these techniques developed
and improved.

In the IF group, very encouraging visual and refractive results were achieved. This
supports other authors’ findings from studies using the iris suturing of modified McCannel
sutures in cases with IOLs without capsular support or in cases with IOL-capsular bag
complex dislocation [43,44]. In most patients in the IF group (with the exception of three
patients (6.7%) who required re-fixation due to inadequate IOL centration), we observed an
improvement in BCDVA. Significant improvement in visual acuity was also observed in the
ACIOL group. However, it was significantly less than in the IF group due to the significant
increase in corneal astigmatism. Often, anterior chamber or iris-claw IOLs are implanted,
but large corneal incisions (approximately 6 mm) are required, which can increase corneal
astigmatism. Our technique of IOL repositioning with iris fixation does not require a large
corneal incision, and this is the reason for minor changes in the corneal cylinder. Condon
et al. included forty-six patients who underwent foldable acrylic IOL implantation using
peripheral iris suture fixation for aphakia without capsule support. They also observed no
significant changes in corneal astigmatism [43]. The results of the study by Michaeli et al.
also confirm these findings [45]. Furthermore, a more anterior position of the lens caused a
myopic shift, which was acceptable for the patients. In a retrospective study, Faria et al.
examined 36 eyes with dislocated IOLs treated by an iris suture and also found a myopic
shift in all patients [46]. Our study data also support this.

Patients with IOL dislocation often have increased IOP [47-50]. Anatomical changes
in the anterior segment of the eye, irritation of the ciliary body and possibly inflammatory
processes could cause an increase in IOP. It is possible that all these factors are less pro-
nounced with a higher degree of IOL-capsular bag complex dislocation. This could explain
why IOP decreases with an increasing degree of IOL dislocation. In fact, Bulnes et al. found
the same significant association between IOP and the degree of IOL dislocation [47]. This
aspect needs further and more detailed investigation.

IOP and the need for glaucoma medication did not change statistically significantly
in either of our study groups. However, using anterior chamber IOL implants may be
associated with IOP elevation and glaucoma development, whereas eyes with iris-sutured
IOLs were less prone to IOP increase. In our series, we found fifteen patients (18.07%) with
postoperative IOP elevation that was resolved with topical therapy (seven in the IF group
and eight in the ACIOL group). In five patients with high preoperative IOP (>30 mmHg),
filtering surgery was performed within 6 months after treatment of IOL dislocation to
control IOP. We cannot extrapolate from a few cases to others, but our technique of IOL
repositioning with iris fixation does not harm the sclera and conjunctiva as we expected.
In four cases, the target IOP was achieved after IOL repositioning with iris fixation and
filtering surgery without medication. After IOL exchange and filtering surgery in one case,
three drops of antiglaucoma medication were administered daily to support the target IOP.

A severe reduction in ECD after intraocular surgery can lead to serious complications
such as bullous keratopathy; therefore, minimally invasive surgery is always preferred
in this regard [51]. In our study, we observed a smaller decrease in ECD in the IF group.
Dzhaber et al. retrospectively examined 117 eyes in which iris fixation was used and
recorded a decrease in ECD of almost 200 cells/mm? [52]. Kim et al. recorded a similar
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decrease (12.7% =+ 8.7%) in ECD after iris fixation, and this change was not different from
the transscleral fixation group (10.9% + 9.2%) (p = 0.16) [53].

In our study, we found that CME occurred more frequently in the ACIOL group.
Anatomically, the close proximity of the haptics of the ACIOL to the iridocorneal angle can
cause chronic inflammation and, consequently, CME [44]. As found in previous studies,
the rate of CME in iris-fixated IOLs is equal to or lower than in scleral-fixated and anterior
chamber IOLs [54]. A randomized trial comparing the three IOL fixation strategies in
176 patients lacking adequate capsule support has been published [55]. Although the
visual outcomes were similar in the three groups, it was found that iris-sutured IOLs
were associated with significantly less CME (20%) versus anterior chamber IOLs (38%) or
scleral-sutured IOLs (41%) (p = 0.02) [55]. Our study results do not contradict these findings.

In a retrospective study, Caporossi et al. reported on 41 eyes with IOL dislocation
treated with the repositioning of the same IOL using iris suture fixation in two groups
(acrylic and rigid one-piece IOL group and acrylic three-piece IOL group) [25]. They
achieved good refractive results, a stable IOL, no increase in surgically induced astigma-
tism and a low number of complications (no intraoperative complications, endothelial
dysfunction and pigment dispersion). The results did not differ between groups. In sum-
mary, they concluded that the iris fixation technique for one- and three-piece IOLs is a safe
and valid option for treating IOL dislocations. Our results do not contradict these findings.

In the literature review, we found no methods for a sutureless/automated fixation
technique of subluxated IOLs to the iris, which could be the aim of further studies. Our
study has several limitations, including bias due to patients’ preference to retain their own
dislocated IOL, a relatively short postoperative follow-up period and a single-center study
design. Therefore, a randomized multicenter trial with a longer follow-up is warranted.

5. Conclusions

Our study findings indicate that iris fixation is a safe and effective technique for
managing dislocated IOL—capsular bag complexes, offering a favorable profile of minimal
complications and good morphological and functional outcomes. A key advantage is the
ability to reuse the same IOL within a closed eye, thus avoiding a large incision. Nonethe-
less, further prospective studies with longer follow-up and multicenter collaborations are
warranted to validate these results. Moreover, the development of sutureless or automated
iris fixation techniques remains an important goal for future research, as it could streamline
the surgical approach and potentially reduce complications even further.
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Abstract

Purpose  To evaluate corneal endothelial cell den-
sity (ECD) in the eyes with different grades of late
spontaneous in-the-bag intraocular lens (IOL)
dislocation.

Methods A prospective study included seventy-
eight patients who applied for IOL dislocation. Overall
80 eyes were divided into four grades based on the in-
the-bag IOL dislocation classification. All eyes under-
went a complete ophthalmological examination. ECD

was evaluated using in vivo corneal confocal
microscopy.
Results Median corneal ECD was 1929

(1022-2958) cells/mm?2 of all the patients. The lowest
number of ECD was in grade 2 (grade 1 median ECD
1990.33 (1182-2425.33) cells/mm2, grade 2—1577.0
(1022-2958) cells/mm?2, grade 3—2205.84
(1259-2807.67) cells/fmm2 and grade 4—2072.17
(1045-2581.0) cells/mm?2). A statistically significant
difference was observed between the median of ECD
of grade 2nd and 3rd (p = 0.023). By grouping cases
into those with and without glaucoma, we found that
corneal ECD was significantly lower in eyes with
glaucoma compared with eyes without glaucoma in
grades 3 and 4 (p < 0.05), while in other grades, the
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difference did not reach the significance level. We
divided the corneal ECD of all eyes into two categories
< 1500 cells/mm?2 and > 1500 cells/mm?2. Logistic
regression demonstrated that the odds of having
corneal ECD less than 1500 cells/mm?2 increased by
3.5-fold if patients with IOL dislocation had been
diagnosed with glaucoma previously.

Conclusion  Late spontaneous in-the-bag IOL dis-
location reduced corneal ECD. Previously diagnosed
glaucoma was the most common comorbidity. This
condition has a significant impact on corneal ECD for
patients with IOL dislocation.

Keywords Late spontaneous in-the-bag intraocular
lens dislocation - Intraocular lens dislocation grades -
Corneal endothelial cell density

Introduction

A late spontaneous in-the-bag intraocular lens (IOL)
which is adequately fixed within the capsular bag (in-
the-bag) dislocation is rare but it is one of the most
serious complications following many years after
routine cataract surgery. Although the incidence rate
of these complications is not high [1-5], it may
increase in the future as a result of the increased
pseudophakic population due to the improvement in
the quality and safety of cataract surgery [6], growth of
the cataract surgical rate [7-12] and economic
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development [13]. IOL dislocation can cause diplopia,
worsens visual acuity, induces the increment of
intraocular pressure (IOP) and causes damage to the
anatomical structures of the eye, such as the iris (it
leads to breaking the blood—aqueous barrier as well as
inflammation) and corneal endothelium cells [14-17].

The hydration of the cornea through active ion
transport is the main function of the single-layer
corneal endothelium. The dysfunction of these hexag-
onal shaped cells predisposes to corneal swelling and
loss of transparency [18]. Regarding limited regener-
ation and importance in the vision, understanding the
conditions that reduce their density and an appropriate
strategy to preserve them as much as possible is
necessary. The number of endothelial cells is known to
decline physiologically over time. Corneal endothelial
cell density (ECD) at birth is approximately
5000-6000 cells/mm2, while over a lifetime, it drops
to 2500-3000 cell/mm?2 [19-28]. It has been shown
that corneal endothelial cells are very sensitive and
can be damaged by various factors especially intraoc-
ular interventions as well as chronic eye diseases
(glaucoma, uveitis and pseudoexfoliation syndrome)
and high IOP [29-34].

In the literature, we have not found any publication
describing the relationship between ocular condition,
particularly corneal ECD, and the grade of in-the-bag
IOL dislocation.

The aim of our study was to evaluate corneal ECD
and IOP in the eyes with different grades of in-the-bag
IOL dislocation.

Methods

All the study procedures were carried out according to
the Declaration of Helsinki, and the study protocol was
approved by the Kaunas Regional Ethics Committee
for Biomedical Research. The study objectives and
methods were explained to all the subjects prior to the
examination. Written informed consent was obtained
from all the patients.

The prospective study was conducted in the
Department of Ophthalmology, Lithuanian University
of Health Sciences, Kaunas, Lithuania. Seventy-eight
patients who applied for late spontaneous in-the-bag
IOL dislocation were enrolled in this study. The
inclusion criteria were spontaneous in-the-bag (IOL
inside the capsule bag) IOL dislocation, but visible in
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the pupillary area more than 6 months after uncom-
plicated cataract surgery (by phacoemulsification).
Totally dislocated IOLs into vitreous body were not
included. In addition, pregnant or nursing women,
patients younger than 18 years old, patients with
uncontrolled systemic illness, congenital or terminal
eye diseases as well as patients with a history of eye
trauma or vitrectomy were excluded from the study.

Investigations

From the anamnesis, the following data were col-
lected: age, gender, the interval between cataract
surgery and in-the-bag IOL dislocation. The glaucoma
status was based on previous diagnostics because, in
most cases, good quality perimetry and optic nerve
investigation were not possible due to the interference
caused by in-the-bag IOL dislocation. Based on the
anamnesis data, we distinguished the cases in which
glaucoma was diagnosed before IOL dislocation and
cases in which glaucoma (regarding IOP elevation)
and in-the-bag IOL dislocation were diagnosed at the
same time. Data about the time from the onset of
symptoms (diplopia or any change in vision) of in-the-
bag IOL dislocation or the first time when an
ophthalmologist detected abnormalities of the IOL
position or pseudophacodonesis until our investigation
was collected.

The participants underwent an ophthalmologic
examination composed of an IOP measurement with
a Goldmann applanation tonometer, slit-lamp biomi-
croscopy and ophthalmoscopy, anterior segment slit-
lamp photography and in vivo corneal confocal
microscopy (IVCCM) (Heidelberg Retina Tomogra-
phy with III Rostock Cornea Module; Heidelberg
Engineering GmbH, Heidelberg, Berlin, Germany).

Endothelial cell density measurements

Local anaesthetic (proxymetacaine hydrochloride
0.5%) was applied, and the subject was asked to focus
on a distant target before scanning the central cornea.
Section and volume scans were recorded from the
basal epithelium to endothelial cells. Three represen-
tative images of good quality were chosen from the
endothelial cell layers. Then, within these images, a
region of interest (ROI) was chosen. The ROI area was
0.04 £ 0.009 mm?2 for the endothelium measurement.
The cells were marked manually and the instrument-
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based software automatically calculated the cell
densities (cells/mm?2).

The grade of in the-bag IOL dislocation

The grade of IOL dislocation was assessed from
anterior segment photographs. The participants
received topical tropicamide 0.5% for pupil dilation
at least 30 min before examination. The slit-lamp
digital photography in the same standardized tech-
nique (the patients were asked to look straight into the
collimated light, then several images of the eye in
retroillumination (high flash intensity, slit beam fully
open, the slit illuminator positioned in an almost
coaxial position with the biomicroscope) limbus to
limbus (magnification: 8x)) was taken and the best
images were stored.

We modified an IOL dislocation grading system
based on previous studies by Lorente et al. and
Kristianslund et al. [35, 36]. For clarity, we distin-
guished and detailed grades 3 and 4. In clinical
practice, the thinnest slit-lamp beam vertically or
horizontally projected through the centre of the cornea
(as the lines are drawn in Figs. 1 and 2) could be used.
In order to determine the grade of IOL dislocation
more precisely.

The dislocation was classified as follows:

e Grade 1: pseudophacodonesis.

Grade 2: small decentration. IOL is slightly
decentralized, but the equator of the IOL optics is
located behind the iris outside the pupil zone. Only
the decentration of the capsulorhexis (no IOL
equator) may be observed with the narrow pupil.

Fig. 1 IOL dislocation grade 3

207

Fig. 2 IOL dislocation grade 4

Grade 3: moderate dislocation. The equator of the
IOL optics is located above or coincides with the
line drawn through the centre of the pupil (Fig. 1).
Grade 4: advanced dislocation. The IOL is dislo-
cated more than grade 3 and the equator of the IOL
optics is located below the line drawn through the
centre of the pupil (Fig. 2).

Statistical analysis

The statistical analysis was performed using SPSS
version 24.0 for Windows (IBM Corporation,
Armonk, NY, USA). Continuous variables are
reported using mean (SD) and median (minimum-—
maximum) values. Dichotomous and categorical
variables are reported using the absolute number and
percentages. The Kolmogorov—Smirnov test was used
to evaluate whether the quantitative variables were
normally distributed. The Kruskal-Wallis test (more
than 2 independent samples) for variables that were
not normally distributed were used to calculate a
difference of variables between in-the-bag IOL dislo-
cation grade. The correlation was analysed using
Spearman’s correlation test. To evaluate the impacts
of age, gender, glaucoma and glaucoma duration for
corneal ECD patients with IOL dislocation, logistic
regression was performed. A p value less than 0.05
was considered statistically significant.
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Results
Demographic and clinical data

Eighty eyes (right 39 (48.7%), left 41 (51.3%)) of 78
participants (males 44 (56.3%), females 34 (43.7%))
with a mean age of 77.46 (6.44) years were included in
the study. The mean time between cataract surgery and
late spontaneous in-the-bag IOL dislocation diagnosis
was 7.60 (3.82) years. The time from the onset of
symptoms (diplopia or any change in vision) of in-the-
bag IOL dislocation or the first time when an
ophthalmologist detected abnormalities of the IOL
position or pseudophacodonesis until our investigation
lasted 9.39 (8.22) months.

In-the-bag IOL dislocation grade and association
with clinical data

As shown in Table 1, we divided the overall 80 eyes
into four grades based on the above-mentioned in-the-
bag IOL dislocation classification. Gender, age and the
time between cataract surgery and IOL dislocation
were almost equal between the grades (Table 2).

The time (months) from the onset of symptoms
(diplopia or any change in vision) of in-the-bag IOL
dislocation or the first time when an ophthalmologist
detected abnormalities of the IOL position or pseu-
dophacodonesis until our investigation was different
between grades (in grade 1-8 months, in grade
2-12 months, in grade 3-6 months and grade
4-6 months). The median time was significantly
longer in the 2nd grades compared to the 3rd and 4th
grades (p < 0.05) (Fig. 3).

Open-angle glaucoma was diagnosed in 56.3% of
the cases (before IOL dislocation in 52.5%; glaucoma
and in-the-bag IOL dislocation were diagnosed at the
same time in 3.8%). As shown in Fig. 4, patients with
glaucoma diagnosis in grade 1 accounted for 72.2% of

Table 1 The grade of in-

g : Grade N %
the-bag IOL dislocation
between eyes 1 11 13.75
2 19 23.75
3 24 30.0
4 26 325
Total 80 100.0
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the cases, in grade 2—68.4%, in grade 3-54.2% and in
grade 4-42.3%.

The median IOP was 19 (12-41) mmHg in all
subjects, while in the 1st, 2nd and 3rd grades, the IOP
was higher than in the 4th grade (30 (12-41) mmHg,
20 (13-41) mmHg, 20.5 (12-41) mmHg and 17
(12-30) mmHg, respectively, (p < 0.05)) (Fig. 5).

Corneal endothelial cells density

Median corneal ECD was 1929 (1022-2958) cells/
mm?2 of all the patients. The lowest number of ECD
was in grade 2 (grade 1 median ECD 1,990.33
(1182-2425.33)  cells/fmm2, grade 2-1577.0
(1022-2-958) cells/mm?2, grade 3-2205.84
(1259-2807.67) cellssfmm2 and grade 4-2072.17
(1045-2581.0) cells/mm?2). A statistically significant
difference was observed between the median of ECD
of grade 2nd and 3rd (p = 0.023), while the difference
between the other grades did not reach significant
levels (Fig. 6).

The corneal ECD significantly negatively corre-
lated with the time (months) from the onset of
symptoms of the in-the-bag IOL dislocation or the
first time when an ophthalmologist detected abnor-
malities of the IOL position or pseudophacodonesis
until our investigation in all grades (ry (grade 2)
— 0.703, ry (grade 3) — 0.6006, ry (grade 4)
— 0.688, p < 0.05), except grade 1 in which the
difference did not reach the significance level (rg
= — 0453, p = 0.162).

By grouping cases into those with and without
glaucoma, we found that corneal ECD was signifi-
cantly lower in eyes with glaucoma compared with
eyes without glaucoma in grades 3 and 4 (p < 0.05),
while in other grades the difference did not reach the
significance level (Fig. 7).

We divided the corneal ECD of all eyes into two
categories < 1500 cellsyfmm2 and > 1500 cells/
mm?2. After performing logistic regression, we found
that the odds of having corneal ECD less than
1500 cells/mm?2 increased by 3.5-fold if those patients
with IOL dislocation had been diagnosed with glau-
coma previously.
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Table 2 Demographic data between the IOL dislocation grades

Grade 1 (n=11)

2 (n=19) 3 (n=24) 4 (n=26) P

Gender, males/females 6 (54.5)/5

45.5)
76 (67-87)
8 (2-12)

Age, y
Time between cataract surgery and IOL
dislocation, y

9 (47.4)/10 0.338*

(52.6)
78 (66-87)
8 (2-17)

10 (41.7)/14
(58.3)

76 (64-90)
5 (3-15)

10 (38.5)/16
(61.5)

78 (60-92)
9 (1-17)

0.201%*
0.130%*

*xztest, #* Kruskal-Wallis test

Median time, months

T T T T
1 2 3 4

IOL dislocation grade

Fig.3 The time (months) from the onset of symptoms of in-the-
bag IOL dislocation or pseudophacodonesis until our investi-
gation between the IOL dislocation grades. *, ** Kruskal—
Wallis test, p < 0.05

Discussion

Late spontaneous in-the-bag IOL dislocation is a well-
known complication that happens when the stability of
the IOL—capsule bag complex due to the decompen-
sation of Zinn’s zonule (ZZ) is disturbed. This
complication may occur many years after cataract
surgery. In the present study, the mean time between
cataract surgery and IOL dislocation diagnosis was 7.6
years with no differences between the IOL dislocation
grades, which is consistent with what has been
reported elsewhere [2, 3, 6, 37]. Experimental studies
with animals and donor eyes have revealed an
increment of zonules fragility during ageing due to

their microstructure, composition and anatomical
changes [38, 39]. However, the degeneration of
zonules likely develops individually (iatrogenic zonu-
lar damage cannot be ruled out). For some patients,
late spontaneous in-the-bag IOL dislocation occurs
faster. The dislocation itself also shifted from the
initial to the 3rd or 4th grade (ZZ decompensation)
faster, thereby causing visual symptoms. Meanwhile,
for others, the initial IOL dislocation may be pro-
longed (different ZZ compensatory mechanism) with-
out causing significant sight symptoms but still
damaging the internal structures of the eye. In-the-
bag IOL dislocation induces changes in the anatomy of
the anterior segment of the eye leading to inflamma-
tion which can cause damage to the sensitive corneal
endothelial cells and the elevation of IOP [14-17].

Our data analysis demonstrated that median corneal
ECD was 1929 (1022-2958) cells/mm?2 of all sub-
jects. In assessing studies in which ECD was evaluated
for patients with IOL dislocation, the numbers are
similar to ours. Kristianslund et al. found that the mean
ECD was 1718-1940 cells/mm?2 [36]. Similar data
were published in a study by Eum et al. [40]. They
reported a mean ECD of 1,778.5-2,070.4 cells/mm?2 .
These numbers are lower in comparison to the mean
ECD of 2400 cellsyfmm2 (at the 70th decade—
2207-2378 cells/mm?2) based on one of the first large
studies composed of the results from 3000 healthy
eyes [19].

One of the most interesting findings of our study
was that lower corneal ECD was established for
patients with an initial grade of dislocation (the lowest
density occurred in the eyes of grade 2 patients 1577.0
(1022—2958) cellssfmm2). Such results may be
explained by the fact that patients with low-grade
IOL dislocation took a longer time to apply for IOL
dislocation treatment (possibly due to less pronounced

@ Springer

209



1630

Int Ophthalmol (2021) 41:1625-1634

Fig. 4 Number of patients
with or without previously
diagnosed glaucoma
between IOL dislocation
grades

Number of patients

2°°

Intraocular pressure, mmHg

ek ek

T T T T
1 2 3

0L dislocation grade

Fig. 5 Intraocular pressure between IOL dislocation grades.
* Fx % Kruskal-Wallis test, p < 0.05

changes in visual symptoms). We found that the time
(months) from the onset of symptoms of in-the-bag
IOL dislocation or the first time when an ophthalmol-
ogist detected abnormalities of the IOL position or
pseudophacodonesis until our investigation was
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Previously
diagnosed
glaucoma

HEves
ENo

2

3

IOL dislocation grade

3000,00-

2500,00

2000,00-

Corneal ECD cells/mm2

1500,00-

1000,00-

T T T T
1 a 3 4

IOL dislocation grade

Fig. 6 Corneal endothelial cells density between IOL disloca-
tion grades. ECD endothelial cell density. *Kruskal-Wallis test,
p <0.05

significantly longer in the 2nd grade compared to the
3rd and 4th grades. Moreover, our results revealed a
negative correlation between the corneal ECD and the
time (months) from the onset of symptoms of in-the-
bag IOL dislocation until our investigation. This
indicates that IOL dislocation is a condition requiring
rapid treatment to protect the sensitive corneal
endothelial cells. Furthermore, subjects with an initial
grade of IOL dislocation were found to have higher
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Fig. 7 Corneal endothelial Previously
cells density between IOL dilagnosed
dislocation grades in g a.u::sma
patients without or with 3000,007 Eno

previously diagnosed
glaucoma. ECD endothelial
cell density. *, **Kruskal—
Wallis test, p < 0.05

2000,00-

Corneal ECD, cellsimm2

1000,00-]

L33

33

.00

IOP and have had more cases with previously
diagnosed glaucoma. We cannot rule out the influence
of the surgeon’s factor during the cataract surgical
treatment on the corneal ECD. It is known that corneal
endothelial cells are sensitive to various factors.
Intraocular interventions, chronic eye diseases (glau-
coma, uveitis and pseudoexfoliation syndrome) and
high IOP can damage these cells [29-34]. Capsular-
IOL complex, especially in cases of capsular bag
fibrosis or formation of a Soemmering ring, may cause
iris and ciliary body chafing in the presence of in-the-
bag IOL dislocation [16, 41]. It can damage corneal
endothelium cells due to pathological changes in the
aqueous humour promotion. Streilein et al. one of the
first introduced about ocular immune privilege (e.g.
via pigment epithelium of iris and ciliary body express
surface molecules, which inhibit T cells) [42]. Mo
et al. [43] demonstrated in an experiment with mice
that in the presence of pigment dispersion syndrome,
the loss of immune privilege was observed (infiltration
of inflammatory leukocytes into the anterior chamber

211

T
2

T
3

IOL dislocation grade

and their accumulation within the iris) without an
obvious clinical immune reaction. Knowing all this,
Ibrahim et al. hypothesised that iris damage via the
mentioned mechanism can cause patients to lose
endothelial cells after keratoplasty with mild or
clinically undetectable inflammation [44]. In addition,
the breakdown of the blood—aqueous barrier and
elevation of cytokine levels in the aqueous humour
due to iris damage can be associated with a chronic
decrement of endothelial cells [44-46]. The same
mechanisms through the immune response possibly
damage the endothelial cells in the case of IOL
dislocation. This aspect needs further investigation.
Patients with IOL dislocation often have increased
IOP. In our study, the median IOP was 19
(12-41) mmHg in all the subjects. Bulnes et al. [47]
in a recent publication indicated mean IOP 20.25
(7.52) mmHg in patients with IOL dislocation. Similar
mean IOP was found, such as 18.0 (6.2) mmHg in
Kristianslund et al. [15, 17] or 19.7 (8.4) mmHg in
Shingleton et.al. [3, 48] studies. Anatomical changes
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in the anterior segment of the eye, irritation of the
ciliary body and probably the above-mentioned
inflammatory processes might induce the rise of the
IOP. Possibly all of these factors are less pronounced
in a higher grade of IOL dislocation. That could
explain why IOP decreases with an increasing grade of
IOL dislocation (1st, 2nd and 3rd IOL dislocation
grade IOP was higher than in the 4th grade). In fact,
Bulnes et al. also found the same significant associ-
ation between IOP and grade of IOL dislocation [47].
This aspect needs further and more detailed
investigation.

Previous studies have shown that glaucoma, espe-
cially in eyes with pseudoexfoliation syndrome,
increases the risk of IOL dislocation due to the damage
and decompensation of ZZ [49, 50]. In the present
study, open-angle glaucoma was diagnosed in 56.3% of
patients. This is consistent with several previous IOL
dislocation studies that have reported that glaucoma
was the most common comorbid condition in the range
of 30.8-60% [3, 17, 47, 51]. By grouping cases into
those with and without glaucoma, we found that corneal
ECD was significantly lower in eyes with glaucoma
compared with the eyes without glaucoma in all IOL
dislocation grades, but statistically significantin 3 and 4
grades. Moreover, in our study, logistic regression
showed that the odds to have corneal endothelial cell
density less than 1500 cells/mm? increased by 3.5-fold
if patients with IOL dislocation have previously been
diagnosed with glaucoma. We selected ECD of
1500 cells/mm?2 as a reference value at which point in
our and other authors’ opinion, surgical intervention
with less risk of endothelial decompensation may be
performed (this could be valuable in planning the
surgical treatment tactics (e.g. when choosing mini-
mally invasive surgery) for patients with IOL disloca-
tion) [52]. These findings are similar to other authors’
studies and suggest an association between reduced
ECD in patients with glaucoma [53]. Marcos et al.
performed specular microscopy in 36 eyes with pseu-
doexfoliation syndrome, 30 eyes with pseudoexfolia-
tion glaucoma and compared the ECD with healthy
subjects. They found that ECD was significantly
decreased in the pseudoexfoliation syndrome group,
especially when IOP was high and ECD was signifi-
cantly lower in the pseudoexfoliation glaucoma group
than in healthy subjects [54]. Gagnon and colleagues
hypothesised that ECD is lower in glaucoma cases
compared to the controls due to direct compression
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from higher IOP [55]. Sihota et al. conducted an
interesting study that demonstrated that the prolonged
elevation of IOP is more damaging to endothelial cells
(patients with acute primary angle-closure glaucoma
attacks less than 72 hours had significantly lower ECD
loss compared to those with attacks lasting more than
72 hours) [56]. All of these findings indicate that late
spontaneous in-the-bag IOL dislocation (even in cases
of low-grade IOL dislocation) is a condition requiring
rapid treatment (IOL stabilization procedure) to protect
the sensitive corneal endothelial cells, especially in
patients who have previously been diagnosed with
glaucoma.

In conclusion, late spontaneous in-the-bag IOL
dislocation elevates IOP and reduced corneal ECD.
Previously diagnosed glaucoma was the most common
comorbidity. This condition has a significant impact
on corneal ECD for patients with IOL dislocation.
Greater damage to the ECD is observed when there is a
longer period since the onset of symptoms of in-the-
bag IOL dislocation or the first time when an
ophthalmologist detected abnormalities of IOL posi-
tion or pseudophacodonesis until treatment.
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Abstract

Purpose To report a series of cases and microsurgi-
cal management of rarely occurring uveitis-glaucoma-
hyphema (UGH) syndrome in patients with single-
piece acrylic intraocular lens (IOL) placed in the
capsular bag.

Methods It was a series of patients with UGH
syndrome induced by posterior chamber IOL/capsular
bag complex instability (pseudophakodonesis), who
underwent IOL fixation to the iris. Visual acuity,
intraocular pressure, number of glaucoma medications
and IOL status (position) were recorded by the same
protocol before and 6 months after the surgical
treatment.

Results The case series presents three patients with
UGH syndrome caused by single-piece acrylic IOL
placed in-the-bag. Each patient had uneventful pha-
coemulsification with posterior chamber IOL
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implantation few years ago and pseudophakodonesis
caused by weakened zonules from pseudoexfoliation
with subsequent development of UGH syndrome. IOL
fixation to the iris with satisfactory postoperative
results was performed due to the development of
UGH. Signs of syndrome did not recur 6 months after
the operation.

Conclusion UGH syndrome can be induced by
unstable in-the-bag IOL due to zonular laxity.
Depending on the severity of the syndrome, this
condition can be fought by applying a minimally
invasive approach—IOL suturing to the iris with
direct observation under the surgical microscope
precisely in the anticipated location with no or
minimal pupil deformation. Symptoms of UGH did
not recur due to increased stability of the IOL and, as a
result of this, declined irritation of the uveal tissue.

Keywords Uveitis-glaucoma-hyphema syndrome -
Acrylic single-piece intraocular lens -
Pseudophakodonesis - Intraocular lens fixation to the
iris

Introduction

Uveitis-glaucoma-hyphema (UGH) syndrome is a
rare, but potentially severe cataract surgery compli-
cation [1], first reported in 1978 by Ellingson and
known as chafing of anterior segment structures—
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mechanical iris trauma—by first-generation anterior
chamber intraocular lenses (IOLs) [1, 2]. Although
UGH syndrome is classically associated with anterior
chamber IOL, reported cases of decentred or dislo-
cated posterior chamber IOL/capsular bag complex
have also been described as possible triggers [1, 3].

The incidence of this syndrome has declined from a
mean of 2.2-3 to 0.4-1.2% thanks to improved IOL
design, surgical techniques and increased usage of
posterior chamber IOL [4]. A more recent study
revealed that UGH syndrome was one of the most
frequent indications for IOL exchange (11.9% from
109 cases over a period of 5 years) [5]. However, this
complication is still relevant nowadays due to a
growing number of people with a pseudophakic eye.

A typical cause is weakened zonules [often from
pseudoexfoliation ~ (PXF)]  that allow pseu-
dophakodonesis, which can irritate uveal tissue and
cause development of UGH syndrome. Treatment of
this condition depends on the severity of UGH
syndrome and involves a conservative (anti-inflam-
matory and IOP lowering drugs) or a surgical
approach.

In cases when UGH syndrome is strongly
expressed, it may make sense to have a vitreoretinal
surgery to remove the IOL. However, if the syndrome
is mild and IOL is slightly decentred or pseu-
dophakodonesis is observed, then an anterior approach
is often successful.

We reported a series of three cases of UGH
syndrome in patients with single-piece acrylic IOL
placed in the capsular bag with pseudophakodonesis
who did not respond sufficiently to conservative
treatment and therefore have undergone a minimally
invasive surgery (IOL suturing to the iris) to fix the
problem.

Materials and methods

All procedures involving human participants were
carried out according to the Declaration of Helsinki,
and the study protocol was approved by the Lithuanian
University of Health Sciences Review Board. Written
informed consent was obtained from all the patients.

It was a series of patients with UGH syndrome
induced by posterior chamber IOL/capsular bag
complex instability (pseudophakodonesis), who
underwent IOL fixation to the iris, performed by one
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surgeon (V.J.) in 2017. Patients were examined by the
same protocol before and 6 months after the surgical
treatment. Demographic information (age and gen-
der), data of original cataract surgery, other previous
operations or laser procedures, ocular comorbidity,
visual acuity, intraocular pressure (IOP), number of
glaucoma medications and IOL status (position) were
recorded.

Surgical technique

Two stab incisions in the clear cornea are performed
along the anticipated path of the needle’s entry and
exit. 10-0 Polypropylene suture with a long curved
needle (PC 10, ALCON) is used. The needle is passed
through the first stab incision (Fig. 1a-1) and the pupil
beneath the haptics and guided into the anterior
chamber through the iris in a matched place for IOL
fixation. IOL/capsular bag complex can be temporar-
ily stabilized by planting a spatula behind it to
facilitate puncture of a fibrosed capsular bag and to
prevent subsequent damaging residual Zinn’s zonules.
A 27-gauge cannula is introduced through the distal
paracentesis (Fig. 1a-2), and the needle is docked to
facilitate exit. The needle is passed back into the eye
through the same stab incision, iris (close to the first
perforation), above IOL haptics, through the pupil into
the anterior chamber and out of the eye through the
first stab incision (Fig. 1b, c). At this moment, IOL
haptic is encircled by the suture. With a microhook
(Fig. 1d-3) which is introduced through the second
stab incision, both sutures are hooked and pulled out of
the eye. This is performed in the following manner:
one suture (short) (Fig. le-4) is pulled out of the eye
completely, while the second (long) one (Fig. le-5) is
pulled out just to form a loop for making a throw. The
first double throw is performed by wrapping a short
suture end around the medial part of the loop (Fig. 1f).
Both ends of the thread are pulled outside the eye,
while the knot is formed inside the eye and beneath the
iris (Fig. 1g). The long suture is repeatedly drawn
through the second stab incision with a microhook to
form a loop (Fig. 1h, i) and second double throw is
performed (Fig. 1j). The third single throw is per-
formed in the same manner. The ends of the suture are
pulled away, bringing the third throw snugly into
position without twisting (Fig. 1k). The ends of the
suture are cut-off with vitrectomy scissors or knife
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Fig. 1 Suture fixation of the haptics to the iris. a The needle is
passed through the first stab incision and the pupil beneath the
haptics and guided into anterior chamber through the iris in a
matched place for IOL fixation. Then the needle is pulled out
through the distal paracentesis. b, ¢ The needle is passed back
into the eye through the same stab incision, iris (close to the first
perforation), above IOL haptics, through the pupil into anterior
chamber and out of the eye through the first stab incision. d With
a microhook which is introduced through second stab incision
both sutures are hooked and pulled out of the eye. e One suture
(short) is pulled out of the eye completely, while the second

inside the eye and the knot is buried behind the iris.
The pupil remains circular after the procedure.

Results
Case 1

A 72-year-old man was treated for blurring vision and
ocular pain in the left eye. Such short-term episodes
recurred six times in 8 months. There was no trauma
history. Patient had uneventful phacoemulsification
with posterior chamber IOL (Restor) implantation
under topical anaesthesia in the left eye in 2008.
During the examinations throughout the UGH syn-
drome episodes, his uncorrected visual acuity fluctu-
ated from hand motion to 0.1. Intraocular pressure was
observed from 20 to 40 mmHg with medication.
Anterior segment examination of the left eye
revealed microhyphema, pseudoexfoliation on iris
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(long) one is pulled out just to form a loop for making a throw.
f First double throw is performed by wrapping short suture end
around medial part of the loop. g Both ends of thread are pulled
outside the eye, while the knot is formed inside the eye and
beneath the iris. h—j The long suture is repeatedly drawn through
second stab incision with a microhook to form a loop and second
double throw is performed. k The ends of suture are pulled
away, bringing the third throw snugly into position without
twisting. 1 The ends of suture are cut-off with Ong scissors or
knife inside the eye, and the knot is buried behind the iris

papillary border, pseudophakodonesis, IOL optics
well covered by the capsulorrhexis margin and
transillumination defect on the iris temporal side
(Fig. 2a).

Despite conservative treatment, UGH syndrome
episodes recurred. Therefore, it was decided to
perform fixation of IOL to the iris.

Six months after the surgery, symptoms of UGH
syndrome did not recur, best corrected visual acuity at
the last examination was 1.0, and intraocular pressure
was 12 mmHg without antiglaucoma treatment. Ante-
rior segment examination of the left eye revealed
stable, slightly decentred posterior chamber IOL with
temporal iris transillumination and small indentation
of the iris at the site of fixation (Fig. 2a).

Case 2
A 67-year-old man was treated for UGH syndrome of

the left eye. There was no trauma history. He had
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Fig. 2 Patients’ eyes before (at the top) and after (at the
bottom) intraocular lens fixation to the iris. Anterior segment
photography demonstrates capsulorrhexis margin (white arrow),

undergone uneventful phacoemulsification with pos-
terior chamber IOL (AcrySof Natural) implantation
under topical anaesthesia in the left eye in 2013.
During the examinations throughout the UGH syn-
drome episode, his uncorrected visual acuity was hand
motion, while intraocular pressure was 40 mmHg with
medication.

Anterior segment examination of the left eye
revealed hyphema and pseudophakodonesis of the
posterior chamber IOL placed in the capsular bag and
well covered by the capsulorrhexis margin (Fig. 2b).

Hyphema disappeared after the conservative treat-
ment. However, due to the expressed pseu-
dophakodonesis, it was decided to perform fixation
of IOL to the iris.

Six months after the surgery, symptoms of UGH
syndrome did not recur, best corrected visual acuity at
the last examination was 1.0, and intraocular pressure
was 18 mmHg without antiglaucoma treatment. Ante-
rior segment examination of the left eye revealed
stable perfect centred posterior chamber IOL with
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transillumination defect of the iris (black arrow) and indentation
of the iris in the site of fixation (black circle)

small indentation of the iris at the site of fixation
(Fig. 2b).

Case 3

A 72-year-old woman treated for UGH syndrome of
the right eye. Short-term UGH episodes were assessed
three times during 1 year. There was no trauma
history. She had undergone uneventful phacoemulsi-
fication with posterior chamber IOL (AcrySof Natu-
ral) and capsule tension ring implantation under
topical anaesthesia in the right eye at 2013. During
the examinations throughout the episode, her uncor-
rected visual acuity fluctuated from 0.1 to 0.3.
Intraocular pressure was 30 mmHg with antiglaucoma
treatment.

Anterior segment examination of the left eye
revealed microhyphema, pseudophakodonesis, poste-
rior chamber IOL well covered by the capsulorrhexis
margin (Fig. 2c).



Int Ophthalmol (2019) 39:1607-1612

1611

Despite conservative treatment, UGH syndrome
episodes recurred and a decision was made to suture
IOL to the iris.

Six months after the surgery, symptoms of UGH
syndrome did not recur, best corrected visual acuity at
the last examination was 0.8, and intraocular pressure
was 17 mmHg with antiglaucoma treatment (beta
blockers two times per day). Anterior segment exam-
ination of the right eye revealed stable, perfectly
centred posterior chamber IOL with small indentation
of the iris at the site of fixation (Fig. 2c).

Discussion

Although single-piece acrylic IOL placed in-the-bag
rarely cause UGH, we report a series of three similar
cases. For these patients, IOL fixation to the iris with
satisfactory postoperative results was performed.
UGH syndrome did not recur 6 months after the
surgery. We assume that it was achieved due to the
increased stability of the IOL and the resulting
disappearance of the irritation of the uveal tissue.
However, before considering a treatment method, it is
important to clarify the causes of UGH syndrome.

The main cause of UGH syndrome is mechanical
chafing of uveal structures with IOL or artificial iris
implants [6], leading to the breakdown of the blood-
aqueous barrier and empowers cytokines to trigger an
inflammatory cascade, causing a chronic inflammation
as well as recurrent hyphema or microhyphemas and
glaucoma [1]. Moreover, UGH syndrome is now
known to be caused by the placement of a single-piece
IOL in the sulcus. Single-piece IOL haptics is thick
and massive, and the optic edges are square and
abrasive, which allows contact and chafing with the
posterior iris surface [1, 7]. In such cases, the best
treatment option would be to remove or exchange the
IOL.

Different causes with in-the-bag placement of a
single-piece IOL linked to UGH syndrome develop-
ment include: chafing of the iris by wrong position of
IOL optic or haptic (e.g. IOL bending during loading)
[8], iridociliary cyst [9], displacement of an IOL haptic
caused by capsular bag contraction [10] or IOL-
capsular bag complex dislocation in case of PXF
syndrome [3]; chafing of the iris in relation to capsular
bag fibrosis (especially combined with plateau iris
configuration) [11] or formation of a Soemmering ring
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[1]. An increasing cause of UGH is pseudophakodone-
sis from zonular laxity caused by PXF.

In such cases, various treatment options are avail-
able. Explantation or exchange of the implanted IOL
has been the traditional surgical approach to UGH
syndrome treatment [12]. However, the harm—benefit
ratio and risk of potential complications of new
surgery should be evaluated [13]. In cases where
surgical treatment has to be postponed or cannot be
performed, conservative first-line medical treatment
methods include: topical corticosteroids to control
anterior inflammation for uveitis; IOP lowering
agents, such as beta-adrenergic antagonists, alpha-
adrenergic agonists and carbonic anhydrase inhibitors
for glaucoma medical management; cycloplegics and
methods of head elevation or limited physical activity
for hyphema [14].

As the studies suggest, there are more alternative
methods to managing UGH syndrome other than IOL
explantation, such as cyclophotocoagulation of the
involved ciliary process or placement of a capsular
tension ring to redistribute zonular tension [11].
Walland described in a case report that local laser
iridoplasty was an option for the treatment of UGH
syndrome, wherein solid-state (‘argon’) laser in two
wedge patterns was applied to the iris on either side of
haptic contact to avoid removal of the IOL. In that
case, the surgical intervention was an attractive option,
given excellent visual acuity and risks of surgical
complications [15]. In another case report, Rech et al.
used serial intracameral injections of anti-vascular
endothelial growth factor agent bevacizumab to
reduce inflammation and neovascularization to control
UGH syndrome, because, despite its potential side
effects, bevacizumab may benefit selected patients and
offer a temporizing or long-term option to high-risk
IOL manipulation cases [16].

We present the minimally invasive surgical treat-
ment of UGH syndrome by fixing the IOL to the iris.
This technique has advantages, such as IOL haptics
(with surrounding capsule) being sutured to the iris
under direct observation under the microscope, pre-
cisely in the anticipated location with no or minimal
pupil deformation (Fig. 2) with the knot tied behind
the iris. Fixation of dislocated IOL to the iris generally
is performed in a ‘blind’ manner (when the needle is
behind the iris). This may cause an improper local-
ization of the haptic and suture to the iris in the
unintended place. Furthermore, it is challenging to
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penetrate the iris from behind close to the first prick.
Also, the presence of fibrosed capsular bag makes the
procedure more risky due to IOL luxation into the
vitreous. The described surgical technique of addi-
tional stabilization of capsular bag/IOL complex with
an instrument (spatula) in a surgery prevents damage
to the remaining Zinn’s zonules.

In conclusion, UGH syndrome can be induced by
unstable in-the-bag IOL due to zonular laxity.
Depending on the severity of the syndrome, this
condition can be fought by applying minimally
invasive approach—IOL suturing to the iris with
direct observation under a surgical microscope, pre-
cisely in the anticipated location with no or minimal
pupil deformation. Symptoms of UGH did not recur
thanks to increased stability of the IOL and, as a result,
declined irritation of the uveal tissue in our series.
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PADEKA

Nuosirdziai dékoju Sio mokslinio darbo vadovui, gerb. prof. habil. dr. Vy-
tautui JaSinskui uz nuosekly vadovavima, jzvalgas, nejkainojama pagalba,
patarimus, paskatinimg siekti aukS¢iausiy rezultaty ir pasitikéjima viso moks-
linio darbo proceso metu. Visa tai ne tik praturtino mano akademines Zinias,
bet ir suteiké galimybe augti. Taip pat dékoju uz Jusy pasidalyta klinikine
patirtj. Jusy padovanoti ranky judesiai, atliekant mikrochirurgines operacijas,
lydés mane visg gyvenima. Acii uz Jusy zmogiska, guodZziantj ir besalygiska
rupesti. Jiis esate mano specialybés Tévas.

Taip pat esu labai dékinga LSMU Kauno kliniky Akiy ligy klinikos vado-
vei prof. dr. Redai Zemaitienei uz vertingus patarimus, suteikta pasitikéjima
bei galimybes dirbti ir tobuléti.

Nuosirdis padékos zodziai skiriami LSMU Kauno kliniky Akiy ligy klini-
kos Dienos chirurgijos skyriaus vadovei prof. dr. Daliai Zali@inienei uz pasi-
tikéjima ir besalygisSka globa. Be Jiisy pagalbos Sis mokslinis darbas vargiai
bty iSvydegs dienos Sviesa.

Uz $io mokslinio darbo recenzija, skirtg laikg ir vertingas jzvalgas, kurios
reikSmingai prisid¢jo prie Sio mokslinio darbo tobulinimo, esu labai dékinga
prof. habil. dr. Virgilijui Ulozui, dr. Martynui Spe¢kauskui ir doc. dr. Arvydui
Gelziniui.

Dékoju LSMU Mokslo centro darbuotojoms ir jo vadovei prof. dr. Ingridai
Ulozienei uz pagalba, supratinguma ir patarimus.

Uz pagalbg atliekant tyrimus dékoju draugéms dr. Daivai Paulaviciiitei—
Baikstienei ir Aistei Varoniukaitei. Taip pat dékoju Irenai Nedzelskienei uz
pagalbg analizuojant disertacijos duomenis.

Esu labai dékinga vitreoretinalinés chirurgijos sektoriaus vadovui
dr. Martynui Speckauskui uz visapusiska pagalbg ir palaikyma viso moksli-
nio darbo metu. Taip pat dékoju Sio sektoriaus gydytojams chirurgams Arii-
nui Miliauskui ir Sauliui Acui uz patarimus ir suteiktg galimybe jtraukti j §j
mokslinj darbg jy operuojamus pacientus.

Dékoju kolegéms dr. Aurijai Kalasauskienei, Linai Altizaitei-Baranauskie-
nei ir dr. Giedrei Pakulienei uz palaikyma, optimizmg ir praskaidrinancius
nuotaikg pokalbius. Uz pagalbg klinikiniame darbe ir palaikyma dékoju dr.
Ugnei Rumelaitienei. Dékoju bendrazygei Akvilei SoSkuvienei. Be taves,
miela drauge, biity buve Zymiai sunkiau ir nitiriau. Taip pat dékoju draugéms
dr. Ritai Maciulaitienei ir Linai Krépstei uz iSklausyma ir patarimus.

Didziausig padéka skiriu savo Seimai. Pirmiausiai dékoju savo téveliams
Irenai ir Vaclovui Pikturnams, kurie visy studijy metu ne tik doméjosi kie-
kviena smulkmena, bet ir buvo Salia, visapusiSkai pad¢jo ir palaiké, suteiké
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galimybe studijuoti ir siekti uzsibrézty tiksly. Jei daugiau vaiky turéty tokius
tévus kaip Jus, pasaulyje biity zymiai daugiau moksly daktary. A¢iti Jums uz
tai, kad Siandien esu kas esu. Taip pat dékoju uoSviams Sigutei ir Vytautui
Vaiciuliams, Karolinai ir Arnui, geriausiems draugams Gailei, Tomui, Mer-
kiui ir Kerniui uz visokeriopg palaikyma, pagalbg bei tikéjimg manimi visus
Siuos metus.

IS visos Sirdies dékoju savo vyrui Pauliui uz meilg, supratimg, kantrybe,
palaikyma, pastiméjima j priekj, buvimg Salia ir patvirtinima, kad viskas
bus gerai. Galiausiai, noriu padékoti dukrytei Beatricei, kuri su beribe mei-
le ir neiSsemiama kantrybe lauké, kada vél neribotai zaisime ir dziaugsimés
kiekviena akimirka. Mylésiu Tave amzZinai.
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