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4 Wstep

4.1 Twardzina ukladowa

Twardzina uktadowa SSc (systemic sclerosis) — to rzadko wystepujgca choroba
autoimmunologiczna, charakteryzujaca si¢ uszkodzeniem tetniczek 1 naczyn
mikrokrazenia oraz przewlektym i postepujacym wioknieniem tkanek i narzadow
wewnetrznych. Zmiany narzadowe dotycza gltownie pluc, serca oraz uktadu
pokarmowego. Sposréd innych chorob reumatologicznych wyrdznia ja wysoka
$miertelnos¢, a diagnostyka, okreslenie cigzkos$ci i aktywnos$ci choroby oraz leczenie
powiktan narzadowych w dalszym ciggu stanowig wyzwania dla klinicystow. (1, 2)

Diagnoza twardziny ukladowej w glownej mierze opiera si¢ na aktualnie
obowigzujacych kryteriach ACR/EULAR z 2013 roku (American College of
Rheumatology / European League Against Rheumatism). (3) Wyro6znia si¢ dwie gtdéwne
postacie choroby: ograniczong 1SSc (limited systemic sclerosis) oraz uog6lniong dSSc
(diffuse systemic sclerosis), ktore rdznig si¢ rozlegloscia zajecia skory oraz rodzajem
1 szybko$cia wystgpienia powiktan narzagdowych. Posta¢ uogoélniona ma z reguly
cigzszy przebieg, zmiany skorne obejmuja twarz oraz proksymalne czgsci konczyn.
Niemal jednocze$nie pojawiajg si¢ zmiany narzadowe, z ktorych najczesciej rozwija sie
choroba §rodmigzszowa ptuc. Natomiast w postaci ograniczonej stwardnienie skory
konczyn lokalizuje si¢ dystalnie od tokci i1 kolan, z zajeciem lub zaoszczedzeniem
twarzy. Czesciej dochodzi do =zajgcia przewodu pokarmowego oraz rozwoju
nadci$nienia ptucnego. (1)

Zmiany patologiczne w przebiegu twardziny uktadowej moga dotyczy¢ takze
narzadu wzroku, obejmujac przydatki oraz przedni i tylny odcinek oka. U tych
pacjentow czescie] stwierdza si¢ zespot suchego oka, nieprawidtowosci powiek
w postaci widknienia oraz teleangiektazji, jaskrg, zwlaszcza jaskre normalnego
cisnienia. W piSmiennictwie opisano takze nieprawidlowosci dotyczace spojowki,
twardowki, teczowki, a takze zaburzenia naczyn krwiono$nych w obrebie krazenia
siatkbwkowego 1 naczynidowkowego. (4-7)

W patogenezie choroby inicjujagcym procesem jest uszkodzenie mikrokrazenia
z dysfunkcjg komorek srodblonka. Ich nieprawidlowa funkcja skutkuje zwiekszong
produkcja czynnikdw zwezajacych naczynia krwionosne, z jednoczesnym
niedostatecznym wytwarzaniem czynnikoOw rozszerzajacych. Uszkodzenie bariery

komorek srodbtonka, odpowiedZ autoimmunologiczna, procesy zapalne, zmiany



epigenetyczne oraz defekty angiogenezy prowadza do zmian niedokrwiennych oraz
postepujacego widknienia skoéry i narzadéw wewnetrznych. Prowadzi to do ich
nieodwracalnego uszkodzenia. (2, 8)

Mikroangiopati¢, charakterystyczng dla twardziny uktadowej, mozna
uwidoczni¢ dzigki badaniu kapilaroskopowemu watu paznokciowego. Wg Cutolo ocena
morfologii kapilar pozwala na klasyfikacj¢ chorych do 3 grup: wczesna, aktywna oraz

po6zna postac choroby. (9)

4.2 Naczyniowka oraz naczyniowkowy wskaznik naczyniowy

Naczyniowka to cze$¢ blony naczyniowej gatki ocznej. Sktada si¢ z gestej sieci
naczyn krwiono$nych oraz zrgbu, zbudowanego z tkanki lacznej. Jej integralno$¢
strukturalna i funkcjonalna ma kluczowe znaczenie w procesie widzenia, odzywia
bowiem zewngtrzne warstwy siatkdwki, zawierajagce fotoreceptory oraz nabtonek
barwnikowy. Przeplyw krwi w naczynidéwce ma charakter segmentowy. Lozysko
choriokapilar z obecnoscia fenestracji w komorkach srodbtonka zbudowane jest
z niezaleznych zrazikow, ktorych ksztatt i wielko$¢ roznia si¢ w zaleznosci od
lokalizacji, natomiast ich gesto$¢ maleje na obwodzie. Z kolei warstwy Hallera i Sattlera
sktadaja si¢ odpowiednio z duzych oraz $rednich i matych naczyn krwionosnych.
Ztozona budowa naczyniéwki oraz obecnos$¢ tzw. obszardéw ostatniej taki (watershed
zones) sprawiaja, ze jest ona szczeg6lnie podatna na niedokrwienie i procesy zapalne.
(10, 11)

Totez zaburzenia mikrokrazenia, obserwowane u pacjentdow z twardzing
uktadowa, moga dotyczy¢ rdwniez naczynidowki oka. Wskazuja na to nieliczne — jak
dotad — dane z piSmiennictwa, sprowadzajace si¢ jednak gtownie do oceny grubosci
naczyniowki. (12-19)

Optyczna koherentna tomografia OCT (optical coherence tomography)
umozliwia obrazowanie siatkowki 1 naczyniowki w sposdb precyzyjny, szybki,
nieinwazyjny oraz powtarzalny. Wraz z rozwojem tej technologii oraz wprowadzeniem
skanowania metodg EDI-OCT (enhanced depth imaging-OCT), umozliwiajacego
bardziej szczegblowe obrazowanie naczynidwki, znaczaco wzrosto zainteresowanie
morfologia naczyniowki w przebiegu réznych choréb, w tym takze chorob
autoimmunologicznych. (20, 21)

Poczatkowo najszerzej wykorzystywanym do oceny parametrem byla grubos¢

naczyniowki. (12, 20, 22-25) Natomiast w 2016 roku zaproponowano nowy, ilosciowy



wskaznik, precyzujacy komponente naczyniowg tej blony — naczyniowkowy wskaznik
naczyniowy CVI (choroidal vascularity index). (26, 27)

Ilosciowy pomiar komponenty naczyniowej naczynidowki pozwala na
poglebienie wiedzy na temat patomechanizmu zmian, zachodzacych w naczyniowce
w przebiegu wielu schorzen. Dane z piSmiennictwa wskazuja, ze CVI jest parametrem
bardziej stabilnym i mniej zaleznym od czynnikow fizjologicznych, niz grubo$¢
naczyniowki. (28) Uwaza si¢, ze CVI moze mie¢ zastosowanie w rozpoznawaniu
chorob na ich wczesnym etapie, monitorowaniu progresji i leczenia choréb siatkdwki,
naczyniowki, jak réwniez chorob ogolnoustrojowych. (11, 28) Jego dotychczasowe
zastosowanie ogranicza si¢ jednak tylko do badan naukowych, cho¢ podejmowane sg
proby opracowania oprogramowania do OCT, stuzacego zautomatyzowaniu pomiaru
CVI w celu standaryzacji wynikow. (29)

W ostatnich latach poszukuje si¢ wskaznikow biologicznych, ktore w szybki,
nieinwazyjny sposob pozwalatyby na identyfikacje choréb, ocen¢ ich aktywnosci,
prognozowanie oraz poszerzatyby wiedz¢ na temat patogenezy. Podkresla sie¢ takze
potencjalna rolg biomarkeréw w spersonalizowanym, celowanym leczeniu. Badania nad
biomarkerami — to intensywnie rozwijajaca si¢ dziedzina, takze w obszarze chor6b
autoimmunologicznych. (30) Jako wskazniki proponowano wiasnie parametry
naczyniowki, oceniane m.in. w badaniu OCT. (20, 31) Jak dotad, brak jest danych,
uzasadniajacych ich praktyczne wykorzystanie w twardzinie ukladowe;.
Postanowilismy te luke wypeic.

Analizie poddano dwa istotne obszary w obrebie naczyniowki: plamkowy oraz

okototarczowy. Pierwsza praca (2.1.) dotyczy oceny parametréw naczynidwki
w plamce. Grubos$¢ naczyniowki zostata oznaczona na obszarze o srednicy 6 mm,
w 9 polach ETDRS (Early Treatment Diabetic Retinopathy Study), co wyrdznia to
badanie sposrod innych, dostepnych w literaturze, w ktorych ocenie podlegaty jedynie
pojedyncze punkty w réznych odlegtosciach od dotka. Obok grubosci naczyniowki,
badanie uzupetniono o jej objetos¢, co pozwolito uwzgledni¢ nieregularnosci granicy
naczynidéwkowo-twardowkowej. Natomiast ocena parametrow naczynidéwki w obszarze
okototarczowym jest tematem drugiej pracy (2.2.), wlaczonej do rozprawy.

W ostatnim czasie na tamach literatury podkresla si¢ powigzanie zmniejszonej
grubosci naczyniowki okolotarczowej z czestszym wystepowaniem neuropatii
jaskrowej (32), a czgstsze wystgpowanie jaskry, zwtaszcza jaskry normalnego cisnienia,

jest obserwowane wsrod pacjentow z twardzing uktadowa. (33)



Oznaczenie CVI w obszarach plamkowym oraz okototarczcowym pCVI
(peripapillary CVI) mogtoby wigc dostarczy¢ dodatkowych informacji o dwoch
sktadowych naczyniowki: komponenty naczyniowej oraz zrgbu, ktore to zatozenie stato

si¢ punktem wyjscia do naszych badan.

5 Omowienie prac skladajacych sie na rozprawe doktorska

5.1 Cel badan
Celem wiodgcym badan byto poznanie patogenezy zmian, zachodzacych
w obrebie naczynidwki, oraz ocena ich powigzan z parametrami klinicznymi

u pacjentéw z twardzing uktadowa.

Cele szczegotowe:

1. Ocena parametréw naczynidéwki w plamce, z uwzglednieniem grubosci,
objetosci oraz CVI u pacjentow z twardzing uktadowa.

2. Ocena grubosci naczynidowki okolotarczowej, pCVI oraz grubosci
wlokien nerwowych siatkdwki u pacjentéw z twardzing uktadowa.

3. Ustalenie powigzan migdzy parametrami morfologicznymi naczyniowki
a parametrami klinicznymi u pacjentow z twardzing uktadowa w celu
identyfikacji biomarkeréw. Wskazanie parametru, ktéry mogtby petnié
role wskaznika biologicznego aktywnosci 1 progresji choroby, mogloby

mie¢ zastosowanie w praktyce klinicznej.

5.2 Material i metodologia

5.2.1 Projekt badan

Bylto to prospektywne, jednoosrodkowe, przekrojowe badanie, ktore zostato
przeprowadzone w okresie od marca 2021 r. do marca 2022 r. w Klinice Okulistyki
Uniwersyteckiego Szpitala Klinicznego w Biatymstoku. Zgoda na przeprowadzenie
badan zostala wydana przez Komisj¢ Bioetyczng przy Uniwersytecie Medycznym
w Bialymstoku, nr APK.002.109.2021. Badanie bylo zgodne z zalozeniami Deklaracji
Helsinskiej. Wszyscy uczestnicy zapoznali si¢ z informacja odno$nie badania, oraz po
rozmowie z lekarzem przeprowadzajacym badanie wyrazili swiadoma, pisemng zgode¢

na wzigcie w nim udziatu.
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5.2.2

5.2.3

Grupa badana i por0wnawcza

Do badan wiaczono 33 pacjentéw (66 oczu), hospitalizowanych w Klinice
Reumatologii oraz Chorob Wewnetrznych USK w Biatymstoku. Grupg poréwnawcza
stanowito 40 zdrowych osob (80 oczu), zglaszajacych si¢ na rutynowe badanie

okulistyczne do Kliniki Okulistyki USK w Bialymstoku.
Kryteria wtaczenia:

osoby petnoletnie (grupa badana i poréwnawcza),
rozpoznanie twardziny uktadowej, postaci uogolnionej lub ograniczonej, zgodnie

z kryteriami 2013 ACR/EULAR (grupa badana).
Kryteria wykluczajace (grupa badana i grupa poréwnawcza):

nieprawidlowosci w badaniu dna oka (uwidocznione po rozszerzeniu zrenicy, w lampie
szczelinowej, analizie fotografii dna oka lub ocenie skanow OCT w obrebie plamki),
ametropia >3,0 dioptrii,
przebyta operacja zaémy w ciggu 12 ostatnich miesigcy,
przebyte operacje w obrebie tylnego odcinka oka,
przebyta laseroterapia siatkowki,
niedostateczna jakos¢ badania OCT,
wspotistniejaca cukrzyca.
Poréwnywane grupy nie roznity si¢ istotnie pod wzgledem wieku, plci oraz

dhugosci gatki oczne;.

Metodologia — uwagi ogélne

Wszyscy pacjenci zostali poddani szczegdétowemu badaniu okulistycznemu:
refrakcja, ostro§¢ wzroku, cisnienie wewnatrzgatkowe, biometria z pomiarem dtugosci
galki ocznej, ocena przedniego i tylnego odcinka gatki ocznej w lampie szczelinowe.
Wykonano kolorowe fotografie dna oka. Przeprowadzono badanie OCT siatkowki oraz
naczyniowki (SD-OCT, Heidelberg Engineering, Heidelberg, Niemcy).

Zebrane zostaly dane nt. plci, wieku, czasu trwania choroby, palenia tytoniu,
chorob towarzyszacych i przyjmowanych lekow. W grupie badanej do analizy wtaczono
tez dane, charakterystyczne dla twardziny uktadowej: owrzodzenia paliczkow, chorobe
srodmigzszowa pluc (potwierdzong badaniem TK o wysokiej rozdzielczos$ci), wskazniki
stanu zapalnego, zajecie mig¢snia sercowego (podwyzszone wartosci stezenia peptydu

natriuretycznego [NT-proBNP] w badaniach laboratoryjnych lub potwierdzone
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5.2.4

w badaniu MRI), obrzgk/bol stawow.

Przeprowadzone zostato badanie kapilaroskopowe, kwalifikujace pacjentow do 3
grup: wcezesna, aktywna oraz pozna posta¢ choroby. (9) Uzyskane wyniki poddano
analizie statystycznej za pomocg programu R software wersja 4.0.5. Za poziom

istotnos$ci przyjeto p<0.05.

Protokol badania przy pomocy OCT
Badanie OCT u wszystkich uczestnikow wykonywano miedzy godzing 122 a 15%,
aby zminimalizowa¢ wptyw pory dnia na dobowe fluktuacje grubosci naczyniowki.
Protokét obrazowania OCT skladat si¢ z 25 poziomych skandéw rastrowych plamki,
pojedynczego liniowego B-skanu przez dotek (EDI-OCT) oraz okreznego skanu wokot
tarczy nerwu wzrokowego (360°) o $rednicy 3,5 mm. W poszczeg6lnych polach ETDRS
oznaczono grubos¢ i objetos¢ naczyniéwki w obszarze plamkowym, a za pomocg skanu
okreznego wokot tarczy nerwu wzrokowego wykonano pomiary grubosci naczyniéwki
okototarczowej oraz grubosci wtokien nerwowych siatkéwki RNFL (retinal nerve fiber
layer).
Na 25 poziomych skanach obszaru plamkowego, btona graniczna wewngtrzna
ILM (internal limiting membrane) oraz blona Brucha BM (Bruch’s membrane)
wyznaczone zostaly automatycznie przez oprogramowanie OCT. Grubo$¢ naczynidwki
zostala wyznaczona manualnie (Ryc. 1). Mapy grubos$ci oraz objgtosci wyznaczono
automatycznie w 9 polach ETDRS. Utworzone zostaly mapy grubos$ci/objetosci

siatkowki oraz sumy grubosci/objetosci siatkowki i naczyniowki. Warto$ci, dotyczace

parametroéw naczyniowki, uzyskano odejmujac od siebie powyzsze wartosci.

Ryec. 1. A. 25 skanéw poziomych przez plamke w badaniu OCT. B. Blona graniczna
wewnetrzna ILM zostala zaznaczona automatycznie (strzatka pozioma). Granica

polaczenia naczynidéwkowo-twardowkowego CSJ (choroidal-scleral junction)
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5.2.5

zaznaczona zostala manualnie na kazdym skanie poprzez przesuniecie granicy BM do

CSJ (strzatka pionowa). C. Poszczeg6lne pola ETDRS, podlegajace badaniu.

Na okreznym skanie wokot tarczy nerwu wzrokowego, grubo$s¢ RNFL zostata
wyznaczona automatycznie przez oprogramowanie OCT i przedstawiona w postaci map
grubosci, jako warto$¢ catkowita oraz w poszczegolnych kwadrantach (gorny, dolny,
nosowy, skroniowy). Grubo$¢ naczyniowki zostala wyznaczona manualnie (Ryc. 2).
Warto$ci przedstawiono w postaci map grubosci, analogicznych do RNFL.

Szczegotowe informacje nt. analizy obrazow OCT znajduja si¢ w pracach oryginalnych,

wchodzacych w sktad rozprawy doktorskiej (str. 18 1 38).

Rye. 2. Okrezny skan OCT siatkowki i naczyniowki wokoét tarczy nerwu wzrokowego.
Granica ILM zostala manualnie przeniesiona w miejsce BM (strzaltka pozioma),

natomiast granica RNFL w miejsce CSJ (strzatka pionowa).

Protokot binaryzacji obrazéw OCT

Naczyniowka na skanie badania OCT widoczna jest jako obszar od gory
ograniczony przez nablonek barwnikowy siatkowki i bton¢ Brucha, natomiast od dotu
granica przebiega w miejscu potaczenia naczynidwkowo-twardoéwkowego. Ciemne,
hiporefleksyjne obszary odpowiadajg $wiattu naczyn, natomiast struktury jasne,
hiperrefleksyjne lub o posredniej refleksyjnosci, odpowiadaja zrgbowi naczyniowki.
Binaryzacja obrazu umozliwia analize ilosciowa poszczegélnych sktadowych
naczyniowki poprzez progowanie obrazu. Piksele jasniejsze od wyznaczonego progu
jasnosci otrzymujg jedng warto$¢, natomiast ciemniejsze drugg, dzigki czemu mozliwa
jest ich ilosciowa ocena.

Binaryzacj¢  przeprowadzono korzystajac z  oprogramowania Imagel
(https://imagej.nih.gov/ij, version 1.53k, U.S. National Institutes of Health, Bethesda,
MD, USA), w oparciu o protokot zaproponowany przez Sonoda (26) i Agrawal’a (27),
z pewnymi modyfikacjami. Analizie poddano przezdotkowy pojedynczy skan EDI-
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OCT (Ryc. 3) oraz okrezny skan okototarczowy. Manualnie zmierzono catkowita
powierzchni¢ naczynidowki TCA (fotal choroidal area) na szerokosci 1000
mikrometrow na skanie plamkowym, w ktorym centrum stanowit dotek, oraz na catym
okreznym skanie okototarczowym. Na powyzszych obszarach wykonano pomiary
powierzchni $wiatta naczyn LA (luminal area). Powierzchni¢ zrebu SA (stromal area)
obliczono, odejmujac warto$s¢ LA od TCA, natomiast CVI obliczono jako procentowy
stosunek LA do TCA. Szczegdtowy opis oraz graficzne przedstawienie kolejnych
etapow binaryzacji obrazow OCT oraz kalkulacji CVI znajduja si¢ w pracach
oryginalnych oraz suplementach do artykutow, wchodzacych w sklad rozprawy

doktorskiej (str. 311 51).

1000 micrometer

Ryc. 3. Kolejne etapy binaryzacji skanu EDI-OCT (enhanced depth imaging-OCT)
przez plamke. LA (strzatka pionowa) oraz SA (strzatka pozioma). A. Manualnie
zaznaczony obszar TCA na szerokosci 1000 mikrometréw. B. Binaryzacja z uzyciem
metody Niblack. C. Oznaczenie LA w obregbie TCA. D. Nalozenie LA na oryginalny
skan EDI-OCT.

5.3 Wyniki

5.3.1 Charakterystyka grup: badanej i porownawczej
Do badania wtaczono 33 pacjentéw z twardzing uktadowa: 22 pacjentow
z postacig dSSc oraz 11 z 1SSc. Mediana czasu trwania choroby wynosita 4 lata. Zajecie
phuc stwierdzono u 22 pacjentdéw (66,7%), uszkodzenie mig¢$nia sercowego u 11 chorych
(33,3%), zajecie stawow u 16 (48,5%). Obecnos¢ lub historie owrzodzen paliczkow

odnotowano w 11 przypadkach (33,3%). U 9 oséb (27,3%) zmiany kapilaroskopowe
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odpowiadaly wczesnej postaci choroby, 15 pacjentow (45,5%) prezentowalo cechy
postaci aktywnej, a 9 (27,3%) postaci pdzne;.

Grupe porownawczg stanowito 40 zdrowych oséb. Badane grupy nie réznity sie
znamiennie pod wzgledem wieku, ptci, dtugosci gatki ocznej, ostrosci wzroku oraz
dodatniego wywiadu w kierunku palenia tytoniu (p>0.05). Wykazano natomiast istotnie
nizsze wartos$ci Sredniego ci$nienia tetniczego MAP (mean arterial pressure) oraz
ci$nienia wewnatrzgatkowego IOP (intraocular pressure) w grupie badanej, anizeli
w grupie poréwnawczej (p<0.05). Ponadto nie wykazano statystycznych réznic miedzy
postaciami twardziny uktadowej (dSSc/ISSc) w odniesieniu do wieku, plci, dtugosci
galki ocznej, ostrosci wzroku, dodatniego wywiadu w kierunku palenia tytoniu
(p>0.05), jednakze grupy r6znity si¢ warto§ciami MAP oraz IOP (p<0.05). Szczegotowe

dane zamieszczono w tabelach publikacji, sktadajacych si¢ na rozprawe doktorska.

5.3.2 Ocena parametrow naczyniowki

5.3.2.1 Obszar plamkowy
U pacjentow z twardzing ukladowa wykazano znamiennie mniejszg grubosc
naczyniowki w polach ETDRS: centralnym, nosowym wewngtrznym, skroniowym
wewnetrznym oraz zewngtrznym. Poddotkowa grubos¢ naczyniowki SFCT (subfoveal
choroidal thickness) rbwniez okazala si¢ istotnie mniejsza, niz w grupie porownawczej
(p<0.05). W pozostatych polach ETDRS wartosci byty mniejsze, jednak rdznice nie
osiggnely istotnego poziomu. Wykazano natomiast istotnie nizsze wartosci objetosci
naczyniéwki w analogicznych polach ETDRS, a takze w polu dolnym wewn¢trznym.
Warto$§¢ CVI byta znamiennie wyzZsza u pacjentéw z twardzing uktadowa, natomiast
wartosci TCA, LA oraz SA byly istotnie nizsze w grupie badanej w porOwnaniu z grupg
odniesienia (p<0.05). Nie wykazano istotnych réznic w parametrach naczyniéwki
miedzy grupami dSSc oraz 1SSc. Parametry te nie roznily si¢ tez w oczach pacjentow,
sklasyfikowanych jako wczesna, aktywna lub pdZna posta¢ choroby na podstawie

badania kapilaroskopowego.

5.3.2.2 Obszar okolotarczowy
Wykazano statystycznie nizsza warto$¢ pCVI w grupie pacjentéw z twardzing
uktadowa, niz w grupie porownawczej (p<0.001). Warto§¢ pCVI nie réznita si¢ miedzy

grupami dSSc 1 1SSc (p>0.05).
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Nie wykazano istotnych roéznic w grubosci naczyniowki, okototarczowych
powierzchniach pTCA (peripapillary total choroidal area), pLA (peripapillary luminal
area) oraz pSA (peripapillary stromal area) pomigdzy badanymi grupami, jak rowniez
w podgrupach dSSc wzgledem 1SSc (p>0.05). Ponadto grubo$s¢ RNFL nie roznita si¢
statystycznie w powyzszych grupach. Nie wykazano korelacji grubosci catkowitej
RNFL z parametrami naczyniéwki (pCVI 1 catkowita gruboscia naczyniowki

okototarczowej).

Ponadto wykazano istotnie wyzsze warto$ci grubosci naczyniowki we wszystkich
kwadrantach, z wylaczeniem kwadrantu nosowego, pTCA, pLA oraz pSA u pacjentéw
z pozng postacia choroby w pordéwnaniu do aktywnej w oparciu o badanie
kapilaroskopowe (p<0.05). Wartosci RNFL w kwadrancie skroniowym byly istotnie
wyzsze u pacjentOow z wczesng postacia choroby w poréwnaniu do grupy,

sklasyfikowanej jako posta¢ aktywna (p = 0.009).

5.3.3 Analiza zwigzku parametrow naczyniowki z parametrami klinicznymi

5.3.3.1 Obszar plamkowy

Nie wykazano zwigzku pomig¢dzy parametrami naczyniéwki (CVI, centralng
gruboscig 1 objetoscig naczyniowki) a parametrami demograficznymi oraz klinicznymi,
takimi jak: wiek, pte¢, dodatni wywiad w kierunku palenia tytoniu, dlugos¢ gatki oczne;.
Czas trwania choroby, posta¢ twardziny uktadowej (dSSc/ISSc) oraz wcezesna, aktywna
1 pozna posta¢ choroby w oparciu o badanie kapilaroskopowe réwniez nie wykazaly
zwigzku z parametrami naczyniowki. Nie wykazano takze zaleznos$ci z obecnos$cig
przeciwcial ~ przeciwko  topoizomerazie I  (anty-Scl70) 1 przeciwciat
antycentromerowych, jak rowniez z zajgciem narzadow wewngtrznych oraz
stosowanymi lekami (za wyjatkiem blokeréw kanatoéw wapniowych w odniesieniu do
CVI). Wykazano zwigzek TCA, LA oraz SA z centralng gruboscia i objetoscia

naczyniowki, jak rowniez SA z CVI, zarowno w grupie badanej, jak i poréwnawczej.

5.3.3.2 Obszar okolotarczowy
Wykazano zwigzek pCVI z wiekiem, pTCA, pLA, calkowita grubo$cig
naczyniowki, MAP, z uszkodzeniem migsnia sercowego oraz stosowaniem lekow
moczopednych u pacjentow z twardzing uktadowa (p<0.05). Nie wykazano jednak
zwigzku z plcig, paleniem tytoniu, dtugoscia gatki ocznej, gruboscia RNFL, pSA,

obecnoscig charakterystycznych przeciwciatl, zajeciem phuc, stawow, obecnos$cig
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owrzodzen paliczkéw, stosowanymi lekami (za wyjatkiem diuretykow). Czas trwania
choroby, posta¢ twardziny uktadowej (dSSc/ISSc) oraz wczesna, aktywna oraz poézna
posta¢ choroby roéwniez nie wykazaly powigzania z parametrami naczyniowki
okototarczowej. W grupie porownawczej wykazano zwigzek pCVI z pLA.
Przedstawione analizy poszerzaja dotychczasowa wiedze =z zakresu
patofizjologii naczyniowki u pacjentow z twardzing ukladowa i1 pozwalaja na

wyciagniecie nastgpujacych wnioskow.

5.4 Wnhnioski

= Zmiany parametrow morfologicznych naczyniowki potwierdzaja objecie jej procesem
chorobowym w przebiegu twardziny uktadowe;.

=  Wyzsza warto§¢ CVI w obszarze plamkowym moze wskazywac¢ na przewage patologii
w obrebie zrebu naczyniowki w postaci widknienia nad zmianami naczyniowymi na tym
obszarze. Jest to nowe spojrzenie na patomechanizm, prowadzacy do $cienczenia
naczyniowki.

= Nizsza wartos¢ CVI w obszarze okolotarczcowym moze wskazywa¢ na uszkodzenie
mikrokrazenia naczyniowki, co cze$ciowo tlumaczy czestsze wystepowanie jaskry,
zwlaszcza normalnego ci$nienia, u pacjentoOw z twardzing uktadowa.

= Odmienny charakter i kierunek zmian grubosci naczyniowki i CVI na dwoch badanych
obszarach: plamkowym i okototarczowym, wynikaja prawdopodobnie z jej zlozonej,
segmentowe] budowy. Moga takze S$wiadczy¢ o nierOwnomiernym uszkodzeniu
naczyniowki.

= Nie wykazano zalezno$ci pomig¢dzy parametrami morfologicznymi naczyniowki
a parametrami klinicznymi. Wyjatek stanowita grubsza naczynidéwka okototarczowa
u pacjentdw z pdzng postacig choroby w poréwnaniu do postaci aktywne;.
Wynika stad, iz ani grubo$¢ naczyniowki, ani CVI nie stanowia odpowiedniego markera

do dokonania takiej oceny.
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Abstract

Purpose The aim of this study was to investigate choroidal parameters in patients with systemic sclerosis (SSc) using
enhanced depth imaging spectral-domain optical coherence tomography (EDI-SD-OCT) and to determine their relationships
with clinical variables and ocular features.

Methods Thirty-three patients with SSc and 40 controls were enrolled. The groups did not differ with regard to age, sex,
and axial length. The mean choroidal thickness and volume were obtained in each conventional Early Treatment of Diabetic
Retinopathy Study grid subfield. The choroidal vascularity index (CVI), which provides a quantitative analysis of vasculature
by calculating the proportion of the luminal area (LA) to the total choroidal area (TCA), was determined.

Results Lower choroidal thickness and volume were observed in the SSc group. The CVI was significantly higher in SSc
patients, whereas the TCA, LA, and stromal area were significantly lower in the SSc group; however, the significant difference
of the stromal component was more pronounced than that of the luminal component. Regression analyses did not identify
any clinical factors associated with the CVI (except Ca-blocker use), central macular thickness, or volume. No significant
differences in choroidal parameters were found within the SSc subtypes (diffuse cutaneous systemic sclerosis (deSSc) vs.
limited cutaneous systemic sclerosis (IcSSc)), or between eyes stratified according to SSc pattern (early, active, or late) using
nailfold capillaroscopy (p > 0.05 for all).

Conclusion Our results, with notably higher CVI values, may shed new light on choroidal impairment in patients with SSc.
Stromal involvement appeared to dominate the vascular component.
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Key messages

What is known

e Patients with SSc have significantly thinner macular choroids than healthy subjects.
CVI serves as a diagnostic tool to determine the involvement of both choroidal components, vascular and stromal.

What this study adds

® The macular CVI is significantly higher in SSc patients.

® Stromal involvement seemed to predominate the vascular component. Consequently, fibrosis might outweigh

microangiopathy.

Introduction

Systemic sclerosis (SSc) is a complex, progressive, auto-
immune connective tissue disease with partially under-
stood triggers. The pathomechanisms first involve micro-
vascular damage, followed by autoimmune response,
inflammation, and diffuse fibrosis [1]. SSc can be gener-
ally classified based on the extent of skin involvement.
Cases with proximal skin involvement are classified as
diffuse cutaneous systemic sclerosis (deSSc), whereas
those with skin involvement affecting the limbs distal
to the elbows and knees, with or without neck and face
involvement, are classified as limited cutaneous systemic
sclerosis (1¢SSc) [2]. Both deSSc and 1cSSc patients are
at risk of internal organ involvement [3].

Many ocular manifestations involving anterior and pos-
terior segments have been reported in SSc patients [4-6],
and there is no doubt that retinal and choroidal microcir-
culation impairments occur in SSc patients [7-10]. It has
been hypothesized that generalized vasculopathy causes
alterations in the posterior segment and uveal tract, whercas
fibrosis-related impairment is more likely to affect the ante-
rior segment and adjacent area [6].

The choroid is a highly vascularized tissue that provides
85% of the total ocular blood flow [11]. Choroidal circula-
tion is characterized by a high level of blood flow with
low oxygen extraction in contrast to retinal circulation
[11]. The end-arterial nature of the choroidal vasculature
makes this layer vulnerable to inflammation and ischemia
in multisystemic diseases [12]. Therefore, it seems that
the choroidal vasculature is ideal for the observation of
generalized arteriolar and capillary injury in SSc [13].
Enhanced depth imaging optical coherence tomography
(EDI-OCT) is a noninvasive, rapid, objective, and reli-
able diagnostic modality for imaging choroidal alterations
[14, 15]. In recent years, choroidal thickness (CT) has
been proposed as an inflammatory biomarker in systemic
autoimmune diseases, especially those with vascular
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components [16]. Most studies on choroidal thickness
have found that patients with SSc have a significantly thin-
ner macular choroid than healthy subjects, presumably as
a result of chronic vascular damage [7-9, 17-20]. Choroi-
dal thickness is a rough estimate rather than an accurate
marker of choroidal status and is dependent on various
physiological and pathological factors, including age, eth-
nicity, sex, refraction, and axial length [21]. Hence, we
determined not only the choroidal thickness but also the
choroidal vascularity index (CVI), which is a novel OCT-
based choroidal quantitative parameter that provides more
detailed information about the vascular component of the
choroid across all layers: the choriocapillaris, Sattler’s
layer, and Haller’s layer. The CVI provides a quantitative
analysis of the vasculature by calculating the proportion
of the luminal area to the total choroidal area. The current
literature suggests that the CVI has less variability and is
influenced by fewer physiological factors than choroidal
thickness. Therefore, it can be considered a relatively sta-
ble parameter for the evaluation of changes in the choroi-
dal vasculature [22-24]. It has been proposed as a poten-
tial biomarker for establishing early diagnosis, monitoring
disease progression, and prognosticating patients [23-25].
As other authors have emphasized, the CVI should not be
viewed as an isolated marker, but as an addition to exist-
ing parameters such as CT [25]. Therefore, we considered
not only the choroidal thickness but also the choroidal
volume, in order to take into account irregularities in the
choroidal-scleral junction [26].

In the current study, we aimed to investigate choroi-
dal parameters and to determine their relationships with
clinical variables and ocular features. We hypothesized
that patients with SSc might demonstrate alterations in
choroidal morphology. Moreover, assessment of the CVI
may help to differentiate whether vascular, stromal, or
both components are involved in the pathogenesis of cho-
roidal changes. This is the first ever study to address this
pathogenic issue.
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Material and methods

This prospective, single-center cross-sectional study was
conducted between March 2021 and March 2022 at the Oph-
thalmology Department of the Medical University of Bia-
lystok. The study involved 33 adult SSc patients (66 eyes)
admitted to the Department of Rheumatology and Internal
Diseases of the Medical University of Bialystok. Diagnoses
were made according to the 2013 ACR/EULAR SSc criteria
[27], and subtypes were ascertained as diffuse or limited.
The protocol of the study was approved by the local Bioeth-
ics Committee at the Medical University of Bialystok (deci-
sion no APK.002.109.2021), and the study was conducted
in accordance with the Declaration of Helsinki, Informed
written consent was obtained from each patient.

The control group was composed of 80 eyes from 40
patients undergoing routine ophthalmological assessments.
SSc patients and controls did not differ with regard to age,
sex, and axial length (AL). The following detailed oph-
thalmologic examination, including refraction, best cor-
rected visual acuity (BCVA) in Snellen converted to log
MAR, intraocular pressure (IOP) measured with a Pascal
dynamic contour tonometer (DCT; Zeimer Ophthalmic
Systems AG, Port, Switzerland), slit-lamp biomicroscopy,
AL measured with a Tomey OA-2000 biometer (Nagoya,
Japan), dilated fundus examination, and enhanced depth
imaging spectral-domain optical coherence tomography
(EDI SD-OCT, Heidelberg Engineering GmbH, Heidel-
berg, Germany; 2016), was performed on all participants.
Blood pressure was measured in the sitting position after
5 min of rest, and OCT images were obtained immediately
afterwards for all patients.

Data regarding age, sex, disease duration, autoantibody
profile, current smoking status, and details of systemic treat-
ment were recorded. History of digital ulcers (present or
past), the presence of interstitial lung disease (ILD) con-
firmed by high-resolution computed tomography (HRCT)
of the lungs, cardiac involvement (elevated N-terminal pro
b-type natriuretic peptide (NT-proBNP or heart fibrosis upon
magnetic resonance imaging (MRI)), and joint involvement
(arthalgia or joint swelling) were also included in the analy-
sis. Nailfold capillaroscopy (NFC) was performed using a
CapillaryScope 200 Dino-lite Digital microscope (MEDL4N
PRO capillaroscopy equipment) and stratified based on
capillaroscopic characteristics (capillary density, capillary
dimension, abnormal capillary morphology, and presence or
absence of hemorrhages) as “early,” “active,” or “late” SSc
pattern, as proposed by Cutolo et al. [28]. Blood parameters,
including C-reactive protein (CRP) and erythrocyte sedi-
mentation rate (ESR; after 2 h), were measured.

Exclusion criteria encompassed the presence of fundus
pathology, ametropia > 3 diopters, phacoemulsification

less than 12 months prior to examination, history of pos-
terior segment surgery, retinal laser treatment, and poor
quality of OCT scans (<25 dB). To exclude preexisting
fundus abnormalities, fundoscopy in mydriasis was per-
formed and color fundus photographs were obtained and
analyzed for each patient. Additionally, each OCT scan
was carefully evaluated with emphasis on Bruchs mem-
brane/RPE and choroidal abnormalities to detect any fea-
tures of the pachychoroid, including pachychoroid pigment
epitheliopathy [29].

OCT image acquisition and analysis

OCT images were captured in mydriasis during the same
time interval (12 pm-3 pm) to avoid diurnal variation in
choroidal parameters. The EDI-SD-OCT imaging protocol
was composed of 25 raster scans (20° x20°) and a linear 30°
B-scan centered at the fovea. Choroidal thickness and vol-
ume were determined in the same manner as in our previous
study [23]. Briefly, the internal limiting membrane (ILM)
and Bruch’s membrane (BM) were detected automatically,
while the choroidal-scleral junction (CSJ) was manually
marked on each scan by the same experienced examiner
(MP). Retinal parameters were calculated from the ILM to
the BM and choroidal parameters from the BM to the CSJ.
Average thickness and volume maps were created automati-
cally according to the conventional ETDRS grid with nine
subfields: central macular subfield (central field within a
500-pm radius), four inner subfields (within a 500-1500-
um radius), and four outer subfields (within a 1500-3000-um
radius) (Fig. 1) [30]. Separate maps were created for retinal
thickness and volume, as well as for the sum of the retinal
and choroidal thickness and volume. Values of the choroidal
parameters were calculated by subtracting retinal parameters
from the summed retinal and choroidal parameters. SFCT
was defined as the distance between the BM and the CSJ at
the fovea and was measured automatically.

Binarization of the choroidal area (Fig. 2) was performed
by two of the authors (BP and AZ). The macular region was
scanned using a single horizontal line scan (30°) centered
on the fovea, with 100 frames averaged in a B-scan. Only
high-quality scans (defined as scans with a signal strength of
more than 25 dB (ranging from 0= poor to 40 =excellent))
were used for analysis. Images were analyzed with Imagel
public domain software (https://imagej.nih.gov/ij/) using the
protocol previously described by Sonoda et al. and Agrawal
et al. [31, 32]. with a few modifications. The most impor-
tant modification concerned the setting of the scale, which
considered the stretching of images to avoid erroneous quan-
tification of the measured area [33]. Damian et al. analyzed
nonstretched OCT scans (1 X 1 pum) to overcome the errone-
ous quantification of choroidal parameters [34]. However,
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LQUO pm

Fig. 1 Examined choroidal and retinal area overlaid on fundus image

1000 micrometer

Fig.2 Image binarization of choroid: luminal area (vertical arrows)
and stromal area (horizontal arrows). a Total choroidal area marked
on original enhanced depth imaging (EDI) SD-OCT scan. Measure-

an image presented in a 1:1 pixel aspect ratio (stretched axi-
ally) has better detailed visualization of a structure than a
1 x 1 um image (OCT sampling density is higher in the axial
direction than the transverse) [33]. Therefore, the scale was
set considering pixel aspect ratio to reflect the actual size of
the measured area. A detailed step-by-step image analysis
algorithm is provided in the Supplementary Material. The
measurement area was defined as 1000 pm in width and
centered on the fovea. The total choroidal area (TCA) was
selected from the outer boundary of the RPE-BM layer to
the choroidal—scleral junction using the polygon selection
tool. The images were converted to 8-bit images to allow
the application of the Niblack auto local threshold tool.
The binarized images were reconverted to RGB images to
allow the color threshold tool to be used to select dark pix-
els that represented vascularized areas. The luminal area
(LA) and TCA were measured, while the stromal area (SA)
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1000 micrometer

ment area was defined as 1000 pm in width. b Niblack auto local
threshold tool applied. ¢ Highlighted luminal area using color thresh-
old tool. d Overlay of luminal area on original OCT scan

was calculated by subtracting LA from TCA. The CVI was
determined as the ratio of LA to TCA (%). The interob-
server reproducibility of the measurements was assessed by
measuring the intraclass correlation coefficient (ICC) and
absolute agreement. The ICC values for the CVI, TCA, and
LA measurements were > (.87.

Statistical analysis

Analyses were performed using R 4.0.5. statistical software
(R Core Team (2021). R: Language and environment for sta-
tistical computing by R Foundation for Statistical Comput-
ing, Vienna, Austria). Data are presented as n (%) for nomi-
nal variables and as means +SD or medians (Q1; Q3) for
continuous variables, depending on normality of distribu-
tion (validated via Shapiro-Wilk test and based on skewness
and kurtosis values). Comparisons among groups were made
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using chi-squared tests or Fisher’s exact tests for nominal
data, as well as t-tests, ANOVA, or Kruskal-Wallis tests for
continuous variables, as appropriate. Post hoc comparisons
were based on Tukey tests. For the comparison of choroidal
parameters between groups, Benjamini—Hochberg correction
for multiple comparisons was applied. Additionally, linear
regression analysis was performed to verify the associations
between the CVI, central macular choroidal thickness, and
volume, as well as demographic, clinical, and ocular fea-
tures. All calculations were based on a=0.05.

Results

A total of 66 eyes of 33 SSc patients and 80 eyes of 40
healthy control subjects were enrolled in this study. The
groups did not differ with regard to age, sex, AL, smoking
status, or visual acuity. However, differences in mean arterial
pressure (MAP) and IOP were found. A total of 22 (66.66%)
patients presented deSSc, and 11 (33.33%) had 1¢SSc. There
were no significant differences between the two subtypes in
terms of age, sex distribution, AL, smoking status, or visual
acuity, but significant differences were found in MAP and

TOP. Detailed demographic and clinical data are shown in
Table 1 (control group vs. SSc group) and Table 2 (control
group vs. deSSc vs, IeSSc).

Choroidal parameters were compared between the SSc
and control groups (Table 3). Lower choroidal thickness and
volume values were demonstrated in various ETDRS sub-
fields for the SSc group. The CVI was significantly higher
in patients with SSc, whereas the TCA, LA, and SA were
significantly lower in SSc patients than in the control group.

No significant differences in choroidal thickness and vol-
ume or other choroidal parameters were found within the
SSc subtypes (Table 4) or between eyes stratified according
to SSc pattern (early, active, or late) using nailfold capil-
laroscopy (p > 0.05 for all) (Table 5). For the comparison of
choroidal parameters between groups, correction for multi-
ple comparisons was applied (Tables 3, 4, and 5), without a
significant impact on the overall results.

The univariate regression analyses of the associations
between the choroidal parameters (CVI and central macular
choroidal thickness and volume) and clinical, demographic,
and ocular features are presented in Table 6 (SSc group) and
Table 7 (control group). No significant associations were
found between the choroidal parameters and age, sex, AL,
nicotine use, MAP, duration of the disease, SSc subtype,

Table 1 Demographic and

clinical characteristics of $Sc¢ Variable 5S¢ group Control group P
patients and control group Number of patients 33 40
Number of eyes 66 80
Age, years (mean +SD) 50.97+12.27 50.43+10.52 0.841°
Sex, F, n (%) 24 (72.7) 22 (55.0y 0.188
Sex, M, n (%) 9(27.3) 18 (45.0)
MAP, mean +SD 86.47+9.24 97.21£1243 <0.0012
Nicotine, n (%) 3(9.1) 6 (15.0) 0.484!
logMAR, median (Q1:Q3) 0.00 (0.00; 0.00) 0.00 (0.00; 0.00)  0.686°
10P (mmHg), mean +SD 13.94+3.22 15374213 0.007?
AL (mm), mean +SD 23.15+0.82 23.39+0.97 0.104*
Duration of the disease (years), median (Q1:Q3) 4.00 (2.00; 10.00)
Pulmonary involvement, n (%) 22 (66.7)
Cardiac involvement, n (%) 11(33.3)
Joint involvement, n (%) 16 (48.5)
Digital ulcers (present/history), n (%) 11(33.3)
CRP (mg/l), median 1.45 (1.00; 3.43)
ESR (mm/2 h), median 27.00 (18.00; 39.00)
Anti-Scl70 positive, n (%) 16 (53.3)
Anti-centromere positive, n (%) 7(23.3)
Other Abs positive, n (%) 13 (43.3)
NFC (active/early/late; number of eyes) 30/18/18

Abbreviations: Abs antibodies, AL axial length, CRP C-reactive protein, ESR erythrocyte sedimentation
rate, F female, i hours, IOP intraocular pressure, M male, MAP mean arterial pressure, NFC nailfold capil-
laroscopy, SSc systemic sclerosis Significant difference were tested using chi-square test or Fisher exact
test' for nominal variables and with r-test® or Mann—Whitney U test® for continuous variables, p <0.05 was
considered statistically significant (highlighted with bold)
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Table2 Demographic and clinical characteristics of control group and SSc subtypes

Variable Control group dSSc 1S5¢ P Post hoc
Control vs. dSSc  Control vs. ISSc  dSSc vs. ISSc
Number of patients 40 22 11
Number of eyes 80 44 22
Age, years (mean+SD)  50.43+10.52 51.41+13.92 50.09+8.55 0.933?
Sex, F, n (%) 22 (55.00 14 (63.6) 10 (90.9) 0.091'
Sex, M, n (%) 18 (45.0) 8(36.4) 1(9.1)
MAP, mean + SD 097.21+12.43 87.63+£10.44 84.13+6.01 0.001°  0.009 0.005 0.694
Nicotine, n (%) 6(15.0) 2(9.1) 1(9.1) 0.885'
logMAR, median 0.00 0.00 0.00 0.919°
IOP (mmHg), mean=8D 15.37+2.13 13.58+3.38 14.76+2.75 0.005° 0.003 0.682 0.294
AL (mm), mean + SD 23391097  23.23+0.76 23.000.94 0.179?
Duration of the disease - 4.00 (2.00; 10.00) 5.00 (2.00; 10.00) 0.817°
(years), median
(Q1:Q3)
Pulmonary involvement, - 18 (81.8) 4 (36.4} 0.018'
n (%)
Cardiac involvement, - 8(36.4) 3(27.3) 0.709"
n (%)
Joint involvement, rn (%) - 8 (36.4) 8(72.7) 0.071
Digital ulcers (present/ - 9(40.9) 2(18.2) 0.259"
history), n (%)
Anti-Scl70 positive, n - 16 (80.0) 0(0.0) <0.001'
(%)
Anti-centromere positive, - 2 (10.0) 5 (50.0) 0.026'
n (%)
Other Abs positive, n (%) - 8 (40.0) 5(50.0) 0.091"

Abbreviations: Abs antibodies, AL axial length, CRP C-reactive protein, dSSec diffuse SSc, ESR erythrocyte sedimentation rate, F female, i
hours, /OP intraocular pressure, /SSc¢ limited SSc, M male, MAP mean arterial pressure, NFC nailfold capillaroscopy, SS¢ systemic sclerosis
Notes: groups compared with chi-square test or Fisher exact test’ for nominal variables and with ANOVA? or Kruskal-Wallis test® for continu-
ous variables. Post hoc tests used: Tukey test for ANOVA. p <0.05 was considered statistically significant (highlighted with bold)

scleroderma pattern in NFC, antibody profile, organ involve-
ment, or medications that could affect choroidal parameters
in the SSc group (except for Ca-blocker use and CVI). No
associations of clinical and choroidal parameters were found
in the control subjects.

The CVI was calculated as LA/TCA, and the TCA con-
sisted of the LA and SA. Consequently, associations among
these parameters were detected in univariate regression
analyses, as well as between choroidal thickness and volume.

Discussion

Detailed studies on choroidal thickness have found that
patients with SSc have significantly thinner macular cho-
roids than healthy subjects [7-9, 17-20], which is con-
sistent with our results. However, these studies have been
based on measurements taken at various points and at dif-
ferent distances from the fovea. To the best of our knowl-
edge, the present study was the first to analyze choroidal
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thickness and volume over a 6-mm diameter in the macula
in SSc patients. The mean choroidal thickness and vol-
ume were obtained for each ETDRS subfield. According
to Singh et al., even an accurate estimate of choroidal
thickness from a few sampling points could be inadequate
for assessing choroidal involvement due to irregularities
in the choroidal-scleral junction. Hence, a volumetric
analysis of the choroid is preferable [26]. Hirata et al.
confirmed the asymmetric nature of macular choroidal
thickness in healthy subjects, with a significantly thinner
inferior choroid than superior choroid, and the outer nasal
choroid was significantly thinner than all other areas in
the ETDRS ring [35], which was also reflected in our
results in both the control and SSc groups. We confirmed
significantly lower subfoveal choroidal thickness (SFCT)
values and thinner choroids within various ETDRS sub-
fields for patients with SSc compared to the control group
and, consequently, lower choroidal volume with a sig-
nificantly lower total volume of the choroid. In addition
to choroidal thickness, a few studies have focused on the
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Table 3 Choroidal parameters comparison between eyes of SSc patients and control group

Variable SSc mean+SD Control group mean+£SD  MD 95% ClI P Pudi+
Choroidal thickness (pm):
Outer T 252.64+4591 267.86+60.94 —15.22 —33.20; 2.77 0.097 0.114
Inner T 279.98+60.20 301.82+74.54 —21.84 —44.54; 0.86 0.059  0.084
Central Macular 286.63+64.83 318.35+£82.20 —-31.73 -56.49;-6.97 0.012  0.043
Outer N 223.68+64.12 241.81 £64.02 —18.13 —39.95; 3.69 0.103  0.114
Inner N 265.44 +66.35 207.86+84.91 —-3242 —57.89;—-6.95 0.013  0.043
Outer S 286.46+63.36 311.22+67.28 —24.76 —46.91;-2.61 0.029 0.058
Inner S 285.224+65.25 323.58+76.68 —38.36 —-6231;—-14.41 0.002  0.020
Outer 1 255.51+59.85 268.08+74.02 —12.57 —35.12; 9.98 0.272 0272
Inner I 270.36 +58.58 293.76 +80.93 —23.40 —46.89; 0.08 0.051  0.084
SFCT 288.92+65.23 318.53 +88.80 —29.62 —55.55;-3.69 0.025 0.058
Choroidal volume (mm®):
Outer T 1.34+£0.25 1.42+0.32 -0.08 -0.17;0.02 0.122  0.136
Inner T 0.44+0.09 047+0.12 —-0.03 —0.07; 0.002 0.068 0.097
Central macular 0.23+0.05 0.25+0.06 —-0.02 —0.04:-0.01 0.013  0.035
Outer N 1.17+0.30 1.26 £0.35 —-0.09 -0.20; 0.02 0.093  0.116
Inner N 0.42+0.10 0.47+0.13 —0.05 —0.09;-0.01 0.007 0.035
Outer S 1.50+0.36 1.66 +£0.36 —-0.16 —0.28;-0.03 0.014 0.035
Inner S 0.45+0.10 0.51+0.12 —-0.06 —0.10;-0.02 0.003 0.030
Outer 1 1.35+£0.32 1.40+0.39 —0.05 -0.17; 0.07 0419 0419
Inner I 0.42+0.09 046+0.13 —0.04 —0.08;-0.002 0.041 0.068
Total 7.35+1.48 792+1.76 —-0.57 —1.12;-0.02 0.041 0.068
Other choroidal parameters:
TCA (pmz) 323 181.03 £64 155.42 360 476.63 £ 88 764.76 —37,295.60 -63,43691;-11,154.28 0.006 0.012
LA (pm?) 21724728 +42660.47 238 322,08 £56 400.96 —21,074.80  —38,002.76;—-4146.84 0.015  0.020
SA {me) 105933.75+23 574,39 122 154.55+34 367.12 —16,220.80  —26,136.48;—-6305.11 0.002  0.008
CVI (%) 67.26+2.63 66.30+2.82 0.97 0.03; 1.90 0.043  0.043

Abbreviations: CT confidence interval, CVI choroidal vascularity index, I inferior, LA luminal area, MDD mean difference, N nasal, SSc¢ systemic
sclerosis, S superior, SFCT subfoveal choroidal thickness, SA stromal area, T temporal, TCA total choroidal area. Conventional ETDRS grid with
nine subfields, central macular field (central field within a 500-pm radius), four inner subfields (within a 500-1500-um radius) and four outer
subfields (within a 1500-3000-pm radius) Notes: data presented as mean+SD. Groups compared with t-test. p<0.05 was considered statisti-

cally significant (highlighted with bold)

“p value after Benjamini-Hochberg correction for multiple comparisons. Correction was made separately for: choroidal thickness parameters (10
comparisons), choroidal volume parameters (10 comparisons), and other choroidal parameters (4 comparisons)

specific choroidal vessel layer thicknesses. Using EDI-
OCT scans, Ranjbar et al. manually measured subfoveal
thicknesses in SSc patients and revealed thinner Sattler’s
and Haller’s layers in contrast to unchanged thickness of
the choriocapillaris layer. They speculated that the cho-
riocapillaris remained morphologically unchanged in con-
nection with proximity to the retinal pigment epithelium,
which is a major source of vascular endothelial growth
factor A, enhancing endothelial cell survival. Simultane-
ously, submacular perfusion (determined by the binariza-
tion of OCT-A angiograms) was significantly reduced in
all three vascular layers in patients with SSc compared
to control patients [10]. Similar results were reported
by Rommel et al., except for choriocapillaris perfu-
sion, which did not differ significantly [8]. Additionally,

Hekimsoy et al. reported no significant difference in cho-
riocapillaris flow area in OCT-A [7].

In addition, in our study, we investigated not only the
choroidal thickness but also the CVI1. A CVI-measured arca
of 1000 pm in width centered on the fovea was determined
to match the choroidal thickness and volume values from
the central macular ETDRS ring of 1000-pm diameter.
Our results showed that the CVI was significantly higher in
patients with SSc than in healthy control subjects. Choroidal
thickness is mainly determined by the thickness of the Sat-
tler’s and Haller’s layers [8], and it was previously believed
that the thinner choroid in patients with SSc was mainly due
to vascular damage [18, 19], which was not reflected in the
CVIin our study. The TCA, LA, and SA were significantly
lower in SSc patients compared to control group. However,
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Table4 Choroidal parameters comparison of SSc patients stratified according to the subtypes versus controls

Variable Control group, dSSc. mean+ SD ISSc, mean+SD ” Paj Post hoc
mean +SD
Controls vs. dSS¢  Controls vs. ISSc dSSc vs. 1SSe
Choroidal thickness (pm):
Outer T 267.86 +60.94 254.79+47.16 2484514424 0257 0.286
Inner T 301.82+£74.54 280.59 £56.45 278.80£6847  0.188 0.235
Central Macular 318.35£82.20 286.44 + 58.79 287.00£76.93  0.054 0.143
Outer N 241.81 +64.02 231.62+6747 208205536 0.109 0.182
Inner N 207.86+84.91 265.31 +64.21 265.70£7207 0057 0.143
Outer S 311.22+£67.28 294,08 £64.79 271.60£59.23  0.044 0.143  0.377 0.045 0427
Inner § 32358 £76.68 288.72+63.29 27840£70.07  0.009 0.090  0.039 0.036 0.862
Outer I 268.08 £74.02 25723 +6442 2521545116 0548 0.548
Inner [ 203.76 £80.93 271.74 £57.50 267.65£62.08 0.172 0.235
SFCT 318.53 £88.80 286.64 +60.83 2033517454 0.098 0.182
Choroidal volume (mm‘):
Outer T 1.42+0.32 1.36+0.26 1.30+£0.24 0.257 0.286
Inner T 0.47£0.12 0.44£0.09 0.44£0.11 0.205 0.256
Central macular 0.25£0.06 0.23+£0.05 0.22£0.06 0.055 0.138
Outer N 1.26 +0.35 1.20+0.31 L12+028 0.184 0.256
Inner N 0.47+0.13 0424010 041+0.11 0.031 0103 0.077 0.107 0.951
Outer S 1.66:+0.36 1.53+0.38 1.44£0.31 0.031 0103 0.187 0.047 0.622
Inner S 0.51+£0.12 0.46+0.10 0.44+£0.11 0.011 0103 0.058 0.035 0.799
Outer [ 1.40+0.39 1.36+0.34 1.34+0.27 0.701 0.701
Inner 1 0.46+0.13 0.43£0.09 042+£0.10 0.146 0.243
Total 7.92+1.76 7454150 7141146 0109 0.218
Other choroidal parameters:
TCA (um’) 360 476.63 +88 764.76 315 500.56+59 521.34 338 946.18 +71 863.48 0.017 0.034 0,013 0.539 0.540
LA (pm?) 238 322,08 56 400.96 213 19558 +41 928.53 225 563.92.£44 081.19 0.045 0.060 0,036 0.593 0.662
SA (um?) 122 154.55£34 367.12 102 304.99 £ 19 824.10 113 382.26 +29 036.73 0.004 0.016  0.003 0.494 0.389
CVI (%) 66.30+2.82 67.45+2.60 66.88+2.73 0.102 0.102

Abbreviations: CVI choroidal vascularity index, dSSc diffuse SSc, I inferior, /SSc limited SSc, LA luminal area, N nasal, SS¢ systemic sclerosis,
§ superior, SFCT subfoveal choroidal thickness, SA stromal area, T temporal, TCA total choroidal area. Conventional ETDRS grid with nine

subfields, central macular field (central field within a 500-um radius)

, four inner subfields (within a 500—1500-pm radius), and four outer sub-

fields (within a 1500-3000-pm radius) Notes: data presented as mean +SD. Groups compared with ANOVA., Post hoc tests used: Tukey test for
ANOVA. p<0.05 was considered statistically significant (highlighted with bold). *p value after Benjamini-Hochberg correction for multiple
comparisons. Correction was made separately for: choroidal thickness parameters (10 comparisons), choroidal volume parameters (10 compari-

sons), and other choroidal parameters (4 comparisons)

the significant difference in the stromal component was
more pronounced than that in the luminal. This may suggest
that both the luminal and stromal components were thinner,
with the latter being more affected. Histopathological studies
have shown endothelial cell damage, basement membrane
thickening, the absence of pericytes, and the deposition of
abnormal material in and around the endothelium in choroi-
dal vessels in SSc patients [36]. The fibrotic process in SSc
is characterized by the progressive tissue accumulation of
extracellular matrix (ECM) protein-like collagens, elastin,
glycosaminoglycans, tenascin, and fibronectin isoforms in
the skin and multiple organs [1]. The question remains open
whether luminal changes precede, accompany, or follow
stromal changes. Carnevali et al. investigated abnormalities
in retinal and choroidal vascular plexuses in patients with
SSc using SD-OCT and OCT-A. In contrast to our results,
they did not find a significant difference in the CVIs between

@ Springer

the SSc and control groups. They revealed a significantly
higher choriocapillaris plexus flow index, which was not
within the scope of our study. They speculated that com-
pensatory mechanisms occurred in order to counterbalance
the increased oxygen demand of the retinal layers. Moreo-
ver, they suggested that the unaltered CVI, together with
an increased choriocapillaris flow index, suggests that the
choroidal vasculature does not seem to be primarily affected
in SSc and hypothesized that increased choroidal vessel arca
is accompanied by a corresponding increase in the stromal
compartment [37]. Unfortunately, they did not show data
regarding choroidal thickness and the size of area used for
CVI calculation, which makes comparison more difficult.
Structural microvascular abnormalities related to the
pathophysiological process of SSc can be visualized nonin-
vasively using the nailfold capillaroscopy technique [28]. The
presence of giant capillaries is characteristic for “early” and
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Table 5 Comparison of choroidal parameters between eyes stratified according to SSc pattern on nailfold capillaroscopy

Early SSc pattern Active SSc pattern Late SSc pattern P Pagjr
Choroidal thickness (pm):
Outer T 258.29+56.18 249.14 + 40.66 252.79+44.90 0.816 0.966
Inner T 282.41+70.40 275.71+57.07 285.57+56.77 0.869 0.966
Central Macular 289.59+74.70 281.86 £ 65.00 292.57+54.89 0.863 0.966
Outer N 235.76+84.83 208.25+56.20 239.86 +44.04 0.213 0.966
Inner N 262.12+70.55 259.96+65.44 280.43+65.59 0.630 0.966
Outer S 288.82+72.88 279.43 £ 66.55 297.64 4391 0.676 0.966
Inner S 288.00+73.52 277.39 £ 66.49 297.50+£53.43 0.636 0.966
Outer 1 249.82 +64.36 252.39+53.42 268.64 +68.61 0.644 0.966
Inner 1 268.24 +63.65 271.14+56.79 271.36+60.16 0.985 0.985
SFCT 299.12+76.13 280.89+64.10 292.57+55.02 0.651 0.966
Choroidal Volume (mm3)
Outer T 1.36+£0.29 1.31£0.23 1.38+0.25 0.630 0.926
Inner T 045+0.11 0.44+0.09 0.45+0.09 0.904 0.995
Central macular 0.23+0.06 0.22+0.05 0.23+0.04 0.847 0.995
Outer N 1.19+0.36 1.12+0.30 1.25+0.24 0.435 0.926
Inner N 043+0.12 0.41+0.10 0.44+0.08 0.642 0.926
Outer S 1.53+0.39 1.45+0.40 1.57+0.24 0.536 0.926
Inner S 0.46+0.11 0.44+0,10 0.47+0.09 0.610 0.926
Outer T 1.33+0.34 1.34+0.28 1.4240.36 0.648 0.926
Inner I 042+0.10 0.42+0.09 0.43+0.10 0.995 0.995
Total 7.39+1.78 7.18+1.40 7.63+1.29 0.641 0.926
Other choroidal parameters:
TCA (um?) 331,813.70 £69,467.72 316,810.48 £67,641.16 327,921.50+£51,425.26 0.734 0.889
LA (um?) 223,529.93+47.807.53 212,188.40£45,001.79 221,672.38+30.812.96 0.650 0.889
SA (um?) 108,283.77 +£23,328.90 104,622.08 +24,232.33 106,249.12 + 23,968.39 0.889 0.889
CVI (%) 67.26+2.39 67.01£2.52 67.85+£3.22 0.639 0.889

Abbreviations: SSe systemic sclerosis, T temporal, 7 inferior, N nasal, § superior, SFCT subfoveal choroidal thickness, TCA total choroidal area,
LA luminal area, SA stromal area, CVI choroidal vascularity index:; conventional ETDRS grid with nine subfields, central macular field (central
field within a 500-pym radius), four inner subfields (within a 500-1500-um radius), and four outer subfields (within a 1500-3000-pm radius)
Notes: data presented as mean+SD, unless otherwise indicated. Groups compared with ANOVA or Kruskal-Wallis test. Post hoc tests used:
Tukey test for ANOVA, Dunn test for Kruskal-Wallis test. p <0.05 was considered statistically significant. *p value after Benjamini—-Hochberg
correction for multiple comparisons. Correction was made separately for: choroidal thickness parameters (10 comparisons). choroidal volume
parameters (10 comparisons), and other choroidal parameters (4 comparisons)

“active” scleroderma patterns, while the presence of severe
lowered density combined with abnormal shape is typical
for the “late” scleroderma pattern [28]. A “late” SSc pattern
represents the clearest aspect of advanced SSc microvascular
damage, regardless of the presence of a limited or diffuse sub-
type [13]. Carnevali et al. performed a qualitative assessment
of retinal microcirculation abnormalities, i.e., the presence
of megacapillaries in the deep capillary plexus of the macu-
lar region, and 75% of SSc eyes presented with abnormali-
ties [37]. Currently, there are no data available on the direct
assessment of the choriocapillary layer for the presence of
megacapillaries, although the increased CVIs in our study
could have been partly caused by an increase in the diameter
of the vascular component in the choroid or their tortuosity.

Nevertheless, no significant differences in choroidal thickness
or volume and other choroidal parameters were found between
eyes stratified according to SSc pattern (“early,” “active,” or
“late”) through NFC in our study.

We are well aware of the potential limitations of this study.
The study group consisted of a relatively small number of
patients, owing to the rarity of the disease. Moreover, the study
was conducted during the COVID-19 pandemic, and the study
period had to be shortened because scheduled hospital admis-
sions were reduced. A longitudinal study could help to evaluate
the potential usefulness of choroidal assessment for monitoring
and prognosticating patients with SSc. Additionally, simul-
taneous assessment of the choroid using both SD-OCT and
OCT-A, not only SD-OCT, would give a wider perspective.

@ Springer
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Table7 Regression analysis testing factors associated with choroidal parameters in control group

/olume central macular

thickness central macular

=
C

PseudoR2
0.052 0.026

0.005
0.039

0.014

0.002

SE

PseudoR2

0.049 0.023
0.002

SE

g

PseudoR2

SE

-0.226 0.164

0.001

—0.001

0,009

0.036

—-0.220 0.176

—-1.782 1.292
—0.015 8.024 27.821
37.440
14.690

1.756

4.605

-0.027

0.912 0.000
0.498 0.013

0.047 0.019
0.974
1.299

0.005

Age, years

—0.022

- 0.671
0.013

0.022

—0.025

0.775

—0.667

—1.643

Sex. male

0.226

0.029

0.044 0.018

0.202
0.438

0.214 0.043 0.016  48.640

0.284 0.032 0.005

-0.013
—0.034

0.474

—0.043 0.833

—0.121

—0.008 0.012

=0.010

0.016

-0.131
0.004

—11.510
—0.568
—8.265

0.001

-0.024 0.001

—0.181

—0.549 0.504

AL

0.001

—0.066 0.749 -0.032 0.000

-0.026

—0.093 0.620 0.009

—0.022 0.044

MAP

0.085 0.059

-0.292 0.075
0.674 0.665

—0.007 0.004

0.000
0.000

0.000

0.001

0.082 0.057
0.037

—0.286 0.081

cvl1

<0.001
<0.001
<0.001

0.000 0.822

<0.001 0.678 0.669
<0.001 0.634 0.623

<0.001

0.000  0.821
0.000
0.000

—0.235 0.155 0.055 0.029

—0.061

0.505

0.000
0.000

0.000

0.000
0.000

TCA

0.627 0.616

0.000 0.792

0.794

0.808

0.716  0.004

0.001

—0.287 0.081 0.082 0.057

—-0.293

LA

0.647

0.657

0.000 0.811

0.647

0.656

0.002

0.234

0.255

0.000

SA

<0.001 0995 0.995

<0.001

0.000 0.998

0.003

—0.010 0.006

—0.539

Choroidal thickness central macular

0.809

0.814

0.877

0.825

0.829

<0.001

0.887

3.556

47.090

0.084 0.058

0.082

0.301

Abbreviations: AL axial length, CVI choroidal vascularity index, LA luminal area, MAP mean arterial pressure, SA stromal area, TCA total choroidal area, f§ beta coefficient, B standardized beta

Only one eye per patient included into the analysis, p <0.05 highlighted with bold

In future studies, improvements in CVI assessment and a fully
automated CVI algorithm integrated into an OCT device may
facilitate the standardization of this informative parameter, as
pointed out by Agrawal et al. [38]. We were able to demon-
strate altered choroidal parameters in patients with SSc, but the
regression analyses did not identify clinical factors definitely
associated with the CVI or central macular thickness and vol-
ume. This issue requires further study.

In conclusion, we were able to show thinning of the cho-
roid in SSc patients. Our results shed new light on SSc
pathogenesis in the eyes. Stromal involvement seemed to
predominate in the vascular component. Consequently,
fibrosis might outweigh microangiopathy. The CVI could
serve as a diagnostic tool to determine the involvement of
both choroidal components. These observations may direct
future research,
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6.1.1 Materialy uzupelniajace
STEP-BY-STEP binarization of images and choroidal vascularity index (CVI) calculations
1. The 1 x 1 pixel image of the OCT single horizontal line scan of the macular region (30°) centered on

the fovea (Heidelberg Engineering, Heidelberg, Germany) was opened in ImageJ software
(https:/fimagej.nih.gov/ij, version 1.53k, U.S. National Institutes of Health, Bethesda, MD, USA).

2. The scale was set as follows; the image was enlarged and the line tool was used to measure a pixel length of
200 pm, as given in the horizontal scale at the bottom of the OCT scan.
The known horizontal distance (yellow frame) was entered into the scale-set window. The horizontal scale
was automatically calculated (red frame).
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The scale was reset (green frame) and the vertical scale was calculated similarly.
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The pixel aspect ratio was calculated by dividing the horizontal pixel values by the vertical pixel values
(16/51=0.31372549).

Once again, the horizontal scale was entered and the rounded result of the pixel aspect ratio (0.314) was
entered into the pixel aspect ratio window. The unit of length was micrometers.

(£ Set Scale X

Distance in pixels: |16

Known distance: |200

Pixel aspectratio: |0.314|
Unit of length: | micrometer

Click to Remove Scale |
™ Global

Scale: 0.08 pixels/micrometer

oK | cancel | Help |

A scale bar of 1000 um was entered into the picture.
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4. A line with a length of 1000 pm was marked with rectangular tool.

File Edit Image Process Analyze Plugins Window Help
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x=13834 67 (1205), y=116.07 (30), value=000,000,000 (black)

1000 micrometer

5. The line was moved above the center of the fovea by double-clicking the right mouse button on the line and

then holding it down to easily delimit the area of interest.
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6. The polygon tool was used to select the area between the outer boundary of the RPE-Bruch’s membrane
layer and the choroidal-scleral junction with a length of 1000 pm.

Fle Edt Image Process Analyze Plugins Window Help
] ;‘.1(3 o|/l&lINAlolel L oxl £ 8| ~ »
x=9690 01 (844), y=1381 27 (357), value=131.131,131 (¥8

7. The polygon area representing the region of interest (ROI) was added to the ROI manager (by clicking the left
mouse button on this area).
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8. The image was converted to an 8-bit image.
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9. The image was adjusted to Niblack with the Auto Local Treshold Tool.
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10. The binarized image was re-converted to an RGB image.
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The area of vascularity was highlighted by selecting Color Threshold tool: the first bar under brightness was

adjusted to 0, the second to 254 (blue frame) and confirmed by clicking SELECT.

File Edit Image Process Analyze Pl {
0o|z|o|/ <)t AR

¢ Image) - X x=7910.45 (689), y=653.88 (169), value=255,000,
File Edit [[RERE] Process Analyze Plugins Window Help
00O a Tye 'H"q_aﬂDw_j‘@ ~| | |=
M Brightness/Contrast Ctri+Shift+C *_
Show Info. Ctri+l | Window/Level |
Properties Ctri+Shift+P | Color Balance.
Color ¥ Threshold Ctri+Shift+T
Hyperstacks | Size
Crop Cireshis | Canvas Size
Duplicate Cirisshinep | Line Width
Rename Coordinates
Scale Ctri+E | Auto Threshold
Transform *| Auto Local Threshold
Zoom > T e

Overlay

Lookup Tables

Threshald Color - a x
Hue
W Pass
e
b 255

Saturation

Brightness

Thresholding method: [Default =l
Threshold color:  [Black v
Color space: |HSB +

¥ Dark background

Oniginal | Filtered | Seled || Sample |

Stack | Macro | Help

35



12. The highlighted area was added to the ROl manager (by clicking the left mouse button on this area).

13.

14.
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Both areas in the ROl manager were selected by holding the CTRL button on the keyboard and merging by

selecting More < AND.
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The highlighted area within the selected polygon was added to the ROl manager (by clicking the left mouse

button in this area).
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15. Lastly, the first area that corresponds to the total choroidal area (TCA) and the third area, which represents
the luminal area (LA), were measured in the ROl manager by clicking the button MEASURE. The measured
areas are displayed in square micrometers.
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16. The stromal area (SA) was obtained after subtraction of the LA from the TCA: 298824-197498=101326 uym2

17. The choroidal vascularity index (CVI) was calculated: (197498/298824)x100%=66.09%
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Peripapillary choroidal vascularity
index and thickness in patients
with systemic sclerosis

Barbara Pieklarz™, Ewa Gindzienska-Sieskiewicz?,

Izabela Zawadzka?, Magdalena Bagrowska?, Joanna Daniluk?,
Patryk Sidorczuk?, Otylia Kowal-Bielecka? Joanna Konopinska®
and Diana Anna Dmuchowska®

Ophthalmology Department, Medical University of Biatystok, Biatystok, Poland, ?Department of
Rheumatology and Internal Diseases, Medical University of Biatystok, Biatystok, Poland

Introduction: Patients with systemic sclerosis (SSc) present an increased risk of
developing glaucomatous optic neuropathy (GON). We investigated peripapillary
choroidal parameters and peripapillary retinal nerve fiber layer (RNFL) thickness
using spectral domain optical coherence tomography (SD-OCT) to determine the
relationships of these factors with clinical variables.

Methods: A total of 33 patients with SSc were enrolled and compared to 40
controls. After obtaining circular scans around the optic disc, the global and
quadrant peripapillary choroidal thickness (pCT) and RNFL thickness were
measured. Additionally, the peripapillary choroidal vascularity index (pCVI}, which
allows for a quantitative analysis of the choroidal vasculature, was determined.

Results: No significant differences were found in pCT and RNFL thickness
between patients with SSc and controls, or within SSc subtypes (diffuse cutaneous
systemic sclerosis (dcSSc) compared to limited cutaneous systemic sclerosis
(lcSSc)) (p=0.05). The pCVI was significantly lower in patients with SSc than in
control subjects (64.25+1.94 vs.65.73+2.12, p<0.001).

Conclusion: Our results suggest that the statistically significant decrease in pCVI
in patients with SSc compared to the control group is probably due to a decrease
in the vascular layer, which would partially explain an increased risk of GON in
patients with SSc.

KEYWORDS

systemic sclerosis, peripapillary choroidal thickness, glaucomatous optic neuropathy,
choroidal vascularity index, retinal nerve fiber layer

1. Introduction

Systemic sclerosis (S5c¢) is an autoimmune connective tissue disease characterized by
chronic progressive tissue and organ fibrosis. Its pathophysiology is complex; however, the
process initially involves microvascular damage, followed by an autoimmune response,
inflammation, and diffuse fibrosis (1). $5¢ remains a major medical challenge. Multiple organ-
based manifestations are important for its diagnosis and classification. The most common
consequences of SSc¢ are digital vasculopathy, gastrointestinal complications, lung fibrosis,
pulmonary hypertension, cardiac fibrosis, and renal scleroderma crisis (2).
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SSc can be classified into two major disease subsets based on the
extent of skin involvement. Cases with proximal skin involvement are
classified as diffuse cutaneous systemic sclerosis SS¢ (dcSSc), whereas
cases with skin involvement affecting the limbs distal to the elbows
and knees, with or without neck and face involvement, are classified
as limited cutaneous systemic sclerosis SS¢ (1e¢SSc) (1). Both deSSc and
lcSSc may be associated with internal organ involvement (3).

Many ocular manifestations involving the anterior and posterior
segments have also been reported in SSc patients (4-6), and some
reports suggest that SSc is a high-risk factor for the development of
glaucomatous optic neuropathy (GON), especially normal-tension
glaucoma (NTG) (7-11).

The choroid has the highest blood flow in the human body and a
high vascular content. The end-arterial nature of the choroidal
vasculature and the existence of watershed zones render this layer
susceptible to inflammation and ischemia in multisystemic diseases
(12). Endothelial cell injury, basement membrane thickening, and
pericyte loss in choroidal vessels have been reported in histological
studies of SSc patients (13). Macular choroidal thickness has been
discussed as a promising inflammatory biomarker in systemic
autoimmune diseases, especially those with vascular components (14).

Retinal and choroidal microvascular impairments in SSc patients
have been confirmed using fluorescence angiography (FA) (15),
optical coherence tomography (OCT) (16-20), and OCT-angiography
(OCT-A) (21-25). Most studies on choroidal macular thickness have
found that patients with SSc¢ have a significantly thinner macular
choroid than healthy subjects, probably due to chronic vascular
damage (16-18, 20, 24-26), There are two studies in the literature
evaluating CVT in SS¢; however, they refer to the macular area and,
the results are inconsistent (21, 27). In the peripapillary region, only
the vascular density parameters and optic nerve head (ONH)
parameters obtained using OCT-A were examined in patients with
SSc (17, 19, 23), which is associated mostly with retinal and not
choroidal circulation due to the functional and structural
heterogeneity of these circulatory systems (24). In recent years,
interest in peripapillary choroid thickness has increased. However, the
characteristics of the choroid in this area are much poorer than those
of the macular area. Studies have revealed thinner peripapillary
choroidal thickness not only among patients with NTG and primary
open-angle glaucoma (POAG), (23-26), but also in other diseases,
such as multiple sclerosis (27), chronic obstructive pulmonary disease
(28), high myopia (29), or in patients with vitamin D deficiency (30).
In contrary, other studies have shown a thicker peripapillary choroid
in some diseases, such as nonarteritic anterior ischemic optic
neuropathy (31), Parkinson’s disease (32) and retinal vein occlusions
at diagnosis, followed by a decrease at an early follow-up stage (33).

The aim of this study was to investigate peripapillary choroidal
parameters and peripapillary retinal nerve fiber layer (RNFL)
thickness, and to determine their relationships with clinical variables
to gain insight into one of the pathophysiological aspects of SSc. To
the best of our knowledge, the present study is the first to analyze
peripapillary choroidal thickness together with the peripapillary
choroidal vascularity index in patients with SS¢, and there are no
previous reports on peripapillary choroidal characteristics. With our
study we aimed at filling this gap. It is worth noting that choroidal
thickness is a rough estimate rather than an accurate marker of
choroidal status; hence, we not only determined choroidal thickness,
but also calculated the peripapillary choroidal vascularity index
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(pCVI), a novel OCT-based choroidal quantitative parameter that
provides more detailed information about the vascular component of
the choroid. We hypothesized that patients with SSc¢ would
demonstrate alterations in peripapillary choroidal parameters, which
would explain their increased risk of GON.

2. Materials and methods

This was a prospective single-center, cross-sectional study
conducted between March 2021 and March 2022 at the
Ophthalmology Department, Medical University of Bialystok. The
protocol of the study was approved by the local Bioethics Committee
at the Medical University of Bialystok (decision no APK.002.109.2021)
and the study was conducted in accordance with the Declaration of
Helsinki. Written informed consent was obtained from each subject
before enrolment in the study.

A total of 66 eyes from 33 patients with SSc, diagnosed according
to the 2013 ACR/EULAR SSc criteria (28), were enrolled in the study,
and the patients were followed up by the Department of Rheumatology
and Internal Diseases, Medical University of Bialystok. The control
group comprised 80 eyes from 40 ophthalmologically and systemically
healthy (self-reported) subjects undergoing routine ophthalmological
assessments. The groups did not differ with regard to age, sex, or axial
length (AL). All participants underwent ophthalmological examination,
including refraction, best corrected visual acuity (BCVA) in Snellen
converted into log MAR, slit lamp biomicroscopy, AL measurement
(Tomey OA-2000 biometer, Nagoya, Japan), fundus examination, and
peripapillary structural spectral domain OCT (SD-OCT, Heidelberg
Engineering, Heidelberg, Germany). IOP was measured using a Pascal
dynamic contour tonometer (DCT, Zeimer Ophthalmic Systems AG,
Port, Switzerland). Blood pressure was measured immediately prior to
obtaining the OCT images, after 5min of rest in a sitting position.

In three eyes, RNFL thinning in the superior, inferior, and
inferotemporal quadrants was found with no corresponding scotoma
in visual field examination and was associated with a glaucomatous
disc appearance (preperimetric glaucoma) (29). The exclusion criteria
included: ametropia >3 diopters, the presence of fundus pathology,
phacoemulsification less than 12months prior to the examination,
history of posterior segment surgery, diabetes, and insufficient quality
of OCT images.

Data regarding age, sex, SSc subtype (diffuse and limited), disease
duration, autoantibody profile, current smoking status, and systemic
treatment were recorded. A history of digital ulcers (present or past), the
presence of interstitial lung disease (ILD} confirmed via high-resolution
computed tomography (HRCT) of the lungs, and cardiac [elevated
N-terminal pro b-type natriuretic peptide (NT-proBNP) or heart fibrosis
upon magnetic resonance imaging (MRI)] and joint involvement
(arthralgia or joint swelling) were also included in the analysis.

Structural microvascular abnormalities related to the
pathophysiological process of SS¢ were visualized noninvasively using
nailfold capillaroscopy (NFC). This safe method is relevant for
predicting disease progression and monitoring the effects of treatment
(30). NFC was performed using a CapillaryScope 200 Dino-Lite
Digital microscope (MEDL4N Pro) and stratified based on the
characteristic SSc pattern (capillary density, capillary dimension,
abnormal capillary morphology, and presence or absence of
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hemorrhages), categorized by Cutolo et al. as “early,” “active” and “late”
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FIGURE 1

The peripapillary choroidal thickness. The internal limiting membrane (ILM) was manually shifted to Bruch’s membrane (
(vertical arrow). The offset was performed on each scan by the same g
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scleroderma patterns (30). Blood parameters including CRP, ESR
(after 2h), and NT-proBNP were measured.

2.1. OCT image acquisition and analysis

OCT images were taken in mydriasis within the same time interval
(12 p.m.-3 p.m.) to avoid diurnal variation in choroidal thickness.
Peripapillary OCT images were obtained using a 3.5 mm diameter, 360
degree circle scan centered on the optic nerve head carried out with
glaucoma software SD-OCT (Heidelberg Engineering, Heidelberg,
Germany). This scan pattern was used to determine the choroidal
parameters: peripapillary choroidal thickness (pCT), peripapillary total
choroidal area (pTCA), peripapillary luminal area (pLA), peripapillary
stromal area (pSA), and retinal nerve fiber layer (RNFL) thickness.
RNFL thickness was automatically measured by software and the
distribution of the RNFL was displayed as an RNFL thickness map
(superior, inferior, nasal, temporal quadrants, and global value). As
there is no automatic tool for pCT measurement, pCT was obtained by
manually shifting the internal limiting membrane (ILM) to Bruch’s
membrane (BM) and the RNFL border to the choroidal-scleral junction
(CSJ) (Figure 1). The results were presented as global and quadrant
values (superior, inferior, nasal, and temporal) in a thickness map.

Binarization of the peripapillary choroidal area (Figure 2) was
performed by two authors (BP and PS). Images were analyzed using
the public domain software Image],' using the protocol previously
described by Sonoda and Agrawal (31, 33) with a few modifications.
‘The most important modification concerns the setting of the scale,
which considered the stretching of the image (OCT sampling density
is higher in the axial direction versus the transverse), to avoid
erroneous quantification of the measured area (32). An image
presented with a 1:1 pixel aspect ratio is stretched axially, but the
detailed visualization of the structure is improved compared to a
1x 1 pum image. Therefore, the scale was set considering the horizontal
and vertical scale relationships between the distance and pitch of
pixels (pm/pixel) to reflect the actual size of the measured area. A

1 https://imagej.nih.gov/ij/
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detailed step-by-step image analysis algorithm is provided in the
Supplementary material. In the next step, using the Polygon Selection
tool, the pTCA was selected from the outer boundary of the RPE-
Bruch’s membrane layer to the choroidal-scleral border. The image
was converted to an 8-bit image to allow the application of the Niblack
Auto Local Threshold tool. The binarized image was reconverted to an
RGB image. The vascularized area was highlighted using the Color
Threshold tool and pLA and pTCA were measured. pSA was
calculated by subtracting pLA from pTCA. The peripapillary choroidal
vascularity index (pCVI) was determined as the pLA to pTCA ratio
(%).The interobserver reproducibility of the measurements was
assessed by measuring the intraclass correlation coefficient (ICC) and
absolute agreement. The ICC values for the pCVI, pTCA, and pLA
measurements were >0.85 (95% CI, 0.723-0.986).

2.2. Statistical analysis

Analyses were performed using R 4.0.5. statistical software [R Core
Team (2021). R: Language and environment for statistical computing by
R Foundation for Statistical Computing, Vienna, Austria]. Data are
presented as 1 (%) for nominal variables and as mean+SD or median
(Q1; Q3) for continuous variables, depending on the normality of
distribution (validated with the Shapiro-Wilk test and based on
skewness and kurtosis values). Comparison of groups was made using
the chi-square test or the Fisher exact test for nominal data and with the
t test, Mann-Whitney U test, ANOVA, or Kruskal-Wallis test for
continuous variables, as appropriate. Post hoc comparisons were based
on the Tukey or Dunn test with Bonferroni correction for multiple
comparisons. The relationships between continuous variables were
assessed using Pearson’s or Spearman’s correlation coefficients, as
appropriate. Additionally, linear regression analysis was performed to
verify the association between pCVI and demographic, clinical, and
ocular features. All calculations were based on a=0.05.

3. Results

Sixty-six eyes of 33 SSc patients and 80 eyes of 40 healthy control
subjects were enrolled in this study. The groups did not differ with
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FIGURE 2
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regard to age, sex, axial length, smoking status, or BCVA; however,
differences in mean arterial pressure (MAP) and IOP were found. A
total of 22 (66.67%) patients presented with dcSSc and 11 (33.33%)
had 1cSSc. Similarly, there were no significant differences between the
two subtypes in terms of age, sex, AL, smoking status, or BCVA, but
significant differences existed in MAP and IOP. Detailed demographic
and clinical data are reported in Table 1 (SSc group vs. control group)
and Table 2 (control group vs. dcSSc vs. 1cSSc).

Table 3 shows the choroidal parameters in detail for the SSc
and control eyes. No significant differences were found in the
peripapillary choroidal thickness (pCT), RNFL thickness (global
and quadrants), peripapillary total choroidal area (pTCA),
peripapillary luminal area (pLA), or peripapillary stromal area
(pSA) parameters, nor were significant differences found in the
aforementioned parameters within the SSc subtype groups (p>0.05
for all). The pCVI was significantly lower in patients with SSc than
in healthy control subjects (64.25 +1.94 vs. 65.73 £2.12, p<0.001),
while no significant difference in the pCVI was found between the
SSc subgroups, as shown in ‘Table 4.
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No correlation between pRNFL G and pCVI or pRNFL G and
pCT G was found between the SSc, deSSc, or 1c¢SSc groups and the
controls, as shown in Supplementary Table S1. The univariate
regression analyses of the association between pCVIand demographic,
clinical, and ocular features are presented in Table 5 (control group)
and Table 6 (SSc group). The univariate regression analysis revealed
that in patients with SSc, pCVI was significantly associated with age,
pTCA, pLA, global pCT, cardiac involvement, and diuretic use
(p<0.05 for all), which was not the case in the control group, for
whom only pLA was significantly related to pCVI (p=0.035).

Additional analysis of choroidal parameters was performed in SSc
patients stratified according to SSc pattern using nailfold
capillaroscopy. The pTCA, pLA, and pSA values were significantly
higher in patients with “late” SSc patterns than those with “active” SS¢
patterns upon NFC (p <0.05 for all), and the pCT was significantly
thicker (Table 7). The temporal quadrant of pRNFL was significantly
thicker in patients with “early” SSc patterns than those with “active”
SSc patterns (p=0.009). The groups (“early;,” “active;” and “late” SSc
patterns on NFC) did not differ with regard to age, sex, AL, MAP, IOP
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TABLE 1 Demographic and clinical characteristics of SSc patients and control group.

Variable Control gro SSc group P
Number of patients 40 33

Number of eyes 80 66

Age, years, mean=SD 50.43£10.52 5097+£12.27 0.841°
Sex, E n (%) 22 (55.0) 24(72.7) 0.188
Sex, M, n (%) 18 (45.0) 9(27.3)

MAP, mean+SD 97.21+12.43 86.47 £9.24 <0.001°
Nicotine, n (%) 6(15.0) 3(9.1) 0.484!
logMAR, median (Q1;Q3) 0.00 (0.00;0.00) 0.00 (0.00;0.00) 0.686"
10P [mmHg], mean+SD 15.37+2.13 13.94+322 0.007*
AL, [mm], mean+SD 23394097 23.15£0.82 0.104*

Duration of the disease [years], median (Q1;Q3)
Pulmonary Involvement, 1 (%)

Cardiac involvement, n (%)

Joint involvement, n (%)

Digital ulcers (present/history), n%

CRP [mg/L], median

4.00 (2.00;10.00)
22 (66.7)
11(333)

16 (48.5)
11(33.3)

1.45 (1.00;3.43)

ESR [mm/2h], median

27.00 (18.00;39.00)

Anti-Sel70 positive, n (%) 16 (53.3)
Anti-centromere positive, 1 (%) 7(23.3)
Other Abs positive, n (%) 13 (43.3)
NFC (active/early/late; number of eyes) 30/18/18

8Sc, systemic sclerosis; F, female; M, male; MAP, mean arterial pressure; IOP, intraocular pressure; AL, axial length; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; h, hours; Abs,

antibodies; NFC, nailfold capillaroscopy. Significant differences were tested using chi-square test or Fisher exact test' for nominal variables and with {-test® or Mann-Whitney U test’ for

continuous variables, p <0.05 was considered statistically significant (highlighted with bold).

(p=0.589, p=0.484, p=0.509, p=0.07, p=0.648, respectively), or
organ involvement (joint, pulmonary, and cardiac involvement;
p=0.895, p=0.669, p=0.585, respectively); however, a difference in
the presence of digital ulcers (history or present) was found between
the “active” SSc pattern group and the “late” SSc pattern group
(p=0.003).

4. Discussion

With mounting clinical evidence indicating the involvement of
the peripapillary choroid in glaucoma (34-38), it has become
increasingly important to detect changes in the choroid in patients
with a high risk of developing of glaucomatous changes. As
we mentioned above, there are no previous reports on peripapillary
choroidal thickness in patients with SSc. Several pathophysiological
pathways that might be involved in normal-tension GON have been
discussed (39). As the blood supply of the prelaminar region partly
derives from branches within the peripapillary choroid, the choroid
has been implicated in the pathogenesis of GON and many studies
have investigated this relationship (40-43). We not only investigated
peripapillary choroidal thickness, but also determined the
peripapillary choroidal vascularity index (pCVI) to characterize the
choroid in detail in SSc¢ patients. This index reflects the vascular
content of the choroid. The CVI provides more detailed information
about the vascular component of the choroid across all layers,
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including the choriocapillaris, Sattler’s layer, and Haller’s layer. The
current literature suggests that the CVI has less variability and is
influenced by fewer physiological factors than choroidal thickness;
therefore, it can be considered a relatively stable parameter for
evaluating changes in choroidal vasculature in several chorioretinal
and optic disc diseases, including glaucoma (44). The CVI has been
proposed as a potential biomarker for establishing early diagnosis,
monitoring disease progression, and prognosticating for these patients
(45-47). As other authors have emphasized, CV1 should be viewed not
as an isolated marker, but as an addition to existing parameters such
as CT. Specific data on the choroidal stromal and vascular area should
also be analyzed (44). In our study, the pCVI was significantly lower
in patients with SSc than in healthy control subjects, and no significant
difference in pCV1 was found between the SSc subtypes. Interestingly,
no significant difference was found in pTCA, pLA, and pSA
parameters between the SSc and control groups, nor between the SS¢
subtypes, However, the mean pTCA and pLA values were lower in the
SSc group than in the control group, as were the global and quadrant
pCT, but the differences were not statistically significant. No
correlations were found between pCT, pCVT, and pRNFL within the
two groups. The pSA values were comparable between the SSc¢ and
control groups. These differences were less pronounced in the $S¢
subtype groups. Increases or decreases in CVI may be due to various
mechanisms; for example, an increase in CVI could be caused by an
increase in the number or diameter of the vascular channels in the
choroid. In turn, a decrease in CVI could be the result of attenuation
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TABLE 2 Demographic and clinical characteristics of control group and 55c¢ subtypes.

Variable Control dcSSc Post-hoc
shtetls Control Control dcSSc vs.
group vs. group vs. IcSSc
deSSc leSSc
Number of patients 40 22 11
Number of eyes 80 - 44 22
Age, years, mean + 5D 50.43+10.52 514141392 50.09+8.55 0933
Sex, E n (%) 22 (55.0) 14 (63.6) 10(90.9) 0.091'
Sex, M, n (%) 18 (45.0) 8(36.4) 1(9.1)
MAP, mean 5D 97.2141243 87.63+10.44 84.1316.01 0.001° 0.009 0.005 0.694
Nicotine, 7 (%) 6(15.0) 2(9.1) 1(9.1) 0.885"
logMAR, median 0.00 0.00 0.00 0.919°
10P [mmHg], mean+SD 15.37+2.13 13.58+3.38 14.76+2.75 0.005" 0.003 0.682 0.294
AL [mm], mean +SD 23.39£097 23.23£0.76 23.00+0.94 0.179*
Duration of the disease [years],
median (QL;Q3) - 4.00 (2.00;10.00)  5.00 (2.00;10.00) 0.817°
Pulmonary involvement, n (%) - 18 (81.8) 4(36.4) 0.018"
Cardiac involvement, 1 (%) - 8(36.4) 3(27.3) 0.709"
Joint involvement, # (%) - 8(36.4) 8(72.7) 0.071
Digital ulcers (present/history), n (%) - 9 (40.9) 2(18.2) 0.259'
Anti-Scl70 positive, 7 (%) - 16 (80.0) 0(0.0) <0.001'
Anti-centromere positive, 11 (%) - 2(10.0) 5(50.0) 0.026"
Other Abs positive, n (%) - 8 (40.0) 5(50.0) 0.091'

SSc, systemic sclerosis; deSSc, diffuse $Sc; 1eSSe, limited SSc; E female: M, male; BP, blood pressure; IOP, intraocular pressure; AL, axial length; CRP, C-reactive protein; ESR, erythrocyte
sedimentation rate; h, hours; Abs, antibodies. Groups compared with chi-square test or Fisher exact test' for nominal variables and with ANOVA® or Kruskal-Wallis test’ for continuous
variables. Post hoc tests used: Tukey test for ANOVA, Dunn test for Kruskal-Wallis test, p < 0.05 was considered statistically significant (highlighted with bold).

of the choriocapillaris, reduction in choroidal vessel size, or loss of
large choroidal vessels (45). Our results suggest that the statistically
significant decrease in pCVI in patients with $Sc compared to the
control group is probably due to a decrease in the vascular layer within
the peripapillary area. A thinner choroid (global and quadrant) may
support this hypothesis, although the differences were not statistically
significant. Choroidal thickness is mainly determined by the thickness
of Sattler’s and Haller’s layers (25). However, it is possible that changes
in the vascular components of the peripapillary choroid in $Sc patients
may mainly result from damage to the choriocapillary layer, where the
vessel lumen is smallest. There are two studies evaluating CVI in SSc,
and the results are inconsistent; some authors found no significant
differences (21), while others showed reduced CV1 values, especially
in the dSSc group, compared to the control group (27). However, they
refer to the macular area. These results should not be directly
compared with ours because they analysed a different area. The
anatomy (the end-arterial nature of the choroidal vasculature with
strictly segmental blood flow and the existence of watershed zones)
and function of the choroid are very complex (12).

‘There is a discrepancy in the literature regarding the association
between age and CVI. Agrawal et al. compared the factors affecting
SFCT and CVI in healthy subjects and concluded that only SFCT was
affected by age (48). In contrast, Kocak et al. demonstrated decreased
LA, TCA, and CVI in healthy eyes with increasing age, with no
significant differences in SA. The differences were more significant in
the group 0-10years old (49). The above studies refer to the different
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studied widths of the choroid in the macula. Guduru et al. stated that
in healthy subjects, peripapillary CVT significantly increases after the
age of 45years, which introduces even greater ambiguities in the
assessment and interpretation of the relationship between CVI and
age, especially in the peripapillary area (50). In our study, the
regression analysis revealed that in patients with SSc, pCVI was
significantly associated with age, but this was not the case in the
controls. Through regression analyses of the control group, we were
able to identify pLA as a factor related to pCV1. Interestingly, in the
SSc group, some variables, such as age, MAP, cardiac involvement, and
diuretic use, were related to pCVT values. Consequently, CVI seemed
to be more dependent on various factors in patients with SSc than in
the controls.

No significant difference was found in pCT (global and quadrants)
between the SSc and control groups, nor within the SSc subtypes. This
is in contrast to previous reports that found thinner macular choroids
in patients with SSc (16-18, 20, 24-26).

Significant differences were found between controls and patients
with $Sc in terms of MAP and IOP; however, the choroid shows some
autoregulatory capacity during changes in ocular perfusion pressure,
which depends on diastolic and systolic blood pressure and IOP (51).
In another study, no associations were found between pCT and either
MAP or IOP in healthy subjects (52) which is consistent with our
analysis (Supplementary Table 52). The control group was comprised
of ophthalmologically and systemically healthy patients; therefore,
these factors seemed to have no impact on the final results.
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TABLE 3 Peripapillary choroidal parameters and RNFL thickness comparison between eyes of SSc patients and control group.

SSc group Control group
Variable 95% Cl
Mean + SD Mean + SD

2,403 2,548
pTCA (pm?) 261.14+689 699,87 +631 —145438.73 —367085.20; 76207.75 0.197

870.89 981.03

1,549 1,678
PLA (pm?) 602.62+464 577.18+430 —128974.56 —278905.43; 20956.31 0.091

458.83 59633

853
pSA (pm’) 658.52+231 122.69+210 —16464.16 —90569.55; 57641.23 0.661

250.78 444.28
pCVI (%) 64.25+1.94 65.73£2.12 148 —2.15; —0.80 <0.001
pCT G (pm) 191.41£59.49 203.05+54.10 —11.64 —30.43;7.14 0.223
PCT S (pm) 201.26 +61.08 218.24£58.52 ~16.98 ~36.69; 2.73 0.091
pCT 1 (pm) 174.00£61.13 177.43£55.03 ~343 —22.65; 15.80 0.725
pCT T (pm) 199.61 £70.71 213.36+56.49 ~13.76 ~35.04;7.53 0.203
pCT N (pm) 190.51 +56.56 203.44+59.21 -12.53 —31.52;6.46 0.194
PRNEL G (pm) 103,29+ 10.69 101.33£6.68 1.96 ~1.04; 496 0.198
PRNEL S (jm) 126,95+ 16.84 122.29+10.92 4.67 —0.10;9.43 0.055
PRNEL I (jm) 129.45+18.85 131.25+13.36 -18 —7.26;3.67 0.517
PRNEL T (um). median (Q1;Q3) 71.00 (65.00;78.00) 69.50 (63.7575.25) 15 —1.005 5.00 0.255'
PRNEL N (pm) 85.38+16.65 82.10+12.59 328 —1.64;8.20 0.19

S$Sc, systemic sclerosis; pTCA, peripapillary total choroidal area; pLA, peripapillary luminal area; pSA, peripapillary stromal area; pCVI, peripapillary choroidal vascularity index; pCT,
peripapillary choroidal thickness; pRNFL, peripapillary retinal nerve fiber layer; G, global; S, superior quadrant; 1, inferior quadrant; T, temporal quadrant; N, nasal quadrant; MD, mean

difference and CI, confidence interval. Data presented as mean + SD, unless otherwise indicated. Groups compared with #-test or Mann-Whitney U test'. p <0.05 was considered statistically

significant (highlighted with bold).

The SSc and control groups differed significantly with regard to IOP,
and further analyses showed that the dcSSc group differed in IOP
compared to the control group. IOP was similar within the SSc subtypes
and between eyes stratified according to SSc pattern using nailfold
capillaroscopy. It seems that this difference did not affect the thickness
of the peripapillary choroid. In a study by Huang et al., the average pCT
in healthy controls decreased linearly with age, but other factors, such
as [OP or MAP, were significantly related to average pCT (52). On the
other hand, as patients with dcSSc presented with lower IOP values, one
may speculate that this could have a protective effect, compensating for
thinner choroids in the context of GON pathogenesis.

The thinning of RNFL as a result of progressive loss of ganglion cell
axons is a cardinal feature of GON (53). Few studies have evaluated the
structural glaucomatous abnormalities detected by OCT in patients
with §S¢; those that exist show conflicting results, but indicate that the
detected abnormalities suggest SSc to be a major risk factor for the
development of glaucomatous changes. Based on swept-source OCT
(SS-OCT), Agapito Tito et al, observed a significant decrease in RNFL
temporal quadrant thickness in patients with SS¢c compared to controls,
but no differences were found in RNFL thickness and the macular
ganglion cell complex (GCC) between the SSc subtypes. There was also
an inverse correlation between disease duration and RNFL thickness
and GCC. No significant correlations were found between NFC and
OCT parameters, However, patients with osteoarthritis were included
in the control group (7). In another study, the authors observed a
thinner RNFL in the lower quadrant (SD-OCT) only in patients with
an excavation/vertical disc ratio of 0.5 when compared with the control
group (8). Hekimsoy et al. investigated OCT-A parameters of ONH and
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RNFL thickness using SD-OCT in patients with 1cSSc. No significant
differences were found in peripapillary vessel density and RNFL
thickness in lcSSc patients compared with controls (54). This finding is
consistent with our results, although dcSSc patients were not enrolled
in the above-mentioned study. Our study group was divided into SSc
subtypes; no significant difference was found in RNFL thickness
between the lcSSc and deSSc groups and the control group. However,
when groups were categorized according to NFC, the temporal quadrant
of pRNFL was significantly thicker in patients with an “early” $Sc
pattern than in those with an “active” pattern. Gomes et al. evaluated the
association between capillaroscopy patterns and the presence of
glaucoma in patients with SSc, but found no significant differences,
although the SSc patterns in that study were classified as mild or severe
(11). However, the basis of the glaucoma diagnosis was not specified and
the NFC classification differed from our study design. The mechanisms
underlying the reduction in temporal RNFL thickness in SS¢ have not
been entirely elucidated, but could be associated with greater
susceptibility to vasoconstriction, endothelial damage, or ischemia in
this region (7). Due to inconclusive data, further investigations focusing
on the relationship between GON and SSc are required to address
this issue,

The presence of giant capillaries is characteristic of “early” and
“active” scleroderma patterns, while the presence of severely lowered
density combined with abnormal shape is typical of “late” scleroderma
patterns  (30). The loss of capillaries, vascular architectural
disorganization, and the presence of ramified/bushy capillaries (“late”
SSc pattern) represents the clearest aspect of advanced SS¢ microvascular
damage, regardless of the presence of a limited or diffuse subtype (55).
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TABLE 4 Peripapillary choroidal parameters and RNFL thickness comparison between eyes of control group and SSc group stratified according to
subtypes.

Post-hoc
Variable dcSSc group leSSe group Control P Control group Control group  dcSSc vs.
Mean + SD Mean + SD group vs. dcSSc vs. |cSSc 1cSSc
2,425 2,358 2,548
pTCA (pm?) 826321726 130.79 4625 699.87 + 631 0.397
132.28 49999 981.03
1,562 1,524 1,678
pLA {(pm?) 003.21 + 488 801.43 £423 577.18+430 0.224
305.14 040,79 596.33
863 833 870
PSA (pm’) 823114244 32936+ 206 122,69+ 210 0.793
324.83 769.39 444.28
pCVI (%) 64.13+£2.07 64.49+1.67 65.73+2.12 <0.001 <0.001 0.038 0.796
pCT G (pm) 195.89 +62.81 182.45+52.45 203.05 +54.10 0.311
pCT § (pm) 206.80 +63.57 190.18 + 55.50 21824+ 58.52 0.135
pCT I {pm) 177.50 £ 67.61 - 167.00+ 46,12 177.43 +55.03 0.739
pCT T (pm) 207.77 £72.92 183.27 £ 64.56 21336+ 56.49 0.143
pCT N (pm) 191.82+57.18 - 189.09+ 56,59 203.44+59.21 0.428
pRNFL G (pm) 103,73 +£10.46 102.41+11.35 101.33+6.68 0.343
pRNEL § (pm) 127.45+19.35 7 125.95+10.46 122.29+10.92 0.125
pRNEL 1 (pm) 127,61 £20.72 133.14+14.13 131.25+13.36 0.337
PRNFLT (um). 72,50 (65.75:82.25)  70.00(64.257275) | 70.00 (64.25:77.00) 0.128
median (Q1;Q3)
pRNFL N (pm) 85.39+16.15 85.36+ 18.02 82.10+12.59 0.405

§Sc, systemic sclerosis; systemic sclerosis; deSSe, diffuse SS¢; 1eSSe, limited SS¢; pTCA, peripapillary total choroidal area; pLA, peripapillary luminal area; pSA, peripapillary stromal area;
PCVI, peripapillary choroidal vascularity index; pCT, peripapillary choroidal thickness; pRNFL, peripapillary retinal nerve fiber layer; G, global; S, superior quadrant; I, inferior quadrant; T,
temporal quadrant; N, nasal quad: Data p d as mean + 5D, unless otherwise indicated. Groups compared with ANOVA or Kruskal-Wallis test'. Post fioc tests used: Tukey test for
ANOVA, Dunn test for Kruskal-Wallis test. p < 0.05 was considered statistically significant (highlighted with bold).

TABLE 5 Regression analysis testing factors associated with pCVI in the control group.

B SE B P R? Pseudo R?

Age, years 0013 0.025 0.080 0.624 0.007 ~0.020
Sex. male —0.376 0.533 - 0.486 0.013 —0.013
MAP —0.010 0.024 -0.079 0.658 0.007 —0.027
Nicotine 0.248 0.741 - 0.740 0.003 -0.024
AL [mm] —0.034 0277 -0.020 0903 0.000 —0.027
pTCA 0.000 0.000 0246 0.126 0.062 0.037
pLA 0.000 0.000 0.335 0.035 0.115 0.091
pSA 0.000 0.000 0.061 0.709 0.004 -0.023
pevI - - - - - -
pCT Global 0.006 0.005 0.204 0.206 0.043 0.017
pRNEL Global —0.030 0.041 —0.127 0.436 0.016 —0.010

MAP, mean arterial pressure; AL, axial length, pTCA, peripapillary total choroidal area; pLA, peripapillary luminal area; pSA, peripapillary stromal area; pCV1, peripapillary choroidal
vascularity index; pCT, peripapillary choroidal thickness; pRNFL, peripapillary retinal nerve fiber layer; G, global; 5, beta coefficient; SE, standard error; B, standardised beta. Only one eye per
patient included into the analysis (eyes with better quality of OCT images selected). p <0.05 highlighted with bold.

Sub-analysis of scleroderma patients stratified according to NFC ~ TCA, LA, and SA, and a thicker peripapillary choroid (except for the
pattern showed interesting results. Statistically significant differences  nasal quadrant) in patients with a “late” capillaroscopy SSc pattern
in pT'CA, pLA, pSA, and pCT were observed. The higher values for ~ compared to those with an “active” SSc pattern were surprising. No
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TABLE 6 Regression analysis testing factors associated with pCVI in $5c group.

p SE B p R? Pseudo R?
Age, years —0.053 0.024 —0.367 0.026 0.134 0.106
Sex. male 0.291 0.705 - 0.683 0.005 —0.027
Nicotine —0.743 1.087 0.500 0.015 —0.017
AL [mm] -0.573 0.380 —0.261 0.142 0.068 0.038
MAP -0.092 0.033 —0.477 0.011 0.208 0.179
pTCA 1.000 0.000 0.395 0.023 0.156 0.129
pLA (L.000 0.000 0.464 0.006 0.216 0.190
PSA (.000 0.000 0.252 0.158 0.063 0.033
PCVI - - - - - -
pCT Global 0.012 0.005 0412 0.017 0.169 0.143
PRNEL Global 0.012 0.031 0.072 0.700 0.005 —0.028
deSSe/leSSe. 1e8S¢ 0.469 0.663 - 0.484 0.016 —0.016
NFC active =baseline
Early —0.384 0.766 - 0.620 0.023 —0.042
Late -0.629 0.766 - 0418
Duration of the disease [years] 0.008 0.043 0.033 0.854 0.001 —0.031
ESR [mm/2h] 0.008 0.025 0.058 0.759 0.004 —0.033
CRP [mg/L] 0.042 0.155 0.050 0.786 0.003 —=0.034
Anti-Scl70 positive —0.099 0.683 - 0.886 0.001 —0.035
Ant-centromere positive =0.206 0.805 - 0.800 0.002 —0.033
Other Abs positive 0.515 0.681 - 0.456 0.020 —0.015
Joint involvement 0.337 0.627 - 0.596 0.009 —0.023
Pulmonary involvement —0.209 0.667 - 0.757 0.003 —0.029
Cardiac involvement —1.448 0.615 - 0.025 0.152 0.124
Digital ulcers (present/history) 0.093 0.668 - 0.890 0.001 —0.032
PDE inhibitors -0.089 0.629 - 0.888 0.001 —0.032
Ca-blocker 0.767 0.694 - 0.284 0.037 0.006
Hydroxychoroquine 0.093 0.769 - 0.905 0.000 —0.032
Steroids 0.715 0.624 - 0.261 0.041 0.009
Diuretic —-1.320 0.643 - 0.048 0.120 0.092

MAP, mean arterial pressure; AL, axial length, pTCA, peripapillary total choroidal area; pLA, peripapillary luminal area; pSA, peripapillary stromal area; pCVI, peripapillary choroidal
vascularity index; pCT, peripapillary choroidal thickness; pRNFL, peripapillary retinal nerve fiber layer; G, global; $5¢, systemic sclerosis; deSSc, diffuse SS¢; leSSc, limited $S¢, CRP, C-reactive
protein; ESR, erythrocyte sedimentation rate; h, hours; Abs, antibodies; PDE, phosphadiesterase; [, coefficient from the regression model; SF, standard error. p<0.05 highlighted with bold.
Only one eye per patient included into the analysis (eyes with better quality of OCT images selected).

»

significant difference in pCVI was found between “early,” “active,” and
“late” SSc pattern groups. Due to the small number of patients in each
group, this issue requires further investigation. Shenavandeh et al.
assessed retinal vascular changes in SSc patients, but found no
evidence of a relationship between retinal vascular changes seen on
fundus photography and SSc patterns upon NFC (56). However, this
cannot be related to our study due to the functional and structural
heterogeneity of retinal and choroidal circulation (57, 58).

‘There is a discrepancy between peripapillary choroidal thickness
found in our study and studies by Fard et al. (59) and Huang et al. (52).
Choroidal thickness measurements can vary significantly using three
different definitions of the choroidal-scleral junction as posterior
boundaries (60). In our study, choroidal thickness measurements were
based on the identification of the outer border of the choroid stroma
(Figure 1) which was also clearly seen after binarization of the images

Frontiers in Medicine

(Figure 2). Vuong et al. showed that this measurement method was
more reproducible than the other methods (60).

The limitations of the present study, which must be taken into
account when interpreting the results, are the relatively small number
of patients due to the rarity of the disease. A technical limitation is the
possibility of erroneously high CVI measurements due to shadowing of
the large superficial retinal vessels on circle peripapillary OCT scans,
but this would apply to all studied subjects. The study was conducted
during the COVID-19 pandemic, causing the study period to
be shortened, as scheduled hospital admissions were reduced.
Additionally, except for three patients with $S¢ and preperimetric
glaucoma, no patients with both SS¢ and more advanced glaucoma were
included in the study. Such a group could potentially present more
severe damage of the choroid. Although our study provides insight into
the pathophysiology of the choroid in patients with systemic sclerosis,
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TABLE 7 Comparison of peripapillary choroidal parameters and RNFL thickness between eyes stratified according to SSc pattern on nailfold
capillaroscopy.

Variable “Early” SSc “Active” SSc “Late” SSc Post hoc
attern attern attern . .
P P P Active vs. Active vs. Early vs.
Early Late Late
2,316 2,238 2,766
pTCA (pm?) 186.00£707 800.32+542 335.00+787 0.034 0.921 0.032 0.119
103,21 810.82 284,69
1,491 1,445 1,782
pLA (pm?’) 862.06+ 486 338931371 468.124520 0.048 0937 0.046 0.143
531,23 376.74 849.43
824 793 983
PSA (um?) 323.94+226 46139177 866.88+ 272 0.020 0.888 0.018 0.090
247.40 865.52 261.92
PCVI (%) 63.99+2.17 64.38+1.94 6431+1.78 0.796
pCT G (pm) 181.72£62.76 176.47 £44.21 226,00 £67.07 0.012 0.948 0.012 0.055
pCT S (pm) 185.00 £ 64.67 190.27 £44.22 235.83£70.64 0.016 0.950 0.028 0.029
pCT I (pm) 171.44£61.40 154.10£44.78 209.72£70.98 0.007 0.572 0.005 0.121
pCT T (pm) 189.78 76,03 180.93 £53.74 240.56 £76.91 0.012 0.898 0.011 0.669
pCT N (pm) 180,94 59.74 180,43 £48,94 218.33459.02 0.052
PRNFL G (m) 105.50+9.80 10203 +12.04 103.17 £9.28 0.560
PRNFL § (pm} 128.83£12.94 12543+21.12 127.61£12.13 0.785
PRNEL I (pm) 131.61£13.37 129.63 £20.04 127.00£21.98 0.768
pRNEL T (pm),
74.50 (70.25:79.50) 69.00 (61.25:72.00) 71.50 (68.25:79.00) 0.046' 0.009 0.058 0237
median (Q1;Q3)
pRNFLN(pm) 85.89+18.26 85.17 £17.57 85.22+14.14 0.989

S§8¢, systemic sclerosis; pTCA, peripapillary total choroidal area; pLA, peripapillary luminal area; pSA, peripapillary stromal area; pCV1, peripapillary choroidal vascularity index; pCT,
peripapillary choroidal thickness; pRNFL, peripapillary retinal nerve fiber layer; G, global; S, superior quadrant; I, inferior quadrant; T, temporal quadrant; N, nasal quadrant. Data presented
as mean + SD, unless otherwise indicated Groups compared with ANOVA or Kruskal-Wallis test'. Post hoc tests used: Tukey test for ANOVA, Dunn test for Kruskal-Wallis test. p<0.05 was

considered statistically significant (highlighted with bold).

longitudinal observation would facilitate future studies by documenting
PRNEL changes over time and the possible development of GON in
patients with SSc. Inclusion of not only RNFL, but also ganglion cell
complexes [as a more sensitive parameter for risk/occurrence of
glaucoma (61)] in the analysis could also be informative.

In conclusion, our cohort of patients with SSc presented alterations
of choroidal characteristics. The differences were variable depending on
the approach to patient stratification. A decrease in pCVI in patients
with SSc¢ compared to the control group reflects a decrease in the
vascular layer within the peripapillary area, which would support the
vascular hypothesis for an increased risk of GON in patients with SSc.
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6.2.1 Materialy uzupelniajace

!" frontiers

Supplementary Tables

Table S1. Correlations between peripapillary RNFL thickness with both peripapillary choroidal vascular index and
peripapillary choroidal thickness values in controls and patients with SSc

Characteristic Control group SSc deSSc leSSe
rho P rho P rho P rho P
E}RNFL VS. pCVI -0.14 0.373 0.09 0.608 0.25 0.265 -0.52 0.107
E}RNFL VS, pCTG  0.09 0.563 -0.09 0.629 0.04 0.866 -0.42 0.203

Abbreviations: $S¢, systemic sclerosis; deSSe, diffuse SS¢; 1e58c, limited SSc; pRNFL G, peripapillary retinal nerve fiber layer
global; pCV], peripapillary choroidal vascularity index; , pCT G, peripapillary choroidal thickness global.

rho - Pearson's or Spearman’s correlation coefficient;, Only one eye per patient included into the analysis (eyes with better quality of
OCT images selected).

Table S2. Correlations between intraocular pressure and mean arterial pressure with peripapillary choroidal thickness in
controls and SSc patients.

Control group SSc group
Characteristic
rho p rho P
10P VS, pCT G 0,02 0,894 0,04 0,836
(0] Vs, pCT S -0,06 0,733 0,01 0,961
10pP Vs, pCT1 0,08 0,634 0,12 0,568
10P VS. pCTT -0,02 0,924 -0,01 0,976
(0] Vs, pCT N 0,13 0,442 0,04 0,836
MAP VS, pCT G -0,24 0,300 -0,17 0,556
MAP Vs. pCT S -0,21 0,366 -0,30 0,292
MAP Vs, pCT 1 -0,43 0,061 -0,02 0,940
MAP VS. pCTT 0,11 0,636 -0,19 0,518
MAP VS. pCT N -0,31 0,188 -0,12 0,684

Abbreviations: 8¢, systemic sclerosis; IOP, intraocular pressure; MAP, mean arterial pressure; pCT, peripapillary choroidal
thickness,G, global; S, superior quadrant; 1, inferior quadrant; T, temporal quadrant; N, nasal quadrant.

rho - Pearson's or Spearman’s correlation coefficient; Only one eye per patient included into the analysis (eyes with better quality of
OCT images selected).
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STEP-BY-STEP binarization of images and choroidal vascularity index (CVI) calculations

The 1 x 1 pixel image of the peripapillary OCT scan (3.5 mm diameter, 360 degree circle scan centered on the optic
nerve) (Heidelberg Engineering, Heidelberg, Germany) was opened in ImageJ software (https://imagej.nih.gov/ij,
version 1.53k, U.S. National Institutes of Health, Bethesda, MD, USA).

The scale was set as follows; the image was enlarged and the line tool was used to measure a pixel length of 200 pum, as
given in the horizontal scale at the bottom of the OCT scan.

The known horizontal distance (yellow frame) was entered into the scale-set window. The horizontal scale was
automatically calculated (red frame).

Fie Edit Image Process Analyze Plugins Window Help
4| &|”

¢ Image) 2 X
File Edit Image Process Plugins Window Help
O/O| | 4|41 Measue cum b 4|8 | 2 >
Nand (tracing) tool Analyze Particles
Summarize ’
1724x1076 pixels; RGB; 7.1MB Distribution
|#» Set Scale X
Label
Clear Results Distance in pixels: |20
Set Measurements Known distance: [200
Calibrate Unit of length: |micrometer
Histogram Ctri+H Click to Remove Scale
Plot Profile Ctri+K I~ Giobal
P
ponace I Scale: 0.1 pixels/micrometer I
Gels 4
Tools » OK Cancel | Help
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The scale was reset (green frame) and the vertical scale was calculated similarly.

| £ Set Scale X

Distance in pixels: |20

Known distance [200

Pixel aspect ratio: |1.0

Unit of length: |micrometer

Click to Remove Scale

I~ {Global

Scale: 0.1 pixels/micrometer

OK ‘ Cancel‘ Help‘

File Edt Image Process Analyze Plugins Window Help
Olo|c|o <[\ |A| oo A o £ 8]~

x=538, y=502, angle=-90.00}length=77.00

Set Scale X

Distance in pixels: |77
Known distance: (200

Puxel aspect ratio 10
Unitoflength [micrometeq

Click to Remove Scale

™ Global

Scale: 0.385 pixels/micrometer

oK | cancel| Help |

The pixel aspect ratio was calculated by dividing the horizontal pixel values by the vertical pixel values
(20/77=0.25974026).

Once again, the horizontal scale was entered and the rounded result of the pixel aspect ratio (0.26) was entered into the
pixel aspect ratio window. The unit of length was micrometers. For further image analyses, the “global” option was
checked.

%] Set Scale X

Distance in pixels: |0.1

Known distance: |1.00

Pixel aspect ratio: |0.260
p— e
Unit of length: |micrometer

Click to Remove Scale ]

Scale: 0.1 pixels/micrometer

OK ] Cancel\ HeIpJ




3. The Polygon tool (yellow frame) was used to select the area between the outer boundary of the RPE—Bruch’s membrane
layer and the choroidal—scleral junction.

Fle Edt Image Process Analyze Plugns Window Help
aoc@ol /4 NAlpalL o s~

4. The polygon area representing the region of interest (ROI) was added to the ROI manager (by clicking the left mouse
button on this area).

Update
Delete

RO Properties

Roi Defaults

Add to Overlay

Duplicate il M

Fit Spline More »
Create Mask

I~ Show All
(g :{ 11 pixel| | 1:1 pm R Measure < Labels

5. The image was converted to an 8-bit image.
! Image)
File Edit [[UEREN Process Analyze Plugins Window Help

0. o R R

i Adjust | 16-bit
Show Info Crisl | 32Dt
Properties Ctri+Shift+P 8-bit Color
Color ,| ¥ RGB Color
Stacks * RGB Stack
Hyperstacks » HSB Stack
Crop Ctri+Shiftex | 5B (32-bit)
Duplicate Ctri+Shift+D Lab Stack
Rename
Scale Ctri+E
Transform »

Zoom »
Overlay >
Lookup Tables »

S




6. The image was adjusted to Niblack with the Auto Local Threshold tool.

{ Image) o3 X
File Edit Process Analyze Plugins Window Help
E]. ®) [t Type » N.", J‘ D ! & 2 + l#J Auto Local Threshold X
Wand (tracin(
-———_ Brightness/Contrast Ctri+Shift+C Auto Local Threshold v1.11
Show Info Ctri+l | Window/Level Nethod
Properties Ctri+Shift+P = Color Balance ST
Radius |15
Color * Threshold Ctri+Shift+T
Stacks » Color Threshold Special parameters (if different from default)
Hyperstacks » Size Parameter 1 [0
Parameter2 |0
Crop Ctrisshiftex | C3Mas Size
h
Duplicate Ctri+Shift+D Line Wik ¥ White objects on black background
Rena Coordinates
i Thresholded result is always shown in white [255]
Scale Ctri+E | Auto Threshold
Transform (8 Auto Local Threshold OK | Cancel

Zoom

Overlay

Lookup Tables

7. The binarized image was reconverted to an RGB image.
¢ Image)

File Edit [[ERl Process Analyze Plugins Window Help

0o I - -

o Adjust ,| 16-bit
Show Info Ctris) | 32°0it
Properties Ctri+Shift+P 8-bit Color
Color M| RGB Color
Stacks * RGB Stack
Hyperstacks »| HSB Stack
Crop Ctri+Shift+X HSB (32-bit)
Duplicate Ctri+Shift+D Lab Stack

Rename

Scale Ctri+E
Transform *
Zoom »
Overlay 4

| nokiin Tahles 4



8.

The area of vascularity was highlighted by selecting the Color Threshold tool. The first bar under brightness was adjusted

to 0 (orange frame) and the second to 254 (blue frame). This was confirmed by clicking SELECT.
I Process Analyze Plugins Window Help

Hue
T » | A D f|O| A
ype ™| A| o= 4 .
_ Brightness/Contrast Ctri+Shift+C ¥ Pass
Show Info Ctri+1 | Window/Level
Properties Ctri+Shift+P | Color Balance Al a0
Color »| Threshold Ctri+shift+T |- A2 jze
Stacks 4l Color Threshold.. Saturation
Hyperstacks *| Size
¥ Pass
Crop Ctri+Shift+X Sanvas Sze
Duplicate Ctri+Shift+D Ll ] »o
Coordinates -
Rename <« | »]2es
Scale Ctr+E | Auto Threshold
Brightness
Transform *| Auto Local Threshold
Zoom » Vi W, V Pass
Overlay »
T «| 4o
Lookup Tables
f ]

Thresholding method:  |Default -l
Threshold color: [Black +|

Colorspace: [HSB ]

¥ Dark background

Original | Filtered || Select }Samcle

Stack Macro Help J

ROI Properties
Roi Defaults
. Add to Overtay 5
% Duplicate o
Fit Spline

Create Mask

10. Both areas in the ROI manager were selected by holding the CTRL button on the keyboard and merged by selecting

More < AND. In the next step, the highlighted area within the selected polygon was added to the ROI manager (by
clicking the left mouse button in this area).

03721103
0538.0862
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. Lastly, the first area (green frame), corresponding to the peripapillary total choroidal area (pTCA), and the third area

(yellow frame), which represents the peripapillary luminal area (pLA), were measured in the ROI manager by clicking
the button MEASURE. The measured areas are displayed in square micrometers.

Fie Edt Image Process Analyze Plugins Window Help

aloja|o| /4N AB & 2| ox £] 8]~ »

Result:
File Edt Font Results
Area [Mean  |Min |Max |

File Edt Image Process Analyze Plugns Window Help

aolola|lol/ | _:\|,O.'m_‘ D« f| & # »>
x=16980 (1698), y=642 20 (247, 000,000 (black

Fie Edt Font Results
|Area

TMean  [Min [Max |
2236 B4079 C

. The peripapillary stromal area (pSA) was obtained after subtraction of the pLA from the pTCA (2732236-

1831258=900978 um?).

. The peripapillary choroidal vascularity index (pCVI) was calculated as (pLA/pTCA)x100%:

(1831258:2732236)x100%=67.02%.
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7 Streszczenie

Twardzina uktadowa SSc (systemic sclerosis) to choroba autoimmunologiczna,
charakteryzujaca si¢ zaburzeniami w obrgbie mikrokrazenia, zlozong reakcja zapalna
1 rozlanym widknieniem skory i narzagdow wewnetrznych. Zmiany w przebiegu
twardziny uktadowej moga dotyczy¢ narzadu wzroku, obejmujac przydatki, przedni
oraz tylny odcinek oka, w tym naczyniowke. Naczyniowka sktada si¢ z gestej sieci
naczyn krwiono$nych oraz zrebu zbudowanego z tkanki tacznej. Wraz z rozwojem
technologii optycznej koherentnej tomografii (OCT) oraz wprowadzeniem skanowania
metoda EDI-OCT (enhanced depth imaging-OCT) stala si¢ ona przedmiotem wielu
badan. Przyczynito si¢ to do poszerzenia wiedzy na temat patomechanizmdéw zmian
morfologicznych naczynidowki w przebiegu wielu choréb siatkéwki, naczyniowki,

a takze chordb ogdlnoustrojowych.

Celem naszych badan bylo poznanie patogenezy zmian w obrgbie naczyniowki
oraz ocena ich zwigzku z parametrami klinicznymi pacjentéw z twardzing uktadows.
Stwierdzenie takiej zalezno$ci 1 identyfikacja biomarkeréw moglyby znalezé
praktyczne zastosowanie w ocenie aktywnos$ci, zaawansowania oraz progresji choroby.
Analizie poddano dwa istotne obszary w obrgbie naczyniowki, obszar plamkowy oraz
okototarczowy. W plamce oznaczono grubosci oraz objetosci naczynidwki na obszarze
o $rednicy 6 mm, w 9 polach ETDRS (Early Treatment of Diabetic Retinopathy Study).
Natomiast w obszarze okototarczowym, oprocz grubosci RNFL (retinal nerve fiber
layer), oznaczono grubos$¢ naczyniowki okototarczowej. Badanie uzupetniono o nowy,
ilosciowy wskaznik, odzwierciedlajagcy oceng¢ poszczegdlnych skladowych
naczynidowki — naczynidwkowy wskaznik naczyniowy CVI (choroidal vascularity
index). Tak szeroka ocena parametrow naczyniowki wypetnia luk¢ w piSmiennictwie
w tym zakresie oraz poszerza wiedz¢ na temat patogenezy zmian w obrgbie naczyniowki

w przebiegu twardziny uktadowe;.

Prospektywne, przekrojowe badanie na ten temat przeprowadzono w Klinice
Okulistyki Uniwersyteckiego Szpitala Klinicznego (USK) w Biatymstoku. Wiaczono
do niego 33 pacjentow (66 oczu), hospitalizowanych w Klinice Reumatologii oraz
Choréb Wewnetrznych USK w Biatymstoku, z rozpoznaniem twardziny ukladowe;:
postaci uogolnionej dSSc (diffuse systemic sclerosis) lub ograniczonej ISSc (limited
systemic sclerosis), zgodnie z kryteriami 2013 ACR/EULAR (American College of

Rheumatology / European League Against Rheumatism). Grupe odniesienia stanowito
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40 zdrowych os6b (80 oczu). Grupy nie rdéznity si¢ istotnie pod wzgledem wieku, plcei,

dhugosci gatki ocznej.

Pacjentow poddano szczegdélowemu badaniu okulistycznemu oraz wykonano
u nich badanie OCT siatkéwki oraz naczyniéwki (SD-OCT, Heidelberg Engineering,
Heidelberg, Niemcy). Zebrano dane kliniczne: pte¢, wiek, czas trwania choroby, palenie
tytoniu, stosowane leki, obecno$¢ innych objawoéw ogdlnych (owrzodzenie paliczkow,
choroba $rodmigzszowa pluc, wskazniki stanu zapalnego, uszkodzenie mig$nia
sercowego, zajecie stawow). Wykonano badanie kapilaroskopowe, kwalifikujac
chorych do 3 grup, w oparciu o kryteria zaproponowane przez Cutolo: wczesna,

aktywna oraz p6zna postac¢ choroby.

Wykazano istotnie mniejsza grubo$¢ naczyniowki w plamce u pacjentow
z twardzing uktadowa. Poddotkowa grubos$¢ naczyniowki SFCT (subfoveal choroidal
thickness) rOwniez okazala si¢ istotnie mniejsza, niz w grupie poréwnawczej (p<0.05).
Wykazano istotnie nizsze warto$ci objetosci naczyniowki (p<0.05). Wartos¢ CVI
okazata si¢ istotnie wyzsza u pacjentow z twardzing uktadows, z kolei wartosci TCA
(total choroidal area), LA (luminal area) oraz SA (stromal area) byly istotnie nizsze
w grupie badanej, niz w grupie porownawczej (p<0.05), ale rdznica warto$ci SA byla
najsilniej wyrazona. Nie wykazano istotnych réznic w parametrach naczyniowki
miedzy grupami dSSc oraz ISSc. Parametry te nie rdznity si¢ rowniez w oczach
pacjentow, sklasyfikowanych jako wczesna, aktywna lub pdzna posta¢ choroby.
Grubos$¢ naczyniowki okolotarczowej oraz grubo$¢ RNFL nie roznity si¢ istotnie
pomigdzy badanymi grupami. Wykazano znamiennie nizsza wartos¢ pCVI
(peripapillary CVI) w grupie z twardzing uktadowa niz w grupie poroOwnawczej
(p<0.001). Wartos¢ pCVI nie roznita si¢ pomiedzy grupami dSSc i ISSc (p>0.05). Nie
stwierdzono istotnego zwigzku pomigdzy zmianami parametrow naczyniowki
plamkowej oraz okototarczowej a parametrami klinicznymi, ktére moglyby
odzwierciedla¢ stopien zaawansowania oraz aktywno$¢ choroby u pacjentow

z twardzing uktadowa.

Podsumowujac, wykazane zmiany w parametrach morfologicznych
naczyniowki potwierdzaja objecie jej procesem chorobowym w przebiegu twardziny
ukladowej. Wyzsza wartos¢ CVI w obszarze plamkowym wskazuje na przewage

patologii w obrebie zrgbu naczynidwki nad zmianami naczyniowymi na tym obszarze.
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Jest to nowe spojrzenie na patomechanizm, prowadzacy do $cienczenia naczyniowki.
Natomiast nizsza warto$¢ pCVI w obszarze okototarczcowym moze by¢ wynikiem
uszkodzenia mikrokrgzenia naczynidowki, co cze¢sciowo wyjasnia czgstsze
wystepowanie jaskry, zwlaszcza normalnego ci$nienia, u pacjentdow z twardzing

uktadowa.
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8 Summary

Systemic sclerosis (SSc) is an autoimmune disease characterized by
microvascular abnormalities, a multifactorial complex inflammatory reaction, and
widespread fibrosis affecting the skin and various organs. The ocular adnexa and the
anterior and posterior segments of the eye, including the choroid, can be affected by
pathological alterations during the progression of SSc. The choroid is comprised of
a tightly packed network of blood vessels and a stroma made up of connective tissue.
The advent of optical coherence tomography (OCT) technology and the implementation
of enhanced depth imaging (EDI-OCT) have led to a surge in research focused on the
choroid. The results of these studies have greatly contributed to our understanding of
the underlying mechanisms behind alterations in choroidal morphology associated with

various retinal, choroidal, and systemic diseases.

This study aimed to investigate the pathogenesis of choroidal lesions and to
assess their relationship with clinical parameters in patients with SSc. Understanding
this relationship could help in evaluating the activity and stage of the disease. The
analysis focused on the macular and peripapillary areas of the choroid. For the macular
area, the thickness and volume of the choroid were measured within a 6 mm diameter,
in each subfield of the conventional Early Treatment of Diabetic Retinopathy Study grid
(ETDRS). For the peripapillary area, measurements of the retinal nerve fiber layer
(RNFL) and peripapillary choroidal thickness were included in the analysis.
Furthermore, the study incorporated a novel quantitative parameter for assessing both
components of the choroid: the choroidal vascularity index (CVI). This comprehensive
evaluation of choroidal parameters fills a gap in the literature and advances our

understanding of the underlying mechanisms of choroidal involvement in SSc.

This was a prospective single-center, cross-sectional study conducted in the
Ophthalmology Department of the Medical University of Bialystok. The study involved
33 SSc patients (66 eyes) admitted to the Department of Rheumatology and Internal
Diseases of the Medical University of Bialystok. Based on the 2013 ACR/EULAR
(American College of Rheumatology / European League Against Rheumatism) SSc
criteria, patients were diagnosed with diffuse SSc (dSSc) or limited SSc (ISSc). The
control group was composed of 40 patients (80 eyes). The groups did not differ with
regard to age, sex, and axial length. All participants underwent ophthalmological

examination and OCT (SD-OCT, Heidelberg Engineering GmbH, Heidelberg,
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Germany) of the retina and choroid was performed. Data regarding age, sex, disease
duration, smoking status, and medication were recorded. History of digital ulcers, the
presence of interstitial lung disease, cardiac involvement, and joint involvement were
also included in the analysis. Nailfold capillaroscopy was performed, and patients were
stratified according to capillaroscopic pattern features as early, active, or late SSc, as

proposed by Cutolo et al.

Significantly lower choroidal thicknesses were found in the macula of patients
with SSc. Subfoveal choroidal thicknesses (SFCTs) were also significantly lower than
those of the control group (p<0.05). Consequently, significantly lower choroidal volume
values were observed (p<0.05). CVI value was significantly higher in patients with SSc,
while total choroidal area (TCA), luminal area (LA), and stromal area (SA) values were
lower in the study group than in the control group (p<0.05). It is worth noting that
differences in SA value were particularly pronounced. There were no significant
differences in choroidal parameters between the dSSc and ISSc groups. These
parameters also did not differ in the eyes of patients stratified according to early, active,
or late capillaroscopic patterns. While a significantly lower pCVI (peripapillary CVI)
value was found in patients with SSc (p<0.001), no significant differences were
observed in peripapillary choroidal thickness and RNFL thickness between the study
groups. No significant differences in pCVI were found between the dSSc and 1SSc
groups (p>0.05). In addition, no clinically significant relationship was found between
changes in the choroidal morphology in the macula and peripapillary region and clinical

parameters that could reflect disease stage and activity in patients with SSc.

To summarize, the observed alterations in the morphological parameters of the
choroid confirmed choroidal impairment in patient with SSc. A higher CVI value in the
macular area may indicate that stromal involvement predominates over the vascular
component. This finding provides novel insights into the thinning of the choroid in
patients with SSc. In contrast, a statistically significant decrease in peripapillary CVI is
likely due to a decrease in the vascular layer, which could partially explain the increased

susceptibility to glaucoma, particularly normal-tension glaucoma, in SSc patients.
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10 Oswiadczenia wspolautorow

10.1 Informacja o charakterze udzialu wspolautorow w publikacji I wraz

z szacunkowym okresleniem procentowego wkladu (praca oryginalna)

Pieklarz B, Gindzienska-Sieskiewicz E, Zawadzka I, Bagrowska M, Daniluk J, Palewski M,
Zonenberg A, Kowal-Bielecka O, Konopinska J, Dmuchowska DA. Macular choroidal
thickness, volume, and vascularity index in patients with systemic sclerosis. Graefes Arch
Clin Exp Ophthalmol. 2023 Dec 22. doi: 10.1007/s00417-023-06342-4. Epub ahead of print.
PMID: 38133798. IF: 2.70; MEIN: 100

Imie i nazwisko wspdlautora Charakter udziatu Procentowy wklad
Doktorant — lek. Barbara Pieklarz Koncepcja badania, wspétudziat w 51%
zaprojektowaniu badania,
wykonanie czgsci badan, prowadzenie
bazy danych, kwerenda literatury,
analiza i interpretacja wynikow,
przygotowanie i edycja manuskryptu,
autor korespondencyjny.
Dr n.med. Ewa Gindzienska- Przeprowadzenie czedci badan, 2%
Sieskiewicz wspotudziat w zaprojektowaniu badania,
recenzja i edycja manuskryptu.
Lek. Izabela Zawadzka Przeprowadzenie cze$ci badan, recenzja | 1%
i edycja manuskryptu
Dr n.med. Magdalena Bagrowska Recenzja i edycja manuskryptu. 1%
Lek. Joanna Daniluk Recenzja i edycja manuskryptu, 1%
wykonanie cze$ci badan.
Lek. Marcin Palewski Analiza wynikow, recenzja i edycja 1%
manuskryptu.
Lek. Agnieszka Zonenberg Analiza wynikow, recenzja i edycja 1%
manuskryptu.
Prof. dr hab. n.med. Otylia Kowal- Wspétudziat w zaprojektowaniu 2%
Bielecka badania, recenzja i edycja manuskryptu
Dr hab. n. med. Joanna Konopinska | Recenzja i edycja manuskryptu. 5%
Dr hab. n. med. Diana Anna Koncepcja badania, wspdtudziat w 35%
Dmuchowska zaprojektowaniu badania, kwerenda
literatury, analiza i interpretacja
wynikéw, przygotowanie i edycja
manuskryptu, autor korespondencyjny.

Oswiadczam, ze wszyscy wspotautorzy wyrazili zgode na wykorzystanie powyzszej
publikacji w pracy doktorskiej lek. Barbary Pieklarz.
Podpis doktoranta
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Biatystok, dn. 12.01.2024

Dr n. med. Ewa Gindzienska-Sieskiewicz
Klinika Reumatologii i Chorob Wewnetrznych
Uniwersytet Medyczny w Biatymstoku

ul. J. Kilinskiego 1

15-089 Biatystok

Oswiadczenie

Oswiadczam, iz m6j udziat w przygotowaniu publikacji: Pieklarz B, Gindzienska-Sieskiewicz E,
Zawadzka I, Bagrowska M, Daniluk J, Palewski M, Zonenberg A, Kowal-Bielecka O, Konopinska J,
Dmuchowska DA. Macular choroidal thickness, volume, and vascularity index in patients with
systemic sclerosis. Graefes Arch Clin Exp Ophthalmol. 2023 Dec 22. doi: 10.1007/s00417-023-06342-
4, wchodzacej w skiad rozprawy doktorskiej: Ocena parametrow naczyniowki z uwzglednieniem
wskaznika naczyniowego u pacjentow z twardzing ukladowg wynoszacy 2% to przeprowadzenie
cze$ci badan, wspotudzial w zaprojektowaniu badania oraz recenzja i edycja manuskryptu.

Jednocze$nie wyrazam zgodg na wykorzystanie przez Barbare Pieklarz publikacji w postgpowaniu o
nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu w dyscyplinie nauki
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Bialystok, dn. 15.01.2024
Lek. Izabela Zawadzka
Klinika Okulistyki
Uniwersytet Medyczny w Biatymstoku
ul. J. Kilinskiego 1
15-089 Bialystok

Oswiadczenie

Oswiadczam, iz mdj udziat w przygotowaniu publikacji: Pieklarz B, Gindzienska-Sieskiewicz E,
Zawadzka I, Bagrowska M, Daniluk J, Palewski M, Zonenberg A, Kowal-Bielecka O, Konopinska J,
Dmuchowska DA. Macular choroidal thickness, volume, and vascularity index in patients with
systemic sclerosis. Graefes Arch Clin Exp Ophthalmol. 2023 Dec 22. doi: 10.1007/s00417-023-06342-
4, wchodzacej w sktad rozprawy doktorskiej: Ocena parametrow naczynidowki z uwzglednieniem
wskaznika naczyniowego u pacjentow z twardzing ukladowq wynoszacy 1% to przeprowadzenie
czgsei badan, recenzja i edycja manuskryptu.

Jednoczesnie wyrazam zgode na wykorzystanie przez Barbarg Pieklarz publikacji w postepowaniu o
nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu w dyscyplinie nauki
medyczne.
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Biatystok, dn. 12.01.2024

Dr n. med. Magdalena Bagrowska

Klinika Reumatologii i Choréb Wewngtrznych
Uniwersytet Medyczny w Bialymstoku

ul. J. Kilinskiego 1

15-089 Biatystok

Oswiadczenie

Oswiadczam, iz mdéj udziat w przygotowaniu publikacji: Pieklarz B, Gindzieniska-Sieskiewicz E,
Zawadzka 1, Bagrowska M, Daniluk J, Palewski M, Zonenberg A, Kowal-Bielecka O, Konopinska J,
Dmuchowska DA. Macular choroidal thickness, volume, and vascularity index in patients with
systemic sclerosis. Graefes Arch Clin Exp Ophthalmol. 2023 Dec 22. doi: 10.1007/s00417-023-06342-
4, wchodzacej w sktad rozprawy doktorskiej: Ocena parametrow naczyniowki z uwzglednieniem
wskaznika naczyniowego u pacjentow z twardzing ukladowg wynoszacy 1% to recenzja i edycja
manuskryptu.

Jednoczes$nie wyrazam zgodeg na wykorzystanie przez Barbarg Pieklarz publikacji w postepowaniu o
nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu w dyscyplinie nauki
medyczne.
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Biatystok, dn. 24.01.2024

Lek. Joanna Daniluk

Wielospecjalistyczny Szpital Migjski im. Jozefa Strusia

z Zaktadem Opiekunczo-Leczniczym SP ZOZ w Poznaniu
ul. Szwajcarska 3, 61-285 Poznan

Oswiadczenie

Oswiadczam, iz m6j udzial w przygotowaniu publikacji: Pieklarz B, Gindzieriska-Sieskiewicz E,
Zawadzka I, Bagrowska M, Daniluk J, Palewski M, Zonenberg A, Kowal-Bielecka O, Konopiriska J,
Dmuchowska DA. Macular choroidal thickness, volume, and vascularity index in patients with
systemic sclerosis. Graefes Arch Clin Exp Ophthalmol. 2023 Dec 22. doi: 10.1007/s00417-023-06342-
4, wehodzacej w sklad rozprawy doktorskiej: Ocena parametréw naczyniéwii z uwzglednieniem
wskaznika naczyniowego u pacjentow z twardzing ukladowq wynoszacy 1% to recenzja i edycja
manuskryptu, wykonanie czgéci badan.

Jednoczesnie wyrazam zgodg na wykorzystanie przez Barbare Pieklarz publikacji w postepowaniu o
nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu w dyscyplinic nauki
medyczne.
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Biatystok, dn. 15.01.2024
Lek. Marcin Palewski
Klinika Okulistyki
Uniwersytet Medyczny w Biatymstoku
ul. J. Kilinskiego 1
15-089 Biatystok

Oswiadczenie

Oswiadczam, iz méj udziat w przygotowaniu publikacji: Pieklarz B, Gindzienska-Sieskiewicz E,
Zawadzka 1, Bagrowska M, Daniluk J, Palewski M, Zonenberg A, Kowal-Bielecka O, Konopiriska J,
Dmuchowska DA. Macular choroidal thickness, volume, and vascularity index in patients with
systemic sclerosis. Graefes Arch Clin Exp Ophthalmol. 2023 Dec 22. doi: 10.1007/s00417-023-06342-
4, wehodzacej w skiad rozprawy doktorskiej: Ocena parametréw naczyniéwki z uwzglednieniem
wskaznika naczyniowego u pacjentéw z twardzing uktadowq wynoszacy 1% to analiza wynikéw,
recenzja i edycja manuskryptu.

Jednocze$nie wyrazam zgodg na wykorzystanie przez Barbare Pieklarz publikacji w postepowaniu o
nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu w dyscyplinie nauki
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Biatystok, dn. 11.02.2024
Lek. Agnieszka Zonenberg
Klinika Okulistyki
Uniwersytet Medyczny w Biatymstoku
ul. J. Kilinskiego 1
15-089 Biatystok

Oswiadczenie

Oswiadczam, iz méj udziat w przygotowaniu publikacji: Pieklarz B, Gindzienska-Sieskiewicz E,
Zawadzka I, Bagrowska M, Daniluk J, Palewski M, Zonenberg A, Kowal-Bielecka O, Konopinska J,
Dmuchowska DA. Macular choroidal thickness, volume, and vascularity index in patients with
systemic sclerosis. Graefes Arch Clin Exp Ophthalmol. 2023 Dec 22. doi: 10.1007/s00417-023-06342-
4, wchodzacej w sktad rozprawy doktorskiej: Ocena parametréow naczyniowki z uwzglednieniem
wskaznika naczyniowego u pacjentow z twardzing uktadowg wynoszacy 1% to analiza wynikow,
recenzja i edycja manuskryptu.

Jednoczesnie wyrazam zgodg na wykorzystanie przez Barbare Pieklarz publikacji w postgpowaniu o
nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu w dyscyplinie nauki
medyczne.
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Biatystok, dn. 12.01.2024

Prof. dr hab. n.med. Otylia Kowal-Bielecka
Klinika Reumatologii i Choréb Wewngtrznych
Uniwersytet Medyczny w Biatymstoku

ul. J. Kilinskiego 1

15-089 Bialystok

Oswiadczenie

Oswiadczam, iz mdj udziat w przygotowaniu publikacji: Pieklarz B, Gifidzieniska-Sieskiewicz E,
Zawadzka I, Bagrowska M, Daniluk J, Palewski M, Zonenberg A, Kowal-Bielecka O, Konopinska J,
Dmuchowska DA. Macular choroidal thickness, volume, and vascularity index in patients with
systemic sclerosis. Graefes Arch Clin Exp Ophthalmol. 2023 Dec 22. doi: 10.1007/s00417-023-06342-
4, wehodzacej w sktad rozprawy doktorskiej: Ocena parametréw naczyniéwki z uwzglednieniem
wskaznika naczyniowego u pacjentow z twardzing ukladowg wynoszacy 2% to wspo6tudziat w
zaprojektowaniu badania, recenzja i edycja manuskryptu.

Jednoczesnie wyrazam zgode¢ na wykorzystanie przez Barbare Pieklarz publikacji w postepowaniu o
nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu w dyscyplinie nauki
medyczne.

Otylia K
specjalista gfiorot
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Biatystok, dn. 15.01.2024

Dr hab.n.med. J. Konopinska

Klinika Okulistyki

Uniwersytet Medyczny w Bialymstoku
ul. J. Kilinskiego 1

15-089 Bialystok

Oswiadczenie

Oswiadczam, iz mdj udzial w przygotowaniu publikacji: Pieklarz B, Gindzieniska-Sieskiewicz E,
Zawadzka I, Bagrowska M, Daniluk J, Palewski M, Zonenberg A, Kowal-Bielecka O, Konopiriska J,
Dmuchowska DA. Macular choroidal thickness, volume, and vascularity index in patients with
systemic sclerosis. Graefes Arch Clin Exp Ophthalmol. 2023 Dec 22. doi: 10.1007/s00417-023-06342-
4, wechodzacej w sktad rozprawy doktorskiej: Ocena parametrow naczyniéwki z uwzglednieniem
wskaznika naczyniowego u pacjentéw z twardzing ukladowq wynoszacy 5% to recenzja i edycja
manuskryptu.

Jednoczesnie wyrazam zgodg na wykorzystanie przez Barbarg Pieklarz publikacji w postepowaniu o
nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu w dyscyplinie nauki
medyczne.

Lekarz Klerujgcy Klinikg
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Bialystok, dn. 11.02.2024
Dr hab. n.med. Diana Anna Dmuchowska
Klinika Okulistyki
Uniwersytet Medyczny w Biatymstoku
ul. J. Kilinskiego 1
15-089 Biatystok

Oswiadczenie

Oswiadczam, iz méj udziat w przygotowaniu publikacji: Pieklarz B, Gindzieniska-Sieskiewicz E,
Zawadzka I, Bagrowska M, Daniluk J, Palewski M, Zonenberg A, Kowal-Bielecka O, Konopinska J,
Dmuchowska DA. Macular choroidal thickness, volume, and vascularity index in patients with
systemic sclerosis. Graefes Arch Clin Exp Ophthalmol. 2023 Dec 22. doi: 10.1007/s00417-023-06342-
4, wehodzacej w sktad rozprawy doktorskiej: Ocena parametréw naczyniéwki z uwzglednieniem
wskaznika naczyniowego u pacjentow z twardzing ukladowg wynoszacy 35 % to koncepcja badania,
wspotudziat w zaprojektowaniu badania, kwerenda literatury, analiza i interpretacja wynikow,
przygotowanie i edycja manuskryptu, autor korespondencyjny.

Jednoczesnie wyrazam zgode na wykorzystanie przez Barbare Pieklarz publikacji w postepowaniu o
nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu w dyscyplinie nauki
medyczne.
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10.2 Informacja o charakterze udzialu wspotautoréw w publikacji I wraz

z szacunkowym okresleniem procentowego wkladu (praca oryginalna)

Pieklarz B, Gindzienska-Sieskiewicz E, Zawadzka I, Bagrowska M, Daniluk J, Sidorczuk P,

Kowal-Bielecka O, Konopinska J, Dmuchowska DA. Peripapillary choroidal vascularity

index and thickness in patients with systemic sclerosis. Front Med (Lausanne). 2023 Oct
16;10:1273438. doi: 10.3389/fmed.2023.1273438. PMID: 37915331; PMCID:

PMC10617027. IF:3.90; MEIN: 100

Dmuchowska

zaprojektowaniu badania, kwerenda
literatury, analiza i interpretacja
wynikow, przygotowanie i edycja
manuskryptu, autor korespondencyjny.

Imig i nazwisko wspolautora Charakter udzialu Procentowy wkiad
Doktorant — lek. Barbara Pieklarz Koncepcja badania, wspotudziat w 51%
zaprojektowaniu badania,
wykonanie czgsci badan, prowadzenie
bazy danych, kwerenda literatury,
analiza i interpretacja wynikow,
przygotowanie i edycja manuskryptu,
autor koresponedyncyiny.
Dr n.med. Ewa Gindzienska- Przeprowadzenie czg¢$ci badan, 2%
Sieskiewicz wspotudziat w zaprojektowaniu badania,
recenzja i edycja manuskryptu.
Lek. Izabela Zawadzka Przeprowadzenie czg¢sci badan, recenzja | 1%
i edycja manuskryptu.
Dr n.med. Magdalena Bagrowska Recenzja i edycja manuskryptu. 1%
Lek. Joanna Daniluk Recenzja i edycja manuskryptu, 1%
wykonanie czesci badan.
Lek. Patryk Sidorczuk Analiza wynikow, recenzja i edycja 1%
manuskryptu
Prof. dr hab. n. med. Otylia Kowal- | Wspotudzial w zaprojektowaniu 2%
Bielecka badania, recenzja i edycja manuskryptu
Dr hab. n. med. Joanna Konopinska | Recenzja i edycja manuskryptu. 5%
Dr hab. n.med. Diana Anna Koncepcja badania, wspotudziat w 36%

Oswiadczam, ze wszyscy wspolautorzy wyrazili zgodg na wykorzystanie powyzszej

publikacji w pracy doktorskiej lek. Barbary Pieklarz.

Podpis doktoranta
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Biatystok, dn. 12.01.2024
Dr n. med. Ewa Gindzienska-Sieskiewicz
Klinika Reumatologii i Choréb Wewngtrznych
Uniwersytet Medyczny w Biatymstoku
ul. J. Kilinskiego 1
15-089 Biatystok

Oswiadczenie

Oswiadczam, iz mdj udziat w przygotowaniu publikacji: Pieklarz B, Gindzienska-Sieskiewicz E,
Zawadzka I, Bagrowska M, Daniluk J, Sidorczuk P, Kowal-Bielecka O, Konopinska J, Dmuchowska
DA. Peripapillary choroidal vascularity index and thickness in patients with systemic sclerosis. Front
Med (Lausanne). 2023 Oct 16;10:1273438. doi: 10.3389/fmed.2023.1273438, wchodzacej w sktad
rozprawy doktorskiej: Ocena parametréw naczyniéwki z uwzglednieniem wskaznika naczyniowego u
pacjentéw z twardzing ukladowg wynoszacy 2% to przeprowadzenie czeéci badan, wspotudziat w
zaprojektowaniu badania oraz recenzja i edycja manuskryptu.

Jednoczesnie wyrazam zgodg na wykorzystanie przez Barbarg Pieklarz publikacji w postepowaniu o
nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu w dyscyplinie nauki
medyczne.
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Biatystok, dn. 15.01.2024

Lek. Izabela Zawadzka

Klinika Okulistyki

Uniwersytet Medyczny w Biatymstoku
ul. J. Kilinskiego 1

15-089 Biatystok

O$wiadczenie

Oswiadczam, iz méj udzial w przygotowaniu publikacji: Pieklarz B, Gindzienska-Sieskiewicz E,
Zawadzka I, Bagrowska M, Daniluk J, Sidorczuk P, Kowal-Bielecka O, Konopiriska J, Dmuchowska
DA. Peripapillary choroidal vascularity index and thickness in patients with systemic sclerosis. Front
Med (Lausanne). 2023 Oct 16;10:1273438. doi: 10.3389/fmed.2023.1273438, wchodzacej w skiad
rozprawy doktorskiej: Ocena parametrow naczyniowki z uwzglednieniem wskaznika naczyniowego u
pacjentéw z twardzing ukladowq wynoszacy 1% to przeprowadzenie czgsci badan, recenzja i edycja
manuskryptu.

Jednocze$nie wyrazam zgode na wykorzystanie przez Barbare Pieklarz publikacji w postepowaniu o
nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu w dyscyplinie nauki
medyczne.
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Biatystok, dn. 15.01.2024
Dr n. med. Magdalena Bagrowska
Klinika Reumatologii i Choréb Wewnetrznych
Uniwersytet Medyczny w Biatymstoku
ul. J. Kilinskiego 1
15-089 Biatystok

Oswiadczenie

Oswiadczam, iz mdj udzial w przygotowaniu publikacji: Pieklarz B, Gindzienska-Sieskiewicz E,
Zawadzka I, Bagrowska M, Daniluk J, Sidorczuk P, Kowal-Bielecka O, Konopifiska J, Dmuchowska
DA. Peripapillary choroidal vascularity index and thickness in patients with systemic sclerosis. Front
Med (Lausanne). 2023 Oct 16;10:1273438. doi: 10.3389/fmed.2023.1273438, wchodzacej w skiad
rozprawy doktorskiej: Ocena parametréw naczyniowki z uwzglednieniem wskaznika naczyniowego u
pacjentow z twardzing ukladowq wynoszacy 1% to recenzja i edycja manuskryptu.

Jednoczesnie wyrazam zgod¢ na wykorzystanie przez Barbarg Pieklarz publikacji w postgpowaniu o
nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu w dyscyplinie nauki

medyczne.
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Bialystok, dn. 24.01.2024

Lek. Joanna Daniluk

Wielospecjalistyczny Szpital Miejski im. Jozefa Strusia

z Zaktadem Opiekunczo-Leczniczym SP ZOZ w Poznaniu
ul. Szwajcarska 3, 61-285 Poznan

Oswiadczenie

Oswiadczam, iz m¢j udzial w przygotowaniu publikacji: Pieklarz B, Gindzienska-Sieskiewicz E,
Zawadzka I, Bagrowska M, Daniluk J, Sidorczuk P, Kowal-Bielecka O, Konopifiska J, Dmuchowska
DA. Peripapillary choroidal vascularity index and thickness in patients with systemic sclerosis. Front
Med (Lausanne). 2023 Oct 16;10:1273438. doi: 10.3389/fmed.2023.1273438, wchodzacej w sklad
rozprawy doktorskiej: Ocena parametréw naczyniéwki z uwzglednieniem wskaznika naczyniowego u
pacjentow z twardzing ukladowg wynoszacy 1% to recenzja i edycja manuskryptu, wykonanie czesci
badan.

Jednoczesnie wyrazam zgodg na wykorzystanie przez Barbare Pieklarz publikacji w postepowaniu o
nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu w dyscyplinie nauki
medyczne.

) e ! Jnylak
"
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Biatystok, dn. 30.01.2024
Lek. Patryk Sidorczuk
Osrodek Okulistyczny Teczéwka
Ul. Weglowa 6
15-121 Biatystok

Oswiadczenie

Oswiadczam, iz moj udziat w przygotowaniu publikacji: Pieklarz B, Gindzieriska-Sieskiewicz E,
Zawadzka I, Bagrowska M, Daniluk J, Sidorczuk P, Kowal-Bielecka O, Konopinska J, Dmuchowska
DA. Peripapillary choroidal vascularity index and thickness in patients with systemic sclerosis. Front
Med (Lausanne). 2023 Oct 16;10:1273438. doi: 10.3389/fmed.2023.1273438, wchodzacej w skiad
rozprawy doktorskiej: Ocena parametréw naczyniéwki z uwzglednieniem wskaznika naczyniowego u
pacjentow z twardzing uktadowg wynoszacy 1% to analiza wynikow, recenzja i edycja manuskryptu.

Jednoczesnie wyrazam zgode na wykorzystanie przez Barbarg Pieklarz publikacji w postepowaniu o
nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu w dyscyplinie nauki
medyczne.

Dk Z) £ Joiyrcily
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Biatystok, dn. 12.01.2024
Prof. dr hab. n.med. Otylia Kowal-Bielecka
Klinika Reumatologii i Chor6b Wewngtrznych
Uniwersytet Medyczny w Biatymstoku
ul. J. Kilinskiego 1
15-089 Biatystok

Oswiadczenie

Oswiadczam, iz mdj udziat w przygotowaniu publikacji: Pieklarz B, Gindzieniska-Sieskiewicz E,
Zawadzka I, Bagrowska M, Daniluk J, Sidorczuk P, Kowal-Bielecka O, Konopinska J, Dmuchowska
DA. Peripapillary choroidal vascularity index and thickness in patients with systemic sclerosis. Front
Med (Lausanne). 2023 Oct 16;10:1273438. doi: 10.3389/fmed.2023.1273438, wchodzgcej w sktad
rozprawy doktorskiej: Ocena parametréw naczyniowki z uwzglednieniem wskaznika naczyniowego u
pacjentow z twardzing uktadowg wynoszacy 2% to wspoétudziat w zaprojektowaniu badania, recenzja i
edycja manuskryptu.

Jednoczesnie wyrazam zgod¢ na wykorzystanie przez Barbare Pieklarz publikacji w postepowaniu o
nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu w dyscyplinie nauki
medyczne.

_Prof dr ha / med,
Otylia Kowd!-Bi;

specjalista chgrglo
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Biatystok, dn. 15.01.2024

Dr hab.n.med. J. Konopinska

Klinika Okulistyki

Uniwersytet Medyczny w Biatymstoku
ul. J. Kilinskiego 1

15-089 Biatystok

Oswiadczenie

Oséwiadczam, iz mdj udzial w przygotowaniu publikacji: Pieklarz B, Gindzienska-Sieskiewicz E,
Zawadzka I, Bagrowska M, Daniluk J, Sidorczuk P, Kowal-Bielecka O, Konopinska J, Dmuchowska
DA. Peripapillary choroidal vascularity index and thickness in patients with systemic sclerosis. Front
Med (Lausanne). 2023 Oct 16;10:1273438. doi: 10.3389/fmed.2023.1273438, wchodzgcej w sktad
rozprawy doktorskiej: Ocena parametréw naczyniowki z uwzglednieniem wskaznika naczyniowego u
pacjentow z twardzing ukladowg wynoszacy 5% to recenzja i edycja manuskryptu.

Jednoczesnie wyrazam zgodeg na wykorzystanie przez Barbare Pieklarz publikacji w postgpowaniu o
nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu w dyscyplinie nauki
medyczne,

Lekarz Klerujacy Klinikg

Klinika_ Okulistyki
dr hab. n. med. Joan, Konopiriska
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Bialystok, dn. 11.02.2024
Dr hab. n.med. Diana Anna Dmuchowska
Klinika Okulistyki
Uniwersytet Medyczny w Biatymstoku
ul. J. Kilinskiego 1
15-089 Biatystok

Oswiadczenie

Oswiadczam, iz m6j udziat w przygotowaniu publikacji: Pieklarz B, Gifidzienska-Sieskiewicz E,
Zawadzka I, Bagrowska M, Daniluk J, Sidorczuk P, Kowal-Bielecka O, Konopinska J, Dmuchowska
DA. Peripapillary choroidal vascularity index and thickness in patients with systemic sclerosis. Front
Med (Lausanne). 2023 Oct 16;10:1273438. doi: 10.3389/fmed.2023.1273438, wchodzacej w skiad
rozprawy doktorskiej: Ocena parametréw naczyniowki z uwzglednieniem wskaznika naczyniowego u
pacjentéw z twardzing ukladowg wynoszacy 36% to koncepcja badania, wspétudziat w
zaprojektowaniu badania, kwerenda literatury, analiza i interpretacja wynikow, przygotowanie i edycja
manuskryptu, autor korespondencyjny.

Jednoczesnie wyrazam zgodg na wykorzystanie przez Barbarg Pieklarz publikacji w postepowaniu o
nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu w dyscyplinie nauki
medyczne.

dr hab. n. d.
Diana A.%wska
specjalista oczu
2 194
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11 Uchwala Komisji Bioetycznej

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

Bialystok, 25.02.2021 r.
Uchwata nr: APK.002.109.2021

Na podstawie art. 29 ust. 2 i 14 ustawy dnia 5 grudnia 1996 r. o zawodach
lekarza i lekarza dentysty (t.j. Dz. U z 2020, poz. 514 ze zm.), Komisja
Bioetyczna przy Uniwersytecie Medycznym w Biatymstoku, po zapoznaniu sig
z projektem badania zgodnie z zasadami GCP/ Guidelines for Good Clinical
Practice /- wyraza zgode¢ naprowadzenie tematu badawczego:
~Kompleksowa ocena okulistyczna pacjentéw 2z twardzing ukladowa,
reumatolidalnym zapaleniam staw6w, eozynofilowym zapaleniem powiezi
oraz chorobami z grupy seronegatywnych spondyloartropatii zapalnych” przez
dr n. med. Diang A. Dmuchowska wraz z zespolem badawczym z UMB.

Planowany okres realizagji od 25.02.2021 r. do marca 2024 r.

Przewodniczaca ji/Bioetycznej przy UMB

prof. dr hab. O

Pouczenie:
1. Odwolame od uchwaiy kmisj: bicervezne) wyrazapqees opinie moze wniesé:
1) wnioskodawca
2) kierownik podmiotu, w kidrym eksperyment medyczny ma byé przeprowadzony;
3) komisja bioetvezna wlasciwa dia osrodka, ktory ma uczestniczyé w wieloosrodkawym eksperymencie medveznym.
2. Odwolanie, o ktérvm mowa w ust. |, wnosi si¢ za posrednictwem komisji bioetveznzj, kiéra podjgla nchwalg, do Odwolawczej Komisji
Biaelycznej w terminie 14 dnt od daia dorgczenia uchwaly wyrazajgeej opinig.

) . . 2
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