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FECD

PBK

ABK
PKP
PLK

EK
DLEK

DSEK

DSAEK

UT-DSAEK

NT-DSAEK

FS-DSEK

DM

DMEK

AS-OCT

TD-OCT

SD-OCT

SS-OCT

(ang. Fuchs endothelial corneal dystrophy) dystrofia srodbtonkowa
Fuchsa

(ang. pseudophakic bullous keratopathy) keratopatia pgcherzowa
pseudofakijna

(ang. aphakic bullous keratopathy) keratopatia pecherzowa afakijna
(ang. penetrating keratoplasty) keratoplastyka drazaca

(ang. posterior lamellar keratoplasty) keratoplatyka warstwowa tylna
(ang. endothelial keratoplasty) keratoplastyka endotelialna

(ang. deep lamellar endothelial keratoiplasty) gteboka warstwowa
keratoplastyka endotelialna

(ang. Descemet stripping endothelial keratoplasty) keratoplastyka
endotelialna ze strippingiem btony Descemeta

(ang. Descemet stripping automated endothelial keratoplasty)
zautomatyzowana keratoplastyka endotelialna ze strippingiem btony
Descemeta

(ang. ultrathin Descemet stripping automated endothelial keratoplasty)
ultra-cienka zautomatyzowana keratoplastyka endotelialna ze
strippingiem blony Descemeta

(ang. nanothin Descemet stripping automated endothelial keratoplasty)
nano-cienka zautomatyzowana keratoplastyka endotelialna ze
strippingiem blony Descemeta

(ang. femtosecond laser-assisted Descemet stripping endothelial
keratoplasty) keratoplastyka endotelialna ze strippingiem btony
Descemeta wspomagana laserem femtosekundowym

(ang. Descemet membrane) btona Descemeta

(ang. Descemet membrane endothelial keratoplasty) keratoplastyka
srodbtonkowa blony Descemeta

(ang. anterior segment — optical coherence tomography) optyczna
koherentna tomografia przedniego odcinka

(ang. time-domain optical coherence tomography) optyczna koherentna
tomografia bazujaca na domenie czasowe;j

(ang. spectral-domain optical coherence tomography) optyczna
koherentna tomografia bazujaca na domenie spektralne;j

(ang. Swept Source optical coherence tomography) optyczna koherentna
tomografia bazujaca na technologii Swept Source
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BCVA

ECC
CCT
MK
MA
AA
HOA

(ang. best corrected visual acuity) najlepsza skorygowana ostrosé
wzroku

(ang. endothelial cell count) gesto$¢ komorek $rodbtonka
(ang. central corneal thickness) grubos¢ rogowki w centrum
(ang. mean keratometry) srednia keratometria

(ang. mean astigmatism) sredni astygmatyzm

(ang. astigmatism asymmetry) asymetria astygmatyzmu

(ang. higher-order aberrations) aberracje wyzszego rz¢du



Wykaz stosowanych skrotow

1. NOTA INFORMACYJNA

Niniejszg rozprawe doktorska pt. ,,Wptyw keratoplastyki warstwowej tylnej na wybrane
parametry rogowki — ocena tomograficzna, implikacje Kkliniczne” stanowi cykl
2 artykutéw oryginalnych, w ktorych jestem rownorzgdnym pierwszym autorem. Artykutly
opublikowano w migdzynarodowych czasopismach naukowych znajdujgcych si¢ na liScie
Journal Citation Reports (Thomson Reuters). Laczna warto$§¢ wspotczynnika oddzialywania
(Impact Factor — IF) dla cyklu wymienionych prac (wedtug Thomson Reuters Journal Citation
Reports 2021) wynosi 6.15 oraz 210 punktéw Ministerstwa Edukacji i Nauki. Rozprawe
doktorska stanowig nastepujace publikacje:

— Machalinska A, Kuligowska A, Kowalska B, Safranow K. Comparative Analysis of
Corneal Parameters in Swept-Source Imaging between DMEK and UT-DSAEK Eyes.
J. Clin. Med. 2021, 10, 5119. doi: 10.3390/jcm10215119. IF: 4.241. MEIN: 140.

— Machalinska A, Kuligowska A, Kaleta K, Kusmierz-Wojtasik M, Safranow K.
Changes in Corneal Parameters after DMEK Surgery: A Swept-Source Imaging
Analysis at 12-Month Follow-Up Time. J Ophthalmol. 2021 Jul 21;2021:3055722.
doi: 10.1155/2021/3055722. IF: 1.909. MEIN: 70.

Zgodnie z Rozporzadzeniem Ministra Nauki i Szkolnictwa Wyzszego z dnia 30
pazdziernika 2015 r. (§5.2) do pracy zostaty dofgczone oswiadczenia kandydata oraz
pozostatych wspoétautorow publikacji okreslajace indywidualny wktad w powstawanie prac

stanowigcych rozprawe doktorska.
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2.  WPROWADZENIE

2.1.  Choroby srodblonka rogowki: epidemiologia i patogeneza.

Rogowka oka jest strukturg anatomiczna, ktora wraz z soczewka petni kluczowa funkcje
W procesie prawidlowego widzenia, odpowiadajac za ogniskowanie promieni §wietlnych
W plaszczyznie siatkowki [1]. Gesto unerwiona przez pierwszg galaz nerwu trojdzielnego,
uznawana jest za jedng z najbardziej czulych tkanek w organizmie ludzkim. W przekroju
histologicznym rogdéwki mozemy wyr6zni¢ pig¢ warstw: warstwe¢ nabtonka przedniego
rogowki (ang. epithelium), blong graniczng przednig (btong Bowmana), istote wlasciwg (zrab),
btong graniczng tylng (btong Descemeta) oraz warstwe komorek srodbtonka (ang. endothelium)
[2]. Integralno$¢ poszczegdlnych warstw rogowki pozwala na zachowanie jej prawidtowego
rozmiaru, ksztattu i krzywizny. Prawidlowa funkcja bariery srodbtonkowej i pomp kationowo-
anionowych w obrebie komorek $rodbtonka warunkuje przezierno$¢ rogowki, niezbedng do
wilasciwego funkcjonowania tej tkanki [3,4].

Srodbtonek rogowki jest tkanka niezdolna do podziatu iregeneracji. Dotychczas
zidentyfikowano szereg czynnikdw majacych wplyw na gesto$¢ oraz na szybko$¢ utraty
komorek $rodblonka z wiekiem. Nalezg do nich m.in. rasa, wiek, miejsce zamieszkania,
czynniki srodowiskowe a takze choroby genetyczne, przebyte urazy oraz zabiegi chirurgiczne
[4-6]. Gestos¢ komorek $rodblonka u noworodka waha sie migdzy 5000 a 6000 kom/mm?.
W zwigzku z dynamicznym wzrostem gatki ocznej dochodzi do gwattownego spadku gestosci
i u nastolatkow oraz mtodych dorostych wynosi ona okoto 3000 kom/mm? [7]. Z kolei érednia
gestos¢ komorek $rodbtonka w wieku dojrzalym wynosi 2500 kom/mm? i ulega
systematycznemu, powolnemu spadkowi az do okresu pdznej starosci [8]. Bourne i wsp.
udowodnili, 1z spadek gestosci komorek srodblonka zwigzany z procesami starzenia si¢
organizmu wynosi $rednio 0,6% rocznie [9]. W przypadku jatrogennego uszkodzenia
srodbtonka rogowki, proces degeneracji komorek ulega znaczacej akceleracji i moze prowadzi¢
do manifestacji klinicznej w postaci obrzeku rogéwki nawet wiele lat po przebytym urazie
[3,4].

Choroby srodbtonka rogéwki manifestujg si¢ pod postacig obrzgku rogdéwki, prowadzac
do powstawania charakterystycznych pecherzy nablonkowych i podnabtonkowych,
pogrubienia rogdwki, a w pozniejszych, zaawansowanych stadiach, witdknienia jej zrgbu i jego
waskularyzacji. Objawami zglaszanymi przez pacjenta sg przede wszystkim obnizenie ostrosci
wzroku, ktore w poczatkowym okresie choroby manifestuje si¢ W godzinach porannych,

tzawienie, bol, uczucie ciala obcego, Swiattowstret oraz zadraznienie spojowek [10].
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W ciggu ostatnich dziesigcioleci opisano szereg pierwotnych | wtdrnych schorzen
srodbtonka rogoéwki. Schorzenia pierwotne moga mie¢ podloze zardwno genetyczne, jak
I idiopatyczne i naleza do nich m.in. dystrofia §rodbtonkowa Fuchsa, dystrofia polimorficzna
tylna rogowki, wrodzona dziedziczna dystrofia §rdédblonka oraz zespot srédblonkowo-
teczowkowo-rogowkowy. Wtorne schorzenia srodbtonka rogéwki, manifestujace si¢ gtownie
pod postacig keratopatii pecherzowej, moga by¢ skutkiem urazéw doznanych podczas operacji
wewnatrzgatkowych, ostrego ataku jaskry, jak réwniez cukrzycy [3,10-12].

Najczestszg przyczyng pierwotnego obrzeku rogowki jest dystrofia srodblonkowa, ktora
po raz pierwszy zostala rozpoznana iopisana przez Ernsta Fuchsa w 1910 roku [13,14].
Dystrofia ta stanowi najczgstsze wskazanie do keratoplastyki warstwowej tylnej zarowno
w Europie, jak i w Stanach Zjednoczonych [14,15]. Dystrofia Fuchsa (ang. Fuchs Endothelial
Corneal Dystrophy, FECD) jest to obustronna, wieloczynnikowa choroba uwarunkowana
genetycznie, charakteryzujaca  si¢  utrata komorek  $rodbtonka,  formowaniem
charakterystycznych owalnych zlogow tylnej warstwy kolagenu (ang. ,,guttae”) oraz
pogrubieniem btony Descemeta. Zmiany patologiczne postgpuja od centrum rogdwki ku jej
obwodowi i prowadzg do nieodwracalnego zniszczenia tkanki rogéwki [7]. W zaleznosci od
wieku zachorowania obserwuje si¢ dwa typy choroby: FECD 0 wczesnym poczatku (od 3. do
40. roku zycia) i FECD o0 péznym poczatku (powyzej 40. roku zycia), wykazujace rdznice
w zakresie manifestacji klinicznej. FECD 0 wczesnym poczatku cechuje si¢ znaczgcym
pogrubieniem btony Descemeta oraz wigkszymi i bardziej nieregularnymi ogniskami ztogow
kolagenu. Jest to posta¢ rzadsza, O cig¢zszym przebiegu, ktora najczesciej dziedziczy si¢
autosomalnie dominujagco. FECD 0 p6znym poczatku cechuje si¢ sporadycznym typem
dziedziczenia i nie wptywa znaczaco na grubo$¢ btony Descemeta [16-18].

Opisano szereg czynnikow genetycznych i srodowiskowych majacych wptyw na
dynamike rozwoju dystrofii $§rodblonkowej Fuchsa [3]. FECD 0 wczesnym poczatku jest
uwarunkowana mutacjami w obrgbie genu COL8A2, ktore odpowiadajg za zmiang struktury
i sktadu btony Descemeta. Juz w roku 1979 Magovern i wsp. wysungli przypuszczenie, iz
FECD o0 wczesnym poczatku dziedziczy si¢ autosomalnie dominujgco [19]. W roku 2001
Biswas i wsp. na podstawie badania catego genomu trzypokoleniowej rodziny z FECD
zidentyfikowali krytyczny region w chromosomie 1p34.3-p32, ktory obejmowat gen COL8A2.
Analiza jego sekwencji kodujacej pozwolita na zidentyfikowanie zamiany glutaminy z pozycji
455 na lizyng W obrgbie potrojnej helikalnej domeny biatka (gln455-to-lys; Q455K), co
skutkowato uszkodzeniem struktury kolagenu typu VIII i wtdrnie prowadzilo do zaburzenia

réznicowania komorek s$rodbtonka rogoéwki pochodzacych z grzebienia nerwowego [20].
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W 2005 roku Gottsch i wsp. udowodnili, iz pacjenci dotknigci ciezkg rodzinng postacig FECD
byli heterozygotyczni pod wzglgdem transwersji T-do-G w genie COL8A?2, ktora skutkowata
substytucja leucyny z pozycji 450 do tryptofanu (leu450-to-trp; L450W) w domenie powtorzen
kolagenowych biatka [21]. Obecno$¢ substytucji L450W jako czynnika warunkujgcego FECD
0 wczesnym poczatku zostala ponownie opisana dwa lata pdzniej w opisie przypadku
trzypokoleniowej rodziny brytyjskiej [22]. Dotychczas nie opisano mutacji jednoznacznie
warunkujacych FECD 0 p6znym poczatku [23]. Badania pacjentdw z roznych grup etnicznych
dotknigtych FECD 0 p6znym poczatku wskazuja na role polimorfizméw genu TCF4
kodujacego biatko E2-2 w etiologii tego schorzenia [24,25]. E2-2 nalezy do czynnikow
transkrypcyjnych klasy | (ang.: basic helis-loop-helix , bHLH), ktore sa zaangazowane we
wzrost i roznicowanie komoérek. Udowodniono, iz E2-2 ulega ekspresji w rozwijajacym si¢
srédblonku rogéwki [24]. Pojedyncze doniesienia dowodza roli polimorfizméw genu
SLC4A11 w patogenezie FECD 0 pdznym poczatku. Gen SLC4A11 koduje biatko, ktorego
zaburzone funkcjonowanie skutkuje niewlasciwym dziataniem kotransportera boranu
sprz¢zonego z sodem [26]. Dotychczasowe doniesienia wskazujg roOwniez na role mutacji
nonsensownych w genie AGBL1 kodujacym biatko wigzace ATP/GTP typu 1 [23,27]. Oprocz
czynnikow genetycznych najbardziej znaczacymi czynnikami ryzyka sg wiek i pte¢, przy czym
kobiety w wieku powyzej 40 lat naleza do grupy najwyzszego ryzyka zachorowania. Sposrod
czynnikéw srodowiskowych najwieksze znaczenie przypisywane jest paleniu papierosoOw
[28,29]. Potwierdzono réwniez wplyw zanieczyszczenia powietrza oraz wahan temperatury
[30].

Wielu autoréw zwraca uwagg, iz czg¢stos¢ wystepowania dystrofii Fuchsa zalezna jest
od rasy ipotozenia geograficznego. W najstarszych dostepnych badaniach, dotyczacych
nasilenia i rozpowszechnienia ,,cornea guttata” w populacji Amerykanow, dowiedziono, iz
istnieje silna korelacja migdzy stopniem zaawansowania dekompensacji rogowki a wiekiem
pacjenta, natomiast rozpowszechnienie ,,cornea guttata” jest znacznie wigksze wsrod kobiet
rasy kaukaskiej [31-34]. Zoega i wsp., badajac biatg populacje Islandii w wieku powyzej 55 lat,
dowiodt obecnosci ,,pierwotnej cornea guttata” u 11% kobiet i 7% megzczyzn zamieszkujacych
Reykjavik [29].

W przeciwienstwie do rasy kaukaskiej populacje azjatyckie cechujg si¢ znacznie nizsza
liczbg potwierdzonych przypadkow FECD. Kitagawa i wsp. opisywali czestos¢ wystepowania
FECD w populacji Japonczykdéw na poziomie 0,5% [35].

Najczgstsza przyczyna wtdrnego obrzgku rogowki jest jatrogenna pseudofakijna

i afakijna keratopatia pecherzowa (ang. pseudophakic/aphakic bullous keratopathy,

9
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PBK/ABK). Dotyka ona w roéwnym stopniu kobiety | mezczyzn, i zgodnie z opublikowanymi
dotychczas badaniami, jej czesto$¢ szacuje si¢ na okolo 1-2% wszystkich zabiegéw usunigcia
za¢my rocznie [10]. Do jawnego klinicznie obrzgku rogdéwki dochodzi zwykle, gdy gestosé
komoérek $rodbtonka spadnie ponizej 700 kom/mm? [36].

Opublikowano szereg doniesien na temat leczenia niewydolno$ci komorek srodbtonka,
ktorego gtownym celem jest opdznienie widknienia i utraty przeziernosci rogdéwki oraz
dziatanie przeciwbolowe w przypadku oczekiwania na leczenie przyczynowe, jakim jest
przeszczepienic warstwowe tkanki od zmarlego dawcy. W zaleznosci od stopnia
zaawansowania choroby srodbtonka mozliwe sg interwencje farmakologiczne, m.in.: leczenie
preparatami hipertonicznymi lub kroplami do oczu z inhibitorem kinazy Rho, laserowe:
fotokeratektomia terapeutyczna, chirurgiczne: naszycie plata spojowki Gundersena, blony
owodniowej, czy tez stosowanie soczewek kontaktowych opatrunkowych [12]. Nalezy jednak
pamietac, iz opdznienie przeszczepienia warstwowego bedzie prowadzito do widknienia zrebu
rogdwki i niezadowalajgcych efektow leczenia po zastosowaniu keratoplastyki warstwowej,
Cco jest jednoznaczne z konieczno$ciag wykonania keratoplastyki drazacej (ang. penetrating

keratoplasty, PKP) i nizszg satysfakcja pacjenta [37].

10
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2.2. Rozwoj keratoplastyki warstwowej tylnej.

Doniesienia na temat pierwszej udanej transplantacji rogoéwki datowane sg na poczatek
XX wieku, kiedy to Eduard Zirm przeszczepit z powodzeniem rogéwke pacjentowi
oparzonemu tugiem [38]. Przez kolejne 50 lat keratoplastyka drazaca byta doskonalona jako
jedyna metoda transplantacji rogowki, nawet W schorzeniach obejmujacych niepetng grubosé¢
tkanki. W 1956 roku, chcac unikng¢ probleméw zwigzanych z astygmatyzmem pooperacyjnym
I zminimalizowaé¢ ryzyko odrzutu, Tillet zaproponowal zabieg majacy na celu zastgpienie
wewngtrznych warstw rogowki biorcy (tj. fragmentu zrebu, blony Descemeta i Srodblonka)
analogiczng cze$cig rogowki dawcy, tzw. keratoplastyke warstwowg tylng (ang. posterior
lamellar keratoplasty, PLK). Niestety, mimo szczegdétowego opisania techniki operacyjnej,
polegajacej na wykonaniu 12-milimetrowego nacigcia W rabku rogdéwki, wykonaniu
rozwarstwienia zrebu I usunigcia tylnych warstw rogoéwki, a nastepnie fiksacji ptlatka
przeszczepu przy uzyciu szwow [39], nie zostala ona rozpowszechniona przez nast¢pne
dziesieciolecia [40].

Dopiero pod koniec XX wieku technika PLK zaczgta ewoluowac za sprawa Gerrita
Mellesa, ktory, wprowadzajac technik¢ keratoplastyki endotelialnej (ang. endothelial
keratoplasty, EK), rozpoczat nowg ere w keratoplastyce warstwowej tylnej. Modyfikacja
techniki operacyjnej polegata na zastgpieniu szwow fiksacyjnych tamponada powietrzem
podawanym do komory przedniej, atakze wprowadzeniem 9-milimetrowego nacigcia
twardowkowo-rogéwkowego  z wytworzeniem  kieszonki  twardowkowo-rogéwkowej,
W miejsce szerokiego cigcia W rabku rogdéwki, ktore bylo opisywane w technice PLK [41].
Metoda operacyjna opisana przez Mellesa, mimo iz pozwolita uniknaé nacigcia rogowki petnej
grubosci, nadal uznawana byta za bardzo wymagajaca I niosaca ryzyko komplikacji [42].

Dalszy rozwdj technik keratoplastyki warstwowej tylnej mozliwy byt dzigki Markowi
Terry’emu, ktory w 1999 roku zaprezentowal modyfikacje techniki Mellesa, jak roéwniez
wynalazt nowe narz¢dzia znaczaco ulatwiajace przeprowadzenie zabiegu. Technika
wprowadzona przez Terry’ego =zostala nazwana gleboka warstwowa keratoplastyka
endotelialng (ang. deep lamellar endothelial keratoiplasty, DLEK) i polegata na wykonaniu 9-
milimetrowego nacigcia dostgpowego W twardowce, nastgpnie wycieciu tkanki biorcy przy
uzyciu trepanu wewnatrzlamelarnego 0 $rednicy cigcia 7-milimetréw, wszczepieniu i fiksacji

ptatka dawcy, tamponadzie powietrzem i zamknigciu rany przy uzyciu 7 szwow pojedynczych
[43,44].
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Przetomem i punktem wyjscia do dynamicznego rozwoju oraz szerokiego stosowania
technik keratoplastyki warstwowej tylnej bylo wprowadzenie w 2004 roku przez Mellesa
,,descemetorhexis”, czyli strippingu i usuni¢cia blony Descemeta wraz ze $rodbtonkiem w celu
przygotowania lozy do wszczepienia platka dawcy [45].

Ulepszona technika przeszczepienia warstwowego okreslana byla jako keratoplastyka
endotelialna ze strippingiem btony Descemeta (ang. Descemet stripping endothelial
keratoplasty, DSEK). Jej automatyzacja stala si¢ natomiast mozliwa za sprawg Marka
Gorovoy’a, ktéry wprowadzit do chirurgii rogéwki uzycie mikrokeratomu, znaczaco utatwiajac
przez to preparatyke rogoéwki dawcy (ang. Descemet stripping automated endothelial
keratoplasty, DSAEK) [46].

Po kolejnych modyfikacjach zaproponowanych przez Price’a, polegajacych na nacieciu
btony Descemeta biorcy przed jej strippingiem przez zmodyfikowany hak Price-Sinskey oraz
dzigki wprowadzeniu ulepszonych narzedzi umozliwiajacych implantacje ptatka dawcy
z podejscia skroniowo-twardowkowego przez mate nacigcie, DSAEK stat si¢ najczesciej
wykonywang metodg keratoplastyki warstwowej tylnej, a takze metoda z wyboru w leczeniu
obrzgku rogowki [40, 47-49]. Liczne doniesienia literaturowe dowodza przewagi DSAEK nad
keratoplastyka drazaca, opisujac szybsza rehabilitacje wzrokowa, nizszy astygmatyzm
pooperacyjny, nizszy odsetek niepowodzenia przeszczepienia czy tez wyzszy poziom
satysfakcji pacjenta po procedurze warstwowej [50-52]. Dzigki dynamicznemu rozwojowi
technologii medycznych, ktory miatl miejsce w ostatnich 15 latach, doszto do kolejnych
modyfikacji technologii DSAEK. Polegaly one na dopracowaniu regulacji glowicy
mikrokeratomu tak, aby w pomiarach pachymetrycznych po preparatyce otrzymaé platki
przeszczepu o grubosci ponizej 100um (ang. ultrathin DSAEK, UT-DSAEK) oraz ponizej
50um (ang. nanothin DSAEK, NT-DSAEK) [53,54]. Neff i wsp. byli pierwszymi, ktorzy
zasugerowali, 1z grubo$¢ przeszczepu ponizej 130 pm prowadzi do lepszych efektéw
pooperacyjnych w zakresie jakosci widzenia [55]. UT-DSAEK, wykorzystujac ultra cienki, ale
jednoczesnie sztywny a przez to tatwy do pozycjonowania ptatek, stat si¢ standardem leczenia
chorob srddbtonka rogdwki.

W 2007 roku Cheng iwsp. jako pierwsi na $wiecie opisali przypadek pacjenta,
u ktorego do preparatyki platka dawcy zastosowano laser femtosekundowy, prezentujac tym
samym alternatywng dla DSAEK technik¢ keratoplastyki endotelialnej ze strippingiem btony
Descemeta wspomaganej laserem femtosekundowym (ang. femtosecond laser-assisted
Descemet stripping endothelial keratoplasty, FS-DSEK) [56]. Zaobserwowano, iz ptatki

uzyskiwane za pomocg lasera femtosekundowego sa ciensze i bardziej jednolite pod wzglgdem
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grubo$ci W poréwnaniu z ptatkami pozyskiwanymi przy uzyciu mikrokeratomu. [57,58]. Jones
I wsp., w badaniu obejmujacym 8 par oczu, dowiedli, iz ptatki uzyskane przy pomocy lasera
femtosekundowego wykazuja wigksza chropowato$¢ powierzchni niz te uzyskane przy uzyciu
mikrokeratomu. Autorzy zasugerowali, iz fakt ten moze przyczyni¢ si¢ do zmniejszenia
czestosci powiklan w postaci pooperacyjnego odlgczenia platka przeszczepu [59]. Jednak
kolejne badania nie wykazaty przewagi FS-DSEK nad DSAEK w zakresie jako$ci widzenia
I gestosci komorek srodblonka [60-63]. Heinzelmann i wsp. wskazali, iz przyczyng gorszych
wynikow W zakresie  ostro$éci  wzroku po procedurze z zastosowaniem lasera
femtosekundowego moze by¢ wspomniana wczesniej zwickszona chropowato$¢ na
powierzchni glgbokiego rozwarstwienia podscieliska [61]. Vetter | wsp. zwroécili z kolei uwage
na mozliwe przecigzenie aplanacyjne i ucisk rogéwki dawcy podczas zabiegu laserowego,
ktére, zdaniem autorow, moga prowadzi¢ do powstania nieregularnosci tylnej powierzchni
rogowki iprzez to gorszych wynikow W zakresie ostrosci wzroku [64]. W ostatnich latach
ponownie zaczeto poszukiwaé potencjalnych zalet zastosowania lasera femtosekundowego.
W 2021 roku Shilova i wsp., porownujac grupy pacjentow poddanych jednoczasowej operacji
zaémy | przeszczepienia rogowki metoda FS-DSEK lub DSAEK, zaobserwowali, iz przy
zastosowaniu metody FS-DSEK nie dochodzi do powstania przesunigcia nadwzrocznego (ang.
hyperopic shift) [58]. Dalsze badania porownujace obie techniki wydaja si¢ by¢ niezbedne
zanim FS-DSEK zostanie uznany za realng alternatywe dla DSAEK.

Nowa epoka w chirurgii warstwowej rogowki rozpoczeta si¢ w 2008 roku. Wowczas
grupa badaczy pod przewodnictwem Gerrita Mellesa zaprezentowata nowatorska technike
operacyjng, ktora polegata na selektywnym przeszczepieniu blony Descemeta, tzw.
keratoplastyke $rodbtonkowa blony Descemeta (ang. Descemet membrane endothelial
keratoplasty, DMEK) [65]. Niespelna rok pézniej ta sama grupa badaczy potwierdzita
skuteczno$¢ tej techniki, przedstawiajac wyniki W zakresie ostrosci wzroku i gestosci komorek
srodbtonka w 50 oczach z dystrofig Fuchsa, poddanych procedurze DMEK. Poprawe uzyskano
W 40 oczach, sposrod ktorych 75% osiagneto ostros¢ wzroku réwng lub wiekszg 0.8 wg
Snellena [66]. Technika przeszczepienia warstwowego tylnego typu DMEK znaczaco roéznita
si¢ od poprzednich, przede wszystkim w zakresie preparatyki ptatka, a takze w zakresie jego
wszczepiania 1 pozycjonowania, w oparciu o tzw. metode bezdotykowa (ang. ‘mo-touch’
technique). Gtownym zalozeniem metody ,,no-touch” jest zminimalizowanie potencjalnych
strat komorek $rodblonka, ktore mogg mie¢ miejsce podczas preparatyki platka przeszczepu
I manipulowania zuzyciem narzedzi miazdzacych (np. kleszczykoéw, czy pesety).

W przeciwienstwie do starszych metod zakres preparowania btony Descemeta obejmuje jej
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caty obszar przylegajacy siateczki beleczkowej. Po wybarwieniu bt¢kitem trypanu, obwodowy
fragment blony Descemeta odcinany jest za pomocg trepanu, a pozyskana tkanka
przeplukiwana jest solg fizjologiczng, co prowadzi do jej naturalnego zrolowania (ang.
,,Descemet roll”) [67]. Tak pozyskany platek przeszczepu przenoszony jest W sposob
bezkontaktowy za pomocg dedykowanego szklanego injectora do komory przedniej, gdzie
nastepnie jest pozycjonowany przy uzyciu ptynu i powietrza poprzez manipulacje od zewnatrz
(ang. ,,tap- technique”). Fiksacja ptatka odbywa si¢ przy uzyciu gazu lub powietrza [68,69].

Dotychczasowe badania wskazujg na dobry profil bezpieczenstwa, jak rowniez na
wysokg efektywnos¢ DMEK w kontekscie leczenia chorob $rodblonka rogowki. Zwrocono
uwage na szybka rehabilitacje wzrokowa, lepsze poczucie kontrastu, jak rowniez na wyzsza
satysfakcje pacjentow W poréwnaniu do procedury DSAEK [70,71]. Niemniej jednak,
odnotowano tez ograniczenia tej metody, takie jak plaska krzywa uczenia sie¢, czestsze niz
w innych metodach wczesne odtaczenie ptatka przeszczepu czy komplikacje przy zastosowaniu
jej woczach powiktanych, m.in. z ubytkami teczoéwki, po zabiegach witrektomii czy
z obecnymi zrostami w komorze przedniej [54,66,72,73]. Busin i wsp. w oparciu o badanie
przeprowadzone na grupie 285 oczu wykazat, iz UT-DSAEK pozwala osiggna¢ efekty zblizone
do DMEK zaré6wno W zakresie koncowej ostrosci wzroku, jak iszybko$ci rehabilitacji
wzrokowej, dowodzac, ze UT-DSAEK moze by¢ uznany za technike tatwiejsza, szybsza oraz
cechujacy si¢ znacznie mniejszym odsetkiem powiktan niz DMEK [54]. Pomimo, iz techniki
UT-DSAEK oraz DMEK s3 z powodzeniem wykonywane od ponad dekady, ich szczegotowe
poroéwnanie, ktore pozwolitoby definitywnie zestawi¢ ipodsumowaé dynamike zmian
poszczegbdlnych parametréw rogdwki, nadal pozostaje przedmiotem badan.

Podsumowujgc, na przestrzeni ostatnich lat zabiegi keratoplastyki warstwowej tylnej
staty si¢ technikami z wyboru w leczeniu choréb $rodbtonka. Dzigki minimalizacji rozmiaru
nacigcia oraz praktycznie zupelnemu odstgpieniu od uzycia szwdéw, wyeliminowaly one
problemy zwigzane ZzniewydolnoScia zlgcza dawca-biorca oraz pozwolily na
zminimalizowanie astygmatyzmu indukowanego operacyjnie. Niestety, pomimo ulepszania
technik operacyjnych, wciaz aktualnym pozostaje problem dawstwa tkanek. Ograniczona
dostepnos¢ rogoéwek do keratoplastyki zdaje si¢ by¢ niebagatelnym wyzwaniem dla

transplantologii okulistycznej zaréwno W Polsce, jak i na §wiecie.
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2.3.  Zastosowanie optycznej koherentnej tomografii przedniego odcinka oka w ocenie
parametrow rogowki.

Przez wiele lat technologia optycznej koherentnej tomografii (ang. optical coherence
tomography, OCT) byta zarezerwowana dla diagnostyki tylnego odcinka oka. Pierwsze
urzadzenia obrazujace tylny biegun siatkowki oraz glowg nerwu wzrokowego pojawity si¢
w 1991 roku [74]. Z biegiem czasu dynamiczny rozwoéj technologii medycznych umozliwit
stosowanie OCT rowniez do obrazowania szeregu struktur przedniego odcinka. Obecnie OCT
przedniego odcinka oka (ang. anterior segment optical coherence tomography, AS-OCT)
stanowi kluczowe narzg¢dzie w procesie kwalifikacji a nastepnie monitorowania pacjentow po

keratoplastyce warstwowej tylnej.

Pierwsze wzmianki na temat zastosowania optycznej koherentnej tomografii przedniego
odcinka oka pojawity si¢ w latach 2005 i 2006 w oparciu 0 dostgpne wowczas aparaty Zeiss
Visante OCT™ (Carl Zeiss Meditec, Dublin, CA, USA) oraz Slit-Lamp OCT (SL-OCT,
Heidelberg Engineering GmbH, Heidelberg, Niemcy). Nalezaly one do urzadzen bazujacych
na domenie czasowej (ang. time-domain OCT, TD-OCT), tzn. wykorzystywaty sygnaly
bedace zmiennymi W czasie, dostarczajgc obrazoéw 0 stosunkowo duzych zakresach osiowych,
ale niskiej rozdzielczo$ci. Wraz z wprowadzeniem na rynek urzadzen bazujacych na domenie
spektralnej (ang. spectral-domain OCT, SD-OCT), ktore przetwarzaty sygnal, Korzystajac
z transformacji Fouriera, stalo si¢ mozliwe uzyskanie obrazow 0 wyzszej rozdzielczoSci.
Jednakze, zuwagi na krétsza dlugos¢ fal wykorzystywana w urzadzeniach SD-OCT,
urzadzenia te byly dedykowane glownie do obrazowania tylnego odcinka. Przelomem
w obrazowaniu z uzyciem optycznej koherentnej tomografii stato si¢ wprowadzenie w 2012
roku technologii Swept-Source (ang. Swept-Source OCT, SS-OCT), opartej roOwniez na
transformacji Fouriera, ale wykorzystujacej wyzsze dlugosci fal niz SD-OCT. Urzadzenia SS-
OCT, emitujac $wiatlo 0 znacznie wickszej dtugosci fali, umozliwily wysokojakosciowa
wizualizacj¢ i analiz¢ struktur przedniego odcinka oka, m.in. rogoéwki, komory przedniej,
teczOwki i soczewki przy jednoczesnym, bardzo krotkim czasie akwizycji obrazu. Ponadto
potaczenie technologii SS-OCT ze zrodiem $wiatta 0 duzej dlugosci fali stalo si¢ alternatywa
dla projekcji A w USG w pomiarze dlugosci osiowej gatki ocznej [75].

W chwili obecnej na rynku dziata kilku producentéw, ktorzy specjalizuja si¢ w obrazowaniu
przedniego odcinka gatki ocznej z uzyciem SS-OCT. Urzadzenie SS-OCT CASIA2 (Tomey,
Japan) jest jedynym posiadajacym zakres obrazowania 16x16 mm, co znacznie zwigksza jego

mozliwosci diagnostyczne.
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W licznych badaniach udowodniono przydatnos¢ urzadzen bazujacych na technologii
SS-OCT w ocenie topografii rogowki, analizie glgbokosci komory przedniej oraz kata
przesaczania, jak rowniez W biometrii i obliczeniach mocy soczewki wewnatrzgatkowej [76-
80]. Technologia SS-OCT umozliwita przede wszystkim wykonanie i analiz¢ wysokiej jakoSci
map rogdwki, m.in. mapy przedniej i tylnej krzywizny osiowej, mapy krzywizny tangencjalnej
(zwanej tez mapg prawdziwg), map asymetrii rogdwki a takze mapy catkowitej mocy rogdéwki
oraz map pachymetrycznych.

Schroder i wsp. dowiedli, iz ocena pachymetryczna zdrowej rogdwki przy uzyciu AS-
OCT cechuje si¢ wigksza powtarzalnoscig niz obrazowanie z uzyciem kamery Scheimpfluga,
czy keratografu Placido [81]. Szalai i wsp. udowodnili, iz badania z zastosowaniem AS-OCT
U pacjentow po przeszczepieniach rogowki sg bardziej powtarzalne i wiarygodne niz przy
uzyciu wysokiej rozdzielczosci obrazowania Scheimpfluga [82]. Dowiedziono, ze
zastosowanie technologii Swept-Source pozwala na wykrycie zmian tylnej powierzchni
rogowki nawet wtedy, kiedy sa one w stadium subklinicznym, co czyni badanie AS-OCT
ztotym standardem w diagnostyce stozka rogowki [83,84].

AS-OCT znajduje zastosowanie zard6wno W procesie kwalifikacji pacjentow, jak iw
monitorowaniu efektoéw pooperacyjnych keratoplastyki warstwowej. W przypadku kwalifikacji
I monitoringu pooperacyjnego technologia Swept-Source umozliwia wykonanie m.in.
pomiarow grubosci rogowki ioceng Srednich wartosci keratometrii, mocy astygmatyzmu,
asymetrii astygmatyzmu oraz mocy aberracji wyzszego rzedu w strefach optycznych o srednicy
3 i 6 mm. Szczegotowa analiza map rogowki, zawierajaca pomiary, obrysy strukturalne oraz
doktadne linie odniesienia obejmuje zestawienia zaréwno z przedniej, jak i tylnej powierzchni
rogowki. Dodatkowo, urzadzenia zintegrowane z mikroskopami operacyjnymi pozwalajg na
srddoperacyjne pozycjonowanie platka przeszczepu we wszystkich rodzajach keratoplastyki
warstwowej [85,86].

W przypadku procedur warstwowych przednich AS-OCT, wykonywane w momencie
kwalifikacji, umozliwia ocen¢ glgbokosci zmian W zrebie rogdwki, a srodoperacyjnie ocene
glebokosci cigcia oraz ocene wlasciwego przylegania wszczepu [87].

AS-OCT pemhi kluczowa role w opiece nad pacjentami poddawanymi procedurom
keratoplastyki warstwowej tylnej. W momencie kwalifikacji urzadzenie umozliwia
szczegdtowa oceng zrebu rogowki ijego analize pod katem obecnosci blizn, ograniczajgc
ryzyko osiggniecia niezadowalajagcych efektow wzrokowych wynikajacych z niewlasciwej
kwalifikacji do procedury warstwowej. Jest roéwniez nieocenione W monitoringu

pooperacyjnym. Wysoka rozdzielczo$¢ obrazu rogéwki i komory przedniej pozwala doktadnie

16



Wprowadzenie

oceni¢ przyleganie wszczepionej btony Descemeta po zabiegu DMEK, jak rowniez zmiane
grubosci | ewentualng decentracje ptatka po DSAEK/UT-DSAEK [88]. Nierzadko wynik AS-
OCT przesadza o0 konieczno$ci powtdrnej interwencji, zanim objawy nieprawidlowego
przylegania wszczepu zostang uwidocznione W lampie szczelinowej [89]. Ponadto wysoka
rozdzielczo$¢ 1 szeroki zakres pozyskiwanego obrazu umozliwiajg wizualizacje pecherzyka
gazu znajdujacego si¢ W komorze przedniej po zabiegu, co ma znaczenie w stratyfikacji ryzyka
bloku Zrenicznego. Niezaprzeczalng zaletg badania AS-OCT jest rowniez krotki czas akwizycji
obrazu, ktory wynosi ponizej jednej sekundy, dzigki czemu manewry diagnostyczne przy
oczach operowanych mogg by¢ ograniczone do minimum.

AS-OCT jest instrumentem do obrazowania o wysokim stopniu uzytecznosci. Oferujac
obicktywna 1 doktadng ocen¢ szeregu parametréw rogoéwki, wydaje si¢ by¢ narzedziem
niezbednym do podejmowania wihasciwych decyzji w procesie diagnostyczno-leczniczym

U pacjentdéw z chorobami rogowki.
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3. GLOWNE ZALOZENIA | CELE PRACY DOKTORSKIEJ

Choroby s$rodblonka rogéwki stanowia glowne wskazanie do keratoplastyki
warstwowej tylnej na caltym $wiecie. Dotychczasowe badania jednoznacznie wskazuja na
lepszy profil bezpieczenstwa iznaczgco mniejszg ingerencje W morfologie rogéwki po
zastosowaniu nowoczesnych technik keratoplastyki warstwowej, takich jak UT-DSAEK
i DMEK, w porownaniu do klasycznej operacji DSAEK. Jednakze szczegétowa analiza
poréwnawcza, obejmujgca zmiany w topografii rogowki po procedurach UT-DSAEK i DMEK,
nadal pozostaje przedmiotem badan. Majac na uwadze powyzsze aspekty, W niniejszej
rozprawie podjeto probg oceny i porownania zmian wybranych parametréw rogéwki w oczach
po zabiegach UT-DSAEK i DMEK podczas rocznego okresu obserwacji. W ramach rozprawy

przeanalizowano:

e zmiany parametrow topograficznych rogowki, jak: centralna grubos¢ rogdéwki, $rednia
keratometria, $redni astygmatyzm, asymetria astygmatyzmu oraz wielko$¢ aberracji
wyzszego rzedu po zabiegu UT-DSAEK oraz DMEK po 1, 3, 6 i 12 miesigcach od
zabiegu,

e zmiany ostro$ci wzroku i gestosci komorek $rodblonka na przestrzeni 12 miesigcy
obserwacji po zabiegach UT-DSAEK oraz DMEK,

e rdznice W zakresie wptywu obu metod operacyjnych na dynamike zmian parametrow

rogowki w obserwacji 12-miesieczne;.
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4. STRESZCZENIA PUBLIKACJI STANOWIACYCH ROZPRAWE
DOKTORSKA

4.1. Comparative Analysis of Corneal Parameters in Swept-Source Imaging between
DMEK and UT-DSAEK Eyes

Celem pracy byla analiza porownawcza zmian parametréw rogéwki po zabiegu UT-
DSAEK oraz DMEK.

W badaniu wzieto udziat 43 pacjentéw (48 oczu) z dystrofig Fuchsa lub pseudofakijng
keratopatia pecherzowa. W 24 oczach wykonano zabieg UT-DSAEK 124 oczach
przeprowadzono keratoplastyke metoda DMEK. Wszystkie zabiegi zostaty przeprowadzone
W znieczuleniu okotogatkowym przez tego samego operatora. Ptatki dawcy podczas zabiegow
UT-DSAEK byty przygotowywane przy uzyciu mikrokeratomu MORIA One Use (Moria S.A.,
Antony, Francja). Przeniesienie opracowanej tkanki do lozy w rogéwce biorcy odbywalo si¢ za
pomoca rynny Busina (Moria S.A., Antony, Francja), a do tamponady platka stosowano
powietrze. Preparatyka i wszczepienie platka przeszczepu podczas zabiegu DMEK odbywaty
si¢ Z zastosowaniem techniki ,,no-touch”, a w celu fiksacji ptatka stosowano heksafluorek siarki
(SFe). U wszystkich pacjentow wykonywano pelne badanie okulistyczne obejmujace pomiar
najlepszej skorygowanej ostro§ci wzroku, ci$nienia $roédgatkowego, gestosci komorek
srodblonka (ECC), szczegdétowa oceng przedniego itylnego odcinka oka w lampie
szczelinowej oraz badanie optycznej koherentnej tomografii przedniego odcinka oka.
W badaniu AS-OCT oceniano parametry rogéwki takie jak: grubos¢ w centrum (CCT), Srednia
keratometria, $redni astygmatyzm, asymetria astygmatyzmu oraz aberracje wyzszego rzedu
(HOA). Panel badan powtarzano na wizytach kontrolnych po 1,3, 6 i 12 miesigcach od zabiegu.

Wartos$ci najlepszej skorygowanej ostrosci wzroku (BCVA) nie rdznily si¢ istotnie
pomiedzy grupami z wyjatkiem ostatniego punktu kontrolnego. W dwunastym miesigcu po
zabiegu analiza wieloczynnikowa skorygowana o wiek wykazata istotnie wigksza poprawe
BCVA w grupie DMEK (B =—0.37, p=0.006).

W grupie pacjentéw poddanych zabiegowi DMEK wykazano istotnie mniejsze
pooperacyjne spadki ECC, poczawszy od trzeciego miesigca po operacji (mediana dla 3.
miesiaca obserwacji po DMEK=1470.50 kom/mm? vs. po UT-DSAEK=1156 kom/mm?;
p=0.009; mediana dla 6. miesigca obserwacji po DMEK=1384 kom/mm?
DSAEK=1146 kom/mm?, p=0.005).

vs. po UT-

Dla kazdej z grup przeprowadzono niezalezng analiz¢ zmian parametrow powierzchni

rogowki oraz jej grubosci W stosunku do ich warto$ci przedoperacyjnych. W grupie pacjentow

19



Streszczenia publikacji stanowigcych rozprawe doktorskq

po zabiegu UT-DSAEK zaobserwowano istotny spadek wartosci $redniej keratometrii zarbwno
przedniej, jak i tylnej powierzchni rogéwki, poczawszy od pierwszego miesigca od operacji.
Wykazano, iz warto$ci calkowite $redniej keratometrii, obejmujace obie powierzchnie
rogowki, byly istotnie nizsze W pordéwnaniu Z wartosciami wyjsciowymi tego parametru
($rednia roéznica = —1.42 + 1.87 D dla osi optycznej 3 mm dwanascie miesigcy po zabiegu).
W przypadku grupy pacjentéw po zabiegu DMEK istotng redukcje wartosci S$redniej
keratometrii zaobserwowano wylgcznie w odniesieniu do tylnej powierzchni rogéwki, podczas
gdy nie stwierdzono istotnych zmian w pomiarach uzyskanych z przedniej powierzchni
rogoéwki oraz W warto$ciach catkowitych tego parametru. W obu badanych grupach wykazano
istotng redukcje wartosci catkowitych mocy astygmatyzmu. W grupie pacjentéw po zabiegu
DMEK istotny spadek mocy astygmatyzmu odnotowano poczawszy od trzeciego miesigca po
zabiegu, natomiast w grupie UT-DSAEK redukcje tego parametru obserwowano dopiero po
dwunastu miesigcach po operacji. W obu badanych grupach nie zaobserwowano zmian osi
astygmatyzmu. Zaréwno W grupie pacjentow po zabiegu DMEK, jak i w grupie po zabiegu UT-
DSAEK wykazano istotny spadek grubosci rogowki we wszystkich punktach kontrolnych.

Przeprowadzona analiza porownawcza zmian S$redniej Keratometrii oraz mocy
astygmatyzmu nie wykazata istotnych rdznic pomigdzy grupami zaréwno W zakresie
parametrow przedniej powierzchni rogowki, jak i w zakresie wartosci catkowitych. W toku
analizy wieloczynnikowej skorygowanej o wiek stwierdzono natomiast, ze procedura DMEK
warunkowata mniejszy spadek wartosci $redniej keratometrii tylnej powierzchni rogoéwki po 1
(B=—0.49, p = 0.002), 3 (B=—0.50, p < 0.001), 6 (B=—0.58, p < 0.001) i 12 (B=—-0.49, p < 0.001)
miesigcach od zabiegu. Wykazano ponadto, iz spadek mocy $redniego astygmatyzmu tylnej
powierzchni rogdwki W pomiarach po szostym i dwunastym miesigcu obserwacji byt istotnie
wickszy w grupie DMEK niz w grupie UT-DSAEK (p=+0.40, p=0.010). Analiza zmian
asymetrii astygmatyzmu oraz aberracji wyzszego rzedu w kolejnych punktach kontrolnych
wykazata podobng dynamik¢ zmian w obu badanych grupach. Poréwnanie zmian centralnej
grubosci  rogébwki pomiedzy grupami 2z zastosowaniem analizy wieloczynnikowej
skorygowanej o wiek wykazato, iz spadek centralnej grubosci rogéwki w stosunku do wartosci
wyjsciowych byt wiekszy w oczach po zabiegu DMEK niz w oczach po zabiegu UT-DSAEK
(B=+0.32, p=0.04 w dwunastym miesigcu po operacji).

W obu badanych grupach zaobserwowano pozytywna korelacj¢ pomigdzy
przedoperacyjng wartoscia BCVA a zmianami CCT po 1,3,6 i 12 miesigcach po zabiegu (dla
DMEK kolejno - w 1. miesigcu: Rs=+0.59, p=0.003; w 3. miesigcu: Rs=+0.54, p=0.006, w 6.
miesigcu: Rs=+0.57, p=0.004, w 12. miesigcu: Rs=+0.52, p=0.01 i dla UT-DSAEK kolejno -
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W 1. miesigcu: Rs=+0.59, p=0.01, w 3. miesigcu: Rs=+0.58, p=0.006, w 6. miesigcu: Rs=+0.46,
p=0.04 i w 12. miesigcu: Rs=+0.33, p=0.170). Ostro$§¢ wzroku pacjentéw po zabiegu UT-
DSAEK korelowata negatywnie zarbwno ze $rednig mocg astygmatyzmu 3,6 i 12 miesiecy po
operacji, jak rowniez z asymetrig astygmatyzmu W ciggu calego okresu obserwacji. W grupie
DMEK nie zaobserwowano analogicznych korelacji. W grupie pacjentéw po zabiegu DMEK
zaobserwowano natomiast dodatnig korelacj¢ pomigdzy spadkiem centralnej grubo$ci rogowki
a spadkiem mocy s$redniego astygmatyzmu, spadkiem HOA oraz spadkiem asymetrii
astygmatyzmu we wszystkich kontrolnych punktach czasowych dla tylnej powierzchni rogowki
oraz dla wartos$ci catkowitych. Analogiczng korelacje w grupie UT-DSAEK zaobserwowano
jedynie pomigdzy zmianami centralnej grubosci rogowki oraz zmianami HOA mierzonymi
w obszarze tylnej powierzchni rogowki we wszystkich punktach kontrolnych.

Uzyskane wyniki sugeruja, iz UT-DSAEK pozwala na osiagniecie bardzo zblizonych
wynikow do DMEK w zakresie zmian warto$ci catkowitych parametrow topograficznych
rogowki. Niemniej jednak roznice w pooperacyjnym spadku ECC pomiedzy obiema
technikami operacyjnymi, wskazujace na istotnie wyzsza utrate komoérek $rodbtonka po
zabiegu UT-DSAEK, odzwierciedlaja znaczaco wyzszy stopien inwazyjnosci tej techniki
W poréwnaniu Z technika DMEK. Nalezy zwroci¢ uwage, ze technika DMEK nie zmienia
W znaczacy sposob wielko$ci keratometrii catkowitej, dzigki czemu nie wigze si¢ Z powstaniem
przesunigcia nadwzrocznego. Odmienna sytuacja ma miejsce W przypadku techniki UT-
DSAEK, ktora, generujac istotne zmiany Srednich warto$ci keratometrii przedniej oraz tylnej
powierzchni rogdwki, jak roOwniez zmiany jej wartoSci catkowitych, warunkuje powstanie
znaczacego przesuniecia nadwzrocznego. Majac na uwadze potencjalne ryzyko powstania
jatrogennej wady refrakcji po zabiegu przeszczepienia rogowki, wskazana jest modyfikacja
kalkulacji soczewki przed operacja zaémy U pacjentow z zaplanowanym w przysztosci

zabiegiem keratoplastyki warstwowej tylnej metoda UT-DSAEK.
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4.2.  Changes in Corneal Parameters after DMEK Surgery: A Swept-Source Imaging
Analysis at 12-Month Follow-Up Time

Celem pracy byta analiza zmian parametrow rogéwki, ocenianych w kolejnych
punktach kontrolnych podczas rocznej obserwacji, u pacjentow po keratoplastyce warstwowe;j
tylnej DMEK.

W badaniu wzieto udziat 21 pacjentéw (24 oczu), ktdrzy zostali zoperowani z powodu
dystrofii Fuchsa lub pseudofakijnej keratopatii pgcherzowej. Wszystkie zabiegi zostaly
przeprowadzone w znieczuleniu okotogatkowym przez tego samego operatora. Preparatyka
I wszczepienie platka przeszczepu odbywaly sie z zastosowaniem techniki ,,no-touch”. W celu
tamponady ptatka stosowano heksafluorek siarki (SFe). U wszystkich pacjentow wykonywano
peine badanie okulistyczne obejmujace pomiar najlepszej skorygowanej ostrosci wzroku,
ci$nienia srodgatkowego, gestosci komorek srodbtonka (ECC), szczegdtowa oceng przedniego
i tylnego odcinka oka w lampie szczelinowej oraz badanie optycznej koherentnej tomografii
przedniego odcinka oka. W badaniu AS-OCT oceniano parametry rogowki, takie jak: grubos¢
W centrum, $rednia keratometria, sredni astygmatyzm, asymetria astygmatyzmu oraz aberracje
wyzszego rzedu (HOA). Panel badan powtarzano na wizytach kontrolnych po 1, 3, 6 112
miesigcach od zabiegu.

U wszystkich pacjentow odnotowano istotng statystycznie, stopniowa popraw¢ BCVA,
poczawszy od pierwszego miesigca po zabiegu (wyjsciowa mediana BCVA = 0.2;
mediana BCVA po 1. miesigcu = 0.5 ; mediana BCVA po 3. miesigcu = 0.6 ; mediana BCVA
po 6. miesigcu = 0.8 i mediana BCVA po 12. miesigcu =1.0).

Zaobserwowano istotny spadek gestosci komorek srodbtonka po uptywie pierwszego
miesigca od zabiegu (mediana: dawca=3045.5 kom/mm? vs. 1 miesigc po zabiegu=1472
kom/mm?; p<0.001), anast¢pnie stabilizacje tego parametru W trzecim miesigcu
(mediana=1470.5 kom/mm?, p=0.91) i sz6stym miesigcu (mediana=1384 kom/mm?, p=0.54) po
zabiegu. Istotny spadek ECC mial miejsce W dwunastym miesigcu po zabiegu (mediana 6
miesi¢cy po zabiegu=1384 kom/mm? vs. 12 miesiecy po zabiegu=1304.5; p=0.004).

Analiza pomiardw centralnej grubosci rogéwki wykazata, iz do istotnego spadku
grubosci rogowki zaro6wno W centrum, jak iw najcienszym jej punkcie dochodzito
W pierwszym miesigcu po zabiegu (p<0.001). W dwunastym miesigcu po zabiegu
zaobserwowano wzrost CCT wzgledem warto$ci mierzonych sze$¢ miesiecy po zabiegu
(p<0.001).

Wykazano istotny spadek wartosci keratometrii tylnej powierzchni rogoéwki

w pomiarach odnotowanych w pierwszym miesigcu od zabiegu W stosunku do wartosci
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przedoperacyjnych (mediana wyjsciowa=-6.06 D vs. 1 miesigc po zabiegu=-6.47; p<0.001),
a nastepnie istotny wzrost warto$ci tego parametru pomiedzy pierwszym a trzecim oraz trzecim
a szostym miesigcem obserwacji (mediana W 3. miesigcu=-6.37 D iw 6. miesigcu=-6.32;
wartos$ci p odpowiednio <0.001 oraz <0.05). Nie zaobserwowano zmian w wartosciach sredniej
keratometrii przedniej powierzchni rogowki oraz W wartosciach catkowitych tego parametru.
U wszystkich pacjentéw pod koniec okresu obserwacji odnotowano istotnie nizsze wartos$ci
mocy astygmatyzmu calkowitego oraz asymetrii astygmatyzmu. Wykazano, iz istotna redukcja
mocy astygmatyzmu miata miejsce jedynie pomiedzy pierwszym atrzecim miesigcem
obserwacji, aredukcja warto$ci asymetrii astygmatyzmu pomiedzy pierwszym a szdstym
miesigcem obserwacji. Analiza wynikow uzyskanych w Kkolejnych punktach kontrolnych
wykazata stabilizacje obu parametrow, zaréwno dla przedniej i tylnej powierzchni rogdéwki, jak
i w zakresie warto$ci catkowitych. Analiza dynamiki zmian warto$ci aberracji wyzszego rzgdu
wykazata stopniowg redukcje wartosci catkowitych HOA na przestrzeni calego okresu
obserwacji.

Przedoperacyjne wartosci parametrow topograficznych rogowki silnie determinowaty
zmiany tych parametréw po operacji. Wykazano ujemne korelacje pomiedzy wartosciami
wyjsciowymi parametrow, takich jak: centralna grubos$¢ rogéwki, srednia keratometria, Sredni
astygmatyzm, asymetria astygmatyzmu oraz aberracje wyzszego rzedu aich zmianami
w kolejnych punktach czasowych. Ponadto zaobserwowano, iz wyjsciowa wartos¢ CCT silnie
wplywa na zmiany pozostalych parametrow rogoéwki po operacji, korelujac ujemnie ze
zmianami grubosci rogéwki, mocy astygmatyzmu, asymetrii astygmatyzmu oraz HOA.

Uzyskane wyniki pokazuja, iz stabilizacja wigkszos$ci parametréw topograficznych
rogdwki nastgpuje W ciggu 6 miesiecy po zabiegu, podczas gdy redukcja HOA i poprawa
BCVA postepuja stopniowo W ciggu 12 miesiecy. Przedoperacyjne wartosci parametrow
topograficznych rogowki silnie determinujg ich zmiany wykryte po operacji, co sugeruje, iz
wczesna interwencja terapeutyczna moze skutkowac lepszymi wynikami w zakresie jakosci

widzenia.
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5. PUBLIKACJE STANOWIACE ROZPRAWE DOKTORSKA

5.1. Comparative Analysis of Corneal Parameters in Swept-Source Imaging between
DMEK and UT-DSAEK Eyes
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Abstract: Background: The need to provide a comparative analysis of corneal parameter changes com-
pared to their preoperative values between Descemet membrane endothelial keratoplasty (DMEK)
and ultrathin Descemet stripping automated endothelial keratoplasty (UT-DSAEK) patients. Meth-
ods: The study included 24 eyes after UT-DSAEK and 24 eyes after DMEK. Visual acuity, endothelial
cell count (ECC), central corneal thickness (CCT), mean keratometry (MK), mean astigmatism (MA),
astigmatism asymmetry (AA) and higher-order aberrations (HOAs) were assessed at baseline and 1,
3, 6 and 12 months after the surgery. Results: From the 3rd month post operation, ECC was higher
in the DMEK eyes than in the UT-DSAEK eyes (p = 0.01). In a bivariate analysis that was adjusted
for age, DMEK was associated with a smaller decrease in posterior MK at the 1-month (B = —0.49,
p = 0.002), 3-month ( = —0.50, p < 0.001), 6-month ( = —0.58, p < 0.001) and 12-month ( = —0.49,
p < 0.001) follow-up visits. There were no significant differences in changes in anterior or combined
surface MK throughout the observation period. Accordingly, no significant differences in changes in
MA, AA or HOAs compared to the baseline values were identified between the eyes after DMEK
and UT-DSAEK at any follow-up time point. Conclusions: UT-DSAEK seemed to be an easier and
safer technique than DMEK while maintaining similar outcomes regarding irregular astigmatism
and total keratometry values.

Keywords: UT-DSAEK; DMEK; keratometry; astigmatism; HOA

1. Introduction

The introduction of endothelial keratoplasty (EK) has revolutionized corneal trans-
plantation over almost the past two decades. Descemet stripping automated endothelial
keratoplasty (DSAEK), which is a procedure that involves the selective removal of the
dysfunctional endothelium, followed by the transplantation of donor corneal endothelium,
Descemet membrane (DM) and a portion of donor corneal stroma, replaced penetrating
keratoplasty (PK). Accordingly, Descemet membrane endothelial keratoplasty (DMEK),
comprising the selective transplantation of a donor button that is composed of endothe-
lium and DM without the posterior stroma, replaced DSAEK as the most common type of
corneal transplantation [1,2].

In 2013, Busin et al. pointed out that ultrathin Descemet stripping automated en-
dothelial keratoplasty (UT-DSAEK) might be a procedure that shares the improved visual
outcome and lower immunologic rejection rate of DMEK over DSAEK while minimizing
all types of postoperative complications. It was also highlighted that, similar to DSAEK
and unlike DMEK, UT-DSAEK can be performed for all types of eyes, even those with
complicated anatomy or poor anterior chamber visualization [3].

There are only a few studies that compared DMEK and UT-DSAEK, and they mainly
focused on visual acuity outcomes, contrast sensitivity, endothelial cell loss or complication
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rates [4-10]. Some studies also compared the patient-recorded outcome measures between
both techniques [6,10-12]. Chamberlain et al. documented that DMEK had superior
visual acuity results with similar complication rates compared with UT-DSAEK at 3, 6 and
12 months post surgery in patients with isolated endothelial dysfunction [9]. In contrast,
reports from other groups provided evidence that DMEK and UT-DSAEK did not differ
significantly in terms of visual acuity [4,6,8]. Mencucci et al. emphasized that DMEK
and UT-DSAEK show no difference in postoperative best-corrected visual acuity (BCVA),
although DMEK has a better performance in terms of contrast sensitivity and overall
patient satisfaction [7].

Only a few studies have compared higher-order aberrations, astigmatism, corneal
pachymetry and keratometry using either Schleimpfung cameras or tomographs with
corneal topographers between eyes that have undergone either DMEK or UT-DSAEK.
The concomitantly growing popularity of anterior segment optical coherent tomography
(AS-OCT) has caused the use of this device in clinical practice to become increasingly
frequent. To the best of our knowledge, to date, there have been no studies that compared
corneal topographic parameters between eyes that underwent DMEK and UT-DSAEK
in swept-source AS-OCT. Bearing in mind the above, our aim was to create a study to
provide an analysis of corneal parameter changes in patients who underwent DMEK and
UT-DSAEK using an AS-OCT device.

2. Materials and Methods

This study included 24 consecutive eyes that had undergone UT-DSAEK and 24 consec-
utive eyes that had undergone DMEK due to various causes of endothelial decompensation
(Fuchs endothelial corneal dystrophy or pseudophakic bullous keratopathy). The subjects
that were enrolled in the study were patients that were operated on at the First Ophthal-
mology Clinic in Szczecin in 2018-2020 and then followed up at 1, 3, 6 and 12 months after
the surgery. All participants underwent a complete ophthalmologic examination, including
the following: best-corrected distance visual acuity with Snellen charts (Remote-Controlled
Chart Monitor, CC-100, Topcon, Tokyo, Japan), slit lamp biomicroscopy, IOP measurements
and a detailed fundus examination after pupil mydriasis. Corneal quality parameters were
measured with swept-source AS-OCT at each following visit.

2.1. Donor Characteristics

Donor corneas were obtained with the multiorgan procurement method and in the
dissecting room during autopsies. Corneoscleral buttons were hypothermically stored in
Eusol-C medium (Alchimia, Ponte San Nicolo, Italy) at 2-6 °C at the West Pomeranian Eye
Tissue Bank in Szczecin. The prestorage evaluation of the endothelium was performed
using specular microscopy (Konan CellCheck EB-10; Konan Medical USA Inc., Irvine, CA,
USA). All corneas had an endothelial cell count of at least 2800 cells/ mm?.

2.2. Surgical Techniques

Each surgery was performed by the same surgeon. All subjects underwent prophy-
lactic basal laser iridectomy (Optimis Fusion, Quantel Medical, Cournon-d”Auvergne,
France) before endothelial keratoplasty to minimize the risk of postoperative pupillary
block. Subjects with retinal diseases that significantly affected visual acuity were excluded
from the study. All procedures were performed with peribulbar block.

UT-DSAEK grafts were prepared with the single-pass technique using a MORIA One
Use microkeratome. The donor tissue was mounted on an artificial anterior chamber
(AAC), which maintained a continuous intracameral pressure of 200 mmHg (Moria S.A.,
Antony, France). After ensuring adequate pressure in the AAC system, central corneal
thickness measurements were taken using an ultrasound iPac Pachymeter (Reichert, Inc.,
Depew, NY, USA). An appropriate microkeratome head was chosen, and the cut was
performed at a deliberately slow speed. The anterior cap was removed, and the residual
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stromal bed was again measured. The AAC was carefully disassembled, avoiding any
trauma to the endothelium.

The donor’s rolled endothelial graft was inserted using a Busin glide through a 3.2 mm
clear corneal incision (Moria S.A., Antony, France). After centering the graft, the anterior
chamber was filled with air to allow for a perfect adherence of the donor flap to the
receiving tissue.

The preparation of the DMEK graft and surgery was performed following the ‘no-
touch’ technique, as described previously [13].

All patients were instructed to keep a supine position after the surgery till the control
of the flap position was done on the first postoperative day. In the case of a pupillary block
or ocular hypertension, topical mydriatics were administered, and if this was insufficient, a
small quantity of air was released from the AC in the operating theatre. The postoperative
treatment for both groups was a topical antibiotic given 4 times a day for 1 week and topical
preservative-free dexamethasone sodium phosphate 8 times a day for the first month. The
topical steroid was tapered down to one drop every other day and then discontinued over
1 year. The graft thickness in all UT-DSAEK eyes was below 100 um (mean graft thickness
at the 12-month follow-up visit was 66.09 & 18.61 um).

2.3. AS-OCT Measurements

Both the corneal thickness and keratometry values were determined using a swept-
source anterior segment OCT CASIAZ2 (Tomey, Nagoya, Japan). During the entire observa-
tion period, the CASIA2 was placed in the same room under the same lighting conditions.
All measurements were taken by trained operators, who also held the subjects’ eyelids
gently to avoid pressure on the globe. The scan was performed using the autoalignment
function. The CASIA2 measurements were obtained with the corneal map mode of the
anterior segment module from the OCT images using the built-in software and measure-
ment tools provided by the manufacturers. The CASIA software automatically defined the
intraocular structures and generated measurement values. The images were analyzed using
built-in 2D analysis software that automatically calculated the measurements, along with
the structural outlines and reference lines. The outline tracer was edited where needed.

Central corneal thickness (um), mean keratometry values (D), astigmatism power
(D) and axis (°), astigmatism asymmetry (D) and higher-order aberration power (D) were
recorded and analyzed at different time points after surgery using the Fourier Analysis
3D/2D function. Measurements were read from both the anterior and posterior surfaces
of the cornea, and the total values were taken into account. All parameters were assessed
in 3 and 6 mm diameter optical zones (OZs). The image quality was assessed during
the acquisition by the operator. Only measurements that were well-centered and with
high-quality indexes were included in the study.

2.4. Statistical Analysis

Statistical analysis was conducted using Statistica software. Since most of the analyzed
variables showed distributions that were significantly different from normal distributions
(Shapiro-Wilk test, p < 0.05), non-parametric tests were used. The Wilcoxon signed-rank
test was used to compare the preoperative and postoperative values. The Mann-Whitney
U test was applied to analyze the differences between the groups. The correlations between
the baseline variables and the corneal parameters were analyzed with Spearman’s rank
correlation coefficient (Rs). Bivariate analysis, including surgical technique and patient’s
age as independent variables, and change of a parameter relative to its baseline value as
the dependent variable, was performed using a general linear model (GLM). Standardized
beta values () were presented to show the strength of association between the surgical
technique and the follow-up parameter changes. A p-value of less than 0.05 was considered
to be statistically significant. The statistical power of the study at the 0.05 significance
level with 24 subjects in each study group was sufficient to detect with 80% probability the
real effect size corresponding to the difference between the groups equal to £0.83 SD and
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associations between variables within groups with a real effect size corresponding to the
correlation coefficient of +0.54 [14].

3. Results
3.1. Characteristics of the Study Groups

Forty-eight eyes of 43 patients were assigned to DMEK (n = 24) or UT-DSAEK (n = 24).
Table 1 provides the preoperative characteristics of the study groups. The study groups
were matched for sex (p = 0.55) and the DMEK group was younger than the UT-DSAEK
group (p = 0.01). At the baseline, there were no significant differences between the groups
in the values of corneal topographic parameters, i.e., the mean keratometry (MK) val-
ues, astigmatism power and asymmetry (AA) and the values of higher-order aberrations
(HOAs). Accordingly, the groups did not differ in preoperative central corneal thickness
measurements.

Table 1. Preoperative characteristics of the study groups (mean values + SD). Statistically significant p-values are shown

in bold.
UT-DSAEK DMEK P

Recipient age (y) 74.96 £ 10.43 66.25 1+ 11.23 0.01
Recipient sex (m/f) 9/13 5/16 0.55
Indications for the surgery (FECD/PBK) 14/10 21/3 n/a
Baseline BCVA 0.11 £ 0.12 0.22 +0.15 0.01
Donor graft ECC (cells/mm?) 3129.96 + 242.48 3057.83 + 317.73 0.26
Baseline CCT (um) 730.04 £ 92.67 698.92 + 89.61 0.20
Anteri 3mm OZ 4955 +1.58 4936 +2.72 1.00
nterior 6 mm OZ 4896 +1.39 48.89 + 1.97 0.78
Baseline mean P i 3mm QOZ —6.05 £0.51 —6.02 £ 0.69 0.90
keratometry (D) osterior 6 mm OZ —~5.99 + 043 —6.00 +0.59 0.97
Toal 3mm OZ 43.66 = 1.71 4348 +2.94 1.00
ota 6 mm OZ 4312144 43.04 +2.06 0.89
Anteri 3mm OZ 1.35 + 0.95 1.52 + 0.81 0.34
nterior 6 mm OZ 1.19 + 0.78 1.28 £ 052 0.29
Baseline mean P . 3mm OZ 0.27 £0.18 036 £0.19 0.10
astigmatism (D) osterior 6 mm OZ 0.24 +0.13 0.30 +0.16 0.14
Toal 3mm OZ 1.43 + 0.96 1.63 & 0.94 0.47
ota 6 mm OZ 122 £ 077 1.35 + 0.59 028
Anteri 3mm OZ 1.48 + 1.10 1.88 £ 1.97 0.65
nterior 6 mm OZ 1.71 £ 1.10 2.06 = 1.80 0.73
Baseline astigmatism P . 3mm OZ 051 £0.25 0.56 & 0.55 0.60
asymmetry (D) osterlor 6 mm OZ 0.59 + 0.28 0.66 + 0.60 0.62
Toal 3mm OZ 1.72 +1.10 210 +1.97 0.97
ota 6 mm OZ 1.95 + 1.06 238+ 1.80 0.66
Anteri 3mm OZ 0.82 £ 0.61 0.74 + 0.65 0.40
nterior 6 mm OZ 0.88 +0.73 0.70 = 0.52 032
Baseline higher-order P . 3mm OZ 0.22 +0.15 0.19 = 0.15 0.40
aberrations (D) osterior 6 mm OZ 0.21 4 0.13 0.19 + 0.15 0.46
Toal 3mm OZ 0.89 £ 0.57 0.77 + 0.68 0.11
ota 6 mm OZ 0.94 +0.72 0.75 = 0.57 017

UT-DSAEK—ultrathin Descemet membrane automated endothelial keratoplasty, DMEK—Descemet membrane endothelial keratoplasty,
FECD—Fuchs endothelial corneal dystrophy, PBK—pseudophakic bullous keratopathy, BCVA—best-corrected visual acuity, ECC—
endothelial cell count, CCT—central corneal thickness, n/a—not applicable.

Three patients in the UT-DSAEK group were lost at the 12-month follow-up point.
No graft failures or rejections were observed in this study. In four eyes after UT-DSAEK
and three eyes after DMEK surgery, a postoperative graft detachment was observed. All
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of them were recorded in the first 24 h after surgery, with one exception: one DMEK
graft detachment took place one week after surgery. In this case, the patient admitted to
not following the postoperative recommendations. All detached grafts were successfully
attached due to intracameral SFg or air injection. In four eyes after DMEK, there was a need
to partially remove SF¢ from the anterior chamber in the first 24 h after surgery due to the
elevated intraocular pressure (IOP). No further complications in those eyes were observed.

3.2. Postoperative Changes in BCVA and ECC in DMEK and UT-DSAEK Eyes

The mean baseline BCVA was 0.22 in the DMEK arm and 0.11 in the UT-DSAEK arm
(p =0.01). Up to 6 months post operation, the BCVA improved in both treatment groups
to a similar extent from baseline. After adjusting for age, the change in BCVA did not
differ significantly between DMEK and UT-DSAEK patients at the 1-month follow-up visit
(B = —0.25, p = 0.12), 3-month follow-up visit (f = —0.04, p = 0.76) or 6-month follow-up
visit (B = —0.22, p = 0.06). In contrast, at the 12-month follow-up visit, the postoperative
increase in the BCVA was higher in the DMEK group (median = 1.00) than in the UT-DSAEK
group (median = 0.6, p < 0.001). This difference remained significant in the multivariate
analysis that was performed using a GLM after an adjustment for age (f = —0.37, p = 0.006).

Regarding the ECC, we observed no differences in the donor endothelial cell count
(median = 3045.50 cells/mm? in the DMEK group and median = 3140 cells/mm? in the
UT-DSAEK group, p = 0.26). From 3 months post operation, the endothelial cell density
was higher in the DMEK eyes than in the UT-DSAEK eyes (median = 1470.50 cells/mm?
and median = 1156 cells/mm?, p = 0.009, respectively, at the 3-month follow-up visit;
median = 1384 cells/mm? and median = 1146 cells/mm?, p = 0.005, respectively, at the 6-
month follow-up visit; median = 1304.5 cells/mm? and median = 1113 cells/mm?, p = 0.07,
respectively, at the 12-month follow-up visit).

3.3. Postoperative Analysis of AS-OCT Corneal Parameters in DMEK and UT-DSAEK Eyes
Compared to Baseline

First, we analyzed the changes in corneal surface parameters compared to baseline
recordings for the DMEK and UT-DSAEK groups separately. Tables 2 and 3 provide the
corneal topography values of the postoperative pachymetry, keratometry, astigmatism and
aberralion paramelers thal were oblained for the DMEK and UT-DSAEK groups of eyes,
respectively. A significant decrease in CCT compared to baseline recordings was observed
at all follow-up time points in both the DMEK and UT-DSAEK groups.

At 1, 3, 6 and 12 months after DMEK surgery, there were no significant differences
in anterior surface mean keratometry values compared to the baseline in the 3.0 and 6.0
mm diameter optical zones (6.0 mm diameter—data not shown). For the posterior surface,
MK values were lower at all follow-up time points than preoperative values. Interestingly,
for the combined corneal surface, there were no differences in MK values between those
recorded at 6 and 12 months post operation and the baseline. Contrary to the DMEK group,
in the UT-DSEAK group, we observed a significant decrease in MK recordings for both
the anterior and posterior corneal surfaces, as well as for total corneas in both the 3.0 and
6.0 mm diameter OZs as early as 1 month post operation (6.0 mm diameter—data not
shown). Finally, the combined surface MK values were significantly lower at 12 months
post operation than the preoperative values (mean difference = —1.42 + 1.87 D for the
3 mm OZ).

Regarding the astigmatism power, in the DMEK group, we observed a significant
decrease for the posterior and total corneas from 3 months post operation and the anterior
corneal surface from 6 months post operation. In contrast, in the UT-DSAEK eyes, the
astigmatism power remained unchanged until 6 months post operation and decreased
for the anterior and total corneas only at 12 months post operation. The magnitude of
the posterior astigmatism in the UT-DSAEK eyes remained unchanged throughout the
observation period. Interestingly, we found no significant changes in the astigmatism axis
at 1, 3, 6 and 12 months after surgery compared to the baseline in either the DMEK or
UT-DSAEK group.
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Table 2. Changes in the central corneal thickness (CCT), mean keratometry, astigmatism magnitude, astigmatism asymmetry
and higher-order aberration power compared to the baseline in the 3 mm corneal optical zone after Descemet membrane
endothelial keratoplasty (DMEK). Statistically significant values are shown in bold.

Baseline 1 Month 3 Months 6 Months 12 Months
Median Median Median Median Median
(IQR)  (IQR) P (IQR) P (IQR) 4 (IQR) P
680.5 503 498 507 517.5
Aj 0.001 0.001 0.001 0.001
Corneal pex (129) (69) < (56) < (1) < @5 <
thickness (um) 618.5 490 486.5 493 508
Thinnest 0) (69) <0.001 (44) <0.001 @) <0.001 (43) <0.001
. 49.96 48.34 48.11 49.02 49.26
Anterior (4.96) (2.85) 0.50 (2.90) 0.36 (2.68) 0.54 (2.68) 0.36
Mean
. —6.06 —6.47 —6.37 —6.32 —6.34
keratometry (D)  Posterior (0.89) (0.40) <0.001 (0.35) 0.02 (0.41) 0.06 (0.31) 0.03
43.88 42.07 41.92 42.76 42.92
Total (4.46) (2.18) 0.24 (2.29) 0.19 221) 0.31 231) 0.17
. 1.47 1.58 0.93 0.92 0.88
Anterior (.01) (1.28) 0.9 (0.83) 0.06 (0.68) 0.02 (0.90) 0.03
Mean
. . . 0.30 0.28 0.22 0.19 0.18
astigmatism (D)  Posterior (0.30) (0.20) 0.44 (0.13) 0.03 ©.13) 0.001 0.14) 0.001
1.31 1.63 0.89 0.93 0.835
Total (157) (1.15) 0.79 (0.825) 0.03 (0.6) 0.02 (0.51) 0.02
. 1.11 1.00 0.57 0.50 0.49
Anterior (1.79) (0.59) 0.01 (0.44) 0.004 0.29) <0.001 0.30) <0.001
Astigmatism
. 0.43 0.24 0.18 0.15 0.13
asymmetry (D) Posterior (0.54) (0.23) 0.01 (0.09) 0.002 ©.1) <0.001 (0.09) <0.001
1.41 0.78 0.62 0.51 0.55
Total (1.69) (0.66) 0.001 (0.42) 0.002 0.32) <0.001 (0.39) <0.001
. 0.48 0.34 0.28 0.28 0.22
Anterior (0.98) (0.37) 0.08 (0.19) 0.007 (0.15) 0.006 (0.10) <0.001
Higher-order 0.18 0.09 0.08 0.08 0.07
aberrations (D) Posterior (0 16) (005) 0.002 (006) 0.003 (006) 0.003 (005) 0.004
0.46 0.37 0.27 0.27 0.21
Total (0.85) (0.33) 0.046 (0.15) 0.001 ©.1) <0.001 (0.08) <0.001

When analyzing the irregular corneal astigmatism with the asymmetry of astigmatic
components and HOAs, we observed similar patterns of decrease in both the UT-DSAEK
and DMEK subgroups. At 1, 3, 6 and 12 months after surgery in both investigated groups,
the values of the astigmatism asymmetry and HOAs decreased significantly compared to
the preoperative values.

3.4. Comparative Analysis of Postoperative Corneal Surface Parameters between DMEK and
UT-DSAEK Eyes
Figure 1 shows the postoperative corneal parameters, as evaluated using swept-source

AS-OCT, including pachymetry, keratometry, astigmatism magnitude and asymmetry, as
well as HOAs in the different corneal zones after UT-DSAEK and DMEK.
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Table 3. Changes in the central corneal thickness (CCT), mean keratometry, astigmatism magnitude, astigmatism asymmetry
and higher-order aberration power compared to the baseline in the 3 mm corneal optical zone after ultrathin Descemet
stripping automated endothelial keratoplasty (UT-DSAEK). Statistically significant values are shown in bold.

Baseline 1 Month 3 Months 6 Months 12 Months

Median Median Median Median Median

(IQR)  (IQR) b (IQR) b (IQR) P (IQR)
Coengal Apex (?gg) f;g%')s <0.001 (5627; <0.001 57717) <0.001 (5:2{; <0.001
PRI e 6T g H om 2 am 2 o
R - T T R S S S
keratgdni:;y (D) Posterior (7069(7)? (;)735 <0.001 (*0_62;?,? <0.001 (*0_6287? <0.001 (*0_61;2? <0.001
wa S Y am 22 s 2O om 2 o
T T A
asﬁg;d:t?:m (D) Posterior (ggi) (gig) 0.98 (%221) 0.4 (géi) 0.24 (gg) 0.24
Total (ﬁf) (‘fgg) 0.42 (0%1) 0.11 (g:gg) 0.13 %Zf) 0.02
Anterior (18‘;') (ggg) 0.01 (gsg) 0.002 (ggg) <0.001 (gﬁ) <0.001
cymmeny © Poseror (05 0% 0 B0 em 02w 0B wm
w0 e 7 s 02 wmm OB
Anterior (g:??) (g;;) 0.007 (g:ég) <0.001 (g:ﬁ) <0.001 (géz) <0.001
oo () Posierior 1 O o 0L gm0 om0 o
Total (gzgg) (g:‘;g) 0.001 (ng;) <0.001 (g:ﬁ) <0.001 (%?14) <0.001

Throughout the observation period, we found no differences in the values of any
parameters for the anterior and total corneas between the DMEK and UT-DSAEK eyes.
Importantly, the values of the posterior mean keratometry and the magnitudes of the back
astigmatism asymmetry and HOAs were significantly lower in the DMEK group than in
the UT-DSAEK group at all follow-up time points. No differences in astigmatism power
for either the anterior or posterior region or the total cornea were observed at any time
point between the analyzed groups of eyes.

Subsequently, we compared the changes in corneal surface parameters at postoperative
follow-up time points relative to the preoperative values between the DMEK and UT-
DSAEK groups. Regarding the pachymetry, we found no differences in the CCT changes
at the 1-, 3- and 6-month follow-up visits between the study groups. Exclusively, at the
12-month follow-up visit, the decrease in the CCT was larger in the DMEK eyes (3 = +0.32,
p = 0.04) in the multivariate analysis performed using a GLM after an adjustment for age.
A multivariate analysis of keratometry changes in the DMEK and UT-DSAEK eyes, after an
adjustment for age, revealed that DMEK was an independent variable that was associated
with a smaller decrease in posterior mean keratometry at the 1-month (8 = —0.49, p = 0.002),
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3-month (B = —0.50, p < 0.001), 6-month (f = —0.58, p < 0.001) and 12-month (3 = —0.49,
p < 0.001) follow-up visits in both the 3 and 6 mm optical zones. There were no significant
differences in changes in anterior surface or combined surface MK between the UT-DSAEK
and DMEK groups throughout the observation period. Regarding the astigmatism power,
there were no significant differences in the anterior, posterior surface or combined surface
astigmatism changes between the UT-DSAEK and DMEK groups, with one exception:
posterior astigmatism decreases at the 6- and 12-month follow-up visits were larger in the
DMEK group (f = +0.40, p = 0.01) in the multivariate analysis that was performed using
a GLM after an adjustment for age. Accordingly, no significant differences in changes in
astigmatism asymmetry and HOAs compared to baseline values were identified between
the eyes from the DMEK and UT-DSAEK groups at any follow-up time point.

MEAN KERATOMETRY
ANTERIOR o POSTERIOR o TOTAL

' 3 [
MEAN ASTIGMATISM

TR
Wi i
gl 31| A ——
12 ﬁﬁ% LR LETTE i
A LLLTE R

DMEK 3mmOZ  [UT-DSAEK3mmOZ  EIDMEK6mmOZ  HUT-DSAEK6mmOZ  *=p<0.05
CORNEAL THICKNESS
ol APEX (CENTRAL) o THINNEST
w04,
ik 700 QDMEK
700 . 650 = . - g
5 5 PR . DUT-DSAEK
600 . v = - 550 2 o 2
0 = 5

500 o *=p<0.05

. 400
400 S IsD
300 300

o 3 3 s 12 fmontre) o ! 3 6 12 (merths)

Figure 1. Bar graphs showing the pre- and postoperative mean values of the corneal parameters,
which were evaluated using swept-source AS-OCT: mean keratometry, mean astigmatism, astig-
matism asymmetry, higher-order aberrations and corneal thickness at the baseline and 1, 3, 6 and
12 months after Descemet membrane endothelial keratoplasty (DMEK) versus ultrathin Descemet
stripping automated endothelial keratoplasty (UT-DSAEK) measured in 3 and 6 mm optical zones
(OZs). * p < 0.05.
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3.5. Correlations between BCVA and Corneal Parameters at Subsequent Follow-Up Points

Next, we investigated the potential relationships between the corneal parameters and
BCVA. We found that the baseline BCVA determined the postoperative corneal thickness
at the 12-month follow-up in both the UT-DSAEK and DMEK groups. Accordingly, we
observed a positive correlation between the preoperative BCVA and changes in the CCT at
the 1-month (Rs = +0.59, p = 0.003), 3-month (Rs = +0.54, p = 0.006), 6-month (Rs = +0.57,
p = 0.004) and 12-month (Rs = +0.52, p = 0.01) follow-up visits in the DMEK eyes. Analogous
correlations were observed in the UT-DSAEK eyes at 1 month (Rs = +0.59, p = 0.01), 3
months (Rs = +0.58, p = 0.006), 6 months (Rs = +0.46, p = 0.04) and 12 months (Rs = +0.33,
p = 0.17) post operation.

To identify the corneal surface aberrations that most affected the BCVA at subsequent
postoperative visits, we investigated the associations between the BCVA and topographic
characteristics of the cornea in both the DMEK and UT-DSAEK groups (Table 4). In the
UT-DSAEK eyes, we observed a negative correlation between the BCVA and astigmatism
power at 3, 6 and 12 months post operation. Accordingly, the BCVA was negatively
correlated with the astigmatism asymmetry throughout the observation period. No such
correlations were found in the DMEK group.

Table 4. The correlations between the best-corrected visual acuity (BCVA) and the magnitudes of the keratometry, astig-
matism, astigmatism asymmetry and higher-order aberrations that were obtained in the 3 mm optical zones in the eyes
after Descemet membrane endothelial keratoplasty (DMEK) and ultrathin Descemet stripping automated endothelial
keratoplasty (UT-DSAEK) procedures. Correlations were calculated for the baseline state and then for 4 consecutive time
points, i.e., 1, 3, 6 and 12 months, after the surgery. Statistically significant values are shown in bold.

Baseline 1 Month 3 Months 6 Months 12 Months
Correlation UT- UT- UT- UT- UT-
DSAEK DMEK DSAEK DMEK DSAEK DMEK DSAEK DMEK DSAEK DMEK
M Anterior  +0.13 +0.17 -0.10 +0.03 +0.11 -0.29 —0.08 +0.01 +0.41 +0.22
ean
keratometry Posterior  +0.32 +0.24 +0.36 +0.19 +0.34 +0.52 +0.31 +0.26 +0.54 +0.04
Total +0.09 +0.18 —0.01 +0.02 +0.15 -0.22 —0.03 +0.09 +0.45 +0.32
M Anterior —0.45 +0.11 —0.45 —0.08 —0.43 -0.22 —0.53 —0.29 —0.39 —0.03
ean
astigmatism Posterior —0.17 —0.22 -0.17 —0.09 +0.02 +0.08 +0.16 —0.03 -0.27 —0.04
Total —0.41 +0.05 —0.41 —0.12 —0.39 -0.27 —0.50 —0.29 —0.54 —0.20
. . Anterior —0.52 -0.19 —026 +0.18 —0.54 -0.29 —0.40 —0.39 —0.58 —0.36
Astigmatism
asymmetry Posterior  +0.44 —0.10 —0.58 —0.33 —0.35 -0.21 —0.34 —0.34 —0.03 —0.34
Total —0.31 -0.19 —0.39 +0.18 —0.43 —-0.17 —0.14 —0.15 +0.06 +0.03
. Anterior —0.46 —0.03 +0.01 +0.06 —0.33 -0.32 —0.32 —0.10 —0.14 —0.04
Higher-order
aberrations Posterior —0.28 —0.26 —026 —0.02 —0.09 —0.05 —0.15 —0.49 —0.16 —0.14
Total —041 —0.08 —0.11 —0.05 —0.31 —0.30 —0.42 —0.01 —0.29 —0.04

3.6. Correlations between CCT Change and Changes in Corneal Parameters Compared to
Baseline Values

We also analyzed the potential associations between the changes in selected corneal pa-
rameters at selected time points post operation. We found that decreases in the magnitudes
of the astigmatism, HOA and AA values for the total and posterior cornea throughout
the observation period, as well as the anterior corneal surface at 6 and 12 months post
operation (Table 5), were positively associated with a decrease in the CCT in the DMEK
eyes. Interestingly, in the UT-DSAEK eyes, an analogous relationship was observed only
between changes in the CCT and HOAs.
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Table 5. The correlations between the central corneal thickness (CCT) change and changes in the magnitudes of the

keratometry, astigmatism, astigmatism asymmetry and higher-order aberrations that were obtained in 3 mm optical zones
(OZs) in the eyes after Descemet membrane endothelial keratoplasty (DMEK) and ultrathin Descemet stripping automated
endothelial keratoplasty (UT-DSAEK) procedures. Correlations were calculated for 4 consecutive time points, i.e., 1, 3, 6 and
12 months after the surgery. Statistically significant values are shown in bold.

1 Month 3 Months 6 Months 12 Months
Correlation
UT- UT- UT- UT-

psaek PMEK  poapk  PMEK  poapk  PMEK  hoaE DMEK

Mean Anterior +0.43 —0.002 +0.01 —0.05 +0.06 —0.03 +0.05 +0.17
keratometry Posterior —~0.15 —0.01 —0.11 —0.08 —0.02 —0.09 +0.14 —0.003
change Total +0.38 +0.04 +0.02 —0.05 +0.04 —0.04 +0.07 +0.16
Mean Anterior —-0.12 +0.28 —0.15 +0.45 —0.03 +0.47 +0.15 +0.65
astigmatism Posterior —0.01 +0.64 —0.05 +0.54 —0.0005 +0.48 +0.06 +0.64
change Total —0.08 +0.39 —007 +0.46 —0.03 +0.52 +0.22 +0.72
Astigmatism Anterior +0.36 +0.15 +0.33 +0.07 +0.11 —022 +0.22 —~0.05
asymmetry Posterior +0.01 +0.28 +0.13 +0.47 +0.11 +0.38 +0.11 +0.50
change Total +0.20 +0.67 +0.18 +0.60 +0.31 +0.57 +0.22 +0.65
Higher-order Anterior —0.05 +0.44 +0.26 +0.47 +0.27 +0.50 +0.18 +0.58
aberrations Posterior +0.52 +0.75 +0.74 +0.75 +0.76 +0.61 +0.77 +0.72
change Total +0.20 +0.45 +0.38 +0.54 +0.44 +0.64 +0.18 +0.66

4. Discussion

In recent years, endothelial corneal transplantation has evolved to become the method
of choice for the treatment of endothelial damage. Although DMEK seems to offer better
and faster visual and refractive results, controversy still exists regarding whether it is a
better technique than UT-DSAEK and NT-DSAEK, which are easier techniques and have
similar outcomes to DMEK.

The results of this study provided a comparison of a wide range of topographic out-
comes between DMEK and UT-DSAEK during a 1-year follow-up period. Compared with
the UT-DSAEK results, lower mean posterior keratometry, lower posterior astigmatism,
lower posterior astigmatism asymmetry and fewer posterior corneal HOAs were found af-
ter DMEK. Nevertheless, total corneal parameters were comparable after both procedures.

The results of this study indicated significant differences in posterior surface MK
values between the keratoplasty techniques, which occurred after surgery. Compared to
DMEK, we noted the steeper posterior corneal curvature in the UT-DSAEK group. This
finding is consistent with the results of previous studies. Both Torras-Sanvicens et al. and
Goldich et al. analyzed the mean anterior and posterior keratometry values and, similarly
to us, found significant differences in the posterior keratometry in favor of DMEK [6,15].
Importantly, the combined surface UT-DSAEK MK values were significantly lower at 12
months post operation than before the operation by —1.42 £ 1.87 D. In contrast, after
DMEK surgery, we found no significant differences in the anterior and combined surface
MK values throughout the observation period compared to the baseline.

On the other hand, hyperopic outcomes tend to occur after posterior lamellar corneal
transplantation. This hyperopic shift is very relevant after DSAEK and is described in the
literature as ranging from 0.7 to 1.5 D [16]. Regarding UT-DSAEK, Busin et al. reported
a significant hyperopic shift of 0.78 & 0.59 D at the 1-year follow-up [3]. On the other
hand, In their multicenter, prospective, double-masked, randomized, controlled clinical
trial comparing DSAEK and UT-DSAEK, Dickman et al. observed a comparable hyperopic
shift after both procedures [17]. Similarly, Dunker et al. showed no difference in hyperopic
shift after the UT-DSAEK and DMEK surgery techniques [8].
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In this study, we demonstrated a significant decrease in astigmatism power in the eyes
after DMEK surgery that occurred from 3 months after surgery in the anterior, posterior
and total corneas. In contrast, this effect was significantly prolonged in the anterior and
total corneas and occurred only after 12 months post operation. We found no changes in
posterior astigmatism throughout the observation period in the UT-DSAEK group. This
allowed us to assume that the visual rehabilitation of patients after DMEK was shorter
than that after UT-DSAEK. Indeed, data provided by Mencucci et al. lead to a similar
assumption that postoperative recovery after DMEK might be quicker than that after UT-
DSAEK [7]. Our results are also in line with those from the randomized controlled DETECT
trial, which documented that DMEK was associated with a postoperative shift in posterior
corneal astigmatism but not UT-DSAEK [18].

HOAs may increase after endothelial keratoplasty, which would significantly reduce
visual acuity and influence vision quality. Throughout the observation period, we found no
differences in the astigmatism asymmetry or HOA values for the anterior and total corneas
between the DMEK and UT-DSAEK eyes. Importantly, the posterior absolute values of
those parameters were significantly lower in the DMEK group than in the UT-DSAEK group
at all follow-up time points. It is noteworthy that previous analyses that compared the
changes in HOAs between DMEK and UT-DSAEK showed inconclusive results. In a recent
study performed in 2020, Duggan et al. evaluated the outcomes of DMEK vs. UT-DSAEK
patients and found that DMEK induced less posterior corneal HOAs than UT-DSAEK.
The authors reported that posterior corneal HOA actually increased significantly in the
UT-DSAEK group from the baseline to 3 months after surgery and remained significantly
higher at 6 and 12 months. The HOAs of the anterior corneal surface in their sample did not
differ significantly between DMEK and UT-DSAEK. These results are only partially in line
with ours since we documented a similar pattern of decrease in the astigmatism asymmetry
and the HOAs of the anterior, posterior and total corneas in both the DMEK and UT-DSAEK
groups. Likewise, Mencucci et al. conducted a similar investigation and found that total
and posterior corneal HOAs, posterior astigmatism and total coma were significantly lower
after DMEK than after UT-DSAEK in both the 4 and 6 mm optical zones [7]. On the other
hand, Torras-Sanvicens et al. did not observe statistically significant differences in total,
anterior or posterior HOAs 12 months after surgery [6], which is in line with the results
of other groups [19]. Altogether, it should be highlighted that the published data differ in
terms of the operating techniques, corneal topographer device, definitions of UT-DSAEK
grafts below 100 um [8,9,20] or below 130 um [3,7] and selection of study groups used,
which makes it impossible to draw definite conclusions. It is worth mentioning that none
of the previous studies compared the postoperative corneal curvature and topography
parameters with their baseline values recorded preoperatively. To overcome this limitation,
our study, for the first time, compared the changes in astigmatism asymmetry and HOAs
compared to the baseline values between DMEK and UT-DSAEK eyes. We documented
no significant differences between the two groups in the relative variations in any high-
order aberration parameter at any follow-up time point. Our data seemed to represent an
objective value in the comparative analysis between the UT-DSAEK and DMEK eyes. This
approach eliminates the potential influence of the baseline corneal status on postoperative
results between the study groups.

Bearing in mind that the presence of HOAs might affect the vision-related quality
of life, several research groups have analyzed the objective and subjective visual qual-
ity and contrast sensitivity after both procedures. In their cross-sectional, comparative,
and observational case series, Torras-Sanvicens et al. conducted an extended and com-
prehensive analysis that included objective visual quality variables, contrast sensitivity
and subjective patient satisfaction, e.g., subjective quality of the surgical technique, level
of comfort in the postoperative period, recovery time and preferred eye. The authors
found no significant differences in any of the parameters studied between UT-DSAEK
and DMEK eyes [6]. Accordingly, other research groups, e.g., Dukner et al., Ang et al.
and Dunbar et al., reported no differences in vision-related quality of life between both
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procedures [10-12]. Interestingly, we observed that a decrease in the magnitudes of HOA
values throughout the observation time was positively associated with a decrease in CCT.
This strongly indicated that corneal thickness influenced the changes in corneal curvature
and indicated a dynamic balance between corneal parameters due to the healing process
within corneal tissue. Accordingly, postoperative visual acuity was significantly correlated
with topographic characteristics of the cornea (the higher the aberrations, the lower the
visual acuity was) in the UT-DSAEK eyes at subsequent postoperative visits. Similar obser-
vations were recorded by other study groups [7]. Importantly, our study seems to be the
first to suggest that baseline vision acuity determines postoperative corneal thickness at the
12-month follow-up in both the DSAEK and DMEK groups. Further evidence is needed to
establish causative links between changes in BCVA, central corneal thickness and corneal
topographic outcomes after DMEK and UT-DSAEK surgery.

The results of our study clearly demonstrated that ECC loss after DMEK was less
than that after UT-DSAEK. These results are comparable with those published by other
research groups [6]. Conversely, Mencucci et al. [7] found no difference in ECC count
between DMEK and UT-DSAEK eyes. Similar results were provided by Dunker et al. [8].
This observation is in line with those of several comparative DMEK and DSAEK studies
that documented that endothelial cell loss was similar for both procedures [17,21,22]. The
probable cause of such imbalances was, according to the authors, the increased handling
of DMEK tissue during surgery. With regard to all the studies mentioned above, we can
assume that endothelial cell loss after surgery is an individual quality that depends on the
surgical technique, the experience of the operator and donor tissue preparatory procedures.

In conclusion, to the best of our knowledge, this is the first case series that compared
changes in corneal topographic parameters with their baseline values between UT-DSAEK
and DMEK groups at the 12-month follow-up. Accordingly, this might also be the first
study in which the values of corneal topographic parameters in DMEK and UT-DSAEK
eyes were studied using CASIA2 swept-source anterior segment OCT. Although DMEK
showed a faster recovery during follow-up, along with lower pachymetry and a flatter
posterior keratometry than UT DSAEK, UT-DSAEK seemed to be an easier and safer
technique with similar outcomes regarding irregular corneal astigmatism with asymmetry
of astigmatic components and HOAs.
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Purpose. To assess the time course changes in corneal topographic parameters during the one-year follow-up after Descemet
membrane endothelial keratoplasty (DMEK) surgery. Materials and Methods. Twenty-one patients (24 eyes) who underwent
DMEK surgery were evaluated. Best corrected visual acuity (BCVA), endothelial cell count (ECC), central corneal thickness
(CCT), mean keratometry (MK), mean astigmatism (MA), astigmatism asymmetry (AA), and higher-order aberration (HOA)
were assessed at baseline and 1, 3, 6 and 12 months after the surgery using CASIA2 anterior segment swept-source OCT (Tomey,
Japan). Results. In patients who underwent DMEK surgery, BCVA improved gradually at the subsequent visits during the 12-
month follow-up. A significant reduction in ECC and CCT at the 1st month was noted, which remained stable until the 6th month
postoperatively. Anterior and total MK values remained unchanged, whereas changes in posterior keratometry were noticeable
until the 6th month after surgery. A significant reduction in the anterior, posterior, and total astigmatism magnitude as well as
astigmatism asymmetry was observed during the first 6 months after surgery. A gradual anterior, posterior, and total HOA
decrease was documented until the 12th month after surgery. Negative correlations between baseline values of CCT, MK, MA, AA,
and HOA and postoperative variations in those parameters at consecutive follow-up time points were observed. Accordingly,
negative correlations between baseline CCT and postoperative changes in corneal topographic parameters after surgery were
found. Conclusion. The stabilization of most corneal topographic parameters takes place within 6 months after the procedure,
whereas HOA reduction and BCVA improvement gradually occur during the first year after surgery. Preoperative values of
corneal topographic parameters strongly determine their changes detected after DMEK surgery, which may suggest that early
therapeutic intervention results in better visual outcomes.

1. Introduction

In the last few years, Fuchs corneal endothelial dystrophy
and pseudophakic bullous keratopathy have become the
most common indications for corneal transplantation [1].
Less than 25 years ago, the introduction of endothelial
keratoplasty (EK) by Melles in 1998 revolutionized corneal
transplantation [2] and was a salvation for patients with
corneal endothelial disease. The introduction of the
Descemet membrane endothelial keratoplasty (DMEK)

technique, a selective replacement of the Descemet mem-
brane and its endothelium, has resulted in significant
progress in lamellar corneal surgery [3, 4]. Following the first
procedures performed in 2006, the popularity of DMEK
surgery quickly began to grow. DMEK, next to the other
lamellar keratoplasty techniques as Descemet stripping
endothelial keratoplasty (DSEK) or Descemet stripping
automated endothelial keratoplasty (DSAEK), began to re-
place the conventional penetrating keratoplasty (PKP) for
selective replacement of the diseased posterior layers of the
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cornea in patients with endothelial insufficiency [5]. Fur-
thermore, it soon became evident that the near complete
restoration of the corneal anatomy with the DMEK tech-
nique provided unprecedented visual outcomes and an even
lower risk of allograft rejection [5-8]. Moreover, there was
no need for expensive and specialized equipment, such as a
microkeratome or femtosecond laser, for the preparation of
the donor tissue while conducting DMEK surgery [9].

Since the introduction of the DMEK technique, changes
in endothelial cell count (ECC), best corrected visual acuity
(BCVA), and central corneal thickness (CCT) after surgery
have been widely studied [7, 10-13]. There are only a few
reports analyzing postoperative corneal aberrations
[14-16], keratometry [17-19], and astigmatism changes
[20-22]. Regrettably, there are few studies that assess the
dynamics of changes in corneal parameters over time in a
detailed way.

In the present study, we aimed to assess the time course
changes in corneal topographic parameters during a one-
year follow-up after DMEK surgery. We also explored the
relationship between dynamic variations in corneal curva-
ture, CCT, BCVA, and ECC between individual visits
throughout the 12-month postoperative observation time.
To the best of our knowledge, this might be the first ret-
rospective study to provide such a broad and precise analysis
of dynamic variations in corneal keratometry, astigmatism,
astigmatism asymmetry, and HOA values based on anterior
segment swept-source optical coherence tomography (SS-
OCT) recordings.

2. Materials and Methods

This retrospective case series included 24 eyes after DMEK
surgery, which was carried out due to various causes of
endothelial decompensation: Fuchs endothelial corneal
dystrophy (FECD) or pseudophakic bullous keratopathy
(PBK). The patients enrolled in the study were operated on at
the First Ophthalmology Clinic in Szczecin in 2018-2020
and then monitored 1, 3, 6, and 12 months after the surgery.
All participants underwent a complete ophthalmologic ex-
amination, including the following: best corrected distance
visual acuity with Snellen charts, slit lamp biomicroscopy,
and a detailed fundus examination after pupil mydriasis.
Intraocular pressure (IOP) measurement and corneal quality
parameters were evaluated with swept-source anterior
segment optical coherence tomography (AS-OCT) at each
follow-up visit.

2.1. Surgical Technique and Graft Preparation. Donor cor-
neas were obtained with the multiorgan procurement
method and in the dissecting room during autopsy. Cor-
neoscleral buttons were stored in Eusol-C medium
(Alchimia, Italy) in hypothermic storage at 2-6°C at the
West Pomeranian Eye Tissue Bank in Szczecin. The pre-
storage evaluation of the endothelium was performed by
specular microscopy (Konan CellCheck EB-10, Konan
Medical, USA). All corneas had an endothelial cell count of
at least 2800 cells/mm’.

Journal of Ophthalmology

Direct preparation of the graft before transplantation
took place in the operating theatre. All grafts were stripped
and left on their natural support immersed in 0.06% trypan
blue dye (Vision blue; D.O.R.C). Then, grafts were trephined
by the surgeon to the desired diameter (6.0-8.0 mm) using a
Hessburg-Barron donor corneal punch (Barron Precision
Instruments, USA).

Each surgery was performed by the same surgeon. All
patients underwent prophylactic basal laser iridectomy at 6
o’clock position before endothelial keratoplasty to minimize
the risk of postoperative pupillary block. Patients with
retinal diseases significantly affecting visual acuity were
excluded from the study. All procedures were performed
with peribulbar block.

The epithelium of the recipient was marked to guide the
subsequent Descemetorhexis and to allow the correct
positioning and perfect centring of the transplanted donor
flap. The anterior chamber (AC) of the eye was then entered
through a clear corneal incision. After the injection of a
hyaluronate viscoelastic material, the endothelium and the
Descemet membrane were stripped using an inverted
Price-Sinskey hook. The stripping diameter was 1mm
wider than the graft diameter. The viscoelastic material was
rinsed after stripping. The removed flap was exposed on the
anterior surface of the receiver’s cornea to verify its
integrity.

The surgery was performed following the “no-touch”
technique. The trephined DMEK graft was carefully de-
tached from the surrounding Descemet membrane, im-
mersed in sterile balanced salt solution, and aspirated into
the transparent glass cartridge (Geuder AG, Germany). The
rolled graft was injected into the AC with slow and con-
tinuous pressure through the main incision (2.4 mm). The
graft was then unfolded and positioned using the tap-tap
technique. After ensuring the correct orientation and cen-
tration, the graft was pressed against the recipient stroma by
injecting SF6 underneath. One nonabsorbable 10-0 suture
was applied to the operating port and kept until the first-
week follow-up visit.

All patients were instructed to stay in a supine po-
sition until the first postoperative flap position control
was done. In the case of a pupillary block or ocular
hypertension, topical mydriatics were administered, or if
this procedure was insufficient, a small quantity of air was
released from the AC in the operating theatre. The
postoperative treatment consisted of a topical antibiotic
given 4 times a day for 1 week and topical preservative-
free dexamethasone sodium phosphate 8 times a day for
the first month. The topical steroid was tapered down to
one drop every other day and then discontinued overa 1-
year period.

2.2. Visual Acuity and Endothelial Cell Count Measurements.
Visual function was assessed in all participants by evaluating
BCVA using a Snellen chart. The result was recorded in the
decimal system.

The ECC was measured at each follow-up visit using a
specular microscope (EM-4000, Tomey, Japan).
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2.3. AS-OCT Measurements. Both corneal thickness and
keratometry values were determined using a swept-source
anterior segment OCT CASIA2 (Tomey, Japan). During the
entire observation period, the CASIA2 was placed in the
same room under the same lighting conditions. All mea-
surements were taken by trained operators. Operators gently
held patients’ eyelids to avoid putting pressure to the globe.
The scan was performed using the autoalignment function.
The CASIA 2 measurements were obtained with the corneal
map mode of the anterior segment module. The images were
analyzed by built-in 2D analysis software that automatically
calculated the measurements along with the structural
outlines and reference lines. The outline tracer was edited
where needed.

Central corneal thickness (CCT) (um), mean kera-
tometry values (D), astigmatism power (D) and axis (°),
astigmatism asymmetry (D), and higher-order aberration
(HOA) power (D) were recorded and analyzed at assumed
time points after surgery using the Fourier analysis 3D/2D
function. Measurements were read from both the anterior
and posterior surfaces of the cornea, and the total values
were taken into account. All parameters were assessed at
optical zones (OZs) with 3 and 6 mm diameter. The image
quality was assessed during acquisition by the operator. Only
well centred measurements with high-quality indexes were
included in the study.

2.4. Statistical Analysis. The statistical analysis was con-
ducted using Statistica software. Parametric variables were
established by the Shapiro-Wilk test. The Wilcoxon signed-
rank test was used to compare the preoperative and post-
operative values. The correlations between the baseline
variables and the corneal parameters were analyzed with
Spearman’s rank correlation coeflicient (Rs). A p value of
less than 0.05 was considered significant.

3. Results

3.1. Baseline Characteristics of the Study and Donor Groups.
Twenty-four eyes of 21 patients qualified for DMEK surgery
(n=24). No graft failures or rejections were observed. The
preoperative characteristics of the patients, as well as donor
graft characteristics, are shown in Table 1. The study group
consisted of 5 men and 16 women. The mean age of the
patients was 66.25+ 11.23 years. All men and 12 women
underwent surgery secondary to FECD. In 4 women, the
indication for surgery was PBK. At baseline, the mean
values of BCVA and CCT were 0.2 and 680.50 ym,
respectively.

3.2. The Influence of DMEK Surgery on BCVA. First, the
influence of DMEK surgery on BCVA improvement was
evaluated (Figure 1(a)). The median baseline BCVA was 0.2,
and it increased gradually at the consecutive follow-up visits
(median=0.5 at the 1st month, median=0.6 at the 3rd
month, median = 0.8 at the 6th month, and median =1 at the
12th month).

3.3. The Dynamics of Changes in Endothelial Cell Count and
Central Corneal Thickness. Next, the dynamics of the
changes in endothelial cell count after DMEK surgery were
analyzed (Figure 1(b)). A significant decrease of 51,67% in
ECC value was noted after 1st month compared to baseline
(median = 3045.5 cellsy/mm? at baseline and median=1472
cellsymm? at the 1st month after surgery; p<0.001). No
significant changes in ECC values (cells/mmz) at the Ist, 3rd,
and 6th month after surgery were noted. Subsequently, we
observed a significant reduction in ECC at the 12th month
compared to the values recorded at the 6th month.

Regarding corneal thickness, in comparison with the
baseline values (um) (Figure 1(c)), CCT decreased signifi-
cantly at the 1st month after the procedure, remaining stable
and unchanged from the 1st month until the 6th month
postoperatively. Then, we observed a significant increase in
CCT at the 12th month compared to the values recorded at
the 6th month.

3.4. The Dynamics of Changes in Corneal Topography.
Further, we analyzed the dynamics of changes in kera-
tometry recordings after DMEK surgery (Table 2). No sig-
nificant changes in the magnitude of anterior keratometry
values (D) between the follow-up time points were noted.
Similarly, we observed no significant changes in total
keratometry between time points with only one exception:
the values noted at the 1st month postoperatively were lower
than those recorded preoperatively exclusively in the 6 mm
OZ group. This could suggest that the DMEK procedure
might not have an impact on anterior and total keratometry
values. Regarding the posterior corneal surface, we observed
a significant reduction in keratometry values at the Ist
month compared to baseline values. Then, a significant
increase in posterior keratometry recordings at the 3rd
month compared to the 1st month was noted. Accordingly,
the values obtained at the 6th month were higher than those
observed at the 3rd month postoperatively. The posterior
keratometry recordings stabilized at the 6th month,
remaining unchanged until the 12th month after surgery
(median =—6.34 D for 3 mm OZ and median=-6.32D for
6 mm OZ, p =0.38 and p = 0.26, respectively).
Afterwards, the influence of the DMEK procedure on
astigmatism changes was evaluated (Table 2). We observed a
significant reduction in the anterior, posterior, and total
astigmatism magnitude at the 12th month follow-up visit
postoperatively compared to baseline values (D). Interest-
ingly, no changes in total astigmatism power were detected
directly after the procedure at the 1st month after DMEK
procedure compared to preoperative values. A subsequent
reduction in total astigmatism power was detected only at
the 3rd month after the procedure compared to values
recorded at the 1st month visit, with subsequent stabilization
of astigmatism power from the 3rd month up to the 12th
month of follow-up. A similar pattern of astigmatism re-
duction was observed for the anterior and posterior cornea
at the 3 mm and 6 mm OZ. Additionally, we noted a sig-
nificant decrease in posterior astigmatism power at the 6th
month compared to baseline values exclusively in the 6 mm
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TasLE 1: Preoperative characteristics of the patient and donor corneas.

Parameter Value

Preoperative BCVA (decimal) 0.22+0.15

Preoperative CCT (um) 680.50 + 89.6

Recipient age (y) 66.25+11.23

Recipient sex (m/f) 5/16

Donor age (y) 60.08 +£6.23

Donor sex (m/f) 11/13

Donor graft ECC (cells/mm?) 3057.83 +317.73

Type of cornea donation 19 multiple organ procurements, 5 procurements during the autopsy
Indications for the surgery (FECD/PBK) 19/4

BCVA =best corrected visual acuity (in decimal values); CCT =central corneal thickness; y = years; m = male; f=female; ECC = endothelial cell count;
FECD = Fuchs endothelial corneal dystrophy; PBK = pseudophakic bullous keratopathy. Where possible, data are presented as the mean + standard deviation
(SD).
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FiGure 1: Boxplots showing (a) endothelial cell count (ECC), (b) best corrected visual acuity (BCVA), and corneal thickness ((c) apex-
central and (d) thinnest) at baseline and at the 1st, 3rd, 6th, and 12th month after DMEK surgery. ns=not significant.

43



Publikacje stanowigce rozprawe doktorskg

Journal of Ophthalmology

TaBLE 2: The dynamics of changes in mean keratometry, astigmatism magnitude, astigmatism asymmetry, and higher-order aberration
power between the follow-up time points in the different corneal optical zones after Descemet membrane endothelial keratoplasty.

Baseline median 1-month median 3-month median 6-month median

12-month

(IQR) (IQR) (IQR) (IQR) median (IQR)
3 glzm 49.96 (4.96) 48.34 (2.85) 48.11 (2.90) 49.02 (2.68) 49.26 (2.68)
Anterior ey
o 49.39 (3.60) 47.47 (2.33) 47.47 (2.64) 48.72 (2.19) 48.77 (2.48)
3mm
oz -6.06 (0.89) -6.47 (0.40) -6.37 (0.35) -6.32 (0.41) -6.34 (0.31)
Mean keratometry (D) Posterior b
(')“Zm -6.01 (0.90) -6.51 (0.37) -6.35 (0.40) -6.29 (0.45) -6.32 (0.29)
3mm
oz 43.88 (4.46) 42,07 (2.18) 41.92 (2.29) 42.76 (2.21) 42.92 (2.31)
Total
6(’)“2’" 43.41 (3.38) 41.17 (2.08) 41.46 (2.18) 42.45 (1.93) 42.58 (2.28)
3mm
s 1.47 (1.01) 1.58 (1.28) 0.93 (0.83) 0.92 (0.68) 0.88 (0.90)
Anterior b- S
oz 1.37 (0.97) 1.38 (1.25) 0.87 (0.57) 0.83 (0.84) 0.78 (0.81)
3mm
= 0.30 (0.30) 0.28 (0.20) 0.22 (0.13) 0.19 (0.13) 0.18 (0.14)
Mean astigmatism (D) Posterior 6
g‘zm 0.26 (0.2) 0.25 (0.14) 0.21 (0.115) 0.18 (0.09) 0.17 (0.08)
3mm
oz 1.31 (1.57) 1.63 (1.15) 0.89 (0.825) 0.93 (0.6) 0.835 (0.51)
Total
6cr;lzm 1.55 (1.08) 1.32 (1.08) 0.83 (0.58) 0.89 (0.65) 0.83 (0.755)
3mm
i 111 (1.79) 1.00 (0.59) 0.57 (0.44) 0.50 (0.29) 0.49 (0.30)
Anterior G
& 1.50 (2.44) 1.09 (0.57) 0.74 (0.63) 0.74 (0.41) 0.63 (0.36)
3mm o 43 (0.54) 0.24 (0.23) 0.18 (0.09) 0.15 (0.1) 0.13 (0.09)
Astigmatism s 0z ’ ’ : ’ : : ’ ’ ’ ’
mtiietey’ (D) Posterior S
asy P 0.51 (0.66) 0.30 (0.18) 0.22 (0.10) 0.18 (0.1) 0.15 (0.11)
3mm
oz 1.41 (1.69) 0.78 (0.66) 0.62 (0.42) 0.51 (0.32) 0.55 (0.39)
Total
6(';12’“ 1.92 (2.53) 1.16 (0.76) 0.87 (0.60) 0.74 (0.46) 0.67 (0.44)
3mm
oz 0.48 (0.98) 0.34 (0.37) 0.28 (0.19) 0.28 (0.15) 0.22 (0.10)
Anterior i
oz 0.48 (0.7) 0.44 (0.56) 0.38 (0.195) 0.36 (0.22) 0.31 (0.125)
. 0.18 (0.16) 0.09 (0.05) 0.08 (0.06) 0.08 (0.06) 0.07 (0.05)
Higher-order ; oz ' ' : : ’ ’ ’ : ' ’
berrations (D) Fosterigr 6mm
a yuci 0.17 (0.14) 0.11 (0.06) 0.085 (0.05) 0.09 (0.04) 0.09 (0.05)
3mm
o 0.46 (0.85) 0.37 (0.33) 0.27 (0.15) 0.27 (0.1) 0.21 (0.08)
Total
63‘2‘“ 0.53 (0.81) 0.43 (0.55) 0.37 (0.20) 0.35 (0.18) 0.305 (0.095)

Statistically significant values are shown in bold. p values are calculated for intervals “baseline-1st month,” “1st month-3rd month,” “3rd month-6th month,”

and “6th month-12th month.”

OZ. Interestingly, the axis of the baseline total astigmatism
remained unchanged throughout the whole follow-up pe-
riod (data not shown).

Next, we evaluated irregular corneal astigmatism with an
asymmetry of the astigmatic components (Table 2). We
observed a significant reduction in the anterior, posterior,

and total astigmatism asymmetry at the 12th month follow-
up visit postoperatively compared to baseline values (D). The
follow-up analysis of the astigmatism asymmetry dynamics
revealed a significant reduction at the examination con-
ducted 1 month after surgery with subsequent stabilization
of this parameter after the 6 months of observation.
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Accordingly, we found no differences in astigmatism
asymmetry (AA) values between the 6-month and 12-month
follow-up visits.

To provide a broad-based assessment of corneal to-
pography after DMEK surgery, we analyzed the higher-order
corneal aberrations (D) that may influence vision quality
and acuity (Table 2). A gradual HOA reduction of the total
cornea as well as the anterior HOA after the treatment was
observed up to the 12th month after surgery. Regarding
posterior HOA, a significant decrease in HOA values was
observed at early time points, while the values stabilized at
the 6th month and remained unchanged until the 12th
month postoperatively. Interestingly, a significant reduction
in posterior and total surface HOA was detected directly
after the procedure beginning from the Ist month after
surgery, while the values of anterior HOA did not decrease
until the 3-month follow-up visit.

3.5. The Potential Relationships between Corneal Parameters
at Consecutive Time Points after Surgery. In the next step, we
evaluated the potential relationships between corneal pa-
rameters at consecutive time points after surgery. We de-
tected that preoperative values of corneal parameters
strongly determined their changes detected after DMEK
surgery. Accordingly, we found negative correlations be-
tween baseline values of CCT, keratometry, astigmatism,
astigmatism asymmetry, and HOA and postoperative var-
iations in those parameters at consecutive follow-up time
points (Table 3). This finding indicates that the thicker the
cornea and the higher the values of keratometry, astigma-
tism, astigmatism asymmetry, and HOA preoperatively, the
lower the reduction in those parameters postoperatively.
Importantly, we determined that baseline CCT strongly
influences the changes in other corneal topographic pa-
rameters after surgery. Table 4 shows the correlations be-
tween baseline CCT and the changes in VA, CCT,
keratometry, astigmatism, astigmatism asymmetry, and
higher-order aberration values after DMEK surgery. We
found that preoperative CCT negatively correlated with
changes in corneal thickness, astigmatism power, astigma-
tism asymmetry, and HOA at the following postoperative
visits. This result indicates that the thicker the cornea before
surgery, the lower the decrease in magnitudes of regular and
irregular corneal astigmatism and HOA after DMEK

surgery.

4, Discussion

Endothelial corneal transplantation techniques are con-
stantly being improved, and their continuous development
contributes to more effective and safer treatment of patients
with endothelial damage.

Many previous studies have focused on the variations in
visual acuity and corneal topographic parameters in 6- or 12-
month observation periods, comparing them to the baseline
conditions [7, 13, 23, 24]. Very few studies have also ana-
lyzed the dynamics of changes in topographic recordings at
individual visits during the observation period [19].

Journal of Ophthalmology

This retrospective study provided such detailed analysis
of the relationships between the dynamic status of corneal
topographic parameters, corneal thickness, best corrected
visual acuity, and endothelial cell count analyzed at several
postoperative follow-up points throughout a 1-year obser-
vation period.

Our data provided evidence that posterior keratometry
recordings decreased just after the operation at the 1st
month postoperatively compared to those recorded pre-
operatively, which indicates a steepening of the posterior
corneal curvature. Altogether, the potential explanation is
that the recipient endothelium is replaced with an under-
sized donor graft; thus, the peripheral margin of the stripped
area is deprived of endothelial cells, causing marginal
thickening that is due to the unsealed endothelial cell barrier
at the peripheral corneal area. This consequence occurs with
subsequent steeping of the posterior corneal surface. With
time, the donor cells migrate and fill the gaps between re-
cipient and donor tissue, thus leading to a resolution of the
peripheral oedema and a flattening of the posterior corneal
surface. Subsequently, the cornea returns to a physiologically
hydrated status. Indeed, we found a significant increase in
posterior keratometry values at 3 and 6 months after DMEK
surgery, with subsequent stabilization at 6 to 12 months. Van
Dijk et al. in their large prospective study on DMEK indi-
cated that a potential cause of posterior keratometry de-
crease is the specific corneal healing process. In the early
phase after DMEK surgery, the cornea shows central thin-
ning while the periphery is still edematous, creating a
steepening of the posterior cornea curvature and a flattening
of the anterior cornea curvature, which results in a “hy-
peropic shift.” As the transplanted cornea returns to a
physiological hydration status, the induced hyperopic shift is
again reduced but still detectable in comparison to the
preoperative power [6].

In our study posterior keratometry outcomes coincided
with a decrease in ECC at the 12-month compared to the 6-
month measurements since endothelial cells have limited
potential to proliferate. We cannot exclude the possibility
that a decrease in ECC results in an increase of CCT at the
12th month postoperatively since we documented an in-
crease in CCT at the 12-month compared to the 6-month
values.

Indeed, similar patterns of ECC and CCT changes were
documented in previous studies [7, 11, 23-25].

Importantly, Brockmann et al, in their prospective
observational study [13], noted that patients with baseline
CCT over 625um might have a thicker cornea at the 12-
month follow-up. This finding is in line with our observation
that baseline CCT determines the variations in corneal
thickness after surgery since we found a strong negative
correlation between baseline and postoperative changes in
corneal thickness at subsequent postoperative visits.

Furthermore, we observed that the DMEK procedure did
not impact anterior or total keratometry values. This ob-
servation is in line with the data of Kwon et al, who
documented that total keratometry did not change signifi-
cantly after the DMEK procedure and that postoperative
values were comparable to those in the healthy cohort.
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TasLE 3: The correlations between changes in VA, CCT, keratometry, astigmatism, astigmatism asymmetry, and higher-order aberration

and baseline values of those parameters.

The change of the The change of the The change of the The change of the

Correlation

selected parameter at 1 selected parameter at 3 selected parameter at 6 selected parameter at
month as compared to months as compared to months as compared to 12 months as compared

baseline baseline baseline to baseline
Baseline BCVA —0.11 ~0.28 ~0.19 ~0.57
Baseline CCT ~0.90 —0.87 ~0.91 ~0.91
3mm -0.79 ~0.84 ~0.81 ~0.85
. 0z
Anterior 6 mm
o -0.72 -0.76 —0.75 -0.78
Imm
Baseline mean ‘ o7 -0.86 —0.94 -0.93 -0.92
keratometr Posterior 6 mm
Y -0.83 -0.87 ~0.89 -0.89
0z
3mm ~0.88 ~0.89 ~0.87 ~0.90
QZ
Total 6mm
o7 -0.86 -0.86 —0.87 -0.86
3mm -0.46 -0.84 -0.86 -0.70
. OZ
Anterior 6 mm
o ~0.13 ~0.59 —0.65 —0.57
3Imm
Baseline mean . 0z —0.64 —0.83 —0.83 —0.74
astigmatism Posterior 6 mm
& -0.55 ~0.83 -0.84 -0.75
0z
3mm -0.52 -0.86 -0.86 -0.78
oz
Total 6mm
o7 ~0.40 -0.76 -0.81 -0.74
3mm -0.12 ~0.14 ~0.12 -0.16
. OZ
Anterior 6mm
o -0.01 ~0.14 +0.05 +0.05
Baseline 3 81;‘ -0.90 -0.95 -092 -0.94
astigmatism Posterior 6 mm
asymmetry oz -0.92 -0.93 -0.91 -0.94
3mm -0.91 -0.92 -0.95 -0.91
0z
Total Smm
-0.90 -0.94 -0.96 -0.91
0z
3mm —0.84 —0.87 ~0.88 ~0.97
) 0z
Anterior 6mm
o7 —0.80 -0.92 -0.92 -0.98
3
Baseline higher- or ~0.89 -0.93 ~0.90 -0.95
order Posterior 6mm
aberrations oz -0.85 -0.87 -0.85 -0.89
3mm -0.83 -0.85 -0.93 -0.98
OZ
Total 6mm
o7 ~0.81 -0.94 -0.95 -0.97

The correlations were calculated for 4 consecutive time points, i.e, 1, 3, 6, and 12 months postoperatively. Significant values are shown in bold.

Accordingly, the authors found that the anterior corneal
surface remained relatively unchanged, whereas the posterior
corneal surface displaced forward [19]. On the other hand,
Van Dijk et al, in a large prospective study of 217 eyes,

evaluated the keratometry outcomes of patients after the
DMEK procedure and showed a pre- to postoperative change
in the spheric equivalent of +0.41+1.06 D for the whole
study group [6]. Similarly, Ham et al,, in a study of 50 eyes,
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TasLE 4: The correlations between baseline CCT and the changes in VA, CCT, keratometry, astigmatism, astigmatism asymmetry, and
higher-order aberration values obtained in the 3 and 6 mm optical zones after DMEK surgery.

Correlation of baseline CCT and At baseline At 1 month At 3 months At 6 months At 12 months
BCVA change -0.54 +0.20 +0.26 +0.20 +0.27
CCT change 1.00 -0.90 -0.87 -0.91 -0.91
AftetioE 3 mm OZ +0.04 -0.005 -0.03 -0.01 -0.14
6 mm OZ -0.01 -0.07 -0.03 +0.01 -0.06
Mean keratometry change Posterior 4 i - T ey = 0
6 mm OZ +0.08 -0.22 -0.12 -0.13 -0.18
Total 3 mm OZ +0.05 -0.07 -0.03 +0.02 -0.15
6 mm OZ +0.02 -0.09 -0.06 +0.002 -0.09
R 3 mm OZ +0.42 -0.18 -0.45 -0.50 -0.56
6 mm OZ +0.48 -0.30 -0.52 -0.57 -0.63
M y . ki P . 3 mm OZ +0.52 -0.62 -0.54 -0.52 -0.62
ean astigmatism change osterior 4D 0ak —0.45 —0.44 ~0.49
Total 3 mm OZ +0.49 -0.31 -0.54 -0.55 -0.65
6 mm OZ +0.66 -0.41 -0.62 -0.65 -0.70
Anterior MM OZ  +0.58 -0.20 -0.29 +0.07 -0.11
6 mm OZ +0.51 -0.15 -0.31 +0.02 +0.02
Astigmatism asymmetry change  Posterior A7 058 =036 A5l ~0.52 =058
6 mm OZ +0.62 -0.49 -0.52 -0.56 -0.66
Total 3 mm OZ +0.61 -0.58 -0.55 -0.53 -0.60
6 mm OZ +0.59 -0.45 -0.53 -0.54 -0.66
Anterior 3MMOZ  +0.44 -0.33 -0.44 -0.53 -0.54
6mmOZ  +0.48 -0.31 -0.40 -0.46 -0.54
High i b : h P g 3 mm OZ +0.73 -0.64 -0.63 -0.57 -0.68
igher-order aberrations change = Posterior +0.77 -0.77 —0.65 ~0.58 —o71
Total 3 mm OZ +0.56 -0.35 -0.48 -0.64 -0.61
6 mm OZ +0.57 -0.36 -0.48 -0.50 -0.60

Correlations were calculated for 4 consecutive time points, i.e., 1, 3, 6, and 12 months postoperatively. At the zero observation time point, baseline CCT values

refer to baseline absolute values of listed parameters. Significant values are shown in bold.

showed a pre- to postoperative hyperopic shift of +0.32 + 1.01
D at the 6-month follow-up after DMEK surgery [26]. A
change in total refractive corneal power was the result of
posterior surface MK change, since the anterior corneal
curvature in Scheimpflug imaging was stable. Nevertheless,
the authors concluded that normal intraocular power no-
mograms for cataract surgery should be applied before or
during DMEK surgery. Dirisamer et al. demonstrated nearly
the same behavior of pre- to postoperative refractive changes
[27]. On the other hand, the data presented by Alnaweiseh
et al. show a significant change in the refractive power of the
posterior surface of the cornea and thus a decrease in the total
refractive power of approximately 1 D, whereas the anterior
cornea remained nearly unchanged [18]. Interestingly, the
retrospective cohort study published by Fritz et al. has proven
that patients with centrally flatter, oblate posterior corneas
(positive posterior Q) are at higher risk of having postop-
erative hyperopic shift than other patients. Authors suggest
that subtracting 0.5 D of planned refraction before con-
ducting triple procedure (combined DMEK and cataract
surgery) in those eyes significantly reduce unexpected hy-
peropia [28]. Accordingly, Diener et al. indicated Q value and
Rpa parameter, which was calculated as the posterior to
anterior corneal curvature radii ratio, as surrogate markers to
identify eyes that might be at risk of a greater postoperative
hyperopic shift after DMEK [29]. Bearing in mind the above
studies, Campbell et al. evaluated the refractive accuracy of

different IOL formulas and proposed Haigis formula to
reduce the hyperopic error in patients undergoing the triple
procedure [30].

Taken together, the observed inconsistences between
studies might have been associated with the use of different
topography devices, possible differences in operating tech-
nique and donor tissue preparation, different conditions of
donor graft storage, or differences in the criteria for study
group selection. Thus, we suggest that while carrying out
such procedures, surgeons should create their own intra-
ocular power nomograms for cataract surgery before or
during DMEK surgery based on their definite observations
and own experience.

Data on corneal aberrations after DMEK surgery differ
between studies and are not consistent. In terms of astig-
matism power astigmatism power, we documented a re-
duction in the total astigmatism power detected exclusively
between the 1st and 3rd months after the procedure with
subsequent stabilization of astigmatism magnitude. Con-
trary to our study, the recent report by Gundlach et al.
presented the opposite pattern of a decrease in astigmatism
from the 3rd to the 12th month postoperatively [31].
However, the authors scheduled only two postoperative
examinations, while our study provided a more detailed
analysis based on four follow-up time point observations.
On the other hand, Guerra et al., in their prospective,
consecutive, interventional series of 136 eyes, did not
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observe any significant changes between post- and preop-
erative astigmatism [11]. Accordingly, Shajari et al. con-
cluded that the extent of corneal astigmatism change after
the DMEK procedure in patients with Fuchs endothelial
dystrophy is not predictable, which might explain the
mentioned discrepancies between published data [20]. It is
also worth mentioning that the axis of the baseline total
astigmatism remained unchanged throughout the whole
follow-up time in our study. Hence, it can be concluded that
the DMEK procedure did not induce secondary astigmatism
itself. Accordingly, when analyzing the asymmetry of
astigmatism components, we found that astigmatism
asymmetry remained stable 6 months postoperatively. With
regard to higher-order aberrations, we documented that
corneal HOA underwent a gradual reduction throughout the
whole 12-month observation time, suggesting the ongoing
process of tissue remodeling from a long-term perspective.
This outcome corresponds with the gradational improve-
ment in vision acuity recorded at subsequent visits in our
study. It is noteworthy that previous analyses reporting the
changes in HOA after the DMEK procedure are inconclu-
sive. Contrary to our data, Duggan et al. reported no dif-
ferences in HOA values documented at 12 months
postoperatively compared to preoperative values for the total
and anterior cornea. The only differences the authors found
were for the posterior cornea 6 months after DMEK surgery.
Likewise, Gundlach et al. [31] did not show differences
between pre- and postoperative anterior and posterior HOA
values at the 12-month follow-up. On the other hand, the
investigation of Hayashil et al. documented a significant
decrease in anterior, posterior, and total HOA recordings
starting from the 3rd month after surgery. Accordingly, the
authors found no changes in HOA values in early postop-
erative follow-up times up to the 3rd month [32]. The
possible explanation for this discrepancy is diverse stages of
endothelial decompensation at baseline in various studies
strongly interrelated with differential preoperative visual
acuity and corneal thickness. This possibility is supported by
our observation that baseline CCT influences the changes in
corneal topographic parameters after surgery and negatively
correlates with the changes in corneal thickness, astigmatism
power, astigmatism asymmetry, and HOA at subsequent
postoperative visits. These observations are consistent with
previous studies, as baseline CCT represents an efficient
predictor for relevant outcome parameters after DMEK
surgery [13]. Our findings support the view that different
preoperative conditions of corneal oedema may result in
different corneal curvature and pachymetry changes. Thus,
the more “decompensated” corneas preoperatively are ex-
pected to present higher values of regular and irregular
corneal astigmatism with an asymmetry of the astigmatic
components and HOA after surgery.

Importantly, we detected that preoperative values of
corneal topographic parameters strongly determined the
changes detected after DMEK surgery since we found
negative correlations between their baseline values and
postoperative variations. This result strongly corroborates
the notion that early therapeutic intervention results in
better visual outcomes.

In conclusion, the results of our study provide valuable
information regarding the dynamics of postoperative changes
in corneal parameters after the DMEK procedure. The pre-
sented data clearly demonstrate that the stabilization of most
corneal topographic parameters (ie., mean keratometry,
mean astigmatism, and asymmetry of astigmatism) takes
place within 6 months after the procedure, whereas HOA and
BCVA gradually improve during the first year after surgery.
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Whnioski

6.

WNIOSKI

1. Parametry refrakcji, takie jak §rednia keratometria i moc oraz asymetria astygmatyzmu

ulegaja stabilizacji W pierwszych sze$ciu miesigcach po zabiegu DMEK, co wskazuje, ze
technika ta warunkuje stosunkowo szybka rehabilitacje wzrokowa po zabiegu.

Technika DMEK nie zmienia w znaczacy sposob wartosci keratometrii catkowitej, dzigki
czemu nie indukuje przesunigcia nadwzrocznego. Odmienna sytuacja ma miejsce
w przypadku techniki UT-DSAEK, ktora generuje istotne zmiany $rednich wartosci
keratometrii przedniej oraz tylnej powierzchni rogéwki, jak rowniez zmiany jej wartosci
catkowitych. Majac na uwadze potencjalne ryzyko powstania jatrogennej wady refrakc;ji
po zabiegu przeszczepienia rogowki metoda UT-DSAEK, U pacjentow
zakwalifikowanych do keratoplastyki z wykorzystaniem tej techniki operacyjnej
wskazana jest modyfikacja kalkulacji soczewki przed operacja zaémy.

Roznice W pooperacyjnych  wartoS§ciach ECC pomigdzy obiema technikami
operacyjnymi, wskazuja na istotnie wyzsza utrate komorek srodbtonka po zabiegu UT-
DSAEK, co odzwierciedla znaczaco wyzszy stopien inwazyjnoSci tej techniki
w poréwnaniu do techniki DMEK.

Brak istotnych réznic W zakresie zmian calkowitych warto$ci parametrow
topograficznych rogéwki pozwala zatozy¢ iz UT-DSAEK stanowi alternatywe dla
DMEK, szczegodlnie W oczach z obecnoscig powiktan, z zaburzong anatomig komory
przedniej i u pacjentdw niewspotpracujgcych.

Wielko$¢ aberracji wyzszego rzedu ulega stopniowej redukcji na przestrzeni rocznego
okresu obserwacji, niezaleznie od zastosowanej techniki operacyjnej, co wskazuje na
dhugofalowos$¢ procesu przebudowy rogdwki po przeszczepie.

Istnienie licznych zaleznoSci pomiedzy wartoSciami poszczegdlnych parametrow
rogéwki,  korelacje  pomigdzy przedoperacyjnymi  warto§ciami  parametrow
topograficznych rogdéwki i ich zmianami po operacji, jak rowniez pomiedzy wyjsciowa
ostroscig wzroku a pooperacyjng gruboscig rogowki, wskazujg na zasadnos¢ wczesnie
podjetej interwencji chirurgicznej u pacjentow dotknigtych dystrofia Fuchsa lub
pseudofakijng keratopatia pecherzowa. Mozna wnioskowac, iz wczesniejsza interwencja
terapeutyczna pozwoli osiagna¢ lepsze wyniki W zakresie jako$ci widzenia po zabiegu,

niezaleznie od wybranej metody operacyjne;.
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7. STRESZCZENIE ROZPRAWY DOKTORSKIEJ W JEZYKU
POLSKIM

Tytut pracy: Wptyw keratoplastyki warstwowej tylnej na wybrane parametry rogowki — ocena
tomograficzna, implikacje kliniczne.

Wstep: Choroby $rodbtonka rogowki stanowig glowne wskazanie do keratoplastyki
warstwowej tylnej na calym $§wiecie. Dotychczasowe badania jednoznacznie wskazuja na
lepszy profil bezpieczenstwa iznaczaco mniejsza ingerencj¢ W morfologi¢ rogdéwki po
zastosowaniu nowoczesnych technik keratoplastyki warstwowej, takich jak UT-DSAEK
i DMEK, w poréwnaniu do klasycznej operacji DSAEK. W niniejszej rozprawie porownano
zmiany parametrOw topograficznych rogéwki, takich jak: grubo$¢ rogoéwki, $rednia
keratometria, Sredni astygmatyzm, asymetria astygmatyzmu oraz wielko$¢ aberracji wyzszego
rzedu po zabiegu UT-DSAEK oraz DMEK, a takze zmiany ostro$ci wzroku i gestosci komorek
srédblonka na przestrzeni 12 miesiecy obserwacji. Dodatkowo dokonano szczegdtowej analizy
zmian parametrow rogowki w 1, 3, 6 i 12 miesigcu po zabiegu, U pacjentow po keratoplastyce
warstwowej tylnej DMEK.

Materiat 1 metody: Do badan wlaczono 43 pacjentow (48 oczu) z dystrofia Fuchsa lub
pseudofakijng keratopatia pecherzowa, ktorzy zostali poddani zabiegowi keratoplastyki
warstwowej tylnej metoda DMEK lub UT-DSAEK. Wszyscy pacjenci mieli wykonane petne
przedoperacyjne badanie okulistyczne, obejmujgce pomiar najlepszej skorygowanej ostrosci
wzroku, ci$nienia Srodgatkowego, gestosci komoérek srodbtonka (ECC), szczegdlowa ocene
przedniego i tylnego odcinka oka w lampie szczelinowej oraz badanie optycznej koherentnej
tomografii przedniego odcinka oka. W badaniu AS-OCT oceniano parametry rogéwki, takie
jak: grubos¢ w centrum (CCT), s$rednia keratometria, $redni astygmatyzm, asymetria
astygmatyzmu oraz aberracje wyzszego rzedu (HOA). Pomiary byly wykonywane w obszarze
przedniej itylnej powierzchni rogéwki, anastgpnie oceniano ich warto$ci catkowite,
obejmujace sumaryczne warto$ci Z uwzglednieniem obu powierzchni rogowki. Panel badan
powtarzano na wizytach kontrolnych po 1,3, 6 i 12 miesigcach od zabiegu. Dodatkowo zbadane
zostaly wzajemne zaleznosci I korelacje pomigedzy badanymi parametrami W poszczegdlnych
punktach kontrolnych.

Wyniki: W przedstawionym cyklu prac oryginalnych wykazano stopniowa poprawe najlepszej
skorygowanej ostrosci wzroku po DMEK na przestrzeni calego okresu obserwacji. Wartos$ci
BCVA nie rdznily si¢ istotnie pomiedzy grupami, Z wyjatkiem ostatniego punktu kontrolnego

na korzys$¢ techniki DMEK.
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Wykazano istotne réznice W zakresie pooperacyjnej gestosci komorek srédbtonka na
korzy$¢ techniki DMEK.

W obu grupach zaobserwowano dodatnig korelacj¢ pomiedzy przedoperacyjng
warto$cig BCVA azmianami CCT po 1,3,6 i 12 miesigcach po zabiegu. W grupie DMEK
zaobserwowano rowniez korelacje pomig¢dzy przed- ipooperacyjnymi wartosciami
parametréw topograficznych rogéwki. Odnotowano, iz wyjsciowa warto§¢ CCT silnie wptywa
na zmiany pozostatych parametréw rogdéwki po operacji, korelujac ujemnie ze zmianami
grubos$ci rogéwki, mocy astygmatyzmu, asymetrii astygmatyzmu oraz HOA.

Analiza zmian S$redniej keratometrii rogdéwki w stosunku do  wartosci
przedoperacyjnych wykazata istotny spadek wartosci catkowitych tego parametru we
wszystkich punktach kontrolnych w grupie UT-DSAEK (Srednia ro6znica miedzy wartos$cig
wyjsciowa a ostatnim punktem kontrolnym dla osi optycznej 3 mm = —1.42 + 1.87 D) i brak
istotnych zmian wartosci catkowitych tego parametru w grupie DMEK. W obu grupach
odnotowano istotng redukcje wartosci catkowitych mocy astygmatyzmu, poczawszy od 3.
miesigca po zabiegu W grupie DMEK, i dopiero w ostatnim punkcie kontrolnym w grupie UT-
DSAEK. W obu badanych grupach nie zaobserwowano zmian osi astygmatyzmu. Analiza
zmian warto$ci asymetrii astygmatyzmu oraz aberracji wyzszego rz¢du wykazala istotng
redukcje tych parametréw we wszystkich punktach kontrolnych w obu badanych grupach.
Redukcja centralnej grubosci rogdéwki zostala odnotowana we wszystkich punktach
kontrolnych zaréwno w grupie DMEK, jak i w grupie UT-DSAEK.

Analiza wieloczynnikowa skorygowana o wiek, poréwnujaca zmiany parametrow
topograficznych rogowki w stosunku do ich wartosci wyjsciowych pomiedzy grupami,
wykazata, ze procedura DMEK warunkowala istotnie wigkszy spadek centralnej grubosci
rogéwki W 12. miesigcu obserwacji, istotnie mniejszy spadek wartosci Sredniej Keratometrii
tylnej powierzchni rogowki w 1.,3.,6. i 12. miesigcu obserwacji oraz istotnie wigkszy spadek
mocy Sredniego astygmatyzmu tylnej powierzchni rogowki w 6. i 12. miesigcu obserwacji.
Wartosci uzyskane z powierzchni przedniej rogoéwki oraz wartosci catkowite powyzszych
parametrOw nie réznily si¢ istotnie pomigdzy grupami. Analiza warto$ci asymetrii
astygmatyzmu oraz aberracji wyzszego rzedu W kolejnych punktach kontrolnych wykazata
podobng dynamike zmian tych parametrow W obu badanych grupach.

Szczegdlowa analiza zmian parametrow rogéwki pomiedzy poszczegdlnymi punktami
kontrolnymi po zabiegu DMEK wykazata, iz warto$ci $redniej keratometrii tylnej powierzchni
rogowki ulegaly istotnej zmianie pomigdzy 1. a 6. miesigcem obserwacji, po czym

obserwowano stabilizacj¢ warto$ci tego parametru. Redukcja wartosci catkowitych mocy
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astygmatyzmu miata miejsce pomiedzy 1. a 3. miesigcem obserwacji, a redukcja wartosci

calkowitych asymetrii astygmatyzmu pomigdzy 1. a 6. miesigcem obserwacji. W kolejnych

punktach czasowych obserwacji warto$ci powyzszych parametréw nie ulegaly zmianie.

Stopniowa redukcja wartosci catkowitych HOA odbywata si¢ na przestrzeni catego okresu

obserwacji.

Whnioski: Analiza catosci uzyskanych wynikow pozwolita na sformutowanie nastepujacych

wnioskow:

1.

Parametry refrakcji, takie jak $rednia keratometria i moc oraz asymetria astygmatyzmu
ulegajg stabilizacji W pierwszych sze$ciu miesigcach po zabiegu DMEK, co wskazuje, ze
technika ta warunkuje stosunkowo szybka rehabilitacje wzrokowg po zabiegu.

Technika DMEK nie zmienia w znaczgcy sposob wartosci keratometrii catkowitej, dzigki
czemu nie indukuje przesunigcia nadwzrocznego. Odmienna sytuacja ma miejsce
w przypadku techniki UT-DSAEK, ktora generuje istotne zmiany $rednich warto$ci
keratometrii przedniej oraz tylnej powierzchni rogéwki, jak rowniez zmiany jej wartosci
catkowitych. Majac na uwadze potencjalne ryzyko powstania jatrogennej wady refrakcji
po zabiegu przeszczepienia rogowki metoda UT-DSAEK, U pacjentow
zakwalifikowanych do keratoplastyki z wykorzystaniem tej techniki operacyjnej
wskazana jest modyfikacja kalkulacji soczewki przed operacja za¢my.

Roéznice  w pooperacyjnych  wartosciach ECC pomigdzy obiema technikami
operacyjnymi, wskazuja na istotnie wyzsza utrate komorek srodbtonka po zabiegu UT-
DSAEK, co odzwierciedla znaczaco wyzszy stopien inwazyjnosci tej techniki
w porownaniu do techniki DMEK

Brak istotnych r6znic W zakresie zmian catkowitych warto$ci parametrow
topograficznych rogoéwki pozwala zatozy¢ iz UT-DSAEK stanowi alternatywe dla
DMEK, szczegdlnie W oczach z obecnoscia powiktan, z zaburzong anatomia komory
przedniej i u pacjentdw niewspotpracujgcych.

Wielkos$¢ aberracji wyzszego rzgdu ulega stopniowej redukcji na przestrzeni rocznego
okresu obserwacji, niezaleznie od zastosowanej techniki operacyjnej, O wskazuje na
dtugofalowo$¢ procesu przebudowy rogoéwki po przeszczepie.

Istnienie licznych zalezno$ci pomigdzy wartoSciami poszczegdlnych parametrow
rogowki, korelacje pomigdzy przedoperacyjnymi  wartosciami  parametrow
topograficznych rogowki i ich zmianami po operacji, jak rowniez pomigdzy wyjsciowa
ostro$cig wzroku a pooperacyjng gruboscia rogoéwki, wskazuja na zasadno$¢ wczesnie

podjetej interwencji chirurgicznej u pacjentow dotknigtych dystrofia Fuchsa lub
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pseudofakijng keratopatig pecherzowa. Mozna wnioskowac, iz wcze$niejsza interwencja
terapeutyczna pozwoli osiagnaé lepsze wyniki W zakresie jakosci widzenia po zabiegu,

niezaleznie od wybranej metody operacyjne;.
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8. STRESZCZENIE ROZPRAWY DOKTORSKIEJ W JEZYKU
ANGIELSKIM

Title: The influence of posterior lamellar keratoplasty on selected corneal parameters —
tomographic assessment, clinical implications.
Introduction: Corneal endothelial diseases are a major indication for posterior lamellar
keratoplasty worldwide. The conducted studies clearly indicate that modern lamellar
keratoplasty techniques, such as Descemet membrane endothelial keratoplasty (DMEK) and
ultrathin Descemet stripping automated endothelial keratoplasty (UT-DSAEK) are safer and
less invasive alternatives compared to the classic DSAEK technique. This dissertation
compares changes of corneal topographic parameters, such as: central corneal thickness (CCT),
mean keratometry, mean astigmatism, astigmatism asymmetry and the value of higher order
aberrations (HOA), as well as the changes in best corrected visual acuity (BCVA) and
endothelial cell count (ECC) over the 12-month observation period after UT-DSAEK and
DMEK surgery. Furthermore, a detailed time course changes in corneal topographic parameters
during the one-year follow-up after DMEK surgery was assessed.
Material and methods: This study enrolled 43 patients (48 eyes) with diagnosed Fuchs
endothelial corneal dystrophy (FECD) or pseudophakic bullous keratopathy (PBK), who
underwent DMEK or UT-DSAEK surgery. All patients had acomplete pre-operative
ophthalmologic examination, which included: the assessment of BCVA and ECC, intraocular
pressure measurements, slit lamp biomicroscopy, detailed fundus examination after pupil
mydriasis and anterior segment optical coherence tomography (AS-OCT). AS-OCT values,
such as: CCT, mean keratometry, mean astigmatism, astigmatism asymmetry and HOA were
measured in both: the anterior and posterior surfaces of the cornea and the total summarized
values from both surfaces were taken into account. All measurements were repeated at follow-
up visits 1,3,6 and 12 months after the surgery. Analysis considered also the correlations and
functional links between the examined parameters from all follow-up visits.
Results: The presented series of original papers shows a gradual improvement in best corrected
visual acuity after DMEK over the entire observation period. BCVA values did not differ
significantly between groups except for the last follow-up point in favor of the DMEK
technique.

Significant differences in postoperative endothelial cell count were shown in favor of
the DMEK technique.
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In both DMEK and UT-DSAEK group the positive correlation between preoperative
BCVA values and postoperative CCT changes in all follow-up points was detected. Moreover,
the correlation between pre- and postoperative corneal topographic parameters was detected in
DMEK group. In was noted that the baseline CCT value strongly influenced changes in other
corneal parameters after surgery, negatively correlating with changes in CCT, astigmatism
power, astigmatism asymmetry, and HOA.

Analysis of the changes in postoperative mean keratometry values compared to baseline
recordings for both groups revealed a significant decrease of total keratometry values in all
follow-up points in UT-DSAEK group (mean difference between the baseline value and the 12-
month follow-up visit at 3 mm optical zone = —1.42 + 1.87 D) and lack of significant changes
of this parameter in DMEK group. There was a significant decrease of total astigmatism values
in both groups, starting from the third month after surgery for DMEK group and only at the last
follow-up visitin UT-DSAEK group. There were no significant changes in the astigmatism axis
at 1, 3, 6 and 12 months after surgery compared to the baseline in either the DMEK or UT-
DSAEK group. The analysis of astigmatism asymmetry and HOAs changes at 1, 3, 6 and 12
months after surgery in both investigated groups, showed that their values decreased
significantly compared to the preoperative values. A reduction in central corneal thickness was
noted at all follow-up points in both DMEK and UT-DSAEK group.

Age-adjusted multivariate analysis comparing changes in corneal topographic
parameters with their baseline values between groups revealed that DMEK procedure was an
independent variable that was associated with a significantly higher CCT decrease at 12-month
follow up point, significantly smaller decrease in posterior mean keratometry at all follow-up
points and significantly higher posterior mean astigmatism decrease at 6- and 12-month follow-
up points. There were no significant differences in changes in anterior or combined surface
values between UT-DSAEK and DMEK groups throughout the observation period. The
dynamics of changes of astigmatism asymmetry and HOA values was similar in both groups.

A detailed analysis of the time course changes in corneal topographic parameters during
the one-year follow-up after DMEK surgery revealed that significant changes in posterior mean
keratometry values took place from the 1% month until the 6™ month postoperatively. Then, the
posterior keratometry recordings stabilized and remained unchanged until the last follow-up
point. A significant reduction in the total astigmatism magnitude between 1%tand 3" follow-up
point and in the total astigmatism asymmetry values between 1% and 6" follow up point was

detected. There were no differences in the values of the above-mentioned parameters at
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subsequent observation points. The gradual reduction in total HOA values took place over the

entire observation period.

Conclusions: Basing on the results of study, the following conclusions were drawn:

1.

The stabilization of refractive parameters, such as mean keratometry and power, as well
as astigmatism asymmetry takes place within 6 months after DMEK, which indicates
that this technique determines relatively quick visual rehabilitation after the surgery.
The DMEK technique does not significantly change the total keratometry values, and
therefore does not induce a hyperopic shift. On the contrary, UT-DSAEK technique
generates significant changes in both: mean values of posterior and anterior keratometry
as well as in total keratometry values. Considering the potential risk of iatrogenic
refractive error after corneal transplantation using the UT-DSAEK method, it is
recommended to modify the lens calculation before cataract surgery among the patients
awaiting for UT-DSAEK keratoplasty.

The differences in postoperative ECC values between both surgical techniques,
indicating a significantly higher endothelial cell loss after the UT-DSAEK procedure,
allow the assumption that UT-DSAEK is asignificantly more invasive operating
technique than DMEK.

The fact, that changes of total corneal parameters are comparable after both procedures,
allows to assume that UT-DSAEK might be an alternative to DMEK, especially in
complicated eyes, with disturbed anatomy of the anterior chamber and in non-
cooperating patients.

The magnitude of higher-order aberrations after the one-year observation period, is
gradually reduced regardless of the surgical technique used, which indicates the long-
term nature of the corneal remodeling process after keratoplasty.

Correlations between preoperative values of corneal topographic parameters and their
changes after surgery, as well as between baseline visual acuity and postoperative
corneal thickness, indicate the need for early surgical intervention in patients suffering
from Fuchs' dystrophy or pseudophakic bullous keratopathy. It can be concluded, that
earlier therapeutic intervention might allow to achieve better visual function after

surgery, regardless of the selected surgical method.
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