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Doswiadczenie i aktywnos¢ zawodowa:
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Rozdzial 4. Rozprawa doktorska

4.1 Wykaz stosowanych skrotow i oznaczen

ACG angle closure glaucoma, jaskra zamknigtego kata przesaczania

AHO aqueous humor outflow, odptyw cieczy wodnistej

BCVA best corrected visual aquity, najlepsza skorygowana ostros¢ wzroku

ECD endothelial cell density, ggstos¢ komorek srodbtonka rogowki

FDA Food and Drug Administration, Agencja Zywnosci i Lekow

10P intraocular pressure, ci$nienie wewnatrzgatkowe

MD mean deviation, $rednie odchylenie

MIBS microinvasive bleb surgery, minimalnie inwazyjna chirurgia pecherzykowa
MIGS microinvasive glaucoma surgery, minimalnie inwazyjna chirurgia jaskry
OAG open angle glaucoma, jaskra otwartego kata przesaczania

OCT optical coherence tomography, optyczna koherentna tomografia

POAG primary open angle glaucoma, jaskra pierwotna otwartego kata przesaczania
RNFL retinal nerve fiber layer, warstwa widkien nerwowych siatkowki
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4.2 Wstep

4.2.1 Fizjologia cieczy wodnistej oka

Ciecz wodnista jest produkowana przez nabtonek ciala rzgskowego, przeptywa z tylnej do
przedniej komory oka przez zrenicg, a nastepnie odplywa do krwioobiegu. Odptyw cieczy
wodnistej (AHO, aqueous humor outflow) z oka odbywa si¢ dwoma drogami: konwencjonalna,

poprzez beleczkowanie, oraz droga nieckonwencjonalng naczyniowkowo-twardowkowa.

Konwencjonalna $ciezka AHO dzieli si¢ na cze$¢ proksymalng i dystalng. Segment proksymalny
rozpoczyna si¢ w komorze przedniej, rozciaggajac si¢ przez beleczkowanie, kanat Schlemma
1 kanaly kolektorowe az do kanatow zbiorczych. Dystalna czg$¢ zaczyna si¢ od kanatow
zbiorczych, gdzie ciecz wodnista przechodzi do $rodtwardowkowego splotu zylnego matego,
a nastepniec wpltywa do zyt nadtwardowkowych [1]. W drodze konwencjonalnej miejscem
zwigkszonego oporu dla AHO jest beleczkowanie i jego struktury. W zdrowym oku, opdr ten jest
skoncentrowany gtéwnie w obszarze wewngetrznej $ciany kanatu Schlemma. Zmniejszenie oporu
odptywu nastepuje poprzez kurczenie migsnia rzgskowego lub relaksacje miofibroblastow tylnej
czesci beleczkowania oraz sasiadujacej ostrogi twardowki [2]. Droga konwencjonalna jest

odpowiedzialna za okoto 83-96% catkowitego przeptywu cieczy wodniste;j.

Druga $ciezka AHO, niekonwencjonalna, polega na dyfuzji cieczy wodnistej przez przestrzenie
srodmigzszowe ciata rzgskowego. Jest to mozliwe dzigki temu, ze przednia powierzchnia ciata
rzgskowego nie jest odgraniczona od komory przedniej oka warstwa nabtonka. W rezultacie ptyn
komorowy przedostaje si¢ do przestrzeni nadrzeskowej i nadnaczyniowkowej, skad moze
odptywac przez twardowke 1 zyly oczodotowe lub przez naczynidéwke 1 zyly wirowate. Odsetek
cieczy wodnistej odprowadzanej tg drogg stanowi od 10 do 57% catkowitego odptywu, zaleznie

od metod stosowanych do jego pomiaru [3].

4.2.2 Patofizjologia jaskry pierwotnej otwartego kata przesaczania

Jaskra jest to heterogenna grupa chordb neurodegeneracyjnych, charakteryzujacych si¢ przewlekia,
postepujaca utratg komorek zwojowych siatkéwki, co prowadzi do rozwoju neuropatii jaskrowe;j
nerwu wzrokowego 1 ubytkow w polu widzenia. Jedynym, istotnym klinicznie, modyfikowalnym
czynnikiem ryzyka rozwoju 1 progresji neuropatii jaskrowej jest wzrost ci$nienia
wewnatrzgatkowego (IOP, intraocular pressure). Progresja jaskry zostaje zazwyczaj skutecznie

zatrzymana, jesli IOP obnizy si¢ 0 30-50% w stosunku do wartos$ci wyjsciowej [4].
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Ocenia sig, ze globalnie 3,5% populacji w przedziale wiekowym od 40 do 80 roku zycia cierpi na
jaskre otwartego kata przesgczania (OAG, open angle glaucoma), podczas gdy czestos$é
wystepowania jaskry zamknigtego kata przesaczania (ACG, angle closure glaucoma) wynosi okoto
0,5% [5]. Pierwotna jaskra otwartego kata przesaczania (POAG, primary open angle glaucoma)
charakteryzuje si¢ prawidtowg morfologia kata przesaczania, podwyzszonym IOP oraz zanikiem
komorek zwojowych siatkowki i rozwojem neuropatii nerwu wzrokowego z typowymi ubytkami
w polu widzenia. Przyczyny rozwoju POAG wcigz pozostaja niejasne. Do najwazniejszych
czynnikoéw ryzyka POAG nalezy wiek oraz podwyzszone IOP. Wartos¢ 1OP zalezy od réwnowagi
miedzy wydzielaniem cieczy wodnistej przez ciato rzeskowe a jej odptywem z oka. U pacjentow
z POAG dochodzi do remodelingu w obszarze wewngtrznej Sciany kanatu Schlemma, co zwigksza
opor AHO i co za tym idzie zwigksza tez IOP. Najwicksza wrazliwo$¢ na wysokie IOP wykazuje
tylna cze$¢ gatki ocznej, szczegodlnie obszar blaszki sitowej. Kompresja aksonéw komorek
zwojowych siatkowki w obrebie blaszki sitowej zaburza przeptyw aksonoplazmy oraz zaktoca
wsteczny transport neurotrofin przez aksony komoérek zwojowych, co ostatecznie prowadzi do ich

$§mierci.

W patofizjologii POAG wazna role odgrywaja tez czynniki naczyniowe. Przeptyw krwi przez nerw
wzrokowy zalezy od ci$nienia perfuzji ocznej, ktore jest suma ci$nienia tetniczego skurczowego
1 jednej trzeciej r6znicy miedzy ci$nieniem skurczowym a rozkurczowym, pomniejszong o wartos¢
IOP. Wzrost ci$nienia w oku zmniejsza wigc ci$nienie perfuzji i zwigksza wrazliwo§¢ widkien

nerwu wzrokowego na uszkodzenia [6,7].

4.2.3 Leczenie jaskry pierwotnej otwartego kata przesaczania

Leczenie POAG obejmuje szeroki zakres metod majacych na celu obnizenie IOP, do ktorych
nalezy: farmakoterapia, zabiegi laserowe 1 chirurgiczne. Terapia poczatkowa jest zwykle
miejscowe leczenie farmakologiczne, w tym analogi prostaglandyn, ktére zwigkszaja AHO 1 sa
zalecane jako leki pierwszego rzutu ze wzgledu na swg wysoka skutecznos¢ (redukcja IOP o 25-
35%) 1 wygode stosowania (jedna dawka dziennie). Beta-blokery 1 inhibitory anhydrazy
weglanowej zmniejszaja IOP poprzez zmniejszenie produkeji cieczy wodnistej w oku. Agonisci
receptoréw alfa-2-adrenergicznych dzialaja dwutorowo, zaréwno redukuja produkcje jak
1 zwiekszaja odptyw cieczy wodnistej. Brak zadawalajacych efektow obnizenia IOP w monoterapii
jest wskazaniem do zastosowania dwoch lub wigcej preparatow kropli przeciwjaskrowych

jednoczesnie [8].
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Gdy poczatkowe, farmakologiczne leczenie jaskry nie przynosi oczekiwanych efektow, zaleca si¢
zastosowanie metod zabiegowych: laserowych w obrgbie kata przesaczania lub chirurgicznych.
W POAG leczenie chirurgiczne skierowane jest prawie wylacznie na zwigkszenie odplywu cieczy
wodnistej z oka. Mozna to uzyska¢ metodami, ktore utatwiajg drenaz w obregbie kanatu Schlemma
(sklerektomia gleboka, kanaloplastyka, mikroimplant iStent, goniotomia Kahook Dual Blade);
poprzez wytworzenie nowej, alternatywnej drogi odplywu (trabekulektomia), wreszcie poprzez
odprowadzenie cieczy wodnistej z gatki ocznej przez sztuczne przetoki filtrujace (operacje
setonowe) [9]. Wsrod zabiegow chirurgicznych o udowodnionym dziataniu obnizajagcym IOP
u pacjentow z jaskrg jest fakoemulsyfikacja. Przecietna redukcja IOP wynosi w tym przypadku od

1,4 do 3,1 mmHg [10-12].

4.2.4 Minimalnie inwazyjna chirurgia jaskry — definicja i podzial

Wyniki badania Collaborative Initial Glaucoma Treatment Study potwierdzaja, Ze leczenie
chirurgiczne jako pierwsza linia terapii jaskry zapewnia lepsza kontrole IOP niz poczatkowe
leczenie zachowawcze [13]. Zastosowanie metod chirurgicznych na poczatkowych etapach
rozwoju neuropatii jaskrowej powinno wigza¢ si¢ z wyborem technik jak najmniej inwazyjnych
1 najbardziej bezpiecznych dla pacjenta. Wymogi te spetnia minimalnie inwazyjna chirurgia jaskry
(MIGS, microinvasive glaucoma surgery). Skutecznos¢ 1 bezpieczenstwo to dwa glowne zatozenia
MIGS, ktore sa realizowane poprzez: 1) podejscie ab interno, czyli nacigcie w przejrzyste]
rogowce, ktore oszczgdza spojowke; 2) minimalng traumatycznos$¢ zabiegu na docelowej tkance;
3) efektywno$¢ w obnizaniu IOP; 4) wysoki profil bezpieczenstwa, wynikajacy z niewielkiego
ryzyka powaznych komplikacji; oraz 5) szybka rekonwalescencj¢ z minimalnym wptywem na
jakos¢ zycia pacjenta [14]. W 2014 roku Amerykanskie Towarzystwo Jaskrowe oraz Amerykanska
Agencja Zywnosci i Lekéw (FDA, Food and Drug Administration) uznaty, ze do grupy MIGS
nalezg zabiegi charakteryzujace si¢ wszczepieniem urzadzenia chirurgicznego, majacego na celu
obnizenie IOP poprzez mechanizm odptywu z podejscia ab interno lub ab externo, zwigzane
z bardzo malym lub brakiem naruszenia ciagtosci twardowki [15]. Ta nowa definicja rozszerza
zakres MIGS, wprowadzajac dodatkowa kategori¢ — minimalnie inwazyjng chirurgi¢

pecherzykowa (MIBS, microinvasive bleb surgery).

Biorgc pod uwage powyzsze definicje w charakterystyke chirurgii minimalnie inwazyjnej bardzo

dobrze wpisuje si¢ operacja wszczepienia mikroimplantu iStent.
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4.2.5 iStent — charakterystyka mikroimplantu

iStent®, mikroimplant pierwszej generacji (Glaukos, San Clemente, CA, USA) (posiada certyfikat
Unii Europejskiej od 2004 r. oraz rejestracje FDA od 2012 r.) jest tytanowym stentem w ksztalcie
litery "L" powlekanym heparyng, o dlugo$ci 1 mm i wysokosci 0,33 mm z otworem o $rednicy 120
um. Modele matematyczne przewiduja, ze §rednica Swiatta w stencie jest wystarczajaco duza, aby
efektywnie pomiesci¢ przeptyw cieczy wodnistej indukowany przez stent. Przy uzyciu wstgpnie
zatadowanego injectora iStent jest umieszczany przez beleczkowanie w kanale Schlemma,
w miejscu najwiekszej koncentracji kanatoéw kolektorowych (kwadranty dolno-nosowe) [16,17].
Mechanizm dziatania iStentu polega na poprawie AHO z komory przedniej do kanalu Schlemma,
z pominigciem miejsca najwigkszego oporu odptywu, czyli beleczkowania [18]. iStent moze by¢

wszczepiany samodzielnie lub podczas fakoemulsyfikacji zaémy w procedurze taczone;j.

4.2.6 Wplyw wszczepienia mikroimplantu iStent na obnizenie IOP

Wskazaniami do implantacji iStentu jest wczesna lub $redniozaawansowana OAG
z nienormujacymi si¢ wartosciami IOP, u pacjentéw poddanych maksymalnej tolerowanej terapii
hipotensyjnej. Skuteczno$¢ zastosowania iStentu w redukcji IOP potwierdzaja badania kliniczne.
15 miesigcy po wszczepieniu mikroimplantu iStent z jednoczasowym usunig¢ciem za¢my metoda
fakoemulsyfikacji obserwowano redukcje IOP do $redniej wartosci 14,8 mmHg, co stanowilo
spadek o 17,3% w stosunku do wyjsciowych pomiaréw IOP [19]. Natomiast w 24 miesigcznej
obserwacji odnotowano $rednig redukcje IOP o 9,8%, uzyskujac stabilizacj¢ IOP na poziomie
sredniej warto$ci 14,8 mmHg. Az 67-71,8% pacjentow po 2 latach od wszczepienia mikroimplantu
iStent nie wymagalo miejscowego leczenia hipotensyjnego [19,20]. Z kolei badania Samuelsona
et al. [21], obejmujgce pacjentow z wczesng lub sredniozaawansowang POAG, z wyjsciowym [OP
<24 mmHg na 1-3 lekach przeciwjaskrowych, wykazywaly, ze 12 miesiecy po zabiegu laczonym
u 66% z nich dochodzito do redukcji IOP o co najmniej 20%, a 72% pacjentow mialo ci$nienie
ponizej 21 mmHg bez stosowania kropli. Dwuletnie obserwacje Kozera et al. [22] potwierdzity, Ze
u pacjentow z wyjsciowym [OP >26 mmHg skuteczno$¢ iStentu w obnizaniu IOP jest mniejsza niz

w grupie osob z przedoperacyjnym IOP <26 mmHg.
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4.2.7 Kanaloplastyka ab externo — charakterystyka procedury

Kanaloplastyka zostata wprowadzona do instrumentarium zabiegéw przeciwjaskrowych w 2007
roku. Tradycyjna kanaloplastyka ab externo nie jest klasyfikowana jako MIGS z uwagi na
naruszenie ciggtosci spojowki i twardowki, ale jej odmiany, takie jak: kanaloplastyka ab interno

[23] 1 mini-kanaloplastyka [24] nalezg do grupy zabiegéw MIGS.

Kanaloplastyka ab externo poprawia AHO droga konwencjonalng, zwigkszajac napigcie $cian
kanatlu Schlemma. Dodatkowym mechanizmem dzialania hipotensyjnego zabiegu jest drenaz
cieczy wodnistej przez polprzepuszczalng blone trabekulo-descemetalng do jeziorka
transskleralnego. Tworzy to podobne warunki do przedtuzonego wchtaniania cieczy wodnistej do
przestrzeni transskleralnej 1 nadnaczyniowkowej jak w sklerektomii glebokiej. Kanaloplastyke ab

externo mozemy przeprowadzi¢ jako procedure pojedyncza lub taczong z usunigciem za¢my.

4.2.8 Wplyw kanaloplastyki ab externo na obnizenie IOP
Wskazaniem do zastosowania kanaloplastyki ab externo jest wczesna lub $§redniozaawansowana
POAG, jaskra barwnikowa lub jaskra pseudoeksfoliacyjna z nienormujacym si¢ IOP u pacjentow

poddanych maksymalnej tolerowanej terapii hipotensyjne;j.

Roczna obserwacja zabiegu 1aczonego kanaloplastyki ab externo z jednoczasowa
fakoemulsytfikacjg za¢my wykazata obnizenie IOP z wyj$ciowego poziomu 19,0 + 6,9 mmHg do
Sredniej warto$ci 12,6 £ 2,7 mmHg po operacji, co stanowilo spadek az o 34%. Catkowity
1 kwalifikowany sukces operacyjny wynosit u tych pacjentow odpowiednio: 79,0% i 76,9% [27].
Porownanie zabiegu kanaloplastyki ab externo do operacji taczonej: kanaloplastyki ab externo
z usuni¢ciem za¢my metoda fakoemulsyfikacji wykazato, ze po 3 latach od zabiegu u pacjentow
jedynie po kanaloplastyce obnizenie IOP utrzymywalo si¢ na poziomie 15,1 + 3,1 mmHg, podczas
gdy w oczach po zabiegu taczonym bylo to 13,8 + 3,2 mmHg [25]. W innych badaniach,
obejmujacych okres 2 lat od wykonanej samodzielnej kanaloplastyki ab externo, catkowity sukces
operacyjny osiagnigto u 39,1% pacjentéw, srednie IOP bylo na poziomie 14,4 + 4,2 mmHg,
a $rednia redukcja IOP wynosita 9,3 + 5,7 mmHg [26]. W badaniu poréwnujacym rozmiar nici
umieszczonej w kanale Schlemma podczas kanaloplastyki ab externo stwierdzono, ze redukcja IOP
0 30%, bez koniecznos$ci stosowania kropli po zabiegu, zostata osiggnigta u 96,8% operowanych
z uzyciem nici Prolene 6-0 oraz u 97,8% operowanych z uzyciem nici Prolene 10-0. Podczas, gdy
redukcja IOP o 50% zostata osiagnigta u 55,6% pacjentdow z nicig Prolene 6-0, to przy uzyciu nici

Prolene 10-0 byto to 83,9% badanych [28].
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4.3 Omowienie prac skladajacych si¢ na rozprawe doktorska

4.3.1 Cel pracy

Wspotczesne wytyczne europejskich i §wiatowych towarzystw jaskrowych zalecaja ograniczenie
terapii miejscowej w leczeniu jaskry, majac na uwadze jakos$¢ zycia pacjentoOw i ograniczenie jej
skutkow ubocznych. Badania Collaborate Initial Glaucoma Treatment Study dowodza, ze zabieg
chirurgiczny jako metoda leczenia pierwszego rzutu zapewnia lepsza kontrolg IOP niz poczatkowa

terapia zachowawcza [13].

Kanaloplastyka ab externo i1 implantacja bypassu iStentu to nowoczesne metody operacyjne
skierowane do pacjentow z wczesng lub sredniozaawansowang neuropatig jaskrowa. Oparte sg na
mechanizmie wspomagajacym gtowna, konwencjonalng droge AHO, poprzez omini¢cie oporu
w obszarze beleczkowania oraz §ciany wewnetrznej kanatu Schlemma. Dlatego dobrze sprawdzaja
si¢ u pacjentow z POAG. Majac to na uwadze, zasadnym wydawato si¢ porownanie skutecznos$ci
hipotensyjnej i profilu bezpieczenstwa zabiegdw kanaloplastyki ab externo i wszczepienia
mikroimplantu iStent, jako procedur tgczonych z jednoczasowym usuni¢ciem zaémy metoda

fakoemulsyfikacji u pacjentow z POAG.

Szczegolowe cele projektu obejmowaly:

1. Ocen¢ 1 porownanie skutecznosci kanaloplastyki ab externo oraz wszczepienia
mikroimplantu iStent u pacjentdw z wczesna i Sredniozaawansowang POAG w oparciu o:
a. wielkos$¢ redukcji IOP w stosunku do wartosci wyjsciowych
b. stopien redukcji ilosci lekéw przeciwjaskrowych stosowanych miejscowo
w okresie pooperacyjnym
c. stabilizacj¢ progresji zmian w badaniu pola widzenia.
2. Oceng¢ wptywu kanaloplastyki ab externo 1 wszczepienia mikroimplantu iStent na ggstos¢
komorek §rodblonka rogdwki (ECD, endothelial cell density).
3. Oceng profilu bezpieczenstwa kanaloplastyki ab externo i wszczepienia mikroimplantu
iStent w oparciu o:
a. zmiang ostro$ci wzroku w stosunku do warto$ci wyjsciowej
b. czestos¢ 1 rodzaj powiktan §rod- 1 pooperacyjnych.
4. Oceng catkowitego sukcesu operacyjnego w obu grupach, zdefiniowanego jako brak
potrzeby ponownej operacji jaskry, IOP <15 mmHg i odstawienie wszystkich lekéw

przeciwjaskrowych w okresie pooperacyjnym.
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5. Ocene kwalifikowanego sukcesu operacyjnego w obu grupach, zdefiniowanego jako brak
potrzeby ponownej operacji jaskry i IOP <15 mmHg, niezaleznie od tego, czy leki
przeciwjaskrowe zostaty odstawione.

6. Ocene¢ niepowodzenia chirurgicznego w obu grupach, zdefiniowanego jako konieczno$¢
kolejnej operacji jaskry lub IOP >15 mmHg podczas dwoch kolejnych wizyt kontrolnych,

mimo stosowania lekéw przeciwjaskrowych.

Wedlug naszej wiedzy, do chwili obecnej w literaturze brak bylo tak szczegdlowych badan jak
nasze, porownujacych kanaloplastyke ab externo oraz wszczepienie mikroimplantu iStent, jako
dwoch nowoczesnych metod operacyjnych w leczeniu POAG, pod katem ich skuteczno$ci
1 bezpieczenstwa. Poniewaz wspoélczesnie zabiegi chirurgiczne s3 wprowadzane na coraz
wczesniejszych etapach leczenia jaskry, tym bardziej istotne wydato si¢ nam podjecie badan, ktére
moga by¢ w przysziosci wykorzystane do opracowania nowych standardow 1 strategii

terapeutycznych u pacjentow z POAG.
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4.3.2 Material i metody

Projekt badania

Byto to jednoosrodkowe prospektywne badanie kliniczne, przeprowadzone w Klinice Okulistyki
Uniwersyteckiego Szpitala Klinicznego w Biatymstoku w okresie od 1 czerwca 2021 do 31 maja
2023 roku. Badanie uzyskato zgode Komisji Bioetycznej Uniwersytetu Medycznego w
Biatymstoku (APK.002.278.2021) i1 zostalo przeprowadzone zgodnie z Wytycznymi Dobrej
Praktyki Klinicznej oraz Deklaracjg Helsinska. Kazdy z uczestnikow badania podpisat formularz

swiadomej zgody na uczestnictwo w tym projekcie.

Grupy badane

Do badania witaczono 138 oczu u 138 o0s6b, obcigzonych wczesng lub $redniozaawansowang
POAG wedlug klasyfikacji Hoddap-Anderson-Parrish [29] 1 zakwalifikowanych do leczenia
operacyjnego. Badani zostali podzieleni na dwie grupy. W grupie I (n=69) znalezli si¢ pacjenci,
u ktorych wykonano usunig¢cie zaémy metoda fakoemulsyfikacji z jednoczasowa kanaloplastyka
ab externo, a w grupie II (n=69) osoby, ktorym usuni¢to zaéme¢ metoda fakoemulsyfikacji
z jednoczasowym wszczepieniem mikroimplantu iStent pierwszej generacji. Wszystkie operacje
zostaly wykonane przez tego samego, do$§wiadczonego operatora (opis techniki operacyjnej
ponizej). Dobor do poszczegolnych grup przebiegat w sposdb nierandomizowany. Wybor metody
chirurgicznej, czy to implantacji iStentu czy kanaloplastyki ab externo, byt podyktowany analiza
wieloczynnikowa, obejmujaca zardéwno parametry kliniczne, jak 1 indywidualne cechy pacjenta.
Preferencja w przypadku pacjentéw przyjmujacych leki przeciwzakrzepowe byla implantacja
mikroimplantu iStent. W procesie decyzyjnym znaczacg role odgrywaty doswiadczenie chirurga

oraz specyfika anatomiczna struktur gatki oczne;.
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Kryteria wlaczenia do badania:

osoby powyzej 21 roku zycia;

rozpoznanie POAG o wczesnym lub §rednim stopniu zaawansowania;

brak normalizacji IOP pomimo maksymalnej tolerowanej terapii hipotensyjnej;

obecno$¢ charakterystycznych ubytkéw w warstwie wtokien nerwowych (RNFL, retinal
nerve fiber layer) w badaniu optycznej koherentnej tomografii (OCT, optical coherence
tomography);

obecnos$¢ charakterystycznych ubytkéw w polu widzenia, definiowanych jako MD (mean
deviation) wynoszace > -12dB, w perymetrii wykonanej aparatem Humphrey (program
SITA Standard 30-2);

Swiadoma pisemna zgoda na uczestnictwo w badaniu;

deklaracja obecno$ci na zaplanowanych wizytach kontrolnych w okresie 12 miesigcy od

operacji.

Kryteria wylaczenia z badania :

ostro$¢ wzroku stabsza niz ,,liczenie palcow przed okiem”;

kat przesaczania mniejszy niz 3. stopien w skali Shaffera we wszystkich czterech
kwadrantach, okreslony za pomoca gonioskopii;

jaskra zaawansowana (oceniana na podstawie wartosci MD < -12 dB w badaniu pola
widzenia)

inne poza POAG rodzaje jaskry;

przebyta laseroterapia lub inna operacja oka;

brak zgody na udziat w badaniu.

Schemat badania

I. Kwalifikacja do zabiequ

Pacjentow kwalifikowano do zabiegu w okresie maksymalnie do 14 dni przed planowang operacja.

W czasie wizyty kwalifikacyjnej wszystkim pacjentom wykonywano podstawowe i szczegotowe

badanie okulistyczne.
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Badania podstawowe obejmowalo:

e ocene najlepszej skorygowanej ostrosci wzroku (BCVA, best corrected visual acuity) na
postawie tablic Snellena;
e okreslenie IOP tonometrem aplanacyjnym Goldmanna zgodnie z reguta AGIS;

e badanie w lampie szczelinowej obejmujace ocene przedniego i tylnego odcinka oka.

Badanie szczegolowe obejmowalo:

e gonioskopowa oceng kata przesaczania;

e oceng ECD w mikroskopie spekularnym;

e ocena stosunku zaglebienie/tarcza (cup/disc ratio) przy szerokiej zrenicy;

e pole widzenia przy uzyciu aparatu Humphrey z programem SITA Standard 30-2;

e okreslenie ubytkéw RNFL w badaniu OCT;

e dodatkowe informacje zebrane od pacjenta, dotyczace liczby stosowanych lekow

przeciwjaskrowych, ich tolerancji i pory dnia ich przyjmowania.

1. Dzien zabiegu operacyjnego — opis techniki chirurgicznej

Grupa | — usunigcie za¢émy metoda fakoemulsyfikacji z jednoczasowg kanaloplastyka ab externo

Zabieg taczony kanaloplastyki ab externo z fakoemulsyfikacja za¢my wykonywano w znieczuleniu
miejscowym pozagalkowym. Po nacigciu 1 odpreparowaniu spojowki 1 torebki Tenona,
odpreparowywano ptatek powierzchowny twardéwki o wymiarach 5,0 na 5,0 mm i grubosci okoto
jednej trzeciej twardéwki (200-250 pm). Kolejnym etapem bylo przeprowadzenie
fakoemulsyfikacji  z wszczepieniem sztucznej soczewki wewnatrzgatkowej. Nastepnie
wypreparowywano 1 odcinano ptatek gleboki o wymiarach okoto 4,0 na 4,0 mm. Dzigki technice
2-platkowej dyssekcji odstaniano kanal Schlemma 1 blong trabekulo-descemetalng. Do kanatu
Schlemma wprowadzano mikrocewnik z pod$wietlang koncowka, ktory byt nastepnie delikatnie
przesuwany przez caty obwéd kanahu (360°). W miare przesuwania sie mikrocewnika do kanatu
Schlemma podawano substancj¢ wiskoelastyczng, w odstgpach co dwie godziny zegarowe, ktora
pomagata rozszerzy¢ iutrzyma¢ drozno$¢ kanatu. Po skutecznym obej$ciu kanatu przez
mikrocewnik, przewlekano przez kanal za pomoca mikrocewnika szew napinajacy (szew
polipropylenowy 10-0). Szew byt nastepnie napinany 1 zawigzywany w celu delikatnego
rozciggniecia beleczkowania, co miato na celu poprawg AHO. Na zakonczenie zabiegu platek
twardowki byl ostroznie repozycjonowany 1izszywany z powrotem za pomocg SZWOW

niewchtanialnych. Nacigcie spojowki zaopatrywano przy uzyciu szwow wchianialnych.
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Grupa Il — usuniecie zaémy metodg fakoemulsyfikacji z jednoczasowym wszczepieniem

mikroimplantu iStent pierwszej generacji

Implantacje setonu iStent w potaczeniu z fakoemulsyfikacjg zacmy wykonywano W znieczuleniu
miejscowym kroplowym z dostepu ab interno, nie naruszajac ciggtosci spojowki 1 twardowki. Po
przeprowadzeniu fakoemulsyfikacji z wszczepieniem sztucznej soczewki wewnatrzgatkowej, do
przedniej komory oka podawano karbachol, aby uzyska¢ zwezenie Zrenicy, co pozwalato na lepsze
uwidocznienie struktur kata przesaczania. Nastepnie, do przedniej komory oka podawano duza
ilo$¢ substancji wiskoelastycznej. Glowa pacjenta oraz mikroskop operacyjny byly obracane
w stosunku do chirurga o kat 30-45°. Na rogéwce umieszczano goniopryzmat typu Swan-Jacobs,
przeprowadzajac tym samym gonioskopi¢ bezposrednia by uwidoczni¢ kat przesgczania.
Nastepnie tytanowy iStent w ksztalcie litery L, zakonczony szpiczastym czubkiem, wprowadzano
do kanatu Schlemma. Obecno$¢ refluksu niewielkiej ilosci krwi do komory przedniej byta
potwierdzeniem, ze implant zostat prawidtowo umieszczony w kanale. Na zakonczenie ptukano

komorg¢ przednig z substancji wiskoelastycznej.

111. Schemat wizyt kontrolnych

W czasie pooperacyjnych badan kontrolnych, ktore odbywaty si¢ zgodnie z podanym nizej
schematem, wykonywano albo podstawowe albo szczegotowe badanie okulistyczne (opisane

wyzej przy wizycie kwalifikacyjnej).
Dzien 1: podstawowa ocena okulistyczna
Dzien 7: podstawowa ocena okulistyczna
Dzien 14: podstawowa ocena okulistyczna
1 miesigc: podstawowa ocena okulistyczna
3 miesigc: szczegotowa ocena okulistyczna
6 miesiac: szczegdélowa ocena okulistyczna

12 miesiecy: szczegdlowa ocena okulistyczna
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4.3.3 Analiza statystyczna

Analiza statystyczna zostala przeprowadzona przy uzyciu oprogramowania statystycznego R,
wersja4.1.2. Zmienne kategorialne zostaly podsumowane jako liczby bezwzgledne i czgstotliwosci
procentowe. Zmienne numeryczne opisano jako $rednie 1 odchylenia standardowe, a takze mediany
1 zakresy miedzykwartylowe. Grupy poréwnywano za pomocg niezaleznego testu t-Studenta, testu
U Manna-Whitneya, testu chi-kwadrat Pearsona lub dokltadnego testu Fishera, w zaleznosci od
potrzeb. Normalno$¢ oceniano przy uzyciu testu Shapiro-Wilka w potaczeniu z wskaznikami
skos$nosci 1 kurtozy. Jednorodno$¢ wariancji weryfikowano przy uzyciu testu Levene'a. Wszystkie

testy statystyczne przyjmowatly poziom istotnosci a = 0,05.
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4.3.4 Wyniki

12 miesigcy po operacji $rednia warto§¢ IOP w grupie pacjentdow po kanaloplastyce ab externo
wynosita 15,51 + 2,50 mmHg, a w grupie po wszczepieniu mikroimplantu iStent: 14,97 + 2,37
mmHg; p=0,480 (Rycina 1). W obu badanych grupach u 35,7% pacjentow obserwowano redukcje

IOP o ponad 20% w poroéwnaniu do warto$ci wyjsciowych, za wartos¢ oczekiwang przyjmujac 15

mmHg.
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Rycina 1. Porownanie warto$ci ci$nienia wewnatrzgatkowego migdzy grupami badawczymi
w okresie 12 miesigcy od zabiegu.

W badaniu kontrolnym po 12 miesigcach od zabiegu, 71,4% pacjentdw operowanych metoda
kanaloplastyki ab externo oraz 86% ze wszczepionym mikroimplantem iStent bylo wolnych od

lekow przeciwjaskrowych; p=0,136.

W Zadnym z pomiardw, podczas 12-miesigczne] obserwacji, nie stwierdzono istotnych
statystycznie réznic w parametrach pola widzenia migdzy badanymi grupami. Nie odnotowano tez
progresji zmian w polu widzenia, co wskazuje na osiagnigcie stabilizacji choroby, zaréwno

u pacjentéw po kanaloplastyce ab externo jak i po wszczepieniu mikroimplantu iStent (Tabela 1).

Tabela 1. Porownanie pola widzenia w obu badanych grupach.

Grupa Grupa
loemioflaca s oy gsvicp
(dB) (dB)
Wyjséciowo -6,69 + 7,23 -9,71+ 17,33 3,59 (-1,49;9,43) 0,267
Po 6 miesigcach -6,02 + 7,02 -9,22 + 6,94 4,44 (-0,44;8,75) 0,118
Po 12 miesigcach -6,91 £ 7,46 -8,30 £ 6,17 2,18 (-2,55;7,18) 0,378

MD — mean deviation, $rednie odchylenie
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Srednia warto$¢ ECD po 12 miesiacach od operacji przeciwjaskrowej nie roznita sig statystycznie
w obu grupach i wynosila u pacjentéw z mikroimplantem iStent 1556,90 + 614,84 komoérek/mm?,

a u 0s6b po kanaloplastyce ab externo 1645,28 + 534,56 komorek/mm?; p>0,05.

W okresie pooperacyjnym stwierdzono poprawe BCVA we wszystkich badanych okresach i nie
obserwowano istotnych statystycznie rdznic miedzy grupami badawczymi w zZadnym
z przeprowadzonych pomiardow; p > 0,05. Po roku od operacji srednie BCVA wynosito u pacjentow

z mikroimplantem iStent 0,87 = 0.21, a u 0s6b po kanaloplastyce ab externo 0,97 + 0,07.

Do wczesnych powiktan pooperacyjnych, zdefiniowanych jako wystepujace w pierwszych 14
dniach po operacji, ktére roznity grupy miedzy sobg, nalezaty: obecnos¢ krwi w komorze przedniej
(krwistek) oraz podwyzszone IOP. Krwistek wystgpowat znacznie rzadziej wsrdd pacjentdéw po
implantacji iStentu i dotyczyt jedynie 2,9% badanych tej grupy. Wsrdd osob po kanaloplastyce ab
externo niewielki poziom krwi (< 1mm) byl obserwowany az u 42,3% pacjentow. Nie stanowi to
jednak duzego zaskoczenia, gdyz wynika z samej techniki operacyjnej i jest pozadanym efektem,
swiadczacym o skutecznosci kanaloplastyki. Krew z komory przedniej wchianiata si¢ samoistnie.
Réznice miedzy grupami, dotyczace obecnosci krwistka, byly istotne statystycznie, p<0,001.
Przejsciowe podwyzszone IOP bylo obserwowane u 21,7% pacjentow po wszczepieniu
mikroimplantu iStent, istotnie rzadziej niz u 0s6b po kanaloplastyce ab externo, gdzie wystepowato
u 50% badanych; p=0,015. Zadne pdzne powiklania pooperacyjne nie réznicowaly grup

badawczych w sposob istotny statystycznie; p>0,05 (Tabela 2).
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Tabela 2. Poréwnanie cz¢stosci wystepowania wezesnych 1 pdznych powiktan pooperacyjnych w

obu badanych grupach.
Grupa Grupa
Zmienna fakoemulsyfikacja + fakoemulsyfikacja + p
iStent, n (%) kanaloplastyka, n (%)
Powiklania Srédoperacyjne i
wczesne pooperacyjne
Krwistek 2(2,9) 29 (42,3) < 0,001
Podwyzszone IOP 15 (21,7) 34 (50,0) 0,015!
Zapalenie teczowki 0(0,0) 3(3,8) 0,274
Przemieszczenie
mikroimplantu iStent 1(1,4) 0(0,0) > 0,999
Pézne powiklania
pooperacyjne
Odtaczenie btony Descemeta 0(0,0) 3(3,8) 0,274
Podwyzszone IOP 10 (14,5) 11 (15.4) > 0,999
Obrzek plamki 2(2,9) 0 (0,0) > 0,999
Pogorszenie widzenia 3(4,3) 3(3,8) > 0,999
Przemieszczenie
mikroimplantu iStent 1(1,4) 0(0,0) > 0,999
Zmetnienie torby tylnej 3(4,3) 0(0,0) 0,559

'Grupy poréwnywano za pomocq testu chi-kwadrat Pearsona lub doktadnego testu Fishera.
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Catkowity sukces operacyjny, definiowany jako brak konieczno$ci wykonywania kolejnej operacji
przeciwjaskrowej, osiggniecie IOP <15 mmHg oraz odstawienie wszystkich lekéw
przeciwjaskrowych, zostal osiagniety po roku od operacji u 69,2% oséb po kanaloplastyce ab
externo oraz u 76,7% po wszczepieniu mikroimplantu iStent; p=0,717. Natomiast kwalifikowany
sukces operacyjny, definiowany jako brak potrzeby wykonywania ponownej operacji
przeciwjaskrowej i IOP <15 mmHg, niezaleznie od tego, czy leki przeciwjaskrowe zostaly
odstawione czy ponownie wilaczone, odnotowano u 84,6% oséb po kanaloplastyce ab externo
188,4% pacjentow po wszczepieniu mikroimplantu iStentu; p=0,658. Niepowodzenie
chirurgiczne, zdefiniowane jako konieczno$¢ wykonania kolejnej operacji przeciwjaskrowej lub
IOP >15 mmHg podczas dwoch kolejnych wizyt kontrolnych, mimo stosowania lekow
przeciwjaskrowych stwierdzono u 7,7% operowanych metoda kanaloplastyki ab externoiu 11,6%

pacjentow, ktorym wszczepiono mikroimplant iStent; p>0,999 (Tabela 3).

Tabela 3. Porownanie sukcesu lub niepowodzenia operacyjnego w obu badanych grupach.

Grupa Grupa
Zmienna fakoemulsyfikacja + fakoemulsyfikacja + p
iStent, % kanaloplastyka, %
IOP <15 mmHg po 12
miesigcach 51,2 57,1 0,935
Calkowity sukces operacyjny
Po 6 miesigcach 75,9 82,4 0,745!
Po 12 miesigcach 76,7 69,2 0,717
Kwalifikowany sukces
operacyjny
Po 6 miesigcach 81,5 94,1 0,277
Po 12 miesigcach 88,4 84,6 0,658'
Niepowodzenie chirurgiczne
Po 12 miesigcach 11,6 7,7 >0,999!

'Grupy poréwnywano za pomocq testu chi-kwadrat Pearsona lub doktadnego testu Fishera.
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Podsumowujac, obie techniki chirurgicznego leczenia jaskry, kanaloplastyka ab externo oraz
wszczepienie mikroimplantu iStent w procedurze laczonej z fakoemulsyfikacja, wykazuja
porownywalng skuteczno$¢ w kontroli IOP, redukcji ilosci lekéw przeciwjaskrowych
przyjmowanych po operacji, stabilizacji parametrow pola widzenia i poprawie BCVA w okresie 12
miesi¢cy od zabiegu. Obie metody charakteryzuja si¢ tez niewielkg iloscig powaznych powiktan
pooperacyjnych, a stosunkowo duzy odsetek wystgpowania krwi w komorze przedniej
1 zwigzanego z tym przejsciowego wzrostu IOP, szczegolnie po kanaloplastyce ab externo, wynika
z charakteru samej procedury. Krwistek w komorze przedniej po kanaloplastyce, jest wynikiem
spadku cisnienia w oku i cofania si¢ krwi z zyl nadtwardowkowych. Jego wystepowanie jest
zwigzane z wlasciwym napigciem $cian kanalu Schlemma, sugerujac efektywne przywrédcenie
fizjologicznego AHO. Zmiany te sg jednak samoograniczajace si¢ i nie wptywaja na koncowa
efektywnos$¢ przeprowadzonych zabiegéw. W tym kontek$cie mozna uzna¢ obie procedury za

bezpieczne dla pacjenta.

Nasze badanie jako pierwsze w dostgpnej literaturze porownuje dwie grupy pacjentéw z POAG, u
ktoérych zastosowano te innowacyjne metody leczenia jaskry o malym lub $rednim stopniu
zaawansowania. Obie sg bezpieczne, efektywne i maja potencjat aby sta¢ si¢ podstawowym

wyborem terapeutycznym na wczesnym etapie leczenia POAG.
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4.3.5 Whnioski

1. Kanaloplastyka ab externo i wszczepienie mikroimplantu iStent stanowig skuteczne
metody obnizania IOP u pacjentéw z wczesng lub umiarkowanie zaawansowang POAG.

2. Stopien obnizenia IOP jest poréwnywalny w obu badanych procedurach chirurgicznych.

3. Zastosowanie obu procedur w poréwnywalny i istotny sposéb redukuje ilo$¢ kropli
przeciwjaskrowych przyjmowanych przez pacjenta po operacji.

4. Zaréwno procedura kanaloplastyki ab externo jak i wszczepienie mikroimplantu iStent
skutecznie stabilizuja progresj¢ zmian w polu widzenia.

5. Obie procedury chirurgiczne majg porownywalny wptyw na pooperacyjna gestos¢ komorek
srodbtonka rogowki.

6. Zaréwno kanaloplastyka ab externo jak i wszczepienie mikroimplantu iStent wptywaja na
poprawe BCVA w okresie pooperacyjnym, ktora jest poréwnywalna miedzy grupami.

7. Obie procedury cechuje podobny wysoki profil bezpieczenstwa, biorac pod uwage czestosé
wystepowania powaznych powiktan pooperacyjnych.

8. Obie procedury chirurgiczne daja pordwnywalny, wysoki odsetek catkowitego oraz
kwalifikowanego sukcesu operacyjnego oraz niska czestos¢ wystgpowania niepowodzen

chirurgicznych, co sugeruje skuteczno$¢ obu metod w dlugoterminowym leczeniu jaskry.
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Abstract: The aim of the paper was to evaluate the efficacy and safety of minimally invasive antiglau-
coma procedures: Canaloplasty and iStent bypass implantation with and without phacoemulsification
in patients with primary open-angle glaucoma (POAG). A systematic review of the recent literature
was performed based on the PubMed, Google Scholar, Web of Science and Scopus databases. The
effectiveness of the procedures was evaluated based on the reduction of intraocular pressure (IOP)
and the amount of antiglaucoma medication used before and after surgery. Safety of the treatments
was evaluated based on the number of incidences of certain intraoperative and postoperative com-
plications. Independent prospective randomized controlled trials (PRCTs) have demonstrated that
both procedures, canaloplasty and iStent implantation, are effective in reducing IOP and the amount
of antiglaucoma medication. Considering the safety profile of these procedures, both canaloplasty
and iStent implantation are associated with low rates of postoperative complications and have
similar safety profiles. Further studies are needed to confirm the results of our analysis, including a
high-quality randomized controlled trial comparing canaloplasty and iStent bypass implantation

Keywords: primary open angle glaucoma; minimally invasive glaucoma surgery; iStent; phacoemul-
sification with iStent; canaloplasty; phacocanaloplasty; intraocular pressure

1. Introduction

Glaucoma, right after cataract, is the second most common cause of blindness in
humans [1]. It affects more than 66 million people worldwide, and at least 6.8 million
lesions are binocular. The primary goal of glaucoma therapy is to maintain useful visual
function for the rest of the patient’s life [2]. The only modifiable risk factor for glaucoma
development is elevated IOP [3]. Glaucoma surgery is effective in lowering IOP and
maintaining a constant IOP level around the clock, but because of the risk of complications,
it has been reserved for cases of moderate to severe glaucoma that do not respond to drug or
laser therapy so far. The introduction of noninvasive or minimally invasive antiglaucoma
procedures compared to classic trabeculectomy, has changed the thinking about glaucoma
surgery which became increasingly common in cases of early and intermediate glaucoma.
A decade ago, Saheb and Ahmed defined a new group of procedures, collectively referred
to as minimally invasive glaucoma surgery (MIGS) [4]. They are characterized by five
features: [1] Ab interno access through a corneal incision with conjunctival and scleral
sparing; [2] low invasiveness of the procedure; [3] efficacy in lowering IOP; [4] an impact
profile for patient comfort, and [5] rapid postoperative recovery. In 2014, the American
Glaucoma Society and the U.S. Food and Drug Administration (FDA) also expanded this
definition to include ab interno access procedures associated with very little impact on the
conjunctiva or sclera or with omission of scleral preparation [5].

One of the methods used in MIGS procedures is implant placement. These include the
iStent microstent from Glaukos (Glaukos Corporation, Laguna Hills, CA, USA). The iStent
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is made of heparin-coated titanium. It is implanted directly into the Schlemm’s canal, at
the site of the highest concentration of collector channels (nasolabial quadrants), using a
special feeder from an ab interno access without disturbing the conjunctival and scleral
surfaces. The mechanism of the IOP-lowering effect of the iStent is to allow outflow of the
aqueous fluid from the anterior chamber into the Schlemm’s canal, bypassing the site of
highest outflow resistance, that is the trabecular meshwork.

Another of the antiglaucoma surgeries with a similar mechanism of action is canalo-
plasty. Lewis et al. [6] proposed a procedure involving the insertion of a catheter into
Schlemm’s canal and then a suture to tighten its walls, which will result in improved out-
flow of aqueous fluid through the canal. Although traditional canaloplasty is performed
ab externo and is not classified as MIGS, its variants, namely ab-interno canaloplasty
(ABIC) [7] and mini-canaloplasty [8] are considered to be a minimally invasive surgeries.
The common feature of this group of procedures is lowering IOP by improving the physio-
logical mechanisms of water outflow. Canaloplasty begins with the insertion of viscoelastic
into Schlemm’s canal, followed by passage of a microcephalus through the canal at a
circumferential 360 degrees and placement of a circular suture to tighten the canal walls.
The effect of this action is to widen the lumen of Schlemm’s canal and increase the tension
of its walls. This counteracts the three main mechanisms responsible for the increase
in resistance to outflow of the aqueous humor from the anterior chamber, namely the
increase in resistance at the level of the pathologically altered beading [9], the collapse of
the Schlemm'’s canal lumen [10] and the collapse of the collector channels [11].

Our comparative analysis focuses on evaluating the efficacy and safety of canaloplasty
and iStent bypass implantation in PAOG patients, based on a review of the recent literature.
Both antiglaucoma surgeries have a similar mechanism of action, namely improving the
outflow of aqueous humor through Schlemm’s canal, but differ in surgical technique.
Implantation of the iStent seton is performed from an ab interno access without disturbing
the conjunctiva and sclera, whereas canaloplasty is performed ab externo.

To date, many articles have been published comparing classic antiglaucoma proce-
dures with MIGS procedures. There is an increasing trend in the emergence of studies
comparing the efficacy and safety of MIGS with each other. To our knowledge, based on
a thorough review of the literature, this is the first study to compare canaloplasty and
iStent bypass implantation performed alone or simultaneously with phacoemulsification
cataract surgery.

2. Materials and Methods

This systematic review was conducted and reported based on preferred reporting
items for systematic reviews and meta-analyses (PRISMA) Statement, and the PRISMA
network meta-analysis extension statement [1].

2.1. Search Strategy

A systematic review of the recent literature was performed based on the PubMed,
Google Scholar, Web of Science and Scopus databases. We used the following key terms and

"o ]

phrases: “glaucoma”, “open angle glaucoma”, “primary open angle glaucoma”, “MIGS”,

i

“iStent”, “trabecular micro-bypass stent”, “trabecular micro-bypass”, “canaloplasty”, “pha-
cocanaloplasty”, “Schlemm’s canal surgery”. Summaries of articles were evaluated for
information consistent with the topic of our analysis. Publications that were only available
as abstracts or conference posters were excluded. After reading the abstract, full-text
articles were selected related to the topic. No relevant articles were excluded based on text
language and publication date. In addition, full-text translations were performed when
necessary. Furthermore, was analyzed the literature included in the selected articles.

Studies with the following inclusion and exclusion criteria were considered for analysis.

2.2. Inclusion Criteria
e  The study is a PRCT.
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The study involves patients with a diagnosis of POAG.
One of the following surgical procedures was used: iStent bypass implantation with
or without phacoemulsification, or canaloplasty with or without phacoemulsification.
e  The study analyzes variables such as best corrected visual acuity (BCVA), IOP, and
number of glaucoma drops used before and after surgery.
e  The study shall include an adequate follow-up period.

2.3. Exlusion Criteria

e A casereport, review, or experimental study.
e  Studies describing partial results.
e  Review-type papers.

e  Studies not including all analyzed factors.

2.4. Risk of Bias Assessment

The methodological quality of included studies was evaluated independently by two
authors ([.O., ].K.).

2.5. Data Extraction

The studies” demographic details, participant characteristics, interventions, outcomes,
and limitations were independently extracted by two authors (1.O., ] K.). If disagreements
occurred, these were discussed and resolved through discussion.

The PRISMA flowchart of literature selection in this systematic review is illustrated
in Figure 1 [1]. We searched 429 articles containing studies on canaloplasty or iStent
implant surgery. After removal of repeated studies, review articles, medical experiments,
and case reports, 18 articles remained for full text-review. Eight papers that did not
meet the inclusion criteria were also discarded. Finally, 5 RCTs on canaloplasty and
5 RCTs describing the safety and efficacy of iStent implantation were included in the
systematic review (Table 1). The remaining publications found, regarding POAG and MIGS
procedures, were used to outline the characteristics of our study and to introduce the topic
of POAG.

—
Records identified through database Re?rds ﬁ:”“ﬂhed thrglégh ctial‘abase "
searching of the phrase “canaloplasty searcAnglt be P Iraser ! Et? 9 au(ioma
e glaucoma” AND “phacocanaloplasty” ra ecu;'ﬁ"‘;g?’ ypass
8 (n=202) =
=
8
: } }
=
5
2 Records identified through database searching PubMed, Google
Scholar, Web of Science and Scopus databases
(n=429)
(S
—
Records after duplicates removed
(n=402)
= Records screened > Records
£ (n =402) (n=384)
o
£
o
8 !
Full text articles Full text articles excluded:
for > Reason: content did not match
eligibility the topic under review
(n=18) (n=8)
(—
v
3 Studies included in review
3 (n=10)
S
£

Figure 1. PRISMA flowchart of study selection process.
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Table 1. Characteristics of the prospective randomized control trials included in the analysis.

Sample Size:

Author Year Setting Type 0,f Surgery Studied Group Follow-Up
of Studied Group (Months)
(Control Group)
Grieshaber Southern N
etal. [12] 2010 Africa Canaloplasty 60 30.6 £ 8.4
Grieshaber Southern r
etal. [13] 2010 Africa Canaloplasty 90 15
Buﬁ j]t al. 2011 Multicenter Canaloplasty 109 ** 36
Matlach — oy 6 Canaloplast 30 (32 24
etal. [15] ermany analoplasty )
Canaloplasty +
Rekﬁsﬁ? - oms Poland Phacoemulsifica- 29 (30) 12
tion
Fea et al. iStent + Pha-
[17] 2010 Italy coemulsification 12(24) 15
Samuelson . iStent + Pha-
etal. [18] 2010 Multicenter coemulsification 117(123) 24
Craven . iStent + Pha-
etal. [19] 2012 Multicenter coemulsification 117(123) 2
Ahmed . .
etal. [20] 2019 Multicenter 2 by-pass iStent 77 (75) 12
Kozera iStent + Pha-
et al. [21] 2021 Poland coemulsification 44(36) 24

* Only studied group; ** Both groups included, no separate data.

3. Canaloplasty

Grieshaber et al. [12] conducted a prospective study involving a group of black
Africans with advanced POAG. One eye in each patient was randomly selected for the
study. Daily IOP curves were performed in all subjects on the day before surgery, which
included IOP measurements at 8 am, 12 am, 4 pm, and 8 pm. The mean baseline IOP was
very high at 45.0 +/— 12.1 mmHg.

Canaloplasty resulted in a sustained long-term reduction in IOP of 28.9 mmHg or
65.8% on average. The substantial reduction in IOP occurred in the early postoperative
period. One week after surgery the mean IOP in all 60 eyes was 15.2 mmHg. These values
remained stable during the three-year follow-up period of the study. Moreover, there
was an additional decrease in mean IOP of 3 mmHg in 49 eyes approximately two years
after surgery. Operative success at 36 months after canaloplasty as defined by three IOP
levels—<21, <18, and <16 mmHg, was—81%, 67.8%, and47.2%, respectively. Preoperative
IOP, age, and gender had no effect on postoperative IOP.

The most common intra- or postoperative complication was transient microhyphema.
Two (3.3%) patients developed Descemet’s membrane detachment, which adhered after
two weeks. In the same number of patients, the microcele passed into the anterior chamber
during cannulation, and in another two patients the microcele passed into the supravascular
space. Only one patient had elevated IOP above 30 mmHg in the postoperative period [7].

In another study, Greishaber et al. [13] compared the size of the thread placed in
Schlemm’s canal during canaloplasty. Group 1 consisted of patients with Prolene 6-0
suture, while group 2 consisted of patients with Prolene 10-0 suture. A 30% reduction in
IOP without medication was achieved in 96.8% of group 1 and 97.8% of group 2, while a
50% IOP reduction was achieved in 55.6% of group 1 and 83.9% of group 2, respectively, at
the end of follow up period. The most common postoperative complication observed in
this study was microhyphema.

34



J. Clin. Med. 2021, 10, 4881

50f10

On the other hand, a prospective, multicenter study by Bull et al. [14], which compared
canaloplasty (study group) to a combined operation of canaloplasty and phacoemulsifica-
tion cataract removal (comparison group), showed somewhat less spectacular but equally
satisfactory results in terms of IOP reduction. In eyes undergoing canaloplasty alone,
a reduction in IOP values to 15.1 &+ 3.1 mmHg was observed three years after surgery.
Operative success at 36 months after canaloplasty as defined by the three IOP levels—<21,
<18, and <15 mmHg, were, respectively—40.5%, 36.5%, and 21.6%. In eyes qualified for
the combined procedure, IOP decreased to 13.8 + 3.2 mmHg three years after surgery.

The most common early postoperative complications were microhyphema (<1 mm
anterior chamber blood level) and hyphema (>1 mm anterior chamber blood level). Ele-
vated IOP and Descemet’s membrane detachment were reported slightly less frequently.
In contrast, no case of hypotonia or shallowing of the anterior chamber was reported. In
the group of late postoperative complications, cataract and transient IOP elevation were
mainly observed.

The clinical study by Matlach et al. [15] focused on comparing the traditional proce-
dure, trabeculectomy, with canaloplasty. Again, this study demonstrated the beneficial
effect of canaloplasty on IOP reduction. At two years after canaloplasty, target IOP values
of <20 mmHg or a 20% reduction in IOP were achieved in 39.1% of subjects. The mean
IOP reduction was 9.3 & 5.7 mmHg in these patients. Postoperative follow-up showed that
canaloplasty is a safer procedure with a lower incidence of postoperative complications
regarding hypotony, choroidal detachment, and IOP increase than trabeculectomy [15].

A recent clinical study by Rekas et al. [16] compared the efficacy results of phaco-
canaloplasty with phaco-non-penetrating deep sclerectomy. A reduction in IOP was
observed in both the study and comparison groups. With that said, a greater reduction in
IOP was seen in the group after the phaco-canaloplasty procedure. In the study group, it
was a 34% decrease from baseline. Whereas in the comparison group, the decrease was 25%.
The most common complication in the study group was hyphema (58%). Patients who
underwent phaco nonpenetrating deep sclerectomy were more likely to require additional
procedures such as subconjunctival injection of 5-Fluorouracil, needling of the filter pad,
and laser suture cutting [22].

All of the canaloplasty studies [12-16] reported a reduction in the mean number of
antiglaucoma drops taken before the patient after surgery, compared with number of
medication before surgery. BCVA assessment showed stabilization or improvement after
canaloplasty in these patients.

Data on the effect of canaloplasty on BCVA, IOPF, and antiglaucoma medication intake
are summarized in Table 2.

Table 2. Mean pre- and postoperative values of best corrected visual acuity, intraocular pressure, and number of antiglau-

coma medications used before and after canaloplasty.

Mean Mean Preoperative Number of Applied
Author Preoperative Preoperative Number of Rg:ﬁgv?%‘?l,i;fésr 11\:/{5? ;‘v:_%l; *1: ;—ﬂg Eye Drops after
BCVA * 10P ** Applied Eye Drops Follow-Up Period
S{ﬁ‘f}[‘j’gfr 0.61 + 042 45&?;&;'1 Without eye drops 058 + 031 133+ 17mmHg  Without eye drops
427 £125 19.2 + 6.4 mmHg
Grieshab Prolene 6-0 , Prolene 6-0 -
otal [?3]EI LOD **# ( 4;?0?:1812_1) Without eye drops LOD **#* ( 11-6(? 4916 19 ) Without eye drops
(Prolene 10-0) (Prolene 10-0)
B“%ll_,‘f]t al 0224025 230443 mmHg 19+ 07 020+ 0.26 151 + 3.1 mmHg 0.9 + 0.9
oretlach lo”g-gi;”ff?ﬂ 23.7 + 51 mmHg 26416 020 £ 02610gMAR 144 + 42 mmHg 09 +11
etliﬁkf‘f()] l%;ﬁﬁgfﬂ 19.0 = 6.9 mmHg 2.64 % 0.68 0.11%0.1710gMAR 126 + 2.7 mmHg 027 = 0.67

* BCVA—Dbest corrected visual acuity; ** [OP—intraocular pressure; *** logM AR—log of the minimum angle of resolution.; **** LOD—lack

of data.
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4, iStent

In the study by Fea et al. [17], a reduction in IOP, to a mean value of 14.8 £ 1.2
mmHg, was observed 15 months after surgery, a 17.3% decrease from baseline IOP. As
many as 67% of patients remained without pharmacological treatment in the period after
iStent implantation. Two patients experienced iStent displacement, and no other postop-
erative complications were observed. Phacoemulsification with stent implantation was
more effective in controlling IOP than phacoemulsification alone and the safety profiles
were similar.

A study by Samuelson et al. [18] involving patients with early or intermediate POAG
with JOP < 24 mmHg on one to three medications compared a combined procedure con-
sisting of iStent implantation and cataract extraction (study group) and a solo phacoemul-
sification (control group). A >20% IOP reduction was observed in 66% of patients and 72%
of patients had postoperative IOP below 21 mmHg without medications 12 months after
the combined procedure. Postoperative complications included, most commonly, stent
obstruction, posterior pouch opacification, stent malposition, subconjunctival hemorrhage,
epiretinal membrane, elevated IOP, and iris atrophy. Visual disturbances, iritis, dry eye
syndrome, elevated IOP requiring treatment, and macular edema accounted for only 1% of
complications [18].

A large, multicenter study by Craven et al. [19], involving patients with mild-to-
moderate POAG with an IOP averaging 18.6 mmHg, that compared combined phaco
+ iStent surgery with solo phacoemulsification, showed similar results to the studies
mentioned above. At 24 months after surgery, an IOP < 21 mmHg without medication was
achieved in 71 (61%) patients in the study group, and a 20% reduction in IOP was achieved
in 61 (53%) patients. The most common postoperative complications included posterior
pouch opacification, elevated IOP, and stent obstruction. Anterior uveitis, conjunctival
irritation caused by hypotensive medications were observed least frequently [19].

A study by Ahmed et. al. [20] compared the efficacy of Hydrus Microstent (Ivantis,
Inc, Irvine, CA, USA) with 2 iStent Trabecular Micro Bypass devices. Satisfactory results
were demonstrated including a reduction in IOP to 19.2 & 2.4 mmHg without hypotensive
medication. They also found that after 12 months of postoperative follow-up, 24.0% of
patients with the 2-iStent did not require anti-glaucoma medications and 9.3% of patients
had an IOP below 18 mmHg without medication [20]. The iStent implantation procedure
showed a high safety profile in terms of postoperative complications. The most frequently
observed was posterior pouch opacification of pseudophakia patients. In contrast, iStent
displacement was not observed in any case.

Further confirmation of the effectiveness of the MIGS procedure in reducing IOP and
hypotensive medications is the randomized study by Kozera et al. [21] A distinguishing
feature of this study is the division of the study group (iStent implantation + phacoemulsi-
fication) and the control group (phacoemulsification solo) into two subgroups according to
baseline IOP: the <26 mmHg group and the >26 mmHg group. The decrease in IOP after
24 months was greater in the study group, and the amount of antiglaucoma medication
was significantly reduced compared with the control group. This study also confirmed the
lower efficacy of the iStent’s hypotensive effect in patients with IOP > 26 mmHg. This is
attributed to collapse of Schlemm’s canal and decreased patency of the aqueous outflow
tract from the anterior chamber of the eye. There were no significant differences in the
safety profile between the study and control groups or between subgroups [21].

All of the iStent bypass implantation studies [17-21] reported a reduction in the
mean number of antiglaucoma drops taken before the patient after surgery, compared
with number of medication before surgery. BCVA assessment showed stabilization or
improvement after surgery in these patients.

Data on the effect of iStent implantation on BCVA, IOP, and antiglaucoma medication
intake are summarized in Table 3.
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Table 3. Mean pre- and postoperative values of best corrected visual acuity, intraocular pressure, and number of antiglau-

coma medications used before and after iStent implantation.

Mean Mean Preoperative Number of Applied
Author Preoperative Preoperative Number of l\l/:l:ﬁr; vE-CUVAP::ifc::II g‘;f;‘;%lj *; ;{:’eé Eye Drops after
BCVA * I0P ** Applied Eye Drops P P Follow-Up Period
Fef‘le;] al. nobetferthan 479 4 5 6 mmHg 19407 LOD **+ 148 + 1.2 mmHg 04407
mean reduction in
10P compared with
Samuelson  no better than 0.36 + 0.23 log the preoperative
etal. [18] 18.4 £ 3.2 mmHg 1.5+ 06 MAR unmedicated 02+06
baseline IOP was
8.4 + 3.6 mmHg
Craven
etal. [19] 0.75 £0.25 18.6 + 3.4 mmHg 1.6 £08 0.75 £ 025 17.1 + 2.9 mmHg 03+06
Ahmed BCVA loss > 2 lines
0.83 19.1 £ 3.6 mmHg 27+08 at 12 months, 1 (%)1 19.2 + 24 mmHg Without eye drops
et al. [20] (1.3)
Kozera 22.04 + 1.64
etal. [21] 0.56 +0.23 mmHg 1.32 + 0.55 0.95 £ 0.12 15.57 + 2.13 mmHg 0.32 £ 0.55

* BCVA—best corrected visual acuity; ** IOP—intraocular pressure; *** LOD—lack of data.

Table 4 summarizes data on complications occurring in the study groups in both the
canaloplasty and iStent implantation papers.

Table 4. Main postoperative complications after canaloplasty and iStent implantation.

Author Grieshaber Grieshaber Bulletal. Matlach Re¢kas Feaetal. Samuelson Craven Ahmed Kozera
etal. [12] et al. [13] [141#n (%) etal. [15]  etal. [16] [171#u (%) etal. [18] etal. [19]  etal. [20] et al. [21]
Complication 1 (%) 1 (%) 1 (%) 1 (%) 1 (%) 1 (%) 1 (%)
Stent obstruction NA NA NA NA NA NR 4 (4%) 5 (4.3%) NR NR
Stent malposition NA NA NA NA NA 2 3 (3%) 3 (2.6%) 0 NR
Elevated IOP 1(1.67%) 4 (4.4%) 6 (5.5%) 1(3.4%) NR NR 2 (2%) 5 (4.3%) NR NR
Posterior capsule NR NR NR NR NR NR 3 (3%) 7 (6%) 5% 4(9.1%)
opacification
g@“’ry vision or visual NR NR NR NR NR NR 100%)  4(34%) 1 NR
isturbance
Microhyphema 42 (70%) 25 14 NR 10 NR NR NR NR 5(11.4%)
YP o (27.8%) (12.8%) (34.5%) A%
Hyphema 7 (22.3%) NR 6 (5.5%) NR (5813%} NR NR NR NR NR
Descemet’s membrane o o o o
detachment 2 (3.33%) 1(1.1%) 4 (3.7%) NR 1(3.4%) NR NR NR NR NR
17
Cataract NR NR (19.2%) NR NR NR NR NR 1 NR
Tritis NR NR NR 1(34%)  2(6.9%) NR 1(1%) 1(0.9%) NR 1(2.3%)
Hypotony NR NR NR NR NR NR NR NR NR NR

IOP—intraocular pressure; NA—not applicable; NR—not reported.

5. Discussion

Surgical treatment of IOP should be considered when disease progression is observed
despite conservative treatment. Despite their high efficacy in reducing IOP, filtering
surgeries such as non-penetrating deep sclerectomy or trabeculectomy are often associated
with complications related to filter bleb formation. This is the reason behind development
of “blebless” minimally invasive procedures, or MIGS [23]. Because of its high safety, MIGS
surgery has become an alternative to conservative treatment for many glaucoma physicians
to treat patients with early glaucoma [24].

Our analysis showed that canaloplasty and iStent implantation are safe antiglaucoma
procedures with low rates of both intraoperative and postoperative complications. The
efficacy in lowering IOP in patients with mild to intermediate open-angle glaucoma is
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sufficiently high and long-lasting that it is possible to significantly reduce the antiglaucoma
drops used after surgery.

To our knowledge, based on a thorough review of publications, this is the first analysis
comparing a minimally invasive procedure like canaloplasty with a procedure from the
MIGS group, iStent implantation. Based on the studies published so far, we can con-
clude that both procedures, canaloplasty and iStent implantation are effective in reducing
IOP and in reduction in the dose of hypotensive medication. Both procedures have com-
parable effects on postoperative BCVA, preserving that of preoperative BCVA or even
improving it. Considering the patient safety of these procedures, both canaloplasty and
iStent are associated with few complications, which mostly resolve spontaneously without
medical intervention.

Minimally and microinvasive surgery is dedicated to patients with early or inter-
mediate POAG. The efficacy in IOP reduction is proportional with baseline parameters
such as age, anterior chamber depth, as well as preoperative IOP. Accordingly, patients
with IOP > 26 mmHg achieved greater IOP reductions at follow-up than patients with
IOP < 26 mmHg [21].

The study by Ferguson et al. [25] also confirmed the above thesis. The higher the
baseline IOP was, the greater decrease in IOP was observed at the end of the follow-up
period. Accordingly, in the group of patients with IOP > 26 mmHg, a decrease in IOP of up
to 11.3 mmHg was noted, compared to the IOP 22-25 mmHg group with a decrease of 7.7
mmHg and the IOP 18-21 mmHg group where a decrease of only 3.5 mmHg was noted [25].
However, on the other hand, patients with higher IOP also required more antiglaucoma
medications before surgery than patients with lower IOP. Consequently, the reduction
in medications used was greater and more satisfactory in patients with IOP <26 mmHg,.
However the results of our analysis are no less consistent with what is commonly believed
about so-called canal surgery and MIGS, which should not be expected to lower IOP as
much as the antiglaucomatous classical surgery used in advanced glaucoma, with the
creation of a full thickness filter flap [26].

Furthermore, both minimally invasive surgery and MIGS have a significantly higher
safety profile than, for example, trabeculectomy, even though ab externo access is also used
in canaloplasty. Trabeculectomy is the gold standard of antiglaucoma surgery, but it is
associated with a high number of postoperative complications and requires more frequent
postoperative intervention. With canaloplasty, the physiological drainage of the aqueous
humor through the bead canal is increased by opening or widening of the Schlemm’s canal,
without the need to create a functional filtering bleb [27]. Therefore, the risk of potential
pathway for pathogens to enter the eyeball and cause inflammation inside the eyeball is
eliminated as well.

When considering intraoperative and postoperative safety, it is worth noting that
iStent implantation reduces the number of procedures from two to one and therefore also
reduces the risk of intraoperative and postoperative complications.

In addition, the iStent placed in the isthmus provides an additional pathway for the
outflow of the aqueous humor from the anterior chamber of the eye leading to lower IOP
and slowing the progression of glaucomatous neuropathy.

Although our analysis can be very helpful in qualifying a patient for a particular
treatment option, it also contains some limitations. First, we included only PRCTs of
high quality, but the number of these studies is still relatively low. Second, there is a
large discrepancy in the number of eyes involved in the studies, ranging from 24 to 240,
making the groups compared inhomogeneous. In addition, no clinical work comparing
the efficacy and safety of canaloplasty and iStent implantation between each other in a
single study has been published to date. Therefore, the conclusions of our analysis are
somewhat “indirect” and are derived from comparing papers describing the results of one
method to papers describing the results of the other method. Thus, what is needed is a
well-designed randomized clinical trial comparing both procedures: Canaloplasty and
bypass iStent implantation in terms of efficacy and safety for the patient.

38



J. Clin. Med. 2021, 10, 4881 90f10

6. Conclusions

Based on existing studies, our analysis showed that both procedures, canaloplasty and
iStent implantation, are effective in reducing IOP and the amount of antiglaucoma medi-
cations. Considering patient safety, both canaloplasty and iStent implantation have low
complication rates and similar safety profiles. Because of the minimally invasive nature of
iStent implantation, this procedure could be considered as a routine treatment in glaucoma
patients who qualify for elective cataract surgery. Despite some limitations, our analysis
may help in deciding the patient’s eligibility for a specific type of surgical treatment. Fur-
ther studies including a high-quality randomized controlled trial comparing canaloplasty
and iStent bypass implantation are needed to confirm the results of our analysis.
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Abstract: This prospective, non-randomized, interventional clinical study evaluated the efficacy and
safety profile of first-generation iStent bypass implantation versus ab externo canaloplasty, both
combined with phacoemulsification, in patients with primary open-angle glaucoma (POAG) after
12-month follow-up. A total of 138 patients with POAG and their 138 eyes (69 phaco-iStent and
69 phacocanaloplasty) were included. Postoperatively at 12 months, the mean intraocular pressure
(IOP) decreased from 18.44 + 3.88 to 15.51 £ 2.50 mmHg and from 17.20 + 4.04 to 14.97 + 2.37 mmHg
in the phaco-iStent (PiS) and phacocanaloplasty (PC) groups, respectively (p = 0.480). In both groups,
35.7% achieved >20% IOP reduction from baseline. A total of 86% and 71.4% of the eyes were
medication-free at 12 months in the PiS and PC groups, respectively. In both groups, all eyes showed
improvement in best-corrected visual acuity compared with baseline and demonstrated similar safety
profiles throughout the 12-month follow-up period. This study showed equal hypotensive effects of
PiS and PC. Both procedures significantly reduced the IOP and the requirement for IOP-lowering
medications for at least 12 months postoperatively, with no significant differences between the groups.

Keywords: glaucoma; primary open angle glaucoma; iStent; canaloplasty; phacoemulsification

1. Introduction

Glaucoma is the leading cause of irreversible blindness worldwide. It is defined as
progressive optic neuropathy characterized by damage to retinal ganglion cells and visual
field (VF) defects [1]. The aim of treatment is to reduce the intraocular pressure (IOP) [2],
the most important risk factor related to glaucoma onset and progression [3]. IOP depends
on the balance between the rate of secretion of aqueous humor (AH) by the ciliary body
and the velocity of its drainage from the eye, of which 90% occurs through the trabecular
—meshwork (TM) and Schlemm’s canal (SC). Thereafter, AH enters the blood circulation. SC
is a sinus venosus that connects the anterior chamber of the eye with the collector channels
(CCs) and episcleral veins through the TM [4]. Several factors contribute to elevated 10P;
however, in eyes with primary open-angle glaucoma (POAG), the most prevalent type of
glaucoma, AH outflow, is impeded by increased resistance in various stages of the outflow
pathway [5]. The maximal resistance to AH outflow is caused by the inner wall of SC
(TM) [6,7].

When pharmacological treatment is insufficient in IOP control and to prevent further
damage to the optic nerve, additional treatment options such as laser procedures (selec-
tive laser trabeculoplasty [SLT] and minimally invasive glaucoma surgery [MIGS]), less
invasive non-penetrating glaucoma surgery (canaloplasty ab externo or deep sclerectomy),
and traditional glaucoma surgeries (trabeculectomy or glaucoma drainage devices) are
considered. The choice of treatment depends on the specific type and severity of glaucoma,
anatomy of the affected eye, general patient health, and surgeon preference [8,9].
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Trabeculectomy is the gold standard for glaucoma surgery globally and can achieve
a reduction of 47-65% in IOP from baseline [10]. This bleb-dependent procedure has a
high success rate but is associated with severe and frequent intraoperative and postop-
erative complications and long recovery after surgery. Trabeculectomy is often reserved
for patients with advanced disease. The implementation of less invasive or minimally
invasive antiglaucoma procedures has altered the perspective of glaucoma surgery and is
increasing in cases of mild-to-moderate glaucoma [11,12]. The need for minimally inva-
sive surgical intervention in the early stages of glaucomatous neuropathy has prompted
research to seek surgeries that will improve patients” quality of life through effective IOP
control with minimal postoperative complications. A decade ago, Ahmed and Saheb
proposed the term MIGS, which has gained wide interest [13]. These procedures seek to
reduce IOP by targeting the source of AH outflow resistance (TM or SC) or establishing
new pathways for AH outflow (to the suprachoroidal or subconjunctival spaces). Among
SC-based procedures, the iStent trabecular microbypass stent (Glaukos, San Clemente, CA,
USA) is widely used during phacoemulsification in patients with concomitant mild to
moderate glaucoma [14-22]. It is designed to restore physiological AH outflow through
the TM into SC. It is implanted using an ab interno approach with a clear corneal incision.
The snorkel of the iStent is positioned in the anterior chamber, and the open half-pipe
lumen (foot) is placed in SC to establish a patent bypass via the TM to SC and to restore
continuous physiological outflow. Several studies have confirmed its effectiveness and
safety profile [14-18].

Canaloplasty ab externo is a dynamic field in glaucoma surgery, introduced in 2007 [23].
Since then, several canaloplasty procedures have been developed, and many modifications
to the original technique have been proposed. It is considered safe and effective [24-27].
Canaloplasty ab externo also affects the physiological mechanisms of AH drainage. It
widens the lumen of SC and enhances the tension of its walls. It improves the physiological
outflow systems at three main resistance sites, specifically, the pathology of the TM, collapse
of the SC, and closure of the CCs [25]. An additional mechanism of the IOP-lowering effect
is the drainage of the AH through the trabeculo-Descemet’s membrane (TDM) to the in-
trascleral lake, which allows prolonged absorption into the intrascleral and suprachoroidal
spaces in a mechanism analogous to that observed with deep sclerectomy. This is achieved
through the formation of a decompression space under the superficial scleral flap, which
serves as a reservoir for AH, and thus, allows extended AH absorption from this space.
This is possibly due to increased AH percolation through the reduced scleral thickness after
deep flap excision under the superficial flap. However, the exact role of the intrascleral
lakes remains unclear [28]. Moreover, as this surgery requires dissection of two scleral flaps
and insertion of a microcatheter into SC, it is not considered as MIGS.

The present study can contribute to our understanding of resistance to physiological
outflow mechanisms in glaucoma pathology by comparing the efficacy and safety of two
SC-based procedures: iStent implantation and canaloplasty ab externo, both combined
with phacoemulsification. Several studies have found both methods to be effective and safe
in glaucoma therapy. However, to our knowledge, this is the first study to compare the
clinical setup of these two types of glaucoma procedures with 12 months of follow-up.

2. Materials and Methods
2.1. Protocol

This prospective, single-center, non-randomized, interventional clinical study was
approved by the Bioethics Committee of Bialystok Medical University (consent No.:
APK.002.278.2021) before study initiation. Participants were enrolled between February
2021 and May 2022; they provided informed consent to participate in the study and a decla-
ration of attendance at scheduled control visits within 12 months of operation. This trial
included consecutive patients with glaucoma assigned to undergo first-generation phaco-
iStent (PiS) bypass implantation or ab externo phacocanaloplasty (PC), both combined
with phacoemulsification. This study was conducted at the Department of Ophthalmology
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at the Medical University of Bialystok, Poland, in accordance with the principles of the
Declaration of Helsinki. A single surgeon performed all the procedures (J.K.).

The criteria for study eligibility, visits, and procedures were implemented in line
with those of recent trials evaluating the outcomes of antiglaucoma procedures [29,30]
and have been previously outlined [31]. In summary, the study included participants
aged >21 years with visually significant cataracts and mild-to-moderate POAG, defined
according to the ICD-10 guidelines. The participants had a mean VF deviation of —12 dB
or better, as determined by the results of the preoperative 30-2° Humphrey VF test (Carl
Zeiss Meditec Dublin, CA, USA). The severity of glaucoma was determined based on
Hodapp’s classification according to the European Glaucoma Society (EGS) [8] guidelines
as follows: early (MD > —6 dB), moderate (MD —6 to —12 dB), or advanced (MD < —12 dB).
Surgery was indicated for patients who could not achieve the target IOP despite receiving
the maximum tolerated pharmacological treatment and, in whom glaucoma progression
was detected on three standard automated perimetry (SAP) examinations within a year.
Newly diagnosed patients underwent SAP examinations thrice per year during the first
two years after diagnosis to assess the progression of glaucomatous neuropathy. Exclusion
criteria included anterior chamber angle less than a Schaffer grade 3 in all four quadrants
as determined by gonioscopy, presence of advanced glaucoma, any type of glaucoma other
than POAG, had SLT within 3 months prior to enrollment, history of any glaucoma surgery,
unwillingness to participate in the study, and one or both eyes with best-corrected visual
acuity (BCVA) less than a “finger count” [31].

The primary outcome measures were reduction in IOP and medication burden. The
secondary outcome measures were BCVA, mean VF deviation, endothelial cell density
(ECD), and adverse events. IOP was assessed using Goldmann tonometry by an expe-
rienced operator. At each measurement time point, two readings were taken, and their
averages were recorded. If the difference between the two readings exceeded 2 mmHg, a
third reading was obtained, and the median value was recorded. Participants who met all
the eligibility criteria underwent surgery within 14 days.

We defined the outcome of complete surgical success when no additional glaucoma
surgeries were required, IOP was <15 mmHg, and all antiglaucoma medications were
discontinued. Qualified surgical success was characterized by an absence of the need for
further glaucoma surgeries and an IOP < 15 mmHg, regardless of whether antiglaucoma
medications were discontinued. We categorized surgical failure as the requirement for
another glaucoma surgery following the initial procedure or an IOP > 15 mmHg during
two consecutive control visits despite the administration of antiglaucoma medications.

The choice of procedure, either iStent implantation or ab externo canaloplasty, was
multifactorial and influenced by both clinical and patient-specific considerations. The
surgeon’s experience and anatomical characteristics of the eye play central roles in this
decision-making process. Additionally, the systemic health, age, life expectancy, and ability
to tolerate the procedure under local anesthesia of the patient were considered in the
surgical plan. The use of anticoagulant medications favored PiS implantation under topical
anesthesia. Patients” preferences were also considered.

2.2. Surgical Technique

The eyes that underwent standard phacoemulsification without complications and in-
traocular lens (IOL) implantation in the capsular bag were subjected to 360° canaloplasty or
iStent implantation. The eyes with intraoperative complications related to the cataract/IOL
implantation were excluded from the glaucoma procedure. This surgical technique has
been previously described [31-33]. Briefly, PC was performed under local retrobulbar
anesthesia using 3.5 mL of 2% xylocaine solution. A corneal tensioning suture was placed
in the 12 o’clock position to rotate the eyes downward. The conjunctiva and Tenon'’s cap-
sule were incised in the limbus to expose the sclera. A superficial flap of approximately
5.0 x 5.0 mm? was cut to about one-third of the scleral thickness. A smaller, deep scleral
flap (approximately 4.0 x 4.0 mm?) was dissected just above the choroidal tissue. The
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flap was extended forward into the clear cornea by approximately 2 mm, creating a TDM.
The microcatheter was inserted into the SC and carefully guided through the canal until
the tip appeared at the other end. A 10-0 polypropylene suture (Prolene; Ethicon, Inc.)
was attached to the microcatheter tip to form a double loop. Viscocanalostomy with the
additional passage of a microcatheter (iTrack 2504, iScience Interventional, Menlo, Park,
CA, USA) through the SC was performed (360°) with a viscoelastic injection every 2 h to
dilate the canal. The suture was placed under tension, and locking knots were added. The
superficial flap was sutured in a watertight manner. The conjunctiva was sutured over the
limbus.

The iStent implantation was performed using an ab interno approach without disrupt-
ing the conjunctiva or sclera. After performing phacoemulsification under local anesthesia
(supplied as Alcaine drops), carbachol was introduced into the anterior chamber to constrict
the pupil and enhance the visibility of the angle structures. A large amount of viscoelastic
material was introduced into the anterior chamber. Both the patient’s head and the operat-
ing microscope were turned 30-45° away from the surgeon. A Swan-Jacobs gonioprism
was placed in the cornea. The implant was then inserted into the TM in the inferior nasal
quadrant (an area typically with the highest concentration of CCs). The appearance of a
small amount of blood confirmed that the implant was positioned within SC. Subsequently,
aspiration and irrigation were performed to remove viscoelastic materials and blood from
the anterior chamber. Finally, the corneal incision was closed.

2.3. Postoperative Visits and Treatment

Patients were evaluated before surgery and on days 1, 7, and 14, and 1, 3, 6, and
12 months postoperatively. Postoperative care for all patients included topical antibiotic for
two weeks, topical nonsteroidal anti-inflammatory drugs, and a gradually tapered topical
steroid regimen for four weeks. Antiglaucoma eye drops were discontinued on the day of
surgery. If the target IOP was not reached postoperatively, antiglaucoma medication was
resumed according to the EGS guidelines [8].

2.4. Statistical Analysis and Study Endpoints

Statistical analysis was performed using R statistical software, version 4.1.2. Categori-
cal variables are summarized as absolute numbers and % frequencies. Numerical variables
are described as means and standard deviations, as well as medians and interquartile
ranges. Groups were compared using Student’s independent t-test, Mann-Whitney U test,
Pearson Chi-square test, or Fisher’s exact test, as appropriate. Normality was assessed
using the Shapiro-Wilk test combined with skewness and kurtosis indicators. Variance
homogeneity was verified using Levene’s test. All statistical tests assumed significance
level of oc = 0.05.

The primary efficacy outcome of this study was the decrease in IOP from baseline to
12 months postoperatively. Two recent pivotal MIGS trials involving canaloplasty and PiS
procedures reported an approximate reduction of 3.5 mmHg in IOP over 12 months. Hence,
a mean decrease of 3.5 mmHg in IOP at 12 months was selected as the minimum reduction
expected. A sample size of 58 eyes was needed to achieve 90% power to detect a reduction
of >3.5 mmHg in unmedicated diurnal IOP, based on the results of a paired t-test with a
two-sided significance level of 0.05. The second primary efficacy outcome was the decrease
in the number of IOP-lowering medications from screening to 12 months postoperatively. In
the control arms of the two pivotal MIGS trials, an approximate reduction of 1.0 medication
was evident at 12 months. To detect a mean reduction of >1.0 medication with 90% power, a
sample size of 69 eyes was required based on the results of a paired t-test with a two-sided
significance level of 0.05. The first secondary efficacy outcome was the percentage of eyes
with a >20% reduction in unmedicated IOP from baseline to 12 months. A sample size of
66 eyes would provide a 95% confidence level for detecting the proportion of eyes achieving
an outcome greater than 73%, based on a binomial distribution.
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3. Results
3.1. Characteristics and Comparison of Groups—Demographics and Selected Baseline Parameters
Patients in the PiS and PC groups did not differ in age, sex, or cataract type (p > 0.05).

Except for the number of antiglaucoma drugs, other baseline parameters did not differ
between the study groups (p > 0.05) (Table 1).

Table 1. Demographics and baseline characteristics of the study groups.

Phaco-iStent Phacocanaloplasty
Variable 1 (%) . 1 (%)/ . MD (95% CI) P
Mean + SD Median (Q1; Q3) Mean + SD Median (Q1; Q3)
n 69 (100.0) - 69 (100.0) - - -
72.00 (68.00; 71.00 (64.00; _ .

Age, years 7149 £943 78.00) 7020 £ 6.93 77.00) 1.29 (—2.83;5.42) 0.535
Sex, female 51 (73.9) - 50 (73.1) - - >0.999 2

Cataract

NC1 30 (44.1) - 37 (53.8) -

NC2 21 (30.9) - 11 (15.4) - - 03142

NC3 17 (25.0) - 21 (30.8) -

ECD, 2313.00 (2053.50; 2482.00 (2092.75;  —56.46 (—241.47;
cells/mm? 2280.88 + 408.65 2524 50) 2337.35 + 361.90 2618.50) 128.54) 0.545
Number of 048 (—0.93;

antiglaucoma 1.86 £ 094 2.00 (1.00; 3.00) 235+1.02 2.00 (2.00; 3.00) '_0 03)' ’ 0.036
drugs '
BCVA, . . —0.10 (—0.20; 1
Snellen 5 m 0.63 +0.29 0.60 (0.40; 1.00) 0.65 + 0.34 0.70 (0.50; 0.98) 0.10) 0.758
17.85 (15.70; 15.85 (14.72; B . 1
IOP, mmHg 18.44 + 3.88 20.92) 17.20 + 4.04 19.55) 2.00 (—0.30; 3.00) 0.098
. 529.00 (502.00; 524.00 (504.00; 12.83 (—7.13;
CCT, microns 537.23 £ 4391 554.75) 52440 £ 23.66 536.00) 32.80) 0.203
B —4.66 (—6.65; B ~8.25 (~14.93; a0 1
VF MD, dB 6.69 +7.23 —288) 9.71+733 3.83) 3.59 (—1.49; 9.43) 0.267

Notes: SD, standard deviation; Q1, 1st quartile; Q3, 3rd quartile; MD, mean or median difference; CI, confidence
interval; NC; ECD, endothelial cell density; BCVA, best-corrected visual acuity; IOP, intraocular pressure; CCT; VF,
visual field. Data presented as # (%) for nominal variables and mean + SD with median (Q1; Q3) for numerical
variables. Groups were compared using Student’s independent -test, Mann-Whitney U test !, and Pearson
chi-square test 2.

3.2. Comparison of Selected Parameters between Study Groups at Each Measurement Time Point

IOP was significantly greater in the PiS group, MD = 1.00, 95% CI [0.10;3.70], p = 0.020,
than in the PC group after 1 month, while it did not vary between groups at baseline or any
other follow-up visit (p > 0.05) (Table 2) (Figure 1). The proportion of patients with 20%
reduction in IOP from baseline to 12 months did not differ between the groups (p > 0.05)
(Table 3).
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Table 2. Comparison of IOP between study groups.
IOF, mmHg Phaco-iStent Phacocanaloplasty MD (95% CI) P
Baseline 18.44 + 3.88 17.20 £ 4.04 2.00 (—0.30; 3.00) 0.098 !
1 day 19.79 £ 7.90 20.03 £7.43 1.00 (—4.10; 5.00) 0.8721
14 days 18.11 +4.57 17.02 + 4.06 1.35 (—1.00; 2.70) 04761
1 month 16.58 + 3.60 14.64 £ 4.57 1.00 (0.10; 3.70) 0.0201!
3 months 15.51 + 3.27 15.40 £ 3.77 0.00 (—1.10; 2.00) 0.7371
6 months 15.87 + 3.34 14.62 +2.77 0.75 (—0.50; 2.90) 0.1921
12 months 15.51 4+ 2.50 14.97 +2.37 0.54 (—0.98; 2.06) 0.480
Notes: IOP, intraocular pressure; MD, mean or median difference; CI, confidence interval. Data are presented as
mean =+ SD. Groups were compared using the Student’s independent t-test or Mann-Whitney U test 1.
Phaco-iStent Phaco-canaloplasty
40-
o : i
30" .
E - - ‘ !
£ . .
o .
= i AT AT .
T == E T T e
| " | |-
Baséllne 1 c;ay 14 c;ays 1 m;)nth 3 molnths 6 mc;nths 12 m‘omhs Basé\me 1 (;ay 14 éays 1 mlcmlh 3 mc;nths 6 m(;nths 12 mlonths

Figure 1. Comparison of IOP between the study groups for each measurement time point. 10P,
intraocular pressure.

Table 3. Comparison of proportion of patients with >20% reduction in IOP from baseline to 12 months
between the phaco-iStent and phacocanaloplasty groups.

Variable Phaco-iStent Phacocanaloplasty p

>20% reduction in IOP
from baseline to 12 months

15 (35.7) 15 (35.7) >0.999

IOP, intraocular pressure. Notes: Data are presented as 1 (%). Groups were compared using Pearson’s chi-square
test.

There were no significant changes in the MD in VF in either of the groups during the
entire follow-up period (p > 0.05). All eyes in both groups maintained or exhibited improved
BCVA relative to the baseline (p > 0.05). Moreover, there were no significant differences
in ECD between the two groups during the entire follow-up period. After 12 months of
observation, the ECD was 1556.90 + 614.84 and 1645.29 + 534.56 cells/mm? in the PiS and
PC groups, respectively (p > 0.05). The number of antiglaucoma drugs varied between the
groups at baseline. Patients in the PiS group were taking less antiglaucoma drugs than
in the PC group, MD = —0.48, 95% CI [-0.93; —0.03], p = 0.036. Statistically significant
differences between the groups were not identified at any follow-up visit (p > 0.05). Details
of the number of antiglaucoma medications in the PiS and PC groups are presented in
Table 4. Figure 2 presents the distribution of the number of antiglaucoma drugs for each
measurement time point in both study groups.
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Table 4. Number of anti-glaucoma medications in the phaco-iStent vs. phacocanaloplasty groups.

Phaco-iStent Phacocanaloplasty

Variable 1 Month 12 Months 1 Month 12 Months
Number of antiglaucoma medications, mean + SD 0.12 + 047 0.21 +0.56 0.16 £+ 0.55 0.64 +1.15
Reduction (vs. baseline), mean + SD 1.71 £ 0.99 1.51 £1.07 2.16 £ 0.99 1.71+£1.33
Reduction (vs. baseline), %, mean 95.35 88.89 95.14 71.43
Medication discontinuation, n (%) 49 (94.2) 37 (86.0) 63 (92.0) 49 (71.4)
?lft 1;“;;2:‘1‘:&2;(r‘:eiii‘:gr‘f)n ) 30 (62.5) 26 (72.2) 45 (65.2) 48 (70.0)
No increase in medications (vs. baseline), n (%) 45 (100.0) 34 (97.1) 69 (100.0) 59 (85.7)

Notes: SD, standard deviation; IOP, intracular pressure.

Baseline 14 days 1 month 3 months 6 months 12 months
10% -
T
=
n
z
5% ()
2
0%~
10% - E
Q
e
8
3
[°X
5% - 2
o
2
-

0% -

0 2 4 0 2 4 0 2 4 0 2 4 0 2 4 0 2 4

Number of anti-glaucoma drugs

Figure 2. Distribution of number of antiglaucoma drugs for each measurement time point in both
study groups.

Complete and qualified surgical success and failure were assessed at 6 and 12 months,
respectively. No significant difference was found between the PiS and PC groups (p > 0.05)
(Table 5).

Among the intraoperative and early postoperative complications (defined as complica-
tions occurring within 14 days), those that differed between the groups were microhyphema
and elevated IOP, which were significantly less common in the PiS group (2.9%, n = 2 vs.
42.3% in the PC group, p < 0.001; 21.7% vs. 50.0% in the PC group, p = 0.015). The incidence
of late postoperative complications was not significantly different between the groups
(p > 0.05) (Table 6).
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Table 5. Comparison of surgical success/failure between phaco-iStent and phacocanaloplasty groups.

Variable Phaco-iStent Phacocanaloplasty r
Complete surgical success
After 6 months 41 (75.9) 57 (82.4) 0.7451
After 12 months 33(76.7) 48 (69.2) 0.7171
Qualified surgical success
After 6 months 44 (81.5) 65(94.1) 0.2771
After 12 months 38 (88.4) 58 (84.6) 0.658 1

Surgical failure

After 12 months 5(11.6) 5(7.7) >0.999 1

Notes: IOP, intraocular pressure. Data presented as n (%). Groups were compared using the Pearson’s chi-square
test or Fisher exact test 1.

Table 6. Comparison of complications between phaco-iStent and phacocanaloplasty groups.

Variable Phaco-iStent Phacocanaloplasty r
Intraoperative and early postoperative
complications
I[ﬁg;gii I?; trabeculo-descemetic N/A 2(29) B
S,Z};IS?EEH,S canal cannulation not N/A 3(43) B
Microhyphema 2(2.9) 29 (42.0) <0.001
Elevated 10P 15 (21.7) 34 (49.3) 0.0151
Iritis 0(0.0) 3 (4.3) 0.274
Displacement of iStent 1(1.4) N/A -
Late postoperative complications
Descemet’s membrane detachment 0(0.0) 3(4.3) 0.274
Elevated I0OP 10 (14.5) 11 (15.9) >0.999
Macular edema 2(29) 0(0.0) >0.999
Blurry vision or visual disturbance 3(4.3) 3(4.3) >(.999

Notes: IOP, intraocular pressure; N/A, not applicable. Data are presented as n (%). Groups were compared using
Pearson chi-square ! test or Fisher’s exact test.

4. Discussion

The final outcomes of our study confirm the continued validity of the previously
reported 6-month results [31] showing that both PiS and PC provide a lasting IOP-lowering
effect, which resulted in significant reductions in both IOP and the necessity for IOP-
lowering medications for a minimum of 12 months following surgery; the occurrence of
this finding did not differ between the groups. The mean diurnal IOP was reduced by
2.93 mmHg and 2.23 mmHg in PiS and PC groups, respectively. In both groups, 35.7%
patients achieved >20% IOP reduction from baseline. The average use of medication
decreased by 88.89% and 71.43%, and 86% and 71.4% were medication-free at 12 months in
the PiS and PC groups, respectively. No new safety issues were identified since the report
of an interim analysis.

Over the years, the role of TM in glaucoma pathology has been researched exten-
sively [5]. From a physiological perspective, the TM, especially the inner wall of SC and the
TM close to the CCs, is the primary reason for resistance to AH outflow, with the external
wall and surrounding tissues causing residual resistance [34,35]. This region is known as
the juxtacanalicular space and is considered the main site of IOP regulation [36,37]. Zhou
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et al. [38] investigated the mechanical characteristics influencing resistance to AH outflow.
They found that SC was highly contractile and responded to various pharmacological treat-
ments. Drugs known to increase outflow resistance caused stiffening of SC cells, whereas
drugs known to decrease outflow resistance caused softening. However, the responses to
these interventions differ among patients. Interestingly, histological studies of human eyes
have shown that 25-30 CCs are distributed randomly around the limbus, with a preference
for the inferior nasal quadrant [39]. From these CCs, the AH flows into the aqueous veins
(AVs) and through a system of venous plexuses, deep scleral plexus, limbal plexus, and
intrascleral plexus, which eventually leads to the episcleral vein system [36], ocular veins,
and ultimately into the general circulation [40]. AVs have lumens directly connected to
CCs and episcleral veins that drain blood into the general circulation, bypassing the deep
scleral and intrascleral venous plexuses [41]. AVs initially carry a clear AH and then merge
with blood-filled episcleral veins, creating visible transition zones on the conjunctival
surface characterized by large vessels with a transparent central lumen surrounded by dark
blood [42].

Canaloplasty and iStent implantation have a similar IOP-lowering effect on the natural
AH outflow pathway. The stent was designed with a pointed tip to aid insertion into
SC, effectively bypassing the site of greatest resistance to AH outflow from the eye, the
TM, which is associated with IOP regulation. Huang et al. reported that trabecular-
targeted stents increase AH outflow in the enucleated human eye [43]. Canaloplasty acts
by various IOP-lowering mechanisms. First, reducing the resistance to outflow by inserting
the suture into SC increases the permeability of the TM, SC, and juxtacanalicular tissues.
Another possible mechanism is the drainage of the AH through TDM into the intrascleral
decompression space created under the superficial scleral flap, which serves as a reservoir
and facilitates the prolonged absorption of the AH [44]. From the intrascleral lake, the AH
drains into the sclera, episclera, choroid, and/or subconjunctiva in a mechanism similar
to that after deep non-penetrating deep sclerectomy. Although canaloplasty has various
mechanisms for IOP reduction, the magnitude of the change is comparable to that observed
after iStent implantation, which functions only by bypassing the TM. This highlights the
role of the distal outflow pathway and transscleral lake, which may not play a critical role
in the mechanisms that underpin the pressure-lowering effect of canaloplasty. A recent
study [45] reported similar conclusions when comparing different versions of canaloplasty.
Remarkably, no differences were found in the IOP-reducing effect between canaloplasty ab
externo with the creation of an intrascleral lake and its variants without a decompression
space (canaloplasty ab interno and minicanaloplasty). An interesting aspect that emerged
from the analysis of different studies is that PiS demonstrates a variable IOP-lowering
effect [21,46—48]. The average decrease in IOP is reported from 22.9% to 32.9% [22,46,48],
with the longest follow-up of 7 years [49]. Several theories have been proposed to account
for this variability, including improper surgical placement within the TM, linked to the
surgical learning curve [50,51]. Another theory is that there exists unknown mechanisms in
the distal AH outflow pathway. Some authors suggest that these could be associated with
segmental AH outflow, and therefore, the surgeon must place the PiS in the most proficient
location in the TM [50]. CCs are not located at equal distances from SC among all patients.
The success or failure of the procedure may be influenced by the location of the bypass in
the eye (superior, inferior, nasal, or temporal quadrant). PiS surgery is performed primarily
in the nasal quadrant of the eye using a clear temporal corneal approach. However, it is not
clear if it is better to implant the stent in the region with the highest numbers of CCs or
the region with poor outflow, because regions with poor AH outflow could be targeted by
improved outflow through the SC and opening the ostia of the CC. This could lead to the
assumption that greater [OP reduction can be achieved by performing trabecular MIGS in
areas of initially low AH outflow [43,50].

Cataract removal plays an important role in decreasing IOP postoperatively. The
average decrease in IOP after phacoemulsification is 1.4 to 3.1 mmHg in POAG [52-54].
Although the mechanisms of IOP decrease in angle-closure glaucoma and PXG can be
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easily explained [55], various theories explaining this effect have been proposed in POAG.
After lens removal, the tension changes, similar to parasympathomimetic treatment [56].
Other possible mechanisms include: (1) decrease in AH production due to vitreous pull
by ciliary body processes, caused by contraction of the lens capsule after phacoemulsifuc-
cication; (2) improvement in AH outflow through the TM and SC; and (3) improvement
in uveoscleral outflow, caused by increased release of prostaglandins (PG) during the
procedure: PGE-1 increases the outflow of AH by the conventional route, while PGF-2
increases the outflow by the alternative route [57,58]. In our study, all patients underwent
combined glaucoma surgery; therefore, this factor played an equal role in both groups.

This study has some limitations. The patients in our study were selected for glaucoma
surgery without a washout period before the procedure; therefore, their baseline IOP was
at maximum tolerated therapy. If these patients had undergone cataract surgery alone, we
may not have attained the target IOP without the use of antiglaucoma medications. No
randomization was performed prior to surgery. Other important limitations of this study
include the short follow-up period, lack of clear criteria for choosing the intervention, use
of first-generation PiS, and an additional IOP-lowering effect of phacoemulsification in
both groups, which might act as a confounder. In contrast, our study groups were very
homogeneous, with mild-to-moderate POAG, which eliminated variations in the glaucoma
course and reaction to the procedure. Therefore, despite these limitations, we believe that
this study provides evidence for the safety and efficacy of both surgeries.

5. Conclusions

Canaloplasty and PiS procedures combined with phacoemulsification allow safe and
stable IOP control. These results emphasize the importance of the TM in AH outflow
resistance. By highlighting these cutting-edge surgical alternatives, we hope to contribute
to the evolving landscape of glaucoma treatment and offer new hope to patients in the fight
against this sight-threatening disease.
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Rozdzial 6. Streszczenie w jezyku polskim

Jaskra pierwotna otwartego kata przesgczania (POAG, primary open angle glaucoma) jest
najczestszym typem jaskry w Europie. Z uwagi na rosnacg globalnie liczbg pacjentow dotknietych
ta choroba, rozwoj skutecznych i bezpiecznych metod jej leczenia nabiera kluczowego znaczenia.
W ostatnich latach wykazano, Ze operacja jako metoda leczenia pierwszego rzutu zapewnia lepsza
kontrole ci$nienia wewnatrzgatkowego (IOP, intraocular pressure), gldwnego czynnika ryzyka

progresji jaskrowej, niz poczatkowe leczenie zachowawcze.

Przedstawiona praca doktorska opiera si¢ na dwodch kluczowych publikacjach, ktoére stanowig
fundament badania. Pierwsza z nich jest pracg przegladowa, w ktorej dokonano analizy dostepnej
literatury naukowej, potwierdzajac potrzebe przeprowadzenia badania porownawczego tych metod
leczenia. Przeglad ten ujawnil, ze pomimo dostepnych badan na temat poszczegdlnych technik
chirurgicznych, stosowanych w leczeniu jaskry, brakowato kompleksowego poréwnania
kanaloplastyki ab externo i implantacji iStentu w leczeniu POAG. Ta luka wiedzy stanowita
motywacj¢ do przeprowadzenia 12-miesig¢cznej obserwacji pacjentdw po obu typach operacji, a jej

wyniki staly si¢ przedmiotem drugiej publikacji.

Celem pracy bylo zbadanie 1 porownanie skutecznosci oraz bezpieczenstwa dwoch nowoczesnych
malo inwazyjnych metod operacyjnych w leczeniu wczesnej i Sredniozaawansowanej POAG, czyli
kanaloplastyki ab externo oraz wszczepienia mikroimplantu iStent pierwszej generacji podczas

operacji fakoemulsyfikacji za¢my.

Byto to jednoosrodkowe, prospektywne badanie kliniczne przeprowadzone w Klinice Okulistyki
Uniwersyteckiego Szpitala Klinicznego w Bialymstoku. W badaniu wzigto udzial 138 osob
zwczesng lub sredniozaawansowang POAG, ktore zostaly podzielone na dwie réwne grupy,

zaleznie od wykonanej procedury chirurgiczne;.

Wyniki 12-miesigcznej obserwacji wykazaty, ze obie procedury chirurgiczne sg rownie skuteczne
w obnizaniu IOP, redukcji liczby stosowanych kropli przeciwjaskrowych po operacji, stabilizacji
progresji zmian w badaniu pola widzenia oraz w poprawie ostro$ci wzroku. Srednia gestos¢
komorek srodblonka rogowki rok od operacji byta poréwnywalna migdzy grupami. Obie metody
charakteryzowaly si¢ niewielkg iloscig powiktan pooperacyjnych, cho¢ specyficzne dla metody
powiklania, takie jak krwistek i przejsciowe podwyzszenie IOP byty bardziej powszechne w grupie
leczonych metoda kanaloplastyki ab externo. Poréwnywalny, wysoki odsetek catkowitego oraz
kwalifikowanego sukcesu operacyjnego w obu grupach sugeruje skuteczno$¢ obu metod

w dlugoterminowym leczeniu POAG, z niskim ryzykiem niepowodzen chirurgicznych.
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Podsumowujac, obie chirurgiczne metody leczenia jaskry, kanaloplastyka ab externo oraz
wszczepienie mikroimplantu iStent w procedurze laczonej z fakoemulsyfikacja, wykazuja
poréwnywalng skuteczno$¢ i bezpieczenstwo w leczeniu wczesnej i Sredniozaawansowanej
POAG. Uzyskane wyniki mogg w przysztosci przyczyni¢ si¢ do opracowania nowych standardow
1 strategii terapeutycznych postepowania z pacjentami z jaskra, a obie procedury maja duzg szans¢

stania si¢ pierwszym wyborem w leczeniu POAG.
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Rozdzial 7. Streszczenie w jezyku angielskim

Primary open-angle glaucoma (POAG) is the most common type of glaucoma in Europe. Due to
the increasing number of patients worldwide, the development of effective and safe treatments for
this disease is becoming increasingly important. In recent years, surgery as a first-line treatment
has been shown to provide better control of intraocular pressure (IOP), a major risk factor for

glaucoma progression, than initial conservative treatment.

This doctoral thesis is based on two key publications that form the basis of the study. The first is a
review that analysed the available scientific literature and confirmed the need for a comparative
study of these treatments. This review showed that despite the available studies on the different
surgical techniques used to treat glaucoma, a comprehensive comparison of ab externo canaloplasty
and iStent implantation in the treatment of POAG was lacking. This gap in knowledge motivated
a 12-month follow-up of patients after both types of surgery, the results of which were the subject

of a second publication.

The aim of this study was to evaluate and compare the efficacy and safety of two modern minimally
invasive surgical procedures for the treatment of mild to moderate POAG, ab externo canaloplasty

and implantation of a first-generation iStent microimplant during cataract phacoemulsification.

The study was a single-centre, prospective clinical trial conducted at the Department of
Ophthalmology, University Clinical Hospital in Bialystok. It involved 138 people with mild to

moderate POAG who were divided into two groups according to the surgical procedure performed.

The results of the 12-month follow-up showed that both surgical procedures were equally effective
in lowering 10P, reducing the number of antiglaucoma drops used after surgery, stabilising the
progression of visual field changes and improving visual acuity. Mean corneal endothelial cell
density one year after surgery was similar between groups. Both methods had a low incidence of
postoperative complications, although method-specific complications such as hyphema and
transient IOP elevation were more common in the ab externo canaloplasty group. The comparable
high rate of complete and qualified surgical success in both groups suggests that both methods are

effective in the long-term treatment of POAG, with a low risk of surgical failure.
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In conclusion, both surgical methods of glaucoma treatment, ab externo canaloplasty and iStent
implantation in a combined procedure with phacoemulsification, show comparable efficacy and
safety in the treatment of mild to moderate POAG. The results obtained may help to develop new
standards and therapeutic strategies for the treatment of glaucoma patients in the future, and both

procedures have a good chance of becoming the first choice in the treatment of POAG.
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Rozdzial 9. Oswiadczenia wspolautorow publikacji

Gotaszewska K, Konopinska J, Obuchowska 1. Evaluation of the Efficacy and Safety of
Canaloplasty and iStent Bypass Implantation in Patients with Open-Angle Glaucoma: A
Review of the Literature. J Clin Med. 2021 Oct 23;10(21):4881. doi: 10.3390/jcm10214881.
PMID: 34768400; PMCID: PMC8584607.

Informacja o charakterze udziatu wspoétautoréw w publikacji:

Autor Udzial w przygotowaniu publikacji - Udzial (%)
Opracowanie koncepcji pracy, zebranie
Kinga Golaszewska piSmiennictwa,  pisanie = manuskryptu, 33,33%
zarzadzanie projektem
Iwona Obuchowska Ocena merytoryczna i korekta manuskryptu 33,33%
., Opracowanie  koncepcji ~ pracy, ocena 0
Joanna Konopifiska merytoryczna i korekta manuskryptu 33,33%

Oswiadczam, ze wszyscy wspotautorzy wyrazili zgod¢ na wykorzystanie powyzszej
publikacji w pracy doktorskiej lek. Kingi Gotaszewskiej

Podpis kandydata

%‘\mqa éolcme,m o3

S

Potwierdzam opisany powyzej merytoryczny wklad kandydata w powstanie publikacji
wchodzacej w sktad rozprawy doktorskiej.

Podpis promotora

Twoue ObuclasSke
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Dr hab. n. med. Iwona Obuchowska Biatystok, 21.02.2024
Klinika Okulistyki

Uniwersytet Medyczny w Bialymstoku

ul. J. Kilinskiego 1

15-089 Biatystok

Oswiadczenie

Oswiadczam, iz moj udziat w przygotowaniu publikacji:

., Evaluation of the efficacy and safety of canaloplasty and iStent bypass implantation in patients
with open-angle glaucoma: a review of the literature” autor6w K. Gotaszewska, I.
Obuchowska, J. Konopinska, opublikowanej w Journal of Clinical Medicine 2021 Oct
23;10(21):4881, wchodzacej w sklad rozprawy doktorskiej: Pordwmnanie skutecznosci i
bezpieczenstwa kanaloplastyki ab externo i wszczepienia mikroimplantu iStent pierwszej
generacji podczas operacji fakoemulsyfikacji zacmy w leczeniu jaskry pierwotnej otwartego
kagta przesqczania, wynoszacy 33,33%, polegal na ocenie merytorycznej i korekcie
manuskryptu.

Jednoczesnie wyrazam zgod¢ na wykorzystanie przez Kinge Gotaszewska publikacji w

postgpowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu w
dyscyplinie nauki medyczne.

Juwowa Olbuelonskq
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Dr hab. n. med. Joanna Konopinska Biatystok, 21.02.2024
Klinika Okulistyki

Uniwersytet Medyczny w Bialymstoku

ul. J. Kilinskiego 1

15-089 Bialystok

Oswiadczenie

Oswiadczam, iz mdj udziat w przygotowaniu publikacji:

., Evaluation of the efficacy and safety of canaloplasty and iStent bypass implantation in patients
with open-angle glaucoma: a review of the literature” autorow K. Gotaszewska, I.
Obuchowska, J. Konopinska, opublikowanej w Journal of Clinical Medicine 2021 Oct
23;10(21):4881, wchodzacej w sklad rozprawy doktorskiej: Pordwmnanie skutecznosci i
bezpieczenstwa kanaloplastyki ab externo i wszczepienia mikroimplantu iStent pierwszej
generacji podczas operacji fakoemulsyfikacji zacmy w leczeniu jaskry pierwotnej otwartego
kgta przesgczania, wynoszacy 33,33%, polegal na opracowaniu koncepcji pracy, ocenie
merytorycznej i korekcie manuskryptu.

Jednocze$nie wyrazam zgod¢ na wykorzystanie przez Kinge Gotaszewska publikacji w

postepowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu w
dyscyplinie nauki medyczne.

JOW d{ocu)fl,u‘llo
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Gotaszewska K, Obuchowska 1, Konopinska J. First-Generation i5tent Bypass Implantation
versus ab Externo Canaloplasty Combined with Phacoemulsification in Patients with Primary
Open Angle Glaucoma-12-Month Follow-Up. J Clin Med. 2023 Sep 1L;12{17):5711. doi:
10.33904em 12175711, PMID: 37685778, PMCID: PMC10488869.

Informacja o charakterze udzialn wspdtautordw w publikacji:

Autor Udzial w przygotowanin publikacji Udzial (%a)

Opracowanie koncepcji pracy,
preeprowadzanie badan, rarggdzanic

Kinga Golaszewska . o . 60%
projektem, zebranie pismiennictwa, pisanie
manuskryptu

Iwona Obuchowska L’memwame. koncepcji  pracy,  ocena 15
merytoryczna i korekta manuskryptu
Opracowanie koncepecji pracy, zarzadzanic

Joanna Konopifiska projektem, ocena merytorvezna i korekia 25%

manuskrypiu

Oviwiadczam, Ze wszyscy wspolautorzy wyrazili zgode na wykorzystanie powy#sze
publikacji w pracy doktorskicj lek. Kingi Golaszewskiej

Podpis kandydata

»cﬁ;to&'u{ Gotasaorkae
J

Potwierdzam opisany powyzej merytoryczny whklad kandydata w powstanie publikacji
wehodzgee) wsklad rozprawy doktorskie.

Podpis promotora

:J}' SOUG E}.Eﬁ?u Aok 4
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Dr hab. n. med. Joanna Konopinska Bialystok. 06.02.2024
Klinika Okulistyki

Uniwersytet Medyczny w Bialymstoku

ul. I. Kilinskicgo 1

15-089 Bialystok

Oswiadczenie

Oswiadezam, iz maj udzial w przygotowaniu publikacji:

o First-generation iStent bypass implantation versus ab externo canaloplasty combined with
phacoemulsification in patients with primary open angle glaucoma - 12-month follow-up”
autorow K. Golaszewska, I. Obuchowska, J. Konopirska, opublikowanej w Journal of Clinical
Medicine 2023 Sep 1;12(17):5711, wehodzacej w sklad rozprawy doktorskiej: Poréwnanie
skutecznosci i bezpieczenstwa kanaloplastyki ab externo i wszezepienia mikroimplantu iStent
pierwszef generacji podczas operacji fakoemulsyfikacji zaémy w leczeniu Jaskry pierwotnej
obwarlego kgta przesqczania, wynoszacy 25%, polegal na opracowaniu koncepeji pracy,
zarzadzaniu projektem, ocenic merytorycznej i korekeie manuskryptu,

Jednoczesnie wyrazam zgode na wykorzystanie przez Kinge Golaszewska publikacji w
post¢gpowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu w
dyscyplinie nauki medyczne.

foosve  duqui
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Dr hab. n. med. Iwona Obuchowska Bialystok, 06.02.2024
Klinika Okulistyki

Uniwersytet Medyczny w Biatymstoku

ul. J. Kilinskiego 1

15-089 Bialystok

Odwiaderenie

Odwiadezam, iz maj udzial w przygotowaniu publikacii:

. First-generation iStent hypass implantation versus ab externo canaloplasiv combined with
phacoemulsification in patients with primary open angle gloucoma - 12-month Jollow-up™
autorow K. Golaszewska, 1. Obuchowska, J. Konopiniska, opublikowanej w Journal of Clinical
Medicine 2023 Sep 1:12(17):5711, wchodzacej w sklad rozprawy doktorskiej: Pordwmanic
skuiecznoded § bezpieczerstwa kanaloplastyki ab externo § wszczepienia mikvofmplantu iStent
pierwszef generacii podezas operacji fakoemulsyfikacii zaémy w leczeniv jaskry pierwoinef
oiwartego kgia przesgezania, wynoszacy 15%, polegal na opracowaniu koncepcji pracy, ocenie
merytorycznej i korekeie manuskrvpiu.

lednoczesnie wyrazam zgode na wykorzystanie przez Kinge Golaszewska publikacji w

postepowaniu o nadanie stopnia doklora w dziedzinie nauk medycznych i nauk o zdrowiu w
dyseyplinie nauki medvezne,

jm?uc{ Olou eAouUSU 4
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Rozdzial 10. Zgoda Komisji Bioetycznej

KOMISJA BIOETYCZNA
PRZY UNIWERSYTECIE MEDYCZNYM W BIALYMSTOKU
ul. Jana Kilinskiego 1
15-089 Biatystok
tel. 85 748 54 07, fax 85 748 55 08
komisjabioetyczna@umb.cdu.pl

Bialystok, 27.05.2021 r.
Uchwala nr: APK.002.278.2021

Na podstawie art. 29 ust. 2 1 14 ustawy dnia 5 grudnia 1996 r. 0 zawodach
lekarza 1 lekarza dentysty (tj. Dz. U z 2020, poz. 514 ze zm.), Komisja
Bioetyczna przy Uniwersytecie Medycznym w Bialymstoku, po zapoznaniu sie
z projektem badania zgodnie z zasadami GCP/ Guidelines for Good Clinical
Practice/- wyraza zgode¢ naprowadzenie tematu badawczego: .Ocena
skutecznosci i bezpieczenstwa zabiegéw kanaloplastyki i wszczepienia
by-bassu iStent u pacjentow z jaskra otwartego kata przesaczania” przcz
dr n. med. Joanne Konopinska wraz z zespolem badawczym z UMB.

Planowany okres realizacji od 27.05.2021 r. do 31.05.2022 r.
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KOMISJA BIOETYCZNA PRZY
UNIWERSYTECIE MEDYCZNYM W BIALYMSTOKU
ul. Jana Kilinskiego 1
15-089 Biatystok
tel. 85 748 54 07
komisjabioetyczna@umb.edu.pl

Bialystok, 19.05.2022 r.
Dot. zgody KB: APK.002.278.2021

Sz. P
dr hab. Joanna Konopinska

Komisja Bioetyczna przy UMB na posiedzeniu w dniu 19.05.2022 r. zapoznala sig
2 wnioskiem do tematu badawczego: ,,Ocena skutecznosci i bezpieczenstwa zabiegow
kanaloplastyki i wszczepienia by-bassu iStent u pacjentéw z jaskrg otwartego kqta
przesqczania” i wyraza zgodg na przedtuzenie czasu trwania badania do 31 .12.2025r.

isji}ioetycznej przy UMB
Vi

/7
/

Pouczenie
/. Odwolanie od uclivaly komisji biceryc=nej wyrazajqces opinig moze wniesc:
1) wnioskodawca.
2) kierowntk podmiotu, w kiérym eksperyment medycz=ny ma by¢ pr=eprowad=zony;
h 3) komisja 'bloely(::na wlasciwa dla osrodka, ktdry ma uczestniczyé w wieloosrodkowym eksperymencie medycznym.
2 Odwolanie. o ktorym mowa w ust. 1, wnosi si¢ za posrednictwem komisji bioetycznej, kiora pod;cia uchwatg, do Odwolawcze) Komusji

Bioeryczne) w terminie 14 dni od dnia dorgczenia uchwaly wyrazajqceej opinie.
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