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WYKAZ NAJWAZNIEJSZYCH SKROTOW

SSe systemic sclerosis twardzina uktadowa

leSSe limited cutaneous systemic sclerosis twardzina uktadowa ograniczona

deSSe diffuse cutaneous systemic sclerosis twardzina uktadowa uogolniona

TGF-p | transforming growth factor 3 transformujacy czynnik wzrostu beta

IL-6 interleukin- 6 interleukina 6

VEGF | vascular endothelial growth factor naczyniowo-§rodbtonkowy czynnika
wzrostu

DED dry eye disease zespot suchego oka

NC nailfold capillaroscopy kapilaroskopia

OCT optical coherence tomography optyczna koherentna tomografia

OCTA | optical coherence tomography angiografia oparta na optycznej

angiography koherentnej tomografii

WEF- widefield OCTA szerokokatne OCTA

OCTA

FAZ foveal avascular zone dotkowa strefa beznaczyniowa

BCVA | best— corrected visual acuity najlepsza skorygowana ostro$¢
wzroku

SCP superficial capillary plexus powierzchowny splot naczyn
wlosowatych

DCP deep capillary plexus gleboki splot naczyn wlosowatych

IPL inner plexiform layer wewngtrzna warstwa splotowata

NSIP nonspecific interstitial pneumonia niespecyficzne §rddmigzszowe
zapalenie phuc

UIP usual interstitial pneumonia zwykte §rodmigzszowe zapalenie
ptuc

PAH pulmonary arterial hypertension nadci$nienie ptucne

DVD parafoveal deep vessel density okotodotkowa gestos¢ naczyn
w splocie glebokim

SVD parafoveal superficial vessel density okotodotkowa gesto$¢ naczyn
w splocie powierzchownym




AO Adaptive Optics optyka adaptywna

WT wall thickness grubo$¢ Sciany naczynia

TD total diameter catkowita $rednica

LD lumen diameter $rednica $wiatta naczynia

WLR wall-to-lumen ratio stosunek $ciany do $wiatta naczynia
WCSA | wall cross-sectional area przekrojowa powierzchnia $ciany

naczynia




Streszczenie

Twardzina uktadowa (SSc; ang. systemic sclerosis) to przewlekta, autoimmunologiczna
choroba tkanki tacznej, charakteryzujaca si¢ nieprawidlowa odpowiedzia immunologicznag,
wioknieniem narzadow oraz waskulopatig. W literaturze opisano liczne objawy okulistyczne
wystepujace w przebiegu choroby dotyczace przedniego i tylnego odcinka gatki oczne;.
Celem pracy byta ocena przydatnos$ci angiografii opartej na optycznej koherentnej tomografii
(OCTA; ang. optical coherence tomography angiography) oraz optyki adaptywnej (AO;
ang. Adaptive Optics) do oceny mikrokrazenia siatkéwkowego u chorych z twardzing
uktadowa oraz poréwnanie zmian obserwowanych w badaniu kapilaroskopowym
do parametrow otrzymanych w OCTA 1 AO.

Przeglad pi$miennictwa postuzyl do przygotowania pracy pogladowej pt.: ,, Ocular
Manifestation in Systemic Sclerosis - A Literature Review” na temat objawow okulistycznych
w przebiegu twardziny uktadowej. Artykut usystematyzowat dostepng wiedze oraz przyczynit
si¢ do okreslenia kierunku kolejnych badan. Mikroangiopatia b¢daca kluczowa cechg twardziny
uktadowej prowadzi do postgpujacego uszkodzenia srddblonka, zwezenia Swiatta naczyn
krwionosnych 1 ich postgpujacego wildknienia. Z powodu niewielkiej $rednicy
1 wysokiego zapotrzebowania na tlen, naczynia siatkowki moga by¢ szczegdlnie podatne
na wczesne zmiany niedokrwienne w przebiegu tej choroby.

Pierwsze badanie oryginalne pt: ,,Retinal Microvasculature in Systemic Sclerosis
Patients and the Correlation between Nailfold Capillaroscopic Findings and Optical
Coherence Angiography Results” oceniato przydatno§¢ OCTA w ocenie mikrokrazenia
siatkbwkowego u 0séb z twardzing oraz porownywato zmiany w badaniu kapilaroskopowym
do parametrow w OCTA. Badanie wykazalo wigksza okolodotkowa gesto§¢ naczyn
w splocie glebokim siatkowki (DVD ang. parafoveal deep vessel density) u pacjentow
z twardzing ukladowa niz u oséb zdrowych. Istnieje korelacja pomiedzy stadium
zaawansowania choroby okreslanym w kapilaroskopii a wielko$cia dotkowej strefy
beznaczyniowej (FAZ ang. foveal avascular zone).

W drugim badaniu oryginalnym pt: ,, The correlation between Nailfold Capillaroscopic
Findings and  Adaptive Optics  Imaging  of  retinal  microvasculature

’

in patients with systemic sclerosis.” oceniono struktur¢ naczyn krwiono$nych za pomoca
techniki optyki adaptywnej u osob zdrowych i pacjentow z twardzing oraz pordwnano wyniki

uzyskane w AO z parametrami badania kapilaroskopowego. Badanie nie wykazato istotnych
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réznic strukturalnych w naczyniach siatkowki pomigdzy grupa badang a kontrolng ani korelacji
z kapilaroskopia.

Na podstawie przeprowadzonych badan stwierdzono, ze angiografia OCT stanowi
uzyteczne narzg¢dzie diagnostyczne do oceny zaburzen mikrokrazenia siatkdéwkowego
u pacjentoéw z twardzing ukladowa. Wykazano istotng zalezno$§¢ pomiedzy stopniem
zaawansowania choroby (oceniang w kapilaroskopii) a wielkoScia dotkowej strefy
beznaczyniowej w OCTA. Z kolei zastosowanie optyki adaptywnej w analizie morfologii
naczyn siatkowkowych u tych chorych okazalo si¢ mie¢ ograniczong warto$¢ kliniczna.
Pomiary uzyskane w kapilaroskopii nie korelowaly z oceng morfologii naczyn siatkowki

w AO.
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Abstract

Systemic sclerosis (SSc) is a chronic autoimmune disease characterized by an abnormal
immune response, excessive fibrosis and vasculopathy. A wide range of ocular manifestations
affecting both the anterior and posterior segments of the eye have been described in the
literature.

The objective of the dissertation was to evaluate the efficacy of optical coherence
tomography angiography (OCTA) and adaptive optics (AO) in assessing retinal
microcirculation in patients diagnosed with systemic sclerosis. Furthermore, the study aimed to
compare the alterations observed through capillaroscopic examination with the parameters
obtained through OCTA and AO.

The review of literature was conducted for the purpose of preparing a review paper
entitled "Ocular Manifestation in Systemic Sclerosis-A Literature Review", which focused
on ophthalmological symptoms in systemic sclerosis. The article was used to systematize
the available knowledge and determine the direction of further research.

Microangiopathy, a hallmark of systemic sclerosis, results in progressive endothelial damage,
vascular narrowing, and fibrosis. Due to their small diameter and high oxygen demand, retinal
vessels may be particularly susceptible to early ischemic changes in the course of this disease.

The first original study “Retinal Microvasculature in Systemic Sclerosis Patients
and the Correlation between Nailfold Capillaroscopic Findings and Optical Coherence
Angiography Results", assessed the usefulness of OCTA for evaluating retinal microcirculation
in patients with scleroderma. In addition, it compared changes in capillaroscopic examination
to parameters in OCTA. The study demonstrated that patients diagnosed with systemic sclerosis
exhibited increased parafoveal deep vessel density (DVD) in comparison to healthy individuals.
Furthermore, an association was identified between the stage of disease progression determined
in capillaroscopy and the size of the foveal avascular zone (FAZ).

In the second study “The correlation between Nailfold Capillaroscopic Findings and
Adaptive Optics Imaging of retinal microvasculature in patients with systemic sclerosis.”
the correlation between nailfold capillaroscopic findings and adaptive optics imaging of retinal
microvasculature in patients with systemic sclerosis was investigated. The structure of blood
vessels was assessed in healthy individuals and patients with systemic sclerosis using the

adaptive optics technique, and the results obtained in AO were compared with the parameters
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of the capillaroscopic examination. The study revealed no significant structural differences
in retinal vessels between the study and control groups, nor any correlation with capillaroscopy.

OCT angiography is a useful diagnostic tool for assessing retinal microcirculation
abnormalities in patients with systemic sclerosis. A correlation has been demonstrated between
the stage of the disease observed in capillaroscopy and the size of the foveal avascular zone
in OCTA. The analysis of retinal vessel morphology using Adaptive Optics was found to have
limited clinical value. No association was observed between capillaroscopy findings and AO

measurements.

13



1. Wstep

Twardzina uktadowa (SSc; sng systemic sclerosis) to przewlekta, autoimmunologiczna
choroba tkanki tacznej o wieloczynnikowej etiologii. W patomechanizmie choroby
wyrdzniamy trzy gtowne sktadowe: nieprawidtowa odpowiedz immunologiczng z obecnoscig
charakterystycznych autoprzeciwcial i nadprodukcja cytokin prozapalnych, waskulopatie,
oraz wioknienie skoéry i1 narzadéw wewngtrznych [1,2]. Twardzina wystepuje okoto
czterokrotnie czesciej u kobiet [2]. Szczyt zachorowania przypada na 30-50 r.z. W zalezno$ci
od zakresu zaje¢cia skory chorobe dzieli si¢ na dwie glowne formy kliniczne: twardzing
uktadowa ograniczong (IcSSc; ang. limited cutaneous systemic sclerosis) oraz twardzing
uktadowg uogodlniong (dcSSc; ang. diffuse cutaneous systemic sclerosis), zmiany narzadowe
obserwowane sg w obu postaciach. Posta¢ ograniczona o tagodniejszym, przewlektym
przebiegu charakteryzuje si¢ miejscowymi zmianami skdrnymi obejmujacymi twarz i dystalne
cz¢$ci konczyn gornych i1 dolnych. Zmiany narzadowe pojawiaja si¢ pdzniej. Najczgstsze
powiklania obejmujg zmiany w obrebie przelyku, prowadzace do dysfagii, objawy choroby
refluksowej na skutek uposledzenia funkcji dolnego zwieracza przetyku, chorobe
$rodmigzszowa phuc oraz nadci$nienie plucne. W postaci uogélnionej o cig¢zszym przebiegu
zmiany wystepuja symetrycznie, zajmujac twarz, proksymalne cze$ci konczyn i tutow.
W dcSSc dynamika zajgcia narzadéw wewnetrznych jest wigksza i gwattowniejsza oraz istnieje
korelacja pomiedzy stopniem i rozlegtoscig zmian skornych a szybkoscig wystapienia zmian
narzagdowych. Jednocze$nie ze zmianami skérnymi wystepuja zmiany w narzadach

wewngtrznych.

1.1 Patofizjologia zmian naczyniowych w twardzinie ukladowe;j

Zmiany naczyniowe w przebiegu twardziny uwazane sg za kluczowy element patogenezy
choroby. Obejmuja one uszkodzenie $rodbtonka, zaburzenie homeostazy naczyniowe;j,
przewlekly stan zapalny, remodeling naczyn oraz ich zanik. Choroba prowadzi
do uszkodzenia §rodblonka naczyn krwionosnych, co moze by¢ wynikiem dziatania czynnikéw
zakaznych, cytotoksycznych komorek T i autoprzeciwcial skierowanych przeciwko komoérkom
srédbtonka [3]. Skutkuje to wzmozong przepuszczalno$cig naczyn, aktywacja ukladu
krzepnigcia oraz zaburzeniem réwnowagi pomiedzy czynnikami wazokonstrykcyjnymi

(endotelina-1) a wazodylatacyjnymi (tlenek azotu). Efektem tych zmian jest przewlekly skurcz
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naczyn, upos$ledzenie przeptywu krwi i1 utrwalone niedokrwienie tkanek. W obrebie
uszkodzonego $rodblonka pojawiaja si¢ nacieki zapalne z limfocytéw T i makrofagdéw, ktore
wydzielaja cytokiny prozapalne, takie jak transformujacy czynnik wzrostu beta (TGF-f;
ang. transforming growth factor B) i interleukina 6 (IL-6; ang. interleukin- 6). Mediatory te
prowadza do dalszego uszkodzenia $rodblonka oraz aktywacji fibroblastow, co sprzyja
odktadaniu si¢ kolagenu w obrgbie $cian naczyn. Jednocze$nie dochodzi do proliferacji
komorek migéni gladkich oraz przerostu btony §rodkowej i wewngtrznej naczyn. W efekcie
$ciana naczynia ulega pogrubieniu, traci elastyczno$¢, a jego Swiatto ulega trwatemu zwegzeniu.
Dodatkowo, mimo wzrostu poziomu naczyniowo-§rodbtonkowego czynnika wzrostu naczyn
(VEGF; ang. vascular endothelial growth factor), procesy angiogenezy w chorobie s3
zaburzone. Nowe naczynia sg nieprawidlowe, a liczba kapilar stopniowo si¢ zmniejsza, co
nasila niedokrwienie tkanek [3].

Jednym z najwczesniejszych objawdéw waskulopatii w przebiegu twardziny uktadowej
jest objaw Raynauda, ktory moze wyprzedza¢ wystgpienie innych cech choroby. Wystepuje
u okoto 95% pacjentow i stanowi istotny objaw prodromalny. Symptom ten wynika
z gwaltownego, przejsciowego skurczu malych tetniczek i tg¢tniczek przedwlo$niczkowych
w obrebie palcow rak i stop, a nastgpnie ich rozkurczu. Klinicznie manifestuje si¢ trojfazowa
zmiang zabarwienia skory dystalnych czgsci palcow — poczatkowo wystepuje zblednigcie
(niedokrwienie), nastepnie zasinienie (niedotlenienie), a na koncu zaczerwienienie (reaktywna
hiperemia). Zjawisko to najcze$ciej jest wywotywane przez ekspozycje na zimno lub stres
emocjonalny. Stwierdzenie u pacjenta wystepowania objawy Raynauda wymaga poszerzenia

diagnostyki o wykonanie badania kapilaroskopowego [4].

1.2 Kapilaroskopia

Klinicznie mikroangiopati¢ twardzinowa wykrywa si¢ w nieinwazyjnym badaniu
kapilaroskopii (NC; ang. nailfold capillaroscopy) watu paznokciowego [5]. Prawidlowe
naczynia wilosowate majg ksztalt odwrdconej litery U (petla przypominajaca spinke
do wloséw), sktadajac si¢ z ramienia tetniczego, czgsci szczytowej oraz ramienia Zylnego,
przebiegajacych zazwyczaj réwnolegle. Ich morfologia obejmuje dlugie, cienkie pgtle
o prostym przebiegu, a takze pojedyncze lub podwojne kapilary krete 1 skrzyzowane, ktére
moga stanowi¢ wariant normy. Kapilary, ktorych nie mozna zaklasyfikowa¢ jako U-ksztaltne,

krete lub skrzyzowane, uznaje si¢ za nieprawidlowe. Przejrzystos¢ skory w badaniu
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kapilaroskopowym jest zwykle pelna, z dobrze widocznymi naczyniami o ostrych zarysach,
bez cech obrzeku okotonaczyniowego i stwardnienia skory; architektura tozyska naczyniowego
charakteryzuje si¢ regularnym, réwnoleglym uktadem prostych naczyn. Prawidtowa gestosé¢
kapilar wynosi 7-13 w 1 mm, a dlugo$¢ petli od 200 do 500 um; $rednica naczynia do 20 um
uznawana jest za prawidlowa, 20-50 um za poszerzong, natomiast powyzej 50 um okreslana
jest jako olbrzymia (megakapilara). W analizie ilosciowej uwzglednia si¢ takze liczbe kapilar
olbrzymich i rozgalezionych w 1 mm oraz oblicza indeksy prognostyczne, takie jak CSURI

czy MES. [6]

Nieprawidlowos$ci w obrazie kapilaroskopowym moga wyprzedza¢ wystapienie zmian
narzagdowych. U chorych na twardzing uktadowa stwierdza si¢ poszerzone naczynia, mikro-
wynaczynienia, cechy angiogenezy, zmniejszong gesto$¢ kapilar oraz obrzek podscieliska.
Obraz twardzinowy (scleroderma pattern) zostat wiaczony do kryteriow klasyfikacyjnych
Amerykanskiego Kolegium Reumatologicznego (ACR ang. American College
of Rheumatology) oraz Europejskiego Stowarzyszenia Towarzystw Reumatologicznych
(EULAR ang. European Alliance of Associations for Rheumatology) i wykorzystywany jest do
monitorowania przebiegu schorzenia. Zgodnie z klasyfikacja Cutolo wyr6znia si¢ trzy okresy
choroby: wezesny, aktywny i pézny. W okresie wczesnym stwierdza si¢ nieliczne megakapilary
(<33%) 1 wybroczyny (<33%) przy zachowanej gestosci naczyn, braku kapilar rozgatezionych
oraz jedynie niewielkiej dezorganizacji uktadu. W okresie aktywnym obserwuje si¢ liczne
megakapilary (>33%) i mikro-wynaczynienia (>33%), umiarkowany zanik kapilar (<66%),
nieliczne kapilary rozgalezione (<33%) oraz umiarkowang dezorganizacj¢ architektury
(<66%). W okresie péznym dominujg cechy zaawansowanego zaniku kapilar (>66%)
z obecnoscig rozlegtych pol awaskularnych, brak lub nieliczne mikro-wynaczynienia (<33%),
brak lub nieliczne megakapilary (<33%) z nieregularnie powigkszonymi petlami, obecnos¢
rozgalezionych naczyh oraz zaawansowana dezorganizacja ukladu kapilar (>66%).
Poszczegdlne stadia odzwierciedlaja cigzko$¢ i progresje choroby, od poczatkowej fazy
mikroangiopatii po rozwinig¢ty obraz zaawansowanych zmian naczyniowych typowych

dla pdznej twardziny uktadowe;j. [6]
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Rycina 1. Zdjecie kapilaroskopii obrazujace megakapilary w fazie aktywnej twardziny

uktadowe;.

1.3 Objawy okulistyczne w twardzinie ukladowej

Coraz czgs$ciej w literaturze podkre§la si¢ znaczenie powiklan okulistycznych
w twardzinie uktadowej, sposrod ktorych przede wszystkim opisywane sg zmiany wystepujace
w przednim odcinku oka, szczegdlnie powiekach [7,8]. Zaburzenia proliferacji fibroblastow,
lezace u podloza choroby, prowadza do odkladania si¢ macierzy zewnatrzkomoérkowej
(gtownie kolagenu typu 1) w skoérze wilasciwej powiek powodujac ich sztywnos$é [9].
W konsekwencji dochodzi do zaburzen ruchomosci powiek, wzmozonego napigcia, zwezenia
szpary powiekowej oraz zaburzen rozprowadzania filmu tzowego [9]. Drugim co do czgstosci
objawem opisywanym w literaturze jest zespot suchego oka (DED; ang. dry eye disease),
bedacy skutkiem wioknienia gruczotu tzowego, prowadzacego do spadku produkcji wodnej

sktadowej filmu tzowego i1 redukcji komorek kubkowych spojowki, odpowiedzialnych
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za sktadowa mucynowg oraz nieprawidtowosci w dystrybucji filmu tzowego przez nadmiernie
sztywne powieki [10].

Szczegdlng uwage badacze zwracaja na powiktania twardziny w obrebie siatkowki
1 naczyniéwki. Naczynia siatkowki ze wzgledu na malg $rednic¢ 1 duze zapotrzebowanie
na tlen mogg by¢ podatne na wezesne zmiany niedokrwienne w przebiegu twardziny. U tych
chorych czesciej niz w populacji ogdlnej opisywano zmiany na dnie oka w postaci: kretosci
naczyn, zwezenia tetniczek, mikrotetniakow, wysigkow twardych oraz krwotoczkow [11].
Mikroangiopatia, bedaca kluczowa cecha twardziny uktadowej, w ktorej dochodzi
do postepujacego uszkodzenia $rodbtonka, obliteracji naczyn i ich zwidknienia, sktonita nas
do badania korelacji pomigdzy zmianami krazenia obwodowego obserwowanego

w kapilaroskopii a zmianami w mikrokrazeniu siatkéwkowym.

1.4. Angiografia oparta na optycznej koherentnej tomografii

Unaczynienie siatkowki pochodzi z dwoch gltéwnych Zrédel: krazenia siatkowkowego
oraz naczynidwkowego. Krazenie siatkowkowe, wywodzace si¢ z tetnicy srodkowej siatkowki,
zaopatruje okoto 2/3 wewnetrznej czes$ci siatkoOwki, natomiast krazenie naczynidéwkowe,
pochodzace z tetnic rzgskowych tylnych, zapewnia ukrwienie zewngtrznej, okoto jednej
trzeciej czesci siatkowki. Krazenie siatkdbwkowe tworza dwa glowne sploty naczyniowe:
powierzchowny oraz glgboki [12]. Splot powierzchowny (SCP; ang. superficial capillary
plexus) sktada si¢ z duzych i1 $rednich naczyn, zlokalizowanych przede wszystkim
w warstwie komoérek zwojowych. Przebieg naczyn jest linijny, gatezie tworza regularng sie¢
bez petli. Wokot dotkowej strefy beznaczyniowej (FAZ; ang. foveal avascular zone) kapilary
tworza regularne arkady okotodotkowe. Splot gteboki (DCP; ang. deep capillary plexus)
natomiast tworza gesto utkane naczynia, umiejscowione w wewnetrznej cze$ci warstwy
jadrzastej wewngtrznej oraz w zewnetrznej czesci warstwy splotowatej wewnetrznej, ktore
w obrazach angiografii opartej na optycznej koherentnej tomografii (OCTA; ang. optical
coherence tomography angiography) widoczne sa jako jeden spdjny splot naczyniowy. Splot
gleboki zawiera liczne poziome 1 promieniste polaczenia, ulegajace koncentrycznemu
zageszczeniu wokol FAZ. Siatkdwka zewngtrzna w zdrowym oku jest awaskularna. Naczynia
w tej warstwie mozna zobrazowaé¢ jedynie w stanach patologicznych. Siatkéwka

w obszarze FAZ nie ma unaczynienia pochodzacego od tetnicy Srodkowej siatkowki.
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W tym obszarze fotoreceptory otrzymuja tlen i sktadniki odzywcze wylacznie z naczyniowki

polozonej glebiej oraz z pierscienia naczyn krwionosnych otaczajacego FAZ.

Metody diagnostyczne naczyn siatkdwki obejmuja badanie dna oka, kolorowe zdjecie
dna oka, angiografi¢ fluoreseinowa, angiografi¢ oparta na optycznej koherentnej tomografii
oraz optyke adaptywna. Angiografia oparta na optycznej koherentnej tomografii jest szybka,
nieinwazyjng, trojwymiarowa metoda obrazowania mikrokrazenia siatkdwki i naczyniowki,
ktora umozliwia oceng perfuzji bez koniecznosci dozylnego podania srodka kontrastujacego.
OCTA po raz pierwszy zostata opisana przez Jia i wsp. w 2012 roku [13] i od tego czasu stata
si¢ niezastgpionym narzedziem diagnostycznym umozliwiajacym wizualizacj¢ naczyn
z jednoczasowa oceng struktur siatkdwki. OCTA bazujac na optycznej koherentnej tomografii
(OCT; ang. optical coherence tomography) identyfikuje naczynia siatkéwki poprzez detekcje
ruchu erytrocytow w obrebie czterech splotdéw naczyniowych na tle nieruchomego tta. [14].
Domys$lna segmentacja dzieli krazenie siatkowkowe na dwa sploty: powierzchowny —
obejmujacy promienisty splot okolotarczowy 1 splot powierzchownych naczyn siatkéwki
oraz gleboki [12]. Oprogramowanie OCTA umozliwia ilo§ciowy pomiar ggsto§ci naczyn,
ocen¢ obszaréw bez perfuzji, pomiar okolodotkowej strefy beznaczyniowej, detekcje
i lokalizacj¢ neowaskularyzacji.

Obecnie OCTA wykorzystywane jest do diagnostyki i monitorowania wielu chorob
okulistycznych takich jak: zwyrodnienie plamki zwigzane z wiekiem, polipoidalna
waskulopatia naczyniowkowa, neowaskularyzacja plamkowa w przebiegu krétkowzrocznosci,
retinopatia cukrzycowa, zakrzep zyly srodkowe;j siatkéwki, zator zyly $rodkowej siatkowki,
centralna surowicza chorioretionopatia, pasma naczyniaste oraz dystrofie siatkowki [12].

Ograniczeniem metody OCTA przez wiele lat byt zakres pola badania — typowe skany
obejmowaty gldwnie biegun tylny. Obecnie dostgpne sg juz skany szerokokatne (wide-field
OCTA), obejmujace rowniez obwod siatkéwki, nie sg jednak jeszcze powszechnie stosowane
w praktyce okulistycznej. Warto zaznaczy¢, ze im wigkszy rozmiar skanow, tym dtuzszy czas
pobierania obrazu i wigksze ryzyko artefaktow. [12].

Dzigki duzej powtarzalnosci badania, wysokiej rozdzielczo$ci oraz nieinwazyjnemu
charakterowi OCTA jest obecnie najdoktadniejszym narzedziem do diagnostyki i analizy zmian

naczyn siatkowki 1 naczyniowki.
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Rycina 3. Obraz OCTA z mapa gestosci naczyn siatkéwki w plamce.
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1.5 Technika optyki adaptywnej

Technologia optyki adaptywnej (AO; ang. adaptive optics), po raz pierwszy
wprowadzona w 1953 r przez Horace Babcocka, stanowi nowe, nieinwazyjne narzedzie
diagnostyczne tylnego odcinka oka, umozliwiajace wizualizacje in vivo komorek
fotoreceptorowych, blaszki sitowej oraz naczyn krwiono$nych na poziomie histologicznym
[15]. Aparat rtx1 (Imagine Eyes, Orsay, Francja) to zaawansowane urzadzenie wykorzystujace
technologi¢ optyki adaptywnej, umozliwiajace precyzyjne korygowanie znieksztatcen fali
$wietlnej powstajacych podczas jej przechodzenia przez struktury oka, przede wszystkim
rogowke i soczewke. Zrédlem $wiatta w systemie jest dioda emitujagca promieniowanie
w zakresie bliskiej podczerwieni, wykorzystujaca niekoherentne §wiatlo. Obraz rejestrowany
jest za pomoca kamery o wysokiej rozdzielczosci CCD (CCD; ang. charge-coupled device),
co umozliwia obrazowanie dowolnego fragmentu tylnego bieguna z rozdzielczoscig 2-3 um.
Pojedyncze zdjecie obejmuje pole 4° x 4° (1.2 um x 1.2 um). Na jako$¢ uzyskiwanych obrazow
wplywaja przede wszystkim szeroko$¢ zrenicy oraz przezierno$¢ osrodkow optycznych.
Badanie wymaga odpowiedniego rozszerzenia zrenicy (= 4 mm), co zwykle osiaga si¢ poprzez
farmakologiczng mydriaze lub obnizenie nat¢zenia §wiatta w pomieszczeniu. Nieprzezierne
os$rodki optyczne na skutek za¢émy, chorob rogowki, ciata szklistego 1 siatkdéwki mogag obnizaé
jako$¢ badania [16].

Aparat ma wbudowane dwa oprogramowania udostgpnione przez producenta: AOdetect
i AOdetectArtery. Do analizy niezbedne jest uwzglednienie dtugosci gatki ocznej pacjenta.
AOdetect umozliwia pomiar gestosci fotoreceptorow, ocen¢ ich przestrzennego utozenia
oraz morfologii. Wedlug danych literaturowych AO moze by¢ wykorzystywana
do diagnostyki choréb plamki [17, 18, 19] takich jak: zwyrodnienie plamki zwigzane
z wiekiem, choroby genetyczne np. zwyrodnienie barwnikowe siatkdwki, choroba Stargardta,
dystrofie czopkowo- precikowe oraz czopkowe. Dodatkowo badanie moze by¢ przydatne
do oceny toksycznosci lekow oraz oceny fotoreceptoréw po operacjach witreoretinalnych [20].
Dzigki swojej bardzo wysokiej rozdzielczosci, AO pozwala na bezposrednig obserwacje naczyn
wlosowatych, $cian naczyn i przeptywu krwi. Oprogramowanie AOdetectArtery ocenia
morfologiczne parametry naczyniowe:

e grubosci $cian naczynia krwiono$nego (WT; ang. wall thickness);
e Srednice naczynia (TD; ang. total diameter);

e JSrednice $wiatta naczynia (LD; ang. lumen diameter);
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e stosunek grubosci $ciany do $wiatla naczynia (WLR; ang. wall to lumen ratio);

e wskaznik pola przekroju $ciany naczynia (WCSA; ang. wall cross — sectional area).

Dotychczasowe doniesienia naukowe podkreslaja coraz szersze zastosowanie AQO
w chorobach naczyniowych siatkéwki, takich jak retinopatia cukrzycowa i retinopatia

nadci$nieniowa oraz zapalenia naczyn [21, 22].

2. Zalozenia i cele pracy

Na podstawie aktualnych dowodoéw naukowych wskazujacych na kluczowa role
mikroangiopatii w patogenezie twardziny uktadowej postawiono hipotezg, ze zmiany
w mikrokragzeniu siatkbwkowym moga korelowa¢ z stadiami obrazu twardzinowego

w kapilaroskopii walu paznokciowego.

Celem pracy byta:

1. Ocena zastosowania angiografii optycznej koherentnej tomografii w ocenie
mikrokrazenia siatkbwkowego u pacjentéw z twardzing uktadowa.

2. Ocena korelacji zmian w kapilaroskopii z parametrami OCTA u pacjentéw
z twardzing uktadowa.

3. Ocena zastosowania techniki optyki adaptywnej w ocenie morfologii naczyn
siatkdbwkowych u pacjentéw z twardzing uktadows.

4. Ocena korelacji zmian w kapilaroskopii z parametrami naczyniowymi AO

u pacjentéw z twardzing uktadowa.

w

. Materialy i metody

Badania oryginalne poprzedzono analiza pi$miennictwa w celu usystematyzowania
1 oceny aktualnego stanu wiedzy w temacie powiktan okulistycznych twardziny uktadowe;.
Artykut pogladowy, bedacy pierwszg praca z cyklu publikacji, przygotowano na podstawie
bazy PubMed i Google Scholar z uzyciem stoéw kluczowych: twardzina, twardzina uktadowa,
powiklania okulistyczne, objawy okulistyczne w r6znych kombinacjach. Do pracy wlaczono
37 publikacji, skupiajac si¢ na najnowszych doniesieniach na temat objawow okulistycznych

wystepujacych w przebiegu twardziny uktadowe;.
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Do badania oryginalnego wiaczono 31 doroslych pacjentow z twardzing ukladowa
z Kliniki 1 Polikliniki Uktadowych Choréb Tkanki t.acznej Narodowego Instytutu Geriatrii,
Reumatologii i Rehabilitacji w Warszawie oraz 41 zdrowych oséb. Badania okulistyczne
zostaty przeprowadzone w Klinice Okulistycznej Wojskowego Instytutu Medycyny Lotniczej.
Z badania wykluczono pacjentow z wada refrakcji > 3,0 Dpsh, < 3,0 Dpsh oraz z chorobami
okulistycznymi takimi jak: zapalenie btony naczyniowej, jaskra oraz chorobami siatkowki

1 naczyniowki. Skany OCTA o niskiej jako$ci rowniez zostaty wykluczone z badania.

Badanie okulistyczne wszystkich uczestnikéw obejmowato:

badanie refrakc;ji;

badanie ostrosci wzroku z najlepsza mozliwg korekcja przy pomocy tablic Snellena;
pomiar ci$nienia wewnatrzgatkowego;

badanie przedniego odcinka;

A o e

badanie dna oczu z uzyciem soczewki Volk +90D po maksymalnym rozszerzeniu Zrenic
(1% Tropikamid);

6. pomiar dlugosci gatki ocznej;

7. badanie OCT i OCTA plamek;

8. badanie za pomocg optyki adaptywnej;
Dodatkowo pacjenci z twardzing ukladowa mieli wykonane badanie kapilaroskopii

oraz badania laboratoryjne.

Badanie kapilaroskopii naczyn walu paznokciowego zostato przeprowadzone przy
uzyciu aparatu Dino — Lite. Urzadzenie zostalo ustawione zgodnie z wytycznymi producenta.
Ten sam ekspert - specjalista reumatolog - systematycznie rejestrowat obrazy. Celem byla
klasyfikacja uzyskanych obrazéw zgodnie z klasyfikacja Cutolo na trzy stadia twardziny:
wczesne, aktywne i pozne [5] oraz ocena innych parametrow takich jak: liczba naczyn
krwionosnych, liczba rozgalgzionych naczyn krwiono$nych, krwotoki, olbrzymie naczynia
wlosowate 1 obecno$¢ stref awaskularnych. Liczba naczyn wykrytych na kazdym obrazie
kapilaroskopii zostata skategoryzowana w nastepujacy sposob: prawidlowa - ponad 7,

zmniejszona - od 6 do 4 i bardzo zmniejszona - 3 lub mniej naczyn wlosowatych.

W badaniu bedacym podstawa pierwszej publikacji ,,Retinal Microvasculature

in Systemic Sclerosis Patients and the Correlation between Nailfold Capillaroscopic Findings
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and Optical Coherence Angiography Results” do oceny mikrokrazenia siatkowkowego
oraz naczyn siatkowki wykorzystano urzadzenie swept source OCT (SS-OCT) (Xephilio®
OCT-Al, Canon, Tokyo, Japan). Skany OCTA obejmowaty obszar 4 mm x 4 mm. System
automatycznie wyznaczat koncentryczne okrggi wokot dotka, umozliwiajac ocene
powierzchownego splotu naczyn wlosowatych oraz giebokiego splotu naczyn wlosowatych.
Gestos¢ naczyn dotkowych okreslono w obrgbie centralnego okregu o $rednicy 1 mm. Gestosé
naczyn okotodotkowych analizowano w obrebie zewnetrznego pierScienia, automatycznie
podzielonego na cztery kwadranty: gérny (S), dolny (I), nosowy (N) oraz skroniowy (T).
Gesto$¢ naczyn byla obliczana automatycznie przez oprogramowanie jako procent powierzchni
zajmowanej przez naczynia krwiono$ne w danym obszarze. Dla kazdego oka wykonano dwa
skany, z ktorych do dalszej analizy wybrano ten o wyzszej jakosci. Obliczono $rednig gestosé
naczyn SCP i DCP w kazdym z czterech kwadrantoéw. Powierzchni¢ dotkowej strefy
beznaczyniowej w obu splotach (SCP i DCP) oceniano przy uzyciu zautomatyzowanego

algorytmu dostarczonego przez producenta oprogramowania.

W badaniu opisanym w drugiej publikacji “The correlation between Nailfold
Capillaroscopic Findings and Adaptive Optics Imaging of retinal microvasculature
in patients with systemic sclerosis” do oceny naczyn siatkowki wykorzystano technike optyki
adaptywnej (rtx1™; Imagine Eyes, Orsay, Francja). Przed wykonaniem obrazowania
uczestnikom obu grup badanych podano jedng krople 1% Tropikamidu w celu rozszerzenia
zrenic. Obrazy tetnic siatkdwki analizowano za pomoca oprogramowania AOdetectArtery,
koncentrujac si¢ na tetniczkach w gornym kwadrancie siatkowki, o §rednicy §wiatta co najmniej
40 pum, bez rozwidlen. Wykonano dwa pomiary, a do dalszej analizy wybrano skan
o najwyzszej jako$ci. Analizie poddano gléwne parametry naczyniowe uzyskane przy uzyciu
AO: catkowitg S$rednice naczynia, S$rednic¢ $wiatla naczynia, grubosci $cian naczynia
oraz stosunek grubosci $ciany do $wiatta naczynia (WLR) i wskaznik pola przekroju $ciany

naczynia (WCSA).
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4. Omowienie prac

W pracy badawczej “Retinal Microvasculature in Systemic Sclerosis Patients and the
Correlation between Nailfold Capillaroscopic Findings and Optical Coherence Angiography
Results” poréwnano parametry OCTA u oséb zdrowych oraz u pacjentéw z twardzing.
W badaniu nie stwierdzono istotnych statystycznie réznic pomigdzy grupa kontrolng a badang
w odniesieniu do okotodotkowej gestosci naczyn w splocie powierzchownym (SVD;
ang. parafoveal superficial vessel density) oraz wielkosci dotkowej strefy beznaczyniowe;.
Pacjenci z twardzing mieli wigksza okotodotkowa gestos¢ naczyh w splocie glebokim niz
zdrowi ochotnicy. W wigkszo$ci poprzednich publikacji autorzy opisywali zmniejszenie
gesto$ci naczyn w warstwie powierzchownej i glebokiej siatkowki u pacjentow z SSc.
Podejrzewamy, ze otrzymane wyniki moga wynika¢ z poszerzenia i rozgat¢zienia naczyn
postepujacego
w miar¢ rozwoju choroby, ktére aparat OCTA wlicza w 0godlna gestos¢ naczyn [23].

W badaniu poréwnujacym parametry otrzymane w kapilaroskopii do wynikow OCTA
w grupie badanej wykazano zalezno$¢ pomigdzy wielkoscig dotkowej strefy beznaczyniowej
a stadium zaawansowania choroby. Pacjenci z wczesnym wzorcem twardzinowym mieli
wigksza zaré6wno powierzchowng jak 1 gleboka FAZ. Wczesny obraz twardzinowy
charakteryzuje si¢ obecnoscig pojedynczych olbrzymich kapilar oraz wybroczyn, bez utraty
kapilar i z zachowanym przeplywem kapilarnym [24]. W miar¢ postepu choroby obserwuje si¢
pojawienie rozleglych stref awaskularnych, rozgatezionych kapilar z towarzyszaca
dezorganizacja normalnej architektury naczyniowej [24]. Wyniki naszego badania moga si¢
wydawac¢ pozornie sprzeczne z klasycznym wczesnym wzorcem kapilaroskopowym. Jednakze
moze to wynika¢ z rdéznic w czuto$ci technik diagnostycznych oraz patofizjologii
mikroangiopatii twardzinowej. OCTA umozliwia ocen¢ mikrokrazenia na poziomie kapilar
siatkdowkowych, ktore cechujg si¢ wysokim zapotrzebowaniem metabolicznym i ograniczong
mozliwo$cig autoregulacji. W tym kontekscie, nawet przy zachowanej morfologii naczyn
obwodowych w kapilaroskopii moga wystepowaé wczesne zaburzenia czynno$ciowe
mikrokrazenia siatkowki. Poszerzona FAZ w poczatkowej fazie choroby moze by¢ obrazem
funkcjonalnego niedokrwienia siatkdwki. Wyniki moga wskazywac¢ na potencjat OCTA jako
czutego narzedzia do wykrycia subklinicznych zaburzen mikrokrazenia u pacjentow z SSc.

Dodatkowo u pacjentow z twardzing uktadowa leczonych sildenafilem stwierdzono

mniejsza strefe FAZ w poréwnaniu do osob nieotrzymujacych leczenia. Sildenafil jako
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inhibitor fosfodiesterazy typu 5 wywotuje efekt wazodylatacyjny oraz poprawia przepltyw krwi
w mikrokragzeniu. Wyniki sugeruja mniejszag FAZ jako mozliwy efekt poprawy perfuzji [25,
26].

Zaobserwowano rOwniez istotng statystycznie réznice w wielkosci strefy
beznaczyniowej w zaleznosci od rodzaju rozpoznanej choroby phuc. Pacjenci
z niespecyficznym $rédmigzszowym zapaleniem ptuc (NSIP; ang. non-specific interstitial
pneumonia) wykazywali poszerzenie strefy awaskularnej w poréwnaniu do pacjentow

z idiopatycznym witoknieniem pluc (UIP; ang. usual interstitial pneumonia).

W pracy badawczej ,,The correlation between Nailfold Capillaroscopic Findings
and Adaptive Optics Imaging of retinal microvasculature in patients with systemic sclerosis”
oceniono struktur¢ naczyn krwiono$nych za pomoca techniki optyki adaptywnej u osob
zdrowych 1 pacjentow z twardzing uktadowa oraz poroéwnano wyniki uzyskane w AO
z parametrami badania kapilaroskopowego. Jest to pierwsza praca wykorzystujaca technike
optyki adaptywnej w ocenie mikroangiopatii u pacjentow z twardzing uktadows. Analiza
struktury naczyn z wykorzystaniem AO zostata przeprowadzona w oparciu o dwa kluczowe
parametry: WLR oraz WCSA, ktére odzwierciedlajg stopien remodelingu naczyniowego.
Podwyzszone wartosci tych wspotczynnikéw sugeruja przebudowe naczyn w chorobach
naczyniowych takich jak cukrzyca i nadcis$nienie tetnicze [21, 22]. U os6b chorujacych
na twardzing ukladowa, u ktérych dochodzi do pogrubienia i sztywnienia $cian tgtniczek
oraz ich zwezenia spodziewalismy si¢ rowniez podwyzszonego wskaznika WLR. Obnizenie
wspotczynnika moze by¢ wynikiem leczenia naczyniorozszerzajacego stosowanego
u pacjentow (sildenafil, amlodypina) oraz wczesnym okresem choroby. Nasze badania
sa zgodne z wczesniejszymi obserwacjami, wedhug ktorych u oséb z nadcisnieniem tgtniczym

wystepuje podwyzszony WCSA.
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5. Wnhnioski

W odpowiedzi na sformutowane cele badawcze wysuni¢to nastgpujace wnioski:

. Angiografia OCT jest uzytecznym narzedziem diagnostycznym do oceny zaburzen
mikrokrazenia siatkowkowego u pacjentow z twardzing ukladowa, rOwniez
do wykrywania subklinicznych zmian.

Przeprowadzone badanie wykazato zalezno$¢ pomiedzy wielkoscia dotkowej strefy
beznaczyniowej a stopniem zaawansowania choroby ocenianym w kapilaroskopii. Pacjenci
z wczesnym wzorcem kapilarnym charakterystycznym dla twardziny uktadowej mieli
wigksza FAZ niz osoby z obrazem aktywnym i p6znym.

Badanie optyki adaptywnej nie ujawnitlo znamiennych réznic strukturalnych naczyn
siatkowki pomiedzy grupa badang a kontrolng ani korelacji z kapilaroskopia.

Wyniki badania wskazuja, Ze pacjenci z twardzing chorujacy na nadcis$nienie t¢tnicze
charakteryzuja si¢ podwyzszonym wskaznikiem WCSA, co moze odzwierciedla¢ obecnosé

strukturalnych zmian w $cianach naczyn krwiono$nych.
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Abstract: Systemic sclerosis (SSc) is a chronic autoimmune connective tissue disease that affects more
than 2 million people worldwide. It manifests through vasculopathy, an abnormal immunological
response, and fibrosis leading to dysfunction of the multiple organs. The disease is categorized into
two subtypes: limited cutaneous SSc and diffuse cutaneous SSc. Scleroderma can affect vital organs
with respiratory, cardiac, renal, ocular, and dermatological complications. The ocular manifestations
of the disease can occur in the anterior and posterior segments of the eye. Changes in the anterior
segment related to the disease include eyelid skin remodeling, dry eye syndrome, and conjunctival
abnormalities. The disease’s impact on the posterior segment of the eye mostly causes pathologies
in the retinal microcirculatory system and abnormalities in the optic nerve. This review provides
detailed insights into ocular complications associated with scleroderma.

Keywords: systemic sclerosis; ocular manifestation; scleroderma; ocular involvement; retina; dry
eye syndrome

1. Introduction

Systemic sclerosis (SSc) is a rare and complex autoimmune disease that manifests
itself through vasculopathy, an abnormal immunological response, and fibrosis, leading
to progressive dysfunction of multiple organs [1,2]. It affects about 2.5 million people
worldwide and is more common among women [1,2]. The intricate interplay of these
pathological processes significantly impacts vital organs such as the lungs, heart, kidneys,
eyes, and skin [3]. The cumulative effects not only compromise the quality of life but also
pose a serious threat to the life expectancy of individuals affected by this condition.

The disease is categorized into two subtypes: limited cutaneous SSc (1cSSc) and diffuse
cutaneous SSc (dcSSc) [4,5]. These distinctions are crucial in understanding the varied
clinical manifestations and disease trajectories. In limited cutaneous SSc, the fibrotic
changes predominantly affect the skin of the hands, face, and lower arms. Conversely,
diffuse cutaneous SSc is characterized by widespread skin fibrosis, affecting large areas
of the body. This subtype often entails a more aggressive course, with rapid progression
of fibrosis not only in the skin but also in internal organs, leading to more severe and
widespread organ dysfunction [6]. The impact of SSc on vital organs is profound, with
respiratory, cardiac, renal, gastrointestinal, musculoskeletal, ocular, and dermatological
complications. Lung involvement, in particular, can result in pulmonary fibrosis, making
breathing difficult and compromising oxygen exchange. Cardiac complications may include
heart inflammation and scarring, leading to impaired function. Renal complications can
manifest as hypertension and renal crisis, affecting kidney function. A wide variety of
ocular manifestations have been reported in SSc patients, and because of the disease rarity,
most data came from case reports or small case studies. The frequent eye involvement
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in SSc depends on the high collagen content in the ocular tissues and the presence of a
microcirculatory system in the retina, making the eye susceptible to pathological changes.
Fibrosis impact is mostly observed in the anterior segment structures, while vasculopathy
affects retinal and choroidal microcirculation. This review provides detailed insights into
ocular complications associated with scleroderma. Regular ophthalmic examinations are
crucial for the early detection and management of ocular manifestations in scleroderma
as timely intervention can help alleviate symptoms and prevent complications that may
result from both skin and ocular involvement (as presented in Figure 1).

Eyelids
« stiffness
« teleangiectasia
« blepharitis

« decreased mobility Dry Eye Syndrome
« tightness
Yy Retina
* hard exudates
« vascular tortuosity
. | « microhemorrhages
Cornea « macular degeneration

+ CCT changes ——____ « influenced vessel density

« influenced FAZ size

Optic nerve
«+ glaucoma

Lens
« cataract

Choroid
* reduced thickness
« perfusion changes

Figure 1. Schematic diagram of ocular manifestations in systemic sclerosis.

2. Methodology

The objective of the literature review was to identify and evaluate the relevant studies
published on ocular manifestations in systemic sclerosis. A manual search was conducted
through the major electronic databases (PubMed, Google Scholar) using the following
search terms: ‘systemic sclerosis’, ‘ocular manifestation’, ‘ocular involvement’, and ‘sclero-
derma’ in different combinations. The results formed a list of potentially relevant articles,
with a focus on the most recent publications. A total of 37 compatible research publications
were identified and used to compile this review.

3. Anterior Segment of the Eye
3.1. Eyelids

The eyelids protect the ocular surface and play a crucial role in adequate tear film
distribution and tear drainage. They are considered the thinnest layer of skin in the body.
The studies showed that eyelid lesions are the most common ocular manifestation of
scleroderma, both in limited and diffuse forms of the disease [5,7]. Disturbance in fibroblast
proliferation leads to the accumulation of the extracellular matrix (mostly type I collagen)
in the skin [5]. The fibrosis in the eyelid skin can result in its stiffness, tightness, and
lagophthalmos [5,8], which cause decreased eyelid mobility and consequently disturbances
in spreading tear film over the ocular surface. Szucs et al. [9], in their study, investigated
102 eyes of 51 SSc patients. They observed pathologies in the eyelids in more than 56% of
the study group. Stiffness, tightness, telangiectasia, and blepharitis were the most common
findings [9], as shown in Figures 2 and 3.
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Figure 2. Blepharitis in a scleroderma patient.

Figure 3. Telangiectasia of the eyelid skin.

Furthermore, similar results were presented by Sahin et al. [5], who examined skin
thickening using a modified Rodnan skin score (mRSS). The mRRS is an objective method
for assessing skin involvement—the higher the score the worse prognosis of the disease.
Their results divided patients into three groups: 32% of patients revealed mild, 52% mod-
erate, and 16% severe thickening of the skin [5]. Those pathological changes in eyelid
structures can result in lagophthalmos and ptosis. Gomes et al. [7] reported that eyelid
abnormalities were more common in patients with diffuse scleroderma and more frequent
in younger patients with early-onset disease. These eyelid abnormalities consequently lead
to the impairment of tear film distribution and dry eye syndrome occurrence. Moreover,
Atik et al. [5] in their study discovered that scleroderma patients with moderate and se-
vere eyelid skin thickening had lower anterior chamber depth (ACD) measurements than
healthy controls. However, anterior movement of the lens diaphragm causing shallowing
of the anterior chamber may be due to fibrosis in the ciliary body rather than mechanical
obstruction caused by thickening of the eyelid skin [5].

3.2. Dry Eye Disease

Dry eye disease (DED), also known as keratoconjunctivitis sicca, is a complex disorder
characterized by the loss of tear film homeostasis that causes mild to severe irritation [10].
The condition affects several hundred million people worldwide [11]. Symptoms related
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to dry eye are one of the most common ocular findings among SSc patients. The tear film
is a complex structure responsible for lubricating, nourishing, and protecting the ocular
surface. It is divided into three layers: inner mucin, middle aqueous, and outer lipid layer.
The mucus layer is mostly secreted by the conjunctival goblet cells, the aqueous fluid
by the lacrimal glands, and the lipid layer by the meibomian glands. One of the studies
revealed that in systemic sclerosis, lacrimal gland fibrosis causes decreased production
of aqueous tears. Moreover, the reduced number of conjunctival goblet cells leads to a
reduction of mucin layer secretion [12]. Consequently, these factors causing the reduction
of tear secretion lead to dry eye symptoms. In addition, meibomian gland dysfunction
and chronic blepharitis often occurring among SSc patients could increase symptoms of
DED [13] (see Figure 4).

Figure 4. Photo of the corneal abrasions after fluorescein staining.

Depending on the study the prevalence of systemic sclerosis patients with DED
varies from 37% to 79% [7,12]. For example, Gomes et al. presented the results of ocular
complications in 45 SSc patients. In their study, dry eye evaluation was performed using
tear breakup time (TBUT), Schirmer I test, and rose bengal staining. The authors reported
that DED and eyelid skin abnormalities were the most common findings and DED was
observed in 22 patients (48.9 %) [7]. Wangkaew et al. also found a higher prevalence of
DED in SSc patients (54%) compared with the healthy control group (16%) (p < 0.01) [14].
Similar results were reported by Laovirojjanakul et al. [12] who evaluated 84 patients with
scleroderma, including 25 with a limited and 59 with a diffuse form of the disease. In
their study, they used the questionnaire—the Ocular Surface Disease Index (OSDI)—and
objective tests such as the Schirmer I test, TBUT, and ocular surface staining. Their results
showed that 52.38% of SSc patients suffered from DED. They claimed that there were no
significant differences in dry eye test results in SSc types. Moreover, the mean age and the
median disease duration in DED patients were higher than in those without DED (p = 0.004
and 0 = 0.019). Szucs et al. [9], in their study, had examined 51 patients and found DED
in 64.71% of them. They revealed a statistically significant correlation between OSDI and
TBUT test results and nailfold capillaroscopy findings. Furthermore, dry eye symptoms in
SSc can be caused by Sjogren’s syndrome (SS) associated with systemic sclerosis because of
lymphocytic infiltration of the main lacrimal gland causing its destruction [15]. Sjogren’s
syndrome occurs in 17-29% of scleroderma patients [15]. Salliot et al. [16] conducted a study
to determine whether SS coinciding with systemic sclerosis is secondary to SSc or related to
SSc. SS associated with autoimmune diseases is less severe with a lower frequency of anti-
SSA /SSB antibodies than primary SS. The results of their study determined that SS is mostly
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related to, rather than secondary to, SSc. Moreover, they claimed that patients diagnosed
with Sjogren’s syndrome with SSc were more predisposed to other autoimmune diseases.

3.3. Conjunctiva

Conjunctiva seems to be vulnerable to scleroderma vasculopathy because of its high
vascularization. Some studies presented conjunctival abnormalities in scleroderma. Szucs
et al. [9] examined 102 eyes of 51 SSc patients to assess ocular symptoms and reported
two main pathologies: blood vessel congestion and the loss of fine vessels in over 15 % of the
study group. Their results were similar to previous findings regarding the conjunctiva [7,17].
Furthermore, West et al. [17], in their research, described that these abnormalities resemble
changes in nailfold capillaries visualized in capillaroscopy. In another study, Mencel
et al. [18] reported results on conjunctival biopsies of 21 scleroderma patients. Microscopic
sample examination revealed the loss of goblet cells, the thinning and the keratinization of
the conjunctival epithelium, and mast cell infiltration.

3.4. Cornea

The cornea is a transparent avascular tissue that contributes two-thirds of the refractive
power of the eye. The current literature offers a few publications on corneal changes in
systemic sclerosis. Due to its high collagen content (type I and V), the cornea is vulnerable
to remodeling changes [9]. However, the results of the studies are controversial. Emre
etal. [19] included the right eyes of 29 SSc participants to evaluate corneal biomechanical
parameters by the Reichert ocular response analyzer (ORA) consisting of corneal hysteresis,
corneal resistance factor (CRF), and intraocular pressure (IOP). Their results revealed
higher mean CRF and IOP values compared with healthy controls. In another study,
Gomes et al. [20] correlated central corneal thickness (CCT) in 37 SSc patients with healthy
individuals. Their results did not reveal a significant difference between the two groups in
the right (p = 0.83) and left eye (p = 0.67). Similar results were reported by other authors [5].
However, in a previous study, Serup et al. [21] reported an increased CCT in SSc patients
compared with the control group (p < 0.001). They noted that corneal thickening usually
occurs in the early stages of the disease, especially during the first 8 years. Moreover,
Waszczykowska et al. [22], in their study, revealed a higher incidence of astigmatism
among SSc patients compared with healthy participants (p < 0.01). This refractive error
was observed in over half of the patients’ eyes in the study group. On the other hand,
Sahin et al. [23] found that CCT was decreased in scleroderma. Szalai et al. [24], in their
study, examined 33 patients with SSc using in vivo confocal microscopy to evaluate corneal
microstructure. Their results demonstrated that keratocyte cell densities in the anterior
stroma were lower than in the healthy subjects (p < 0.0001). They also found significantly
lower subbasal nerve fiber parameters in the study group compared with the controls
(p < 0.05). In addition, Anayol, et al. [25] presented a case of keratoconus associated with
the disease. Therefore, further study is needed to determine the SSc effect on the cornea.

3.5. Iris

Iris transillumination defects were the most common changes found in studies on
iris pathologies in SSc patients. Gomes et al. [7] reported this pathology in 8.9% of their
subjects. Moreover, other abnormalities such as irregular iris, atrophy, and distorted blood
vessels were mentioned in the literature [9].

3.6. Pupil Diameter

The studies indicate that the autonomic nervous system could be involved in SSc, es-
pecially in Raynaud’s phenomenon, which is usually an initial symptom of the disease [26].
The authors revealed an increased activity in the sympathetic nervous system and a de-
creased activity in the parasympathetic nervous system. Bertinotti and del Roso [26], in
their study, compared a pupil diameter in 44 SSc patients with that in 40 healthy controls
and examined the impact of the substance p (a direct sphincter pupillae muscle constrictor).
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In scleroderma patients, the rested pupil diameter was smaller in comparison with the
control group (p < 0.001). Moreover, substance P induced more increased myosis in the
study group than in healthy subjects. These changes were more intense in the 1SSs group.
On the other hand, Waszczykowska et al. [22] did not find any pupil abnormalities in
their study.

3.7. Cataract

A cataract is a hardening and clouding of the natural crystalline lens, which may result
in progressive visual impairment. In most people, cataract symptoms usually occur in
patients aged 60 and older. However, it may appear in younger patients after trauma, long
corticosteroid treatment, or diabetes. In the study by Szucs et al. [9], who examined patients
with SSc with a mean age of 65.39 (SD =+ 10.09) years, 50.98% had cataracts. In that study,
pseudophakic intraocular lenses had already been implanted in 15.38% of the patient’s
eyes and another 35.6% of them had cataracts [9]. Similar results were reported by Gomes
et al. [7] who found cataracts in 42.2% of the patients. The age of the study population
ranged from 22 to 77 years, with an average age of 51 years. Moreover, 89.5% of them were
currently taking or had previously been taking systemic corticosteroids, compared with 60%
of the patients without cataracts (p = 0.04) [7]. Current research does not allow us to clearly
determine the impact of systemic sclerosis on cataract development. Most of them showed
a significant association between steroid exposure and the occurrence of cataracts in SSc
patients. However, it should be emphasized that the latest therapeutical recommendations
for the treatment of systemic sclerosis restrict the application of glucocorticoids because of
adverse effects on skin lesions and the risk of SRC. Most cataracts are related to age and
secondly to corticosteroid treatment [5,9,27].

4. Posterior Segment of the Eye
4.1. Glaucoma

Glaucoma is a progressive chronic optic neuropathy resulting in irreversible vision
loss worldwide. It is characterized by progressive retinal ganglion cell death and optic
nerve head changes. The pathogenesis of glaucoma remains poorly understood. It has been
postulated that vascular pathologies may play a significant role in the development and
progression of this condition.

Szucs et al. [9] reported their results of glaucoma in patients with systemic sclerosis.
Glaucoma was diagnosed in 21.57% of them. Different types of glaucoma were presented:
open-angle glaucoma, closed-angle glaucoma, pigmentary, and normal tension glaucoma.
Similar results were reported by Gomes et al. who enrolled 31 patients with SSc and 23%
of them had glaucoma. None of them had a history of steroid administration. In the
study, they evaluated the correlation between glaucoma presence and a pattern of nailfold
capillaroscopy (NC). They divided the abnormalities observed in NC into two groups: mild
and severe. The mild group was defined as the presence of giant capillaries, microhem-
orrhage, and relatively well-preserved capillary distribution. Severe findings included
the loss of capillaries and the development of the avascular areas with the absence of the
giant capillaries.

The results of their study did not reveal a significant correlation between glaucoma
diagnosis and the NC pattern (p = 0.86) [28]. Gomes et al. [7], in another study, confirmed
the prevalence of glaucoma in 13.3% of patients with SSc. In total, 66.7% of them were
taking or had previously taken systemic corticosteroids, compared with 75.5 % of subjects
without glaucoma (p = 0.64) [7]. Further studies are needed to improve the understanding
of glaucoma in patients with systemic sclerosis.

Moreover, Sahin-Atik et al. [29] analyzed retinal nerve fiber layer (RNFL) and optic
disc morphology in a 28-year-old patient with SSc diagnosed using optical coherence
tomography (OCT) (see Figure 5).
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Figure 5. OCT report of a scleroderma patient shows the results of RNFL thickness and optic disc
morphology analysis.

There was no significant difference in the average and 4-quadrant RNFL thickness
between the patients and the control group. In patients who had a cup-to-disc ratio (c/d)
> 0.5. inferior quadrant RNFL thickness was significantly thinner (p < 0.05). Optic disc
morphology measurements were similar in both groups. It might be assumed that the
results are related to the disease duration and further studies are needed to identify the
long-term glaucomatous optic neuropathy in SSc [29].

4.2. Uveitis

Uveitis is well known as being associated with systemic autoimmune diseases, includ-
ing systemic lupus and negative spondyloarthropathies. However, the literature indicates
that uveitis in scleroderma mostly occurs in a juvenile form. Bolad et al. [30] presented
the case of an adult man with systemic sclerosis who developed bilateral anterior uveitis.
In another study, Waszczykowska et al. [22] examined 27 SSc patients and only 1 of them
had a history of uveitis. A few studies reported cases of uveitis in 1SSc. The most recent
one, published by Khalayli et al. [31] presented a case of recurrent unilateral uveitis in the
course of limited scleroderma.

4.3. Vitreous Body

The literature on vitreous body examination in SSc patients indicates that the ob-
served changes are related to age rather than the disease, including vitreous syneresis and
collapse [17].

4.4. Retina and Choroid

The choroid is a vascular structure of the eye that provides oxygen and nutrients to the
outer retinal layers. This is one of the most vascularized tissues in the body, responsible for
over 70% of the blood flow in the eye. Microvascular changes in SSc primarily tend to affect
small capillaries and arterioles. In rheumatology, peripheral microcirculation abnormalities
of nailfold capillaries observed in NC are used in everyday practice to diagnose and monitor
the disease.
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Therefore, generalized vasculopathy in the course of systemic sclerosis plays an im-
portant role in both retinal and choroidal perfusion disorders. Scleroderma is characterized
by vascular insufficiency caused by a reduction in the number of capillaries and the nar-
rowing of small arteries, arterioles, and capillaries. Refs. [32,33] Using noninvasive OCT
angiography (OCTA), we are able to examine retinal microvasculature and its correlation
with vasculopathy observed in the peripheral microcirculation. Recent studies focused
on retinal findings in scleroderma. In a previous study, Ushiyama et al. [34] evaluated
the fundus of 29 SSc patients and compared them with 38 healthy controls. Their re-
sults showed a higher incidence of retinal pathologies compared with the control group
(p = 0.011), including hard exudates, vascular tortuosity, microhemorrhage, and macular
degeneration. They analyzed the correlation between the detected retinal abnormalities
and the patterns observed in the nailfold capillaroscopy in the study group. However,
no significant correlation was found. Similar results regarding retinal vessels observed in
fundus examination were presented by Waszczykowska et al. [22], who reported stenoses
and increased tortuosity in SSc. In their study of 29 patients with SSc, Serup et al. [35]
described changes in the late angiographic phase in 33% of the study group. Further-
more, Hekimsoy et al. [32] investigated the retinal and choroidal microvasculature using
OCTA. They included 45 participants with systemic sclerosis without clinical evidence of
retinopathy. Their results showed significantly lower superficial capillary plexus vessel
density of the whole image, fovea, parafovea, and perifovea, and the deep capillary plexus
vessel density of the fovea (p < 0.05). Hekimsoy et al. [32] noticed no statistically significant
difference in the foveal avascular zone (FAZ) area, FAZ perimeter, acircularity index of
FAZ, foveal density-300, and choriocapillaris flow area measurements between patients
and the control group (see Figure 6).

Figure 6. FAZ area measurement using OCTA in a patient with systemic sclerosis.

They also found no significant difference in mean optical coherence tomography an-
giography measurements between two subtypes: limited and diffuse systemic sclerosis [32].
Aydin et al. [36] investigated the morphological changes in the fovea and choroid in sclero-
derma patients and healthy subjects. There was no difference in the mean central foveal
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thickness and subfoveal choroidal thickness values in patients with scleroderma compared
with the controls (p > 0.05). In that study, Aydin et al. did not find significant differences in
mean central foveal thickness and choroidal thickness of both eyes comparing 1cSSc with
dSSc subtypes [36] (see Figure 7).

Figure 7. Choroidal thickness measurement using OCT in a patient with scleroderma.

In another study of 46 scleroderma patients, Coskun et al. [33] demonstrated signif-
icantly thinner nasal (p = 0.012), temporal (p = 0.046), and subfoveal (p < 0.001) choroid
compared with the controls. The fundus examination revealed local RPE changes in 15% of
the eyes as the result of damage to the choroidal vasculature at the choriocapillary level.
Kok et al. [37] demonstrated the direct effects of SSc on retinal and choroidal microvascu-
lature in patients without hypertension. They found increased vascular tortuosity, focal
or general arteriolar narrowing, arteriovenous notch, severe exudation, microhemorrhage,
and pigment epithelial changes in the retina in fundus examination. They diagnosed
retinopathy in patients with at least two of those abnormalities. Those symptoms might
resemble secondary changes caused by hypertension, which is detected in up to 50% of
SSc patients. Kok et al. [37] showed an increase in the outer retina 1-3 mm flow area and a
decrease in both superficial (p = 0.003) and deep (p = 0.001) capillary plexuses vessel density,
using OCTA. The FAZ area in the superficial retinal capillary plexus was significantly larger
(p = 0.01) in subjects with SSc, and the FAZ in the deep retinal capillary plexus did not differ
significantly compared with the healthy control group (p = 0.01). Compared with other
studies, the authors also observed a decrease in subfoveal choroidal thickness in the SSc
group. [37] Rommel et al. [38] evaluated 30 eyes of the patients with SSc and 30 eyes of the
healthy controls. In the first group, the study showed reduced macular volume (p = 0.017).
The same patients revealed decreased Sattler’s layer and Haller’s layer thickness. The
perfusion of both retinal plexuses as well as Sattler’s and Haller’s layers were significantly
reduced in the SSc group. In the early stages of SSc, no correlation was found between
perfusion of the retina and choroid compared with healthy controls. However, as the
disease progressed, the reduction in perfusion became statistically significant [38]. On the
other hand, Busquets et al. described three patients with systemic sclerosis who developed
acute retinal occlusion as a manifestation of the retinal vessel fibroproliferative vasculopa-
thy [39]. Furthermore, Mihailovic et al. [40], in their study, demonstrated a statistically
significant correlation between capillary density obtained in NC and vessel density of the
choriocapillaris (p = 0.011), as well as a significant negative correlation between the mRSS
and the vessel density in OCTA. Similar results were demonstrated by Cutolo et al. [41]
who examined 32 SSc patients. Their results revealed a significant correlation between
the mean capillary number observed in NC with the retinal and choroidal perfusion in
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OCTA (p < 0.05). In our previous study, we observed a correlation between FAZ size and
scleroderma patterns [42]. In conclusion, optical coherence tomography angiography is
able to reveal early retinal and choroidal microvascular changes in patients with SSc, even
without clinical evidence of retinopathy. The retinal and choroidal circulation may play
a significant role in the assessment of generalized arteriolar and capillary pathologies in
systemic sclerosis [32,33,35,37].

5. Conclusions

A review of the published literature reveals that ocular lesions are commonly observed
in individuals with systemic sclerosis (SSc). The most prevalent ocular pathologies in this
context are eyelid fibrosis, dry eye disease, and retinal abnormalities. However, there is no
clear correlation between these ocular changes and the progression of SSc. Further studies
involving a larger number of subjects are necessary to determine the relationship between
ophthalmological changes and the stages and type of SSc, as well as the disease parameters
and nailfold capillaroscopy.
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Abstract: Background: The comparison of retinal perfusion in the eyes of patients with systemic
sclerosis (SSc) and in healthy controls using optical coherence tomography angiography (OCTA). The
correlation between nailfold capillaroscopy results and OCTA findings among SSc. Methods: The
study enrolled 31 patients with systemic sclerosis and 41 healthy controls. OCTA was performed
in both groups to assess the retinal vasculature in the superficial (SCP) and deep (DCP) capillary
plexuses and the foveal avascular zone (FAZ) area. Nailfold capillaroscopy (NC) was performed in
SSc patients and compared to the FAZ area and the superficial and the deep vessel density. Results:
In the SSc group, the parafoveal vessel density in DCP was significantly higher in relation to the
mean value (p < 0.0001) and in each quadrant of the macula (p < 0.0001) compared to healthy subjects
(p < 0.0001). The patients with early scleroderma patterns in capillaroscopy had a larger superficial
and deep FAZ (p = 0.0104, p = 0.0076, respectively) than those with active and late patterns. There
was a statistically significant difference in the FAZ when comparing early to active (p < 0.0001) and
early to late scleroderma patterns (p < 0.0001). A statistically significant difference was found in the
type of interstitial lung disease and the deep FAZ area (p = 0.0484). SSc patients with nonspecific
interstitial pneumonia (NSIP) had a larger FAZ than those with usual interstitial pneumonia (UIP)
(p = 0.0484). Moreover, NSIP cases had a higher parafoveal mean superficial vessel density than those
with UIP (p = 0.0471). Conclusions: Our investigation showed that the peripheral microvascular
system correlates with ocular microcirculatory impairment. The results indicate the important role of
OCTA in the diagnosis, monitoring, and prognosis of microvascular changes in SSc.

Keywords: systemic sclerosis; scleroderma; retinal perfusion; nailfold capillaroscopy; optical coherence
tomography angiography; OCTA

1. Introduction

Systemic sclerosis (SSc) is a rare and chronic autoimmune disease of the connective
tissue [1]. It affects about 2.5 million people worldwide, with a female predominance [2].
The disease is divided into two main subtypes: limited cutaneous SSc (1cSSc) and diffuse
cutaneous SSc (dcSSc) [3]. SSc manifests through an abnormal immunological response,
vasculopathy, and fibrosis, leading to organ dysfunction [1]. The complex interplay of these
pathological processes considerably affects vital organs such as the lungs, heart, kidneys,
muscles, skin, and eyes [4].

These cumulative effects lead to a quality-of-life deterioration and increased mortality.
Microvasculopathy is an important and initial pathogenic link responsible for early SSc
manifestations like Raynaud’s phenomenon and changes in nailfold capillaries [5].

J. Clin. Med. 2024, 13, 2025. https:/ /doi.org/10.3390/jcm13072025
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Endothelial damage is one of the mechanisms leading to disorders of vascular hemosta-
sis, platelet activation, and thrombosis, causing coagulopathy and microangiopathy.

Moreover, it has been proven that structural changes appear in the microvasculatory
system before inflammation and fibrosis and play a crucial role in the diagnostic process
and treatment response in those with scleroderma [5,6].

Nailfold capillaroscopy (NC) is a non-invasive tool included in the diagnostic criteria
for SSc in the 2013 American Collage of Rheumatology (ACR) and the European League
Against Rheumatism (EULAR) guidelines. It is used in everyday practice to evaluate the
number, size, and shape of the blood vessels in the nailfold microcirculation [6-8].

Currently, changes in NC are categorized using Cutolo et al.’s classification into three
patterns: early, active, and late [9]. However, vascular pathologies can occur in other organs,
including the eye, especially the retinal microvasculature system.

Optical coherence tomography angiography (OCTA) is a non-invasive imaging method
that provides highly detailed, three-dimensional images of the entire microvasculature
of the retina and choroid, enabling retinal perfusion assessment. It identifies the retinal
vessels by detecting and measuring the movement of the blood cells in them without
dye injection [10,11]. A wide variety of ocular manifestations has been reported in SSc
patients, including the anterior and posterior segments of the eye [12-16]. However, there
are inconsistent data regarding retinal perfusion measured using OCTA in SSc patients
compared to capillaroscopy results.

The aim of our study was to compare the microvasculature changes in patients with
SSc to those in healthy volunteers using OCTA and to evaluate the correlation between the
peripheral microvascular changes seen in NC and the characteristics of scleroderma and
the OCTA results obtained in the study group.

2. Materials and Methods

This cross-sectional study was conducted between March 2022 and May 2023 at the
Department of Ophthalmology of the Military Institute of Aviation Medicine in Warsaw,
Poland. The study was approved by the Ethics Committee of the Military Institute of
Aviation Medicine and followed the tenets of the Declaration of Helsinki. The participants
signed a written consent form after the detailed explanation of the nature of the study.

The study group consisted of patients with scleroderma from the Department and Poly-
clinic of Systemic Connective Tissue Diseases of the National Institute of Geriatrics, Rheuma-
tology and Rehabilitation in Warsaw, Poland. Healthy controls were recruited during rou-
tine visits to the Ophthalmology Department of the Military Institute of Aviation Medicine.

The exclusion criteria encompassed refractive defects exceeding —3 D and +3 D; the
presence of eye diseases such glaucoma, retinal and choroidal pathologies, and uveitis; and
low-quality OCTA images.

Every participant underwent a complete ophthalmic examination, including a refrac-
tion test, best-corrected visual acuity (BCVA), tonometry, segment slit-lamp examination of
the anterior segment, and dilated fundus evaluation using a 90-diopter (D) lens. BCVA was
measured monocularly using LogMAR charts (Lighthouse International, New York, NY,
USA) at a distance of 5 m. OCT and OCTA were performed using SS-OCT (Xephilio® OCT-
A1, Canon, Tokyo, Japan). The OCTA scans covered a region of 4 mm x 4 mm. The scan
automatically inserted fovea-centered circles at the macula, detecting the superficial capil-
lary plexus (SCP) and the deep capillary plexus (DCP). The SCP network was segmented
from 3 pm beneath the internal limiting membrane to 15 um below the inner plexiform
layer (IPL). The DCP was segmented from 15 to 70 um below the IPL. The foveal vessel
density was defined as the area of the small circle, with a diameter of 1 mm. The parafoveal
vessel density was defined as the area of the outer circle. It was automatically divided into
four quadrants: superior (S), inferior (I), nasal (N), and temporal (T). The vessel density was
automatically calculated as a percentage, according to the area occupied by blood vessels,
by the software. The average vessel density of the SCP and DCP in the four quadrants was
calculated. The foveal avascular zone (FAZ) in the deep and the superficial plexus was
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measured using the automated procedure provided with the software. Two scans for each
eye were captured, and the best one in terms of quality was considered for the analysis
(Figure 1).
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Figure 1. Representative OCTA report of patient with SSc. An image of the macular superficial
capillary plexus with the FAZ area measured.

Moreover, all SSc patients underwent a clinical evaluation, laboratory examination,
and nailfold capillaroscopy. The data collected were the type of SSc, i.e., limited or diffuse
cutaneous scleroderma; interstitial lung disease defined as nonspecific interstitial pneu-
monia (NSIP) or usual interstitial pneumonia (UIP); hypertension; elevated proBNP; and
the treatment method—mycophenolate mofetil (MMf) or methotrexat (MTX)—as well as
sildenafil or amlodipine administration.

In this study, nailfold capillaroscopy was conducted using the Dino-Lite capillaroscope.
The device was set up according to the manufacturer’s guidelines, and participants were
positioned to expose the nailfold area for examination. The same expert systematically
captured the images, ensuring consistency in lighting, focus, and positioning.

The objective was to classify scleroderma patterns according to the Cutolo classification
and assess various parameters, including the vessel number, hemorrhages, branched-
shaped vessels, giant capillaries, and avascular areas. This classification was based on the
presence of specific capillary abnormalities associated with different disease stages.

The number of vessels detected in each capillaroscopy image was categorized as
follows: normal—over 7, reduced—between 6 and 4, and very reduced—3 or fewer capil-
laries. This classification provided insights into the microvascular changes associated with
scleroderma progression.

Hemorrhages, branched-shaped vessels, giant capillaries, and avascular areas were
meticulously documented for each participant. These parameters can contribute to a
comprehensive understanding of the microvascular abnormalities characteristic of sclero-
derma [17].

Regular quality control checks were performed on the Dino-Lite capillaroscope, and
calibration images were captured to ensure accurate color representation and resolutions.

The study’s endpoint was to evaluate and describe the scleroderma patterns based
on the Cutolo classification and the categorized vessel numbers. Additionally, a detailed
description of other capillaroscopy parameters, including hemorrhages, branched-shaped
vessels, giant capillaries, and avascular areas, was provided.
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Another goal was to evaluate the correlation between the nailfold capillaroscopy
results and the OCTA parameters in patients with systemic sclerosis.

The final aim of the study was to compare the OCTA parameters in the study group to
those of healthy controls.

Statistical Analysis

Categorical traits were depicted through integers and percentages. Numerical vari-
ables were described by the weighted arithmetic mean, median, standard deviation, and
minimum-to-maximum values.

For contingency tables, a chi-squared test of independency or Fisher’s exact test (for
small cell numbers) was applied. The normality of distribution was assessed by using the
Shapiro-Wilk W test. The homogeneity of variances was assessed by Levene’s test. An
analysis of variance (for normally distributed variables) or generalized linear models (for
non-normally distributed ones) were applied to assess differences in numerical variables
between the study groups. All models were controlled for age and gender.

Due to the fact that the multifactor analyses encompassed measurements for two eyes
per patient, standard error correction consisting of intra-subject correlations was applied.

In order to illustrate and describe the degree of separability in selected angiological
measurements by the prevalence of scleroderma, ROC curves were plotted and correspond-
ing cut-off points were proposed, adding sensitivity and specificity values. In this context,
the Youden index was applied.

Alevel of p < 0.05 was deemed statistically significant. All statistical procedures were
performed by using STATGRAPHICS Centurion, version 19.4 (Statgraphics Technologies,
Inc., The Plains, VA, USA).

3. Results

A total of 61 eyes of 31 patients with systemic sclerosis were included in this study
and compared to the OCTA data of 81 eyes of 41 healthy controls. There was no signif-
icant difference between the scleroderma patients and controls in terms of the age and
gender distribution.

In our study group, 71.4% of patients had diffuse cutaneous systemic sclerosis and
28.6% had limited cutaneous SSc. The nailfold capillaroscopy findings in this group
revealed 5 patients with an early pattern, 12 patients with an active pattern, and 9 patients
with a late pattern. Among the SSc patients, only one had pulmonary arterial hypertension
(PAH), eight subjects had finger ulcers, and eight suffered from hypertension. A total of
13 participants were treated with sildenafil and 14 with amlodipide. Interstitial lung disease
was observed in 12 patients (67% NSIP and 33% UIP). Elevated proBNP was detected in
17.8% of the study group (Tables 1 and 2).

Table 1. Baseline characteristics of the study participants (n = 72).

%

Trait "
a M (SD) * Me (Q;-Q3) **
Gender:
- Female 49 68.1
- Male 23 319
Age (year) 413 (11.2) 40.0 (32.0-53.0)
Scleroderma 28 38.9

* For discrete variables: n—number; %—percentage. ** For numerical traits: M—mean; SD—standard deviation;
Me—median; Q—quartile.
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Table 2. Baseline characteristics of the scleroderma group (1 = 31).

Trait " %
M (SD) Me (Q1-Q3)

Gender:
- Female 22 71.0
- Male 9 29.0
Scleroderma:
- Localized 8 28.6
- Systemic 20 714
Capillaroscopy 27 96.4
Scleroderma pattern:
- None 2 7.1
- Early 5 17.9
- Active 12 429
- Late 9 32.1
PM/SCL 1 3.6
PC TH fibrillarin 3 10.7
SCI70 17 54.8
Centromere 8 25.8
Number of vessels:
- Normal 2 7.1
- Reduced 20 71.5
- Very reduced 6 214
Avascular area 16 57.1
Giant capillaries 14 50.0
Hemorrhages 11 39.3
Branched vessels 10 35.7
MES 22(1.1) 2.5(1.1-3.1)
Interstitial lung disease 12 429
PAH-1 2 71
NSIP 7 22.6
urr 4 14.3
MMF 13 419
MTX 7 25.0
mRSS 8.1(7.9) 2.0 (2.0-12.0)
Finger ulcers 8 28.6
RVSP > 35 mmHg 3 1.1
Elevated proBNP 5 18.5
Arterial hypertension 8 25.8
Administration of sildenafil 13 419
Administration of amlodipine 12 38.7

Missing data were pair-wise deleted. For discrete variables: n—number; %—percentage. For numerical traits:
M-—mean; SD—standard deviation; Me—median; Q—quartile.

There was no statistically significant difference in the superficial vessel density (SVD)
or the FAZ measurements between the study group and the controls. However, the
parafoveal deep vessel density (DVD) was significantly higher in SSc patients than in
control subjects, considering both its mean value (p < 0.0001) and every quadrant: superior,
inferior, temporal, and nasal (respectively, p < 0.0001) (Table 3).
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Table 3. Descriptive statistics for the selected numerical measures of the study participants’ eyes.

Cases Controls
Investigated Trait (n = 61 Eyes) (n = 81 Eyes) p-Value **
M (SD) * Me (Q1-Q3) * M (SD) * Me (Q1-Q3) *
Age (years) 46.5(9.7) 48 (40-54) 44.1 (9.6) 41 (35-55) =0.1520
FAZ superficial 0.260 (0.104) 0.26 (0.17-0.35) 0.246 (0.095) 0.25 (0.18-0.30) =0.5361
FAZ deep 0.248 (0.176) 0.18 (0.12-0.37) 0.202 (0.147) 0.16 (0.12-0.24) =0.1527
Foveal SVD 23.3 (5.5) 23.0 (12.3-38.6) 24.0 (3.9) 23.5 (22.0-26.5) =0.3767
Parafoveal SVD superior 411 (2.9) 41.1 (19.5-26.6) 41.7 (1.6) 41.8 (41.0-42.7) =0.0655
Parafoveal SVD inferior 41.9 (2.0) 41.8 (40.2-42.5) 42.0(1.1) 419 (41.1-42.7) =0.5463
Parafoveal SVD temporal 39.1(3.5) 39.2 (37.6-41.1) 39.7 (1.8) 39.5 (38.5-40.5) =0.0705
Parafoveal SVD nasal 401 (3.1) 403 (38.6-41.5) 406 (1.7) 40.5 (39.6-41.8) =0.1247
Parafoveal mean SVD 40.6 (2.5) 40.3 (39.7-41.6) 41.0 (1.3) 40.8 (40.2-41.8) =0.0713
Foveal DVD 27.4(7.6) 29.6 (23.2-32.5) 28.0 (9.0) 32.4 (21.4-35.0) =0.8505
Parafoveal DVD superior 41.8 (2.7) 42.1 (41.0-43.6) 38.9 (5.0) 41.3 (32.8-42.1) <0.0001
Parafoveal DVD inferior 42.0 (3.1 42.3 (41.4-43.8) 38.8 (5.3) 41.3 (32.3-42.1) <0.0001
Parafoveal DVD temporal 42.1 (2.6) 42.6 (40.5-44.3) 38.2 (5.3) 40.8 (32.5-41.9) <0.0001
Parafoveal DVD nasal 42.0 (3.7) 42.6 (41.2-44.1) 39.2 (5.7) 41.7 (31.8-42.9) <0.0001
Mean parafoveal DVD 42.0 (2.5) 42.1 (41.1-43.8) 38.8 (5.3) 41.4 (32.1-42.0) <0.0001

* M—mean; Me—median; SD—standard deviation; minimum-to-maximum values. ** A multifactor model,
controlled for age and gender, was implemented. Bold values indicate statistical significance.

The ROC curves demonstrated that the parafoveal DVD could distinguish between
the patients and healthy subjects. The temporal and inferior parafoveal DVDs revealed
the largest separability, reflected by the corresponding highest area under the curve (AUC:
73.57% and 70.47%, respectively, both at p < 0.0001). In addition, the temporal parafoveal
DVD’s sensitivity was 47.06% and its specificity reached 94.81%. The inferior parafoveal
DVD'’s sensitivity was 43.14% and its specificity was 86.61%. This means that the temporal
and inferior DVDs tended to enable the accurate specification of true negative cases,
whereas the identification of true positive cases remained moderate (Figures 2—6).
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Figure 2. ROC curve for mean parafoveal DVD. AUC = 68.49% (p = 0.0002).
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Figure 3. ROC curve for superior DVD. AUC = 67.71% (p = 0.0003).
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Figure 4. ROC curve for temporal DVD. AUC = 73.57% (p < 0.0001).
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Figure 5. ROC curve for nasal DVD. AUC = 64.46% (p = 0.0034).
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Figure 6. ROC curve for inferior DVD. AUC = 70.47% (p < 0.0001).

We compared the OCTA parameters, i.e., the superficial FAZ, deep FAZ, parafoveal
mean SVD, and parafoveal mean DVD, to the capillaroscopy findings and scleroderma
parameters (Tables 4-7).
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Table 4. Descriptive statistics for the superficial FAZ in the study participants by selected clinical

conditions (1 = 28).

Statistical Parameter

Investigated Trait p-Value
M (SD) Me (Q1-Q3)

Localized scleroderma 0.271 (0.084) 0.270 (0.240-0.345) —0.6331
Systemic scleroderma 0.255 (0.115) 0.250 (0.150-0.330)
Scleroderma pattern:
. Early 0.399 (0.073) 0.390 (0.350-0.445) =0.0104
. Active 0.239 (0.088) 0.250 (0.150-0.300) e
. Late * 0.222 (0.089) 0.230 (0.140-0.280)
SCI70 0.256 (0.121) 0.245 (0.145-0.350) —0.6184
Centromere 0.271 (0.084) 0.270 (0.240-0.345) e
Number of vessels:
. Normal 0.322 (0.080) 0.315 (0.255-0.390) ~0.4979
. Reduced 0.260 (0.112) 0.260 (0.160-0.345) -
. Very reduced 0.237 (0.080) 0.240 (0.220-0.280)
Avascular areas:
. Yes 0.255 (0.100) 0.275 (0.155-0.340) =0.7091
. No 0.267 (0.111) 0.250 (0.180-0.340)
Giant capillaries:
. Yes 0.239 (0.086) 0.250 (0.150-0.300) =0.1753
. No 0.282 (0.117) 0.270 (0.180-0.380)
Hemorrhages:
. Yes 0.216 (0.087) 0.225 (0.135-0.280) =0.0198
. No 0.285 (0.106) 0.270 (0.230-0.350)
Branched vessels:
. Yes 0.268 (0.100) 0.270 (0.180-0.350) =0.7631
. No 0.257 (0.107) 0.250 (0.175-0.320)
Interstitial lung disease:
. Yes 0.258 (0.105) 0.270 (0.150-0.350) =0.9067
. No 0.262 (0.106) 0.250 (0.180-0.340)
NSIP 0.286 (0.102) 0.270 (0.230-0.380) ~0.1248
uIp 0.185 (0.101) 0.155 (0.120-0.250) -
MMF 0.286 (0.118) 0.270 (0.210-0.380) —0.4313
MTX 0.238 (0.095) 0.250 (0.140-0.300) -
Finger ulcers:
. Yes 0.241 (0.105) 0.250 (0.140-0.330) =0.4087
. No 0.269 (0.106) 0.255 (0.180-0.350)
Arterial hypertension:
. Yes 0.242 (0.092) 0.245 (0.140-0.340) =0.5162
. No 0.267 (0.111) 0.270 (0.180-0.350)
Administration of sildenafil:
. Yes 0.218 (0.098) 0.215 (0.140-0.300) =0.0178
. No 0.292 (0.103) 0.280 (0.240-0.350)
Administration of amlodipine:
. Yes 0.292 (0.121) 0.280 (0.180-0.380) =0.0626
. No 0.231 (0.083) 0.240 (0.170-0.300)

M—mean; SD—standard deviation; Me—median; Q—quartile. * Scleroderma pattern, post-hoc multiple
comparisons: early vs. active p < 0.0001; early vs. late p < 0.0001; active vs. late NS. Bold values indicate

statistical significance.
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Table 5. Descriptive statistics for the deep FAZ (%) in the study participants by selected clinical

conditions (1 = 28).

Statistical Parameter

Investigated Trait p-Value
M (SD) Me (Q1-Q3)

Localized scleroderma 0.237 (0.171) 0.190 (0.125-0.240) ~0.999%
Systemic scleroderma 0.237 (0.152) 0.180 (0.110-0.370) -
Scleroderma pattern:
. Early 0.456 (0.142) 0.425 (0.345-0.555) ~0.0076
. Active 0.197 (0.119) 0.160 (0.110-0.260) -
. Late * 0.173 (0.132) 0.110 (0.100-0.330)
SCI70 0.243 (0.163) 0.180 (0.100-0.390) ~0.9997
Centromere 0.237 (0.171) 0.190 (0.125-0.240) e
Number of vessels:
. Normal 0.435 (0.252) 0.410 (0.220-0.650) 01350
. Reduced 0.227 (0.140) 0.185 (0.110-0.335) e
. Very reduced 0.182 (0.114) 0.120 (0.110-0.290)
Avascular areas:
. Yes 0.214 (0.138) 0.120 (0.105-0.350) =0.2698
. No 0.263 (0.177) 0.190 (0.150-0.260)
Giant capillaries:
. Yes 0.210 (0.120) 0.180 (0.120-0.290) =0.2396
. No 0.262 (0.185) 0.210 (0.110-0.390)
Hemorrhages:
. Yes 0.174 (0.079) 0.160 (0.115-0.240) =0.0152
. No 0.271 (0.179) 0.220 (0.110-0.390)
Branched vessels:
. Yes 0.267 (0.135) 0.300 (0.150-0.390) =0.4219
. No 0.225 (0.166) 0.180 (0.110-0.275)
Interstitial lung disease:
. Yes 0.270 (0.150) 0.315 (0.100-0.390) =0.3505
. No 0.222 (0.160) 0.170 (0.110-0.260)
NSIP 0.324 (0.142) 0.370 (0.330-0.390) ~0.0484
uIP 0.140 (0.112) 0.110 (0.070-0.210) -
MMF 0.247 (0.147) 0.190 (0.120-0.390) 03844
MTX 0.193 (0.109) 0.190 (0.110-0.220) -
Finger ulcers:
. Yes 0.207 (0.129) 0.135 (0.110-0.330) =0.3582
. No 0.249 (0.171) 0.190 (0.110-0.370)
Arterial hypertension:
. Yes 0.195 (0.119) 0.150 (0.120-0.260) =0.2474
. No 0.251 (0.171) 0.190 (0.110-0.370)
Administration of sildenafil:
. Yes 0.181 (0.125) 0.115 (0.100-0.300) =0.0222
. No 0.279 (0.173) 0.210 (0.150-0.420)
Administration of amlodipine:
. Yes 0.278 (0.177) 0.210 (0.120-0.390) =0.0780
. No 0.200 (0.137) 0.140 (0.100-0.300)

M—mean; SD—standard deviation; Me—median; Q—quartile. * Scleroderma pattern, post-hoc multiple
comparisons: early vs. active p < 0.0001; early vs. late p < 0.0001; active vs. late NS. Bold values indicate

statistical significance.
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Table 6. Descriptive statistics for the parafoveal mean SVD (%) in the study participants by selected

clinical conditions (n = 28).

Statistical Parameter

Investigated Trait p-Value
M (SD) Me (Q1-Q3)

Localized scleroderma 40.68 (2.25) 40.01 (39.36-42.47) ~0.6807
Systemic scleroderma 40.93 (1.95) 40.35 (39.95-41.62) -
Scleroderma pattern:
. Early 41.57 (1.79) 40.97 (40.29-42.88) ~0.6174
. Active 40.86 (2.24) 40.22 (39.70-43.25) -
. Late 40.37 (2.12) 40.22 (38.77-41.63)
SCI70 41.10 (2.07) 40.46 (40.04-42.63) ~0.6908
Centromere 40.68 (2.25) 40.01 (39.36-42.48) -
Number of vessels:
. Normal 42.83 (1.75) 40.94 (41.34-44.33) ~01146
. Reduced 40.65 (1.97) 40.29 (39.36-41.63) e
. Very reduced 40.64 (2.12) 40.22 (39.75-40.35)
Avascular areas:
. Yes 40.56 (1.97) 40.26 (39.72-41.60) =0.3032
. No 41.17 (2.12) 40.97 (39.75-43.25)
Giant capillaries:
. Yes 40.93 (2.24) 40.59 (39.70-43.25) =0.7616
. No 40.75 (1.88) 40.35 (39.75-41.63)
Hemorrhages:
. Yes 40.26 (1.81) 40.17(39.55-41.31) =0.1405
. No 41.16 (2.12) 40.35 (39.85-43.63)
Branched vessels:
. Yes 41.10 (1.40) 40.57 (40.30-41.63) =0.5786
. No 40.74 (2.26) 40.22 (39.36—42.48)
Interstitial lung disease:
. Yes 41.38 (1.88) 41.07 (40.22-43.63) =0.2209
. No 40.60 (2.09) 40.22 (39.40-41.63)
NSIP 42.21 (1.69) 41.62 (40.57-43.80) —0.0471
uIP 39.81 (1.40) 39.54 (38.69-40.94) -
MMF 40.76 (1.51) 40.35 (39.95-41.58) ~0.8716
MTX 41.10 (2.43) 40.97 (39.70-43.25) -
Finger ulcers:
. Yes 40.43 (2.00) 40.32 (39.70-41.05) =0.3372
. No 41.05 (2.10) 40.35 (39.75-43.25)
Arterial hypertension:
e Yes 41.02 (2.07) 40.32 (39.70-41.63) =0.7358
. No 40.76 (2.12) 40.22 (39.75-41.63)
Administration of sildenafil:
. Yes 40.44 (1.79) 40.32 (39.75-41.05) =0.3159
. No 41.09 (2.27) 40.22 (39.70-43.38)
Administration of amlodipine:
. Yes 40.80 (1.77) 40.30 (39.80-41.63) =0.9567
. No 40.84 (2.39) 40.29 (39.22-43.63)

M—mean; SD—standard deviation; Me—median; Q—quartile. Bold values indicate statistical significance.
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Table 7. Descriptive statistics for the parafoveal mean DVD (%) in the study participants by selected
clinical conditions (n = 28).

Statistical Parameter

Investigated Trait p-Value
M (SD) Me (Q1-Q3)

Localized scleroderma 42.55 (1.44) 42.34 (41.46-43.93) ~0.6199
Systemic scleroderma 42.21 (2.47) 42.12 (41.15-43.90) -
Scleroderma pattern:
. Early 41.57 (4.02) 43.54 (39.21-44.06) 04437
. Active 42.51 (1.50) 42.04 (41.47-43.80) -
. Late 42.08 (1.70) 41.22 (41.07-44.38)
SCI70 42.01 (2.64) 42.04 (40.94-44.09) —0.6192
Centromere 42.55 (1.44) 42.34 (41.46-43.93) -
Number of vessels:
Normal 43.84 (0.52) 43.84 (43.40-44.29) —0.3400
Reduced 42.24 (2.35) 42.44 (41.36-43.85) -
Very reduced 41.99 (1.60) 41.47 (41.22-41.63)
Avascular areas:
. Yes 42.42 (1.49) 41.76 (41.22-43.75) =0.7687
. No 42.23 (2.76) 43.05 (41.45-44.25)
Giant capillaries:
. Yes 42.65 (1.51) 42.44 (41.47-43.90) =0.3396
. No 42.03 (2.62) 42.00 (41.15-44.23)
Hemorrhages:
. Yes 42.42 (1.23) 42.10 (41.49-43.55) =0.8356
. No 42.28 (2.54) 43.05 (41.22-44.35)
Branched vessels:
. Yes 43.14 (1.32) 43.38 (42.12-43.90) =0.1093
. No 42.00 (2.34) 41.69 (41.19-43.93)
Interstitial lung disease:
. Yes 42.92 (1.73) 43.54 (41.07-44.38) =0.2237
. No 42.07 (2.29) 42.00 (41.27-43.63)
NSIP 43.58 (1.50) 43.80 (43.37-44.45) 01244
uIP 41.46 (1.66) 40.82 (40.44-42.49) -
MMF 41.88 (2.79) 42.13 (41.22-43.70) ~0.5305
MTX 42.70 (1.63) 43.35 (41.47-44.25) -
Finger ulcers:
. Yes 42.42 (1.54) 42.10 (41.07-43.70) =0.8485
e No 4228 (2.43) 42 47 (41.27-44.25)
Arterial hypertension:
. Yes 42.31 (1.78) 41.61 (41.45-44.45) =0.9677
. No 42.28 (2.32) 41.12 (41.22-43.90)
Administration of sildenafil:
. Yes 42.23 (1.45) 41.94 (41.07-43.48) =0.8966
. No 42.32 (2.62) 42.95 (41.47-44.35)
Administration of amlodipine:
. Yes 41.95 (2.64) 41.72 (41.47-44.23) =0.3429

. No 42.59 (1.64) 42.44 (41.15-43.90)
M—mean; SD—standard deviation; Me—median; Q—quartile.

Patients with an early scleroderma pattern in capillaroscopy showed a larger superfi-
cial FAZ than those with active and late patterns (p = 0.0104).

There was also a statistically significant difference when comparing the FAZ in the
early to active (p < 0.0001) and early to late scleroderma patterns (p < 0.0001). However,
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there was no statistically significant difference in the comparison between the active and
late phases.

Moreover, the superficial FAZ was larger among patients without hemorrhages
(p = 0.0198). Similar results were observed in the deep FAZ according to the scleroderma
pattern in capillaroscopy (p = 0.0076) and in the presence of hemorrhages (p = 0.0152). A
statistically significant difference was found regarding interstitial lung diseases, i.e., NSIP
and UIP, in reference to the deep FAZ area (p = 0.0484). SSc patients with NSIP had a larger
FAZ than UIP patients (p = 0.0484). Moreover, NSIP subjects had a higher parafoveal mean
superficial vessel density than UIP patients (p = 0.471). Furthermore, patients undergo-
ing sildenafil treatment demonstrated a decreased FAZ in both the superficial and deep
capillary plexuses (p = 0.0178, p = 0.0222, respectively) (Tables 4 and 5).

4. Discussion

Vasculopathy is the main and initial step in the pathogenesis of SSc and is not only
observed in the skin but also in the internal organs [3]. The vascular injury, followed by
impaired neovascularization and vascular remodeling, leads to capillary dilation, stenosis
of the arterioles, and the loss of small capillaries [18]. The retinal circulatory system, as one
of the most active tissues in the body, is susceptible to injury. Microvasculatory changes in
SSc mostly affect the arterioles and small capillaries; therefore, the retinal microvasculature
seems to be ideal for disease observation and early change detection.

Some previous studies have revealed retinal findings in SSc patients. Ushiyama
et al. demonstrated a higher incidence of retinal pathologies compared to healthy controls
(p =0.011), consisting of hard exudates, vascular tortuosity, microhemorrhages, and macular
degeneration [19]. In addition, Gomes et al. observed retinal microvascular abnormalities
including arteriolar narrowing, vascular tortuosity, and arteriovenous nicking [14]

In our study, we used OCTA to examine the retinal microvasculature in patients with
SSc and in a healthy group.

The FAZ is the central vessel-free area of the macula, surrounded by a network of
capillaries. Studies suggest that systemic diseases correlate with the FAZ size. Kok et al.
revealed a decreased FAZ area in Ssc patients [20]. In contrast, no statistically significant
differences were observed in comparison to healthy subjects regarding the FAZ size in
other studies conducted by Hekimsoy et al. [21], Mihalovic et al. [22], and Cutolo et al. [23].
Their findings were similar to ours.

Interestingly, we discovered an increased parafoveal deep vessel density in SSc patients
compared to controls. Scleroderma microangiopathy includes reduced normal vessels,
avascular areas, and capillary neovascularization, leading to the formation of enlarged
and bushy capillaries, as observed in NC [24]. Carnevli et al. [25] revealed abnormal
capillaries in the OCTA images of SSc patients, such as megacapillaries, as found in NC.
These pathologic giant capillaries and branched vessels might be detected by OCTA and
increase the vessel density. However, in most studies, the authors have demonstrated
decreased percentages in VD. Hekimsoy et al. [21] revealed a lower superficial vessel
density and deep vessel density in the fovea in patients compared to the control group.
According to the DVD, similar results were observed by Carnevli et al. [25]. Rothe et al.
demonstrated a reduced macular VD in the superficial capillary plexus [26]. Kok et al.
demonstrated a reduced capillary density in both the deep and superficial plexuses among
SSc patients with retinopathy [20].

The presence of characteristic hallmarks observed in peripheral capillaroscopy corre-
late with internal organ involvement, e.g., the lungs and kidneys. Furthermore, the changes
observed in NC are considered to reflect the stages of microangiopathy [27].

Ushiyama et al. compared the nailfold capillary findings of SSc patients with the
retinal findings of SSc patients without them, and the results showed no significant correla-
tion between the two groups [19]. In contrast, our study showed a significant correlation
between the nailfold capillaroscopy and OCTA findings among SSc patients. Firstly, the
superficial and the deep FAZ areas were correlated with the scleroderma patterns. Our
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study demonstrated enlarged superficial and deep areas in the early phase of the disease
and decreased areas in the late phase. An early pattern is defined as a few giant capil-
laries, the presence of hemorrhages without the loss of capillaries, and normal capillary
perfusion [28]. As the disease progresses, we observe extensive avascular areas, branched
capillaries, and the disorganization of the normal capillary architecture [28]. An enlarged
FAZ in the early stages of the disease could suggest the dominance of the ischemic and
atrophic stages, as well as in the retinal microcirculatory system. Furthermore, we observed
a decreased FAZ area in the late pattern due to the presence of abnormal, branched vessels
detected by OCTA. To our knowledge, this is the first study that shows FAZ area changes
in relation to the stages of NC. Consequently, hemorrhages, characteristic of the early phase
of SSc, correlated positively with an increased superficial FAZ.

However, we did not observe a statistically significant correlation between avascular
areas, giant capillaries, and branched vessels as detected via the NC and OCTA parameters.

Mihailovic et al., in their study, revealed a significant correlation between the nailfold
capillary density and the VD of the choriocapillaris [22]. However, we did not find a
correlation between the vessel density and the scleroderma pattern or number of vessels
in NC.

Other studies have analyzed OCTA parameters with pulmonary tests in SSc patients.
Cerasuolo et al. detected a correlation between chorioretinal perfusion and the diffusion
capacity of the lungs for carbon monoxide (DLCO) in scleroderma patients [18].

However, Cutolo et al. did not find a significant difference in the OCTA parameters
between SSc patients with interstitial lung disease (ILD) and those without it [23]. Our
results showed a significant correlation between the type of lung disease, the FAZ size,
and the parafoveal superficial vessel density. SSc patients with nonspecific interstitial
pneumonia (NSIP) had a larger FAZ than those with usual interstitial pneumonia (UIP)
(p = 0.0484). Moreover, NSIP cases had a higher parafoveal mean superficial vessel density
than those with UIP (p = 0.0471).

Moreover, we studied the effects of vasodilator drugs used to manage the conse-
quences of scleroderma vasculopathy, such as digital ulcers, Raynaud’s syndrome, and
pulmonary hypertension. We observed a decreased FAZ in both the superficial and deep
capillary plexuses in those treated with sildenafil when compared to the SSc group with-
out vasodilator therapy. However, we did not find a significant difference in the OCTA
parameters in patients treated with amlodipine. These results indicate that vasodilator
therapy can influence the OCTA parameters, reducing the suspected ischemic effect and
FAZ enlargement. Polak et al. [29], in their study, investigated the effects of sildenafil on
the retinal blood flow in 12 healthy male patients. Their results showed increased retinal
blood flow compared to the placebo group (p = 0.029) and no effect on vasodilatation in the
retinal arteries or veins.

In our analysis, we did not find significant differences in the OCTA parameters
according to hypertension or the immunosuppressive treatment method.

Our study demonstrates the correlation between the peripheral microvascular system
and ocular microcirculatory impairment. The strengths of the study included the size of
the rheumatological dataset. We also acknowledge the limitations of the research, which
include the limited number of participants and the cross-sectional nature of the study.

Nonetheless, our study is the first to reveal a significant correlation between the stage
of the disease according to the NC findings and the OCTA parameters.

5. Conclusions

Our investigation showed that the peripheral microvascular system is correlated
with ocular microcirculatory impairment. OCTA is a useful tool for the assessment of
microvascular impairment in scleroderma patients. Based on our study, we suggest reg-
ular ophthalmic examination in SSc patients for the early detection and management of
ocular manifestations.
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However, further studies are needed on larger numbers of patients to corroborate
our results.
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Abstract

Background. Vascularinjury is a central and early feature of systemic sclerosis (SSc) pathogenesis. Although
nailfold capillaroscopy (NC) effectively visualizes characteristic peripheral arteriolar and capillary changes,
the retinal microcirculation provides a noninvasive, high-resolution view into subtler vascular dysfunction.
Consequently, retinal vascular imaging may offer an ideal modality for monitoring microvascular injury and
detecting early manifestations of SSc.

Objectives. To compare retinal microvascular parameters between SSc patients and healthy controls us-
ing adaptive optics (AO) imaging, and to evaluate the correlation between adaptive optics-derived retinal
measurements and NC findings in SSc.

Materials and methods. The study included 31 patients with SSc and 41 healthy controls. The AO im-
ages of the retinal arteries were obtained in both groups and the measurements were compared. Nailfold
capillaroscopy was also performed in the SSc cohort, and its findings were directly compared with the A
imaging results.

Results. Retinal arterial wall thickness was significantly lower in SSc patients than in healthy controls
(p=10.016), and the wall-to-lumen ratio was similarly reduced in the SSc group (p = 0.048). Within the SS¢
cohort, hypertensive patients exhibited a significantly greater wall cross-sectional area compared to those
without hypertension (p = 0.026).

Conclusions. Adaptive optics retinal imaging demonstrated a significant reduction in mean arterial wall
thickness in SSc patients compared with healthy controls. However, no correlation was identified between
the AO findings and the NC parameters or the disease stage. Our analysis revealed that alterations in retinal
vascular parameters were confined to SSc patients with comorbid hypertension or those receiving sildenafil
therapy. To fully establish the clinical utility of adaptive opticsimaging in SSc, and to elucidate its relationship
with NC findings, larger, multicenter studies with more diverse patient cohorts are warranted.

Key words: systemic sclerosis, scleroderma, adaptive optics, nailfold capillaroscopy, retinal microvasculature
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Highlights

AO imaging in scleroderma patients.

-

in detecting SSc microangiopathy.

-

-

monitoring of microvascular changes in scleroderma.

Adaptive optics unveils retinal microvascular changes in systemic sclerosis (SSc): First study to apply high-resolution
Concordance between nailfold capillaroscopy and adaptive optics metrics: Combined modalities enhance accuracy

Thinner retinal vessel walls in SSc vs controls: Quantitative AO analysis shows significant retinal wall thinning.
Adaptive optics as a novel diagnostic tool for SSc microvascular injury: Promises noninvasive, early detection and

Background

Systemic sclerosis (SSc) is a connective tissue disorder
caused by autoimmunity. It is characterized by obliterative
vasculopathy, widespread fibrosis and a dysregulated im-
mune response.? Vascular involvement represents an ini-
tial and pivotal factor in the pathogenesis of the disease,
as well as in the development of multiple organ dysfunction.
The vasculopathy in SSc includes thrombosis, vasospasm
and vessel lumen obliteration leading to microangiopathy.?
Microcirculatory changes observed in the capillaries are
the hallmark of the disease.

Nailfold capillaroscopy (NC), as a noninvasive imaging
technique, is routinely used to assess peripheral capillary
abnormalities in scleroderma patients and is included
in the diagnostic criteria for SSc.>* Therefore, this tool
plays a pivotal role in both diagnosing and monitoring
the progression of the disease.

A range of ocular manifestations have been observed
in patients with scleroderma, including those affecting
the posterior segment of the eye.>~1° Recent research
has concentrated on retinal and choroidal alterations
observed in these individuals. Advanced imaging meth-
ods, such as optical coherence tomography angiogra-
phy (OCTA), have facilitated the detection of structural
changes in the retinal microvasculature linked to systemic
diseases.

Adaptive optics (AO) imaging represents a noninvasive
tool for the visualization of retinal structures, including
photoreceptors, blood vessels and nerve fibers, in vivo
at the microscopic level. The camera employs infrared
illumination with a wavelength of 850 nm.!" The AO tech-
nology is employed for the evaluation of retinal vessels
in healthy eyes and arterial hypertension, as well as in ocu-
lar pathologies such as diabetic retinopathy, glaucoma,
retinal vessel occlusion and retinal vasculitis.!*

Objectives

The study aimed to assess and compare the retinal
microvasculature parameters in scleroderma patients
and healthy controls using AO imaging. Furthermore,
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we aimed to evaluate the relationship between NC find-
ings, disease characteristics and AO results within the SSc
group.

Materials and methods

The study was conducted at the Military Institute of Avi-
ation Medicine (Warsaw, Poland) between March 2022 and
May 2023. The study received approval from the Ethics
Committee Reviewing Biometric Research at the Military
Institute of Aviation Medicine (approval No. 1/2022) and
followed the tenets of the Declaration of Helsinki.

The purpose and procedures of the study were thoroughly
explained to the participants, and written consent was sub-
sequently obtained from individuals. The study sample
comprised patients with SSc from the Department and Poly-
clinic of Systemic Connective Tissue Diseases at the Na-
tional Institute of Geriatrics, Rheumatology and Rehabilita-
tion in Warsaw. Healthy participants were enrolled during
routine appointments at the Department of Ophthalmology
in the Military Institute of Aviation Medicine.

Participants

A total of 31 patients (61 eyes) diagnosed with SSc and
41 healthy controls (81 eyes) were included in this and our
previous study.?® No significant differences were observed be-
tween the scleroderma patients and the control group regard-
ing age, gender distribution or axial length (Table 1,2). Within
the study cohort, 71.4% of patients were diagnosed with diffuse
cutaneous SSc, while 28.6% were diagnosed with limited cu-
taneous SSc. Nailfold capillaroscopy revealed an early sclero-
derma pattern in 5 patients, an active pattern in 12 and a late
pattern in 9. Within the SSc cohort, 2 patients had pulmonary
arterial hypertension (PAH), 8 developed digital ulcers and
8 were hypertensive. A total of 13 participants were treated
with sildenafil, while 12 were treated with amlodipine. Inter-
stitial lung disease was identified in 11 patients, of whom 64%
were classified as having nonspecific interstitial pneumonia
(NSIP) and 36% as having usual interstitial pneumonia (UIP).
Elevated pro-B-type natriuretic peptide (proBNP) levels were
observed in 16.1% of the studied cases (Table 3).
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Table 1. Baseline characteristics of the study cohort

Statistic

Analyzed trait*

Number of participants, n (%) 72 (100.00)
Number of eyes, n (%) 142 (100.00)
female 49 (60.06)
Gender
male 23(31.94)
Age [years], Me (Q-Qs) 46 (36-55)
. " . W=0933
Shapiro-Wilk W test for normality b <0001

*Statistic parameters used: n — absolute number; % — percentage;
Me - median; Q - quartiles.

Table 2. Baseline characteristics of the study cohort by occurrence
of scleroderma

Scleroderma

Analyzed trait p-value
Number
o e, () 31(43.06) 41 (56.94) -
Number of eyes, n (%) = 61(42.96) 81 (57.04) -
Gender ~ female | 22(7097) 27 (65:89) xzd=f(i-2109
n (%) male 9(2903)  14(34.15) D= 0647
Levene’s test
48 F(1,140)=1.137
Age [years), @osa A (35-55) p=0288
Me (Q-Qs) W= 0035 W=00867 Mann-Whitney test
Shapiro-Wilk test :0'003 p < 0.001 U = 2070.000
=0 Zeon = 1651
p=0099
2353 2378 Levene’s test
285 | (2313 F(1,121)=0475
AL [mm], Me (Q;-Qs) : . p=0492
- 24.20) 24.35)
Shapiro-Wilk test ANOVA
W=0968 W=0970
—0114 Z0129 F(1,121)=0.138
p=9 p=0 p=0711

*Statistic parameters used: n — absolute number; % — percentage;
Me — median; Q — quartiles; ANOVA — analysis of variance; df - degrees
of freedom; AL — axial length.

Methods

A comprehensive ophthalmic examination was per-
formed on all participants. This included assessments
of best-corrected visual acuity (BCVA), intraocular pres-
sure, refraction, anterior segment examination, fundos-
copy with pupillary dilatation, and axial length (AL)
measurement. Exclusion criteria were refractive errors
beyond 3.0 or +3.0 diopters and any pathological ocular
condition, including glaucoma or retinal and choroidal
diseases. Moreover, eyes with low-quality AO images were
also excluded. The BCVA was measured monocularly us-
ing LogMAR charts (Lighthouse International, New York,
USA) at 5 m, while AL was assessed using the IOL Master
500 (Carl Zeiss Meditec AG, Jena, Germany).

All participants with scleroderma underwent a clinical
evaluation and NC. The clinical data collected from each
SSc patient comprised the following: The type of SSc (either
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Table 3. Baseline characteristics of the scleroderma group (n = 31)

Trait ‘ " ‘ L
M (SD) Me (Q;-Qs)
Gender female 22 710
male 9 290
localized 8 286
Scleroderma systemic 20 714
capillaroscopy 27 964
none 2 7.1
Scleroderma early 5 179
pattern active 12 429
late 9 321
anti-PM/SCL 1 36
PCTH fibrillarin 3 10.7
anti-Scl-70-antibodies 17 54.8
Centromere 8 258
normal 2 7.1
2;\:2?525 reduced 20 715
very reduced 6 214
Avascular are 16 57.1
Giant capillaries 14 50.0
Hemorrhages 1 393
Branched vessels 10 357
MES 22(1.1) 25(1.1-3.1)
Shapiro-Wilk test W =0.848 p <0.001
Interstitial lung disease 12 429
PAH 2 7.1
NSIP 7 226
UIP 4 14.3
MMF 13 419
MTX 7 250
mRSS 8.1(7.9) 20(20-120)
Shapiro-Wilk test W=0771 p <0.001
Finger ulcers 8 286
RVSP > 35 mm Hg 3 1.1
Elevated proBNP 5 185
Arterial hypertension 8 258
Administration of sildenafil 13 419
Administration of amlodipine 12 387

Missing data were pair-wise deleted. For discrete variables: n — number;
% — percentage. For numerical traits: M — mean; SD - standard deviation;
Me - median; Q - quartiles; anti-PM/SCL - anti-polymyositis/scleroderma
antibodies; PAH — pulmonary arterial hypertension; NSIP — non-

specific interstitial pneumonia; UIP — usual interstitial pneumonia,

MMF — mycophenolat mofetil; MTX — methotrexate, mRSS — modified
Rodnan Skin Score; RVSP - right ventricle systolic pressure;

MES — the microangiopathy evolution score.

limited or diffuse cutaneous scleroderma), the presence of in-
terstitial lung disease (classified as either NSIP or UIP), hyper-
tension, elevated proBNP, and the treatment method (admin-
istrations of sildenafil or amlodipine). The NC was conducted
using the CapillaryScope 200 Pro (Dino-Lite, Taipei, Taiwan),



following the manufacturer’s guidelines. To ensure consis-
tency, all images were captured by the same expert, maintain-
ing uniformity in lighting, focus and positioning.

The study aimed to categorize scleroderma microangi-
opathy using the Cutolo classification and to assess multiple
capillaroscopic parameters — vessel density, hemorrhages,
capillary morphology, giant capillaries, and avascular areas.
The classification was based on identifying specific capillary
abnormalities linked to different disease stages. In each NC
image, vessel density was classified as normal (=7 capillaries),
reduced (4—6 capillaries) or severely reduced (<3 capillaries).
This classification offered valuable insights into the micro-
vascular changes linked to the progression of scleroderma.
For each participant, we recorded capillaroscopic features
— including hemorrhages, tortuous (branched) vessels, gi-
ant capillaries, and avascular zones — offering crucial insight
into the microvascular abnormalities characteristic of SSc.2*
The Dino-Lite capillaroscope underwent routine quality con-
trol checks, during which calibration images were acquired
to confirm accurate color reproduction and resolution.

Images of retinal arterioles using an AO retinal cam-
era (rtx1™; Imagine Eyes, Orsay, France) were captured
in both patient groups. Before imaging, participants re-
ceived 1 drop of 1% tropicamide for pupil dilation. Reti-
nal artery images were analyzed with AOdetectArtery
software (rtx1™; Imagine Eyes), focusing on the superior
quadrant arterioles with a lumen diameter of at least 40 um
and no bifurcations. Two measurements were taken, and
the highest-quality scan was selected for analysis.

The main vascular parameters obtained with AO were
total vessel diameter (TD), lumen diameter (LD) and wall
thickness (WT). The software also calculates 2 additional
vascular metrics: The wall-to-lumen ratio (WLR), defined
as wall thickness (WT) divided by lumen diameter (LD),
and the wall cross-sectional area (WCSA), computed
as 1t x [(TD/2)? - (LD/2)?], which represents the area oc-
cupied by the vessel wall (Fig. 1,2).

Statistical analyses

Qualitative variables were shown as integers with per-
centages. Quantitative parameters were presented accord-
ing to their weighted arithmetic mean, median, standard
deviation (SD), and min—max values. Relationships among
the examined qualitative variables were illustrated using
contingency tables. Relationships among categorical vari-
ables were assessed using Pearson’s x? test when all expected
cell counts were >5, and Fisher’s two-tailed exact test when
any expected count fell below 5. The Shapiro—Wilk W test
was used to assess the normality of distribution and Lev-
ene’s test was fitted to check the homogeneity of variances.
Differences between independent groups for normally dis-
tributed numerical variables with homogeneous variances
were assessed by one-way analysis of variance (ANOVA)
without replication. Variables failing to meet normality
or homogeneity of variance assumptions were analyzed
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Fig. 1. Adaptive optics (AO) image of the retinal artery in a patient with
scleroderma

Fig. 2. Adaptive optics (AO) image of the retinal artery in a patient with
scleroderma

with nonparametric tests — namely, the Mann—Whitney
U test for dichotomous independent variables and the Krus-
kal-Wallis H test for variables with more than 2 categories.
A level of p < 0.050 was deemed statistically significant.
All the statistical procedures were performed using STA-
TISTICA v. 13.3 (TIBCO Software Inc., Palo Alto, USA).

Results

The study included 31 SSc patients (61 eyes) and
41 healthy controls (81 eyes). No significant differences
between the 2 groups regarding retinal arteries TD, LD,
second wall thickness, and WCSA were found (Table 4).
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Fig. 3. Graphical presentation of the measures of location (median,
quartiles) and dispersion (min-max values) of the mean wall thickness
[um] in the study participants’ eyes by occurrence of scleroderma

Fig. 4. Graphical presentation of the measures of location (median,
quartiles) and dispersion (min—max values) of the wall-to-lumen ratio in
the study participants’ eyes by occurrence of scleroderma

Mean retinal arterial wall thickness was significantly
lower in SSc patients than in healthy controls (p = 0.016),
and the wall-to-lumen ratio was also notably decreased
in the SSc group (p = 0.048) (Table 4; Fig. 3,4).

Retinal vessel parameters obtained through AO, includ-
ing TD, LD, wall thicknesses, WLR, and WCSA, were
analyzed in relation to NC findings and clinical features
of SSc. No statistically significant correlation was observed
between retinal vessel parameters and capillaroscopic pat-
terns, nor between these parameters and the type of SSc
(Table 5-7). The WCSA was significantly higher in hyper-
tensive SSc patients compared to those without hyperten-
sion (p = 0.026; Table 7).

Discussion

Vascular damage is a hallmark of SSc and plays a piv-
otal role in its pathogenesis. It has been established that

60

microvascular changes primarily affect peripheral ar-
terioles and capillaries. Generalized vasculopathy has
been demonstrated to contribute significantly to perfu-
sion disorders in both the retina and the choroid. There-
fore, the retinal microvasculature offers an ideal window
for monitoring disease progression and detecting early
pathological changes. Previous studies have shown that
retinal findings, such as hard exudates, vascular tortuos-
ity and arterial narrowing, as well as microhemorrhages,
have been discovered in patients with SSc during fundus
examination.?>~%” The presence of small retinal capillary
abnormalities can be detected through a range of diag-
nostic techniques, including OCTA and fluorescein an-
giography (FA). The morphological changes in the retinal
caliber, shape, or lumen diameter are valuable for assessing
the state of microcirculatory perfusion. Therefore, we hy-
pothesized that adaptive optics retinal imaging, as a novel
noninvasive method, could aid in the detection of abnor-
malities in the structure of retinal vessels.

In this study, AO was used for retinal artery assess-
ment in both groups. To the best of our knowledge, our
study is the first to use AO imaging in SSc. A comparison
of the 2 groups revealed no statistically significant differ-
ences in terms of LD, TD and WLR. According to previ-
ous studies, WLR and WCSA are optimal parameters for
evaluating vascular remodeling in cases of diabetic reti-
nopathy and arterial hypertension.!2$-32 Zmijewska et al.
analyzed arterial measurements using AO in 36 patients
with nonproliferative diabetic retinopathy (DR). Their re-
sults demonstrated thicker arterial walls, increased WLR
and WCSA in DR group than in controls.?> Matuszewski
et al. and Cristescu et al.>* also demonstrated compa-
rable outcomes. However, our results showed that the WLR
was significantly decreased among SSc patients compared
to the healthy group (p = 0.048).

Lombardo et al.® reported that, in eyes with nonpro-
liferative DR, the parafoveal capillary lumen diameter
was significantly reduced compared to healthy controls.
Similarly, Zaleska-Zmijewska et al.'® demonstrated that
prediabetic patients exhibit distinct alterations in both
capillary lumen diameter and wall-to-lumen ratio relative
to control subjects.

An elevated WLR reflects both thickening of the vessel
wall and concomitant narrowing of the lumen. Piantoni
et al.3¢ used AO in patients with active rheumatoid ar-
thritis treated with abatacept to evaluate cardiovascular
risk factors. Their results indicated a significant reduction
in the WLR of the arterioles after abatacept treatment.
However, our results showed that the mean arterial wall
was thinner in the scleroderma group than in the con-
trols (p = 0.016). It is possible that the observed results
may be attributed to the vasodilator treatment employed
in the management of SSc.”

Pache et al.*” demonstrated that in 10 healthy volun-
teers, a single dose of sildenafil induced significant di-
lation of both retinal arterioles and venules 30 minutes



Table 4. Descriptive statistics for the adaptive optics by occurrence of scleroderma (n = 142 eyes)

Statistical parameter
Statistical tests

Adaptive optics ‘ Study group

Total diameter
[um]

Wall 1 thickness
[um]

Wall 2 thickness
[um]

Mean wall thickness
[um]

Lumen diameter
[um]

Wall-to-lumen ratio

[um?]

Wall cross-sectional area

scleroderma

control

scleroderma

control

scleroderma

control

scleroderma

control

scleroderma

control

scleroderma

control

scleroderma

control

67.25

69.03

6.53

820

746

7.52

6.99

7.86

5325

5364

02710

0.2940

13383

14793

1137

12.88

144

4.78

1.72

134

252

1049

14.03

0.0681

0.0724

4100

4313

69.30

6.60

7.50

745

7.20

715

7.60

5265

53.30

0.2600

0.2600

1386

1498

58.00-75.50

58.00-78.40

5.60-7.40

6.60-8.90

6.10-8.50

6.40-8.10

6.20-8.10

6.70-8.55

44.80-61.10

44.20-62.40

0.2200-0.3200

0.2200-0.3300

983-1594

1129-1724

normality test
W=0979,p=0411
W =0.966, p=0.033
Levene’s test
F(1,135)=1.083
p =0.300
Mann-Whitney test
U = 2130.000
Zeor = —0.699
p=0484

normality test
W=0.985p=0677
W =0.325,p <0001
Levene’s test
F(1,135)=1337
p=0.250
Mann-Whitney test
U =1323.000
Zeon =—4216
p <0.001

normality test
W=0976,p=0317
W =0.950, p = 0.004
Levene’s test
F(1,135)=0.686
p=0409
Mann-Whitney test
U =2284.500
Zeon =—0.026
p=0979

normality test
W=0983,p=0.589
W=0512,p <0001
Levene’s test
F(1,135)=0.285
p =059
Mann-Whitney test
U = 1740.000
Zeor=—2398
p=0.016

normality test
W =0983, p=0585
W=0.962,p=0018
Levene's test
F(1,135)=2.123
p=0.147
Mann-Whitney test
U =2279.000
Zeor, = 0.050
p=0960

normality test
W=0970,p=0.159
W =0.946, p = 0.002
Levene’s test
F(1,135)=0.024
p=0878
Mann-Whitney test
U =1837.000
Zeor=—1976
p=0.048

normality test
W=0.952,p=0024
W =0.960, p=0.015
Levene's test
F(1,135) = 0.006
p=0941
Mann-Whitney test
U = 1843.000
Zeor = 0051
p=0051

M — mean; SD - standard deviation; Me — median; Q — quartiles. Values in bold are statistically significant.
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Table 5. Descriptive statistics for the lumen diameter [um] in the study participants with scleroderma by selected capillaroscopic assessments (n = 61 eyes)

Statistical parameter

pattern

Investigated trait

localized

Scleroderma

systemic

early

Scleroderma

active

late

normal

reduced

Number of vessels

very reduced

yes

Avascular areas

no

Giant capillaries

no

Hemorrhages

no

Branched vessels

no

M (SD)

55.81(13.23)

51.15 (8.65)

48.80 (9.92)

55.94(11.75)

49.78 (7.85)

52.23(11.12)

51.51(9.43)

55.59 (12.71)

52.83(11.23)

52.04(9.03)

52,66 (12.52)

5233(7.64)

4938 (12.18)

5445 (8.51)

50.38 (9.78)

53.62(10.49)
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Me (Q,-Q3)

5820 (41.83-61.18)

50.00 (44.73-57.20)

5240 (41.33-55.83)

57.20 (45.85-64.53)

49.00 (43.63-55.97)

58.20 (42.53-58.95)

50.00 (44.57-59.77)

54.50 (44.07-62.04)

51.35 (44.52-61.70)

52.50 (43.95-58.83)

49.95 (42.23-61.24)

52.90 (44.78-58.28)

46.65 (40.92-55.28)

54.55 (48.30-61.49)

49.10 (44.56-57.58)

53.35(43.68-59.27)

Statistics

normality test
W=0980, p=0.721
W=0.929,p=0.261

Levene's test

F(1,50) =4.027, p= 0051
ANOVA
F(1,50)=2244
p=0.140

normality test
W =0.964, p=0.841
W =0.970, p = 0.692
W=0959,p=0612
Levene’s test.
F(3,48) = 1.884,p=0.145
ANOVA
F(3,48)=1.718
p=0.176

normality test
W =0.784,p = 0.077
W=0982,p=0811
W =0.932,p=0403
Levene's test
F(2,49) = 0365,

p =069
ANOVA
F(2,49)=1.718
p=0498

normality test
W =0.968, p=0.667
W =0.980, p =0.820
Levene's test
F(1,50)=0.797, p= 0376
ANOVA
F (1,50)=0.072
p=0789

normality test
W=0970,p=0613
W=0.968p=0576

Levene's test

F(1,50)=6.718, p=0.012
ANOVA
F(3,48)=0014
p=0907

normality test
W=0978p=0.726
W =0.906, p = 0.054

Levene's test

F(1,50) =1.244,p=0.270
ANOVA
F (1,50 =3.127
p=0083

normality test
W=0959,p=0232
W =0975p=0878
Levene's test
F(1,50)=0.116,p = 0.735
ANOVA
F(1,50)=1.175
p=0283




Table 5. Descriptive statistics for the lumen diameter [um] in the study participants with scleroderma by selected capillaroscopic assessments (n = 61 eyes)

—cont.

Investigated trait

yes
Finger ulcers
no
yes
Arterial
hypertension
no
yes
Sildenafil
no
yes
Amlodipine
no

M (SD)

54.05 (12.26)

52.04 (9.54)

56.30(13.02)

52.29(9.52)

4892 (8.21)

56.54 (10.94)

5444 (10.87)

52.53(10.34)

Statistical parameter

Me (Q,-Q3)

52.70 (46.08-60.95)

52.50 (43.21-59.10)

55.15 (49.00-65.50)

52.50 (44.70-59.10)

49.00 (44.10-53.60)

58.20 (48.50-64.20)

54.80 (47.80-59.10)

49.95 (44.70-61.45)

Statistics

normality test
W=0951,p=0.114
W =0.954, p = 0.586
Levene's test
F(1,49) =0.168,p = 0.683
ANOVA
F(1,50) = 0.399
p=0530

normality test
W =0.975, p=0.566
W=0961,p=0731
Levene's test
F(1,49) =1.248,p=0.269
ANOVA
F(1,49) =2871
p=0097

normality test
W=0972,p=0676
W =0.985,p=0957

Levene's test

F(1,49) =2625p=0.112
ANOVA
F(1,49) = 6.062
p=0.017

normality test
W =0.967,p=0491
W=0.955p=0392
Levene's test
F(1,49) =0.024,p=0877
ANOVA
F(1,49)=1.554
p=0218

M - mean; SD - standard deviation; Me — median; Q — quartiles; ANOVA — analysis of variance. Values in bold are statistically significant.

Table 6. Descriptive statistics for the wall-to-lumen ration in the study participants with scleroderma by selected capillaroscopic assessments (n = 61 eyes)

Investigated trait

localized
Scleroderma
systemic
early
Scleroderma .
active
pattern
late
normal
Number of vessels reduced

very reduced

M (SD)

02593 (0.0794)

0.2816 (0.0641)

0.2989 (0.0924)

0.2626 (0.0726)

02753 (0.0516)

0.2367 (0.0971)

0.2895 (0.0696)

0.2408 (0.0448)

Statistical parameter
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Me (Q;-Q3)

0.2500 (0.2300-0.2850)

0.2800 (0.2267-0.3233)

0.3000 (0.2500-0.3500)

0.2500 (0.2117-0.2900)

0.2700 (0.2267-0.3300)

0.2600 (0.1517-0.3100)

0.2800 (0.2500-0.3300)

0.2350 (0.2142-0.2658)

Statistics

normality test
W=0983,p=0835
W =0.876, p = 0.041
Levene’s test
F(1,50) = 0.009, p = 0.925
Mann-Whitney test

U'=212000
Zeow =1315
p=0.188

normality test
W =0.964, p = 0.837
W=0917,p=0.057
W =0.886, p = 0.040
Levene’s test
F(3,48) =0.574, p = 0.635
Kruskal-Wallis test
H(@3,n=52)=3453
p=0327

normality test
W =0.957, p=0.600
W =0.968, p = 0.368
W =0.963, p=10.820
Levene’s test
F(2,49)=1.151,p=0229
ANOVA
F(2,49)=2972
p=0.061




Table 6. Descriptive statistics for the wall-to-lumen ration in the study participants with scleroderma by selected capillaroscopic assessments (n = 61 eyes)

—cont.

Investigated trait

Avascular areas

Giant capillaries

Hemorrhages

Branched vessels

Finger ulcers

Arterial
hypertension

Sildenafil

Amlodipine

no

no

yes

no

no

no

yes

no

no

yes

no

M (SD)

02753 (0.0707)

02750 (0.0678)

0.2838 (0.0784)

0.2665 (0.0580)

0.2945 (0.0833)

02631 (0.0561)

02861 (0.0750)

0.2694 (0.0658)

02728 (0.0684)

0.2720 (0.0652)

0.2760 (0.0626)

0.2700 (0.0704)

0.2910 (0.0648)

0.2560 (0.0677)

0.2560 (0.0643)

0.2800 (0.0697)

0.2700 (0.2292-0.3300)

0.2600 (0.2475-0.3200)

0.2600 (0.2292-0.3208)

0.2750 (0.2292-0.3200)

0.2750 (0.2383-0.3300)

0.2650 (0.2242-0.3158)

0.2750 (0.2200-0.3317)

0.2600 (0.2300-0.3200)

0.2600 (0.2242-0.3200)

0.2700 (0.2300-0.3067)

0.2600 (0.2300-0.3300)

0.2650 (0.2200-0.3150)

0.2800 (0.2400-0.3300)

0.2600 (0.2200-0.2900)

0.2550 (0.2200-0.3000)

0.2700 (0.2250-0.3200)

Statistics

normality test

W=0911, p=0.049

W=0975,p=0678
Levene’s test

F (1,50) = 0445, p = 0.508
ANOVA
F (1,50) = 0.0003
p=0986

normality test
W=0953, p=0269
W =0.933, p=0.090

Levene’s test

F(1,50) = 0447, p=0.235
ANOVA
F(1,50)=0819
p=0370

normality test
W =0.966, p = 0.393
W=0943,p=0.271
Levene’s test
F(1,50)=3.232,p=0.078
ANOVA
F(1,50) =2.639
p=0.111

normality test
W =0.944, p =0.080
W=0.939,p=0277
Levene’s test
F(1,50)=0.818,p = 0370
ANOVA
F(1,50) = 0.688
p=0411

normality test
W=0968,p=0373
W=0.939,p=0374
Levene’s test
F(1,49) =0.279, p = 0.599
ANOVA
F(1,49) =0.001
p=0914

normality test
W =0.960, p =0.200
W=0.978,p=0958

Levene’s test

F(1,49) =0.081,p=0.777
ANOVA
F (1,49) = 0.0002
p=0989

normality test
W=0944,p=0.162
W =0.949, p = 0239

Levene’s test

F(1,49)=0011,p=0918
ANOVA
F (1,49 = 2449
p=0.124

normality test
W=0938,p=0.089
W =0.980,p=0914
Levene’s test
F(1,49)=0.143,p=0.707
ANOVA
F (1,49 =3.051
p=0087

M — mean; SD - standard deviation; Me — median; Q — quartiles; ANOVA — analysis of variance.
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Table 7. Descriptive statistics for the wall cross-sectional area [um?] in the study participants with scleroderma by selected capillaroscopic assessments
(n =61 eyes)

Investigated trait Statistics

M (SD) Me (Q-Q3)

normality test
W=0907,p=0.122
W=0.959,p=0.187
Levene’s test
F(1,50)=3.233,p=0.078
ANOVA
systemic 1291.3(323.1) 1379 (1032-1534) F(1,50) = 0802

p=0375

localized 1399.9 (540.5) 1438 (874-1619)

Scleroderma

normality test
early 1235.8 (382.5) 1389 (840-1601) W =0787,p=0015
W=0951,p=0315
W =0.946, p = 0.391
active 14204 (458.6) 1428 (1079-1703) Levene’s test
F(3,48) =1.493,p=0.228
Kruskal-Wallis test
late 1210.5 (314.5) 1244 (897-1434) H(@E,n=52)=3104
p=0376

Scleroderma
pattern

normality test
normal 10783 (4134) 912 (796-1444) W=0879,p=0322
W =0964, p=0.265
W =0828,p=0020
Number of vessels reduced 1350.1 (362.8) 1389 (1067-1608) Levene’s test.
F(2,49)=0.124,p=0.883
Kruskal-Wallis test
very reduced 1298.8 (493.5) 1325 (922-1446) H(2,n=52)=1857
p=0395

normality test
W=0919,p=0025
yes 1322.3(392.2) 1381 (1048-1496) W=0915, p = 0060
Levene’s test
Avascular areas F (1,50) = 0.535, p= 0468
Mann-Whitney test
no 13230 (409.1) 1433 (866-1605) U =310.000
Zeor.=—0.361
p=0718

normality test
W=0.931,p=0.083
W=0952,p=0262
Levene’s test
F(1,50)=1.790,p=0.187
ANOVA
no 1323.0(319.5) 1356 (981-1532) F(1,50)= 0657

p=0421

yes 1278.2 (461.3) 1405 (892-1620)

Giant capillaries

normality test
W = 0857, p =0.007
yes 12494 (440.7) 1195 (864-1467) W =0968, p = 0437
Levene’s test
Hemorrhages F (1,50) = 0443, p = 0.509
Mann-Whitney test
no 13583 (364.1) 1397 (1059-1600) U =248000
Zeon = 1.345
p=0179

normality test
W=0.945p=0353
yes 1260.5 (324.7) 1353 (899-1530) W= 0935 p— 0045
Levene’s test.
Branched vessels F(1,50)=0.925,p=0341
Mann-Whitney test
no 13555 (429.1) 1397 (981-1605) U = 267000
Zeon = ~0.741
p=0459
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Table 7. Descriptive statistics for the wall cross-sectional area [um?] in the study participants with scleroderma by selected capillaroscopic assessments

(n =61 eyes) - cont.

Investigated trait
S)] Me (Qi-Qj)

yes 1291.3 (376.8)
Finger ulcers

no 1377.9 (450.1)

yes 1517.5 (476.9)
Arterial
hypertension

no 1281.2 (374.6)

yes 12244 (300.2)
Sildenafil

no 1424.6 (462.6)

yes 13164 (422.9)
Amlodipine

no 1351.6 (407.4)

Statistics

normality test
W =0.884, p=0054
W=0.934,p=0033
Levene’s test.
F (1,49) =0.154, p = 0.696
Mann-Whitney test

1353 (896-1576)

1389 (1079-1489) U =263.000
Zeoq =—0.134
p=03893

normality test
W=0.929,p=0.295
W =0.940, p =0.047
Levene’s test
F (1,49) =0.296, p = 0.589
ANOVA
F(1,49) =5.252
p=0.026

1466 (1259-1717)

1324 (905-1547)

normality test
W=0.963,p=0478
W=0.931,p=0.080
Levene’s test
F(1,49) =2494,p=0.121
ANOVA
F(1,49) =2.821
p =0.099

normality test
W =0.895,p=0.023
W=0.958 p=0291
Levene’s test
F(1,49)=0.015,p=0.903
Mann-Whitney test

1244 (987-1428)

1466 (983-1717)

1356 (912-1541)

1392 (985-1612) U =308.000
Zeon, = —0.200
p=0842

M — mean; SD - standard deviation; Me — median; Q — quartiles; ANOVA — analysis of variance. Values in bold are statistically significant.

after administration (p < 0.001). Moreover, Polak at al.?®
reported increased retinal blood flow in healthy controls
after sildenafil administration. Sildenafil can enhance
the vasodilatory effect of nitric oxide (NO), the primary
regulator of vascular smooth muscle tone. In addition,
we compared the measurements of the retinal arter-
ies obtained in AO with the results of the NC. However,
we did not find a statistically significant correlation with
the type of scleroderma, finger ulcers and scleroderma
patterns, number of vessels, avascular areas, hemorrhages,
or branched vessels visualized in NC. In our previous study,
we found that scleroderma microangiopathy patterns cor-
related significantly with both superficial and deep foveal
avascular zone (FAZ) areas, as well as with deep retinal
vessel density measured by OCTA.? Several studies have
explored the relationship between peripheral capillary den-
sity measured with nailfold capillaroscopy and both cho-
riocapillaris vessel density® and overall retinal perfusion.*’
However, these findings have been inconsistent. It is there-
fore possible that high-resolution imaging of the retinal
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microvasculature may yield stronger correlations with NC
abnormalities.

These findings corroborate earlier reports that hyperten-
sion is associated with increased wall cross-sectional area,
reflecting arteriolar remodeling.!! Furthermore, in our
study, we evaluated the impact of vasodilator medications
employed for the management of complications associated
with scleroderma vasculopathy. Contrary to expectations,
the findings of this study indicated a decreased LD in pa-
tients treated with sildenafil (p = 0.017). It is worth not-
ing that most patients in our NC cohort exhibited a late
scleroderma pattern — reflecting severe vasculopathy and
advanced disease — so the observed arterial lumen nar-
rowing likely reflects the chronicity and severity of SSc.

Limitations
It is important to acknowledge the limitations of the re-

search, including the relatively small number of partici-
pants and the cross-sectional nature of the study.



Conclusions

Our study analysis of the AO retinal imaging data set
revealed a reduced mean arterial wall thickness in patients
with SSc compared to healthy controls. However, no corre-
lation was identified between the AO findings and the NC
parameters or the disease stage. The retinal vessel param-
eters revealed significant differences only in hypertensive
or sildenafil-treated patients. Further studies on a larger
cohort of patients are necessary to draw reliable conclu-
sions about the usefulness of AO in the diagnosis of SSc
and its possible correlation with capillaroscopic findings.
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Zalgceznik nr 1
do Kryteriéw dotyczgcych zbioru opublikowanych i powigzanych tematycznie artykuléw

naukowych, moggcego stanowié rozprawe doktorska

Oswiadczenie Kandydata w sprawie autorstwa/wspélautorstwa publikacji
zgloszonej do wszczgcia postgpowania o nadanie stopnia doktora w
Wojskowym Instytucie Medycyny Lotniczej

Oswiadczam, ze moj wklad procentowy w powstanie publikacji (tyrul publikacji, autorzy, nazwa
czasopisma, rok publikacji, nr tomwnumerw/artykulu, strony, nr DOI) :

Ocular Manifestation in Systemic Sclerosis-A Literature Review. Paczwa K, Rerych M,
Romanowska-Préchnicka K, Rézycki R, Golebiewska J. Life (Basel). 2024 May 13;14(5):627.
doi: 10.3390/1ife14050627.

wynosi 65 %.

M¢j wklad polegat na:

przygotowaniu materialéw, redakcji manuskryptu oraz przegladzie literatury.

...................................

Podpis Kandydata
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naukowych, moggcego stanowié rozprawe doktorska
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w Wojskowym Instytucie Medycyny Lotniczej

Ocular Manifestation in Systemic Sclerosis-A Literature Review. Paczwa K, Rerych M,
Romanowska-Préchnicka K, Rézycki R, Golebiewska J. Life (Basel). 2024 May
13;14(5):627. doi: 10.3390/1ife14050627.

wynosi 10 %.
Mé;j wklad polegat na: pomocy przy przygotowaniu manuskryptu

Wyrazam zgodg na wykorzystanie wyzej wymienionej publikacji w postgpowaniu doktorskim
Katarzyny Paczwy

Togbbi Suptele oyt )

Imig, nazwisko i podpis Wspétautora
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Wyrazam zgode na wykorzystanie wyzej wymienionej publikacji w postgpowaniu doktorskim
Katarzyny Paczwy

Imie, nazwisko i podpis Wspétautora |
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Zalgcznik nr 1
do Kryteriéw dotyczacych zbioru opublikowanych i powigzanych tematycznie artykutéw
naukowych, moggcego stanowi¢ rozprawe doktorskg

Oswiadczenie Kandydata w sprawie autorstwa/wspélautorstwa publikacji
zgloszonej do wszczgcia post¢gpowania o nadanie stopnia doktora w
Wojskowym Instytucie Medycyny Lotniczej

Oséwiadczam, ze m6j wklad procentowy w powstanie publikacji (tysul publikacji, autorzy, nazwa
czasopisma, rok publikacji, nr tomwnumerwartykulu, strony, nr DOI) :

Retinal Microvasculature in Systemic Sclerosis Patients and the Correlation between
Nailfold Capillaroscopic Findings and Optical Coherence Angiography Results. Paczwa
K, Rerych M, Romanowska-Préchnicka K, Olesifiska M, Rézycki R, Golgbiewska J. Journal
of Clinical Medicine 2024; 13(7):2025. doi: 10.3390/jcm13072025

wynosi 60 %.

Moéj wkiad polegat na:

przygotowaniu materialéw, przeprowadzeniu badan, redakcji manuskryptu oraz przegladzie
literatury.

Podpis Kandydata
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Zalgcznik nr2
do Kryteriéw dotyczacych zbioru opublikowanych i powigzanych tematycznie artykutéw
naukowych, mogacego stanowié¢ rozprawe doktorskg

Oswiadczenie Wspélautora publikacji zgloszonej przez Kandydata do
wszczgeia postepowania o nadanie stopnia doktora
w Wojskowym Instytucie Medycyny Lotniczej

Oswiadczam, ze moj wkiad procentowy w powstanie publikacji (tytut publikacji, autorzy, nazwa
czasopisma, rok publikacji, nr tomw/numerwartykutu, strony, nr DOI):

Retinal Microvasculature in Systemic Sclerosis Patients and the Correlation between
Nailfold Capillaroscopic Findings and Optical Coherence Angiography Results. Paczwa
K, Rerych M, Romanowska-Préchnicka K, Olesifiska M, Rézycki R, Gotgbiewska J. Journal
of Clinical Medicine 2024; 13(7):2025. doi: 10.3390/jcm13072025.

wynosi 10 %.
Moéj wkiad polegat na: zebraniu danych klinicznych.

Wyrazam zgode na wykorzystanie wyzej wymienionej publikacji w postepowaniu doktorskim
Katarzyny Paczwy

Mgty Lrctcle (ol

Imie, nazwisko i podpis Wspétautdra
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Zalgeznik nr 2
do Kryteriow dotyezgeych zbioru opublikowanych i powigzanych tematycznie artykulow
naukowych, mogqeego stanowic¢ rozprawe doktorsky

Oswiadczenie Wspolautora publikacji zgloszonej przez Kandydata do
wszezgeia postepowania o nadanie stopnia doktora
W Wojskowym Instytucie Medyeyny Lotniczej

Oswiadczam, ze moj wklad procentowy w powstanie publikacji (tvul publikacji, autorzy, nazwa

czasopisma, rok publikacji, nr tomu/numerw/artykulu, strony, nr DOI):

Retinal Microvasculature in Systemic Sclerosis Patients and the Correlation between
Nailfold Capillaroscopic Findings and Optical Coherence Angiography Results. Paczwa
K. Rerych M. Romanowska-Prochnicka K. Olesinska M, Rozycki R, Golgbiewska J. Journal
of Clinical Medicine 2024; 13(7):2025. doi: 10.3390/jcm13072025.

wynosi 10 %.

Moj wklad polegal na: zebraniu danych klinicznych.

Wyrazam zgodg na wykorzystanie wyzej wymienionej publikacji w postepowaniu doktorskim
Katarzyny Paczwy .

Imig, nazwisko i podpis Wspolautora
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Zalgcznik nr 2
do Kryteriéw dotyczgcych zbioru opublikowanych i powigzanych tematycznie artykutéw
naukowych, moggcego stanowi¢ rozprawe doktorskg

Oswiadczenie Wspolautora publikacji zgloszonej przez Kandydata do
wszczecia postgpowania o nadanie stopnia doktora
w Wojskowym Instytucie Medycyny Lotniczej

Oswiadczam, ze méj wklad procentowy w powstanie publikacji (tytul publikacji, autorzy, nazwa
czasopisma, rok publikacji, nr tomwnumeru/artykulu, strony, nr DOI).

“ Retinal Microvasculature in Systemic Sclerosis Patients and the Correlation between

Nailfold Capillaroscopic Findings and Optical Coherence Angiography Results.”
Paczwa K., Rerych M., Romanowska — Préchnicka K., Olesifiska M., Rézycki R., Gofebiewska J.
Journal of Clinical Medicine, 13(7), 2025, doi: 10.3390/jcm13072025

wynosi 5 %.
Mo;j wktad polegat na: merytorycznym nadzorze przy realizacji projektu

Wyrazam zgodg na wykorzystanie wyzej wymienionej publikacji w postgpowaniu doktorskim
Katarzyny Paczwy

.................. \\wa&@k%dﬂe

Imie, nazwisko i podpis Wspétautora
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Zalgeznik nr 2
do Kryteriéw dotyczgeych zbioru opublikowanych i powigzanych tematycznie artykutéw
naukowych, moggcego stanowié rozprawe doktorska

Os$wiadczenie Wspolautora publikacji zgloszonej przez Kandydata do
wszezgcia postgpowania o nadanie stopnia doktora
w Wojskowym Instytucie Medycyny Lotniczej

Oswiadczam, ze mdj wklad procentowy w powstanie publikacji (tytul publikacji, autorzy, nazwa
czasopisma, rok publikacji, nr tomw/numerw/artykulu, strony, nr DOI):

Retinal Microvasculature in Systemic Sclerosis patients and the Correlation between
Nailfold Capillarescopic Findings and Optical Coherence Angiography Results. Paczwa
K, Rerych M, Romanowska-Préchnicka K, Olesifiska M, Rézycki R, Golgbiewska J. Journal
of Clinical Medicine 2024; 13(7): 2025. doi: 10.3390/jcm13072025.

wynosi 5 %.
Moj wklad polegat na: merytorycznym nadzorze przy realizacji projektu

Wyrazam zgode na wykorzystanie wyzej wymienionej publikacji w postgpowaniu doktorskim
Katarzyny Paczwy

_——

Imig, nazwisko i podglis Wspétautora
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Zalgcznik nr 2
do Kryteriéw dotyczgcych zbioru opublikowanych i powigzanych tematycznie artykutow
naukowych, moggcego stanowié¢ rozprawe doktorskg

Oswiadezenie Wspolautora publikacji zgloszonej przez Kandydata do
wszcezgeia postgpowania o nadanie stopnia doktora
w Wojskowym Instytucie Medycyny Lotniczej

Oswiadczam, ze moj wkiad procentowy w powstanie publikacji (tytul publikacji, autorzy, nazwa
czasopisma, rok publikacji, nr tomu/numerw/artykulu, strony, nr DOI):

Retinal Microvasculature in Systemic Sclerosis patients and the Correlation between
Nailfold Capillaroscopic Findings and Optical Coherence Angiography Results. Paczwa
K, Rerych M, Romanowska-Prochnicka K, Olesifiska M, Rézycki R, Golebiewska J. Journal
of Clinical Medicine 2024; 13(7): 2025. doi: 10.3390/jcm13072025.

wynosi 10 %.

Moj wkiad polegat na: merytorycznym nadzorze przy realizacji projektu oraz pomocy przy
redakcji manuskryptu

Wyrazam zgode na wykorzystanie wyzej wymienionej publikacji w postgpowaniu doktorskim
Katarzyny Paczwy

...... eae Coallete. Moo

Imie, nazwisko i podpis Wspétautor,
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Zalgcznik nr 1
do Kryteriéw dotyczacych zbioru opublikowanych i powigzanych tematycznie artykulow
naukowych, mogacego stanowié¢ rozprawe doktorska

Oswiadczenie Kandydata w sprawie autorstwa/wspolautorstwa publikacji
zgloszonej do wszczgcia post¢gpowania o nadanie stopnia doktora w
Wojskowym Instytucie Medycyny Lotniczej

Oswiadczam, ze moj wklad procentowy w powstanie publikacji (tytu? publikacji, autorzy, nazwa
czasopisma, rok publikacji, nr tomwnumerw/artykutu, strony, nr DOI)

The correlation between Nailfold Capillaroscopic Findings and Adaptive Optics Imaging
of retinal microvasculature in patients with systemic sclerosis. Paczwa K, Szeretucha M,
Romanowska- Prochnicka K, Ornowska S, Olesiriska M, Rézycki R, Golebiewska J. Advances
in Clinical and Experimental Medicine

wynosi 63 %.

Moj wkiad polegat na:

przygotowaniu materialéw, przeprowadzeniu badan, redakcji manuskryptu oraz przegladzie
literatury.

Podpis Kandydata
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Zalgcznik nr 2
do Kryteriéw dotyczgeych zbioru opublikowanych i powigzanych tematycznie artykutow
naukowych, moggcego stanowié¢ rozprawe doktorskg

Oswiadczenie Wspélautora publikacji zgloszonej przez Kandydata do
wszcezgcia postgpowania o nadanie stopnia doktora
w Wojskowym Instytucie Medycyny Lotniczej

Os$wiadczam, ze méj wklad procentowy w powstanie publikacji (tytuf publikacji, autorzy, nazwa
czasopisma, rok publikacji, nr tomwnumerw/artykutu, strony, nr DOI):

The correlation between Nailfold Capillaroscopic Findings and Adaptive Optics Imaging
of retinal microvasculature in patients with systemic sclerosis. Paczwa K, Szeretucha M,
Romanowska- Préchnicka K, Ornowska S, Olesiniska M, Rézycki R, Golgbiewska J. Advances
in Clinical and Experimental Medicine

wynosi 5 %.
M6j wktad polegat na: pomocy przy zbieraniu danych klinicznych.

Wyrazam zgode na wykorzystanie wyzej wymienionej publikacji w postgpowaniu doktorskim
Katarzyny Paczwy

Imie, nazwisko i podpis Wspétauto!
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Zalyeznik nr 2
do Kryteriow dotyczgeyceh zbioru opublikowanych i powigzanych tematyceznie artykutow
naukowych, moggeego stanowic rozprawe doktorskg

Oswiadcezenie Wspolautora publikacji zgloszonej przez Kandydata do
wszezeeia postepowania o nadanie stopnia doktora
w Wojskowym Instytucie Medycyny Lotniczej

Oswiadezam, ze moj wklad procentowy w powstanie publikacji (tyud publikacji, autorzy, nazwa

czasopisma, rok publikacji, nr tomu/numert/artykulu, strony, nr DOJ):

The correlation between Nailfold Capillaroscopic Findings and Adaptive Optics Imaging
of retinal microvasculature in patients with systemic sclerosis. Paczwa K. Szeretucha M,
Romanowska- Préchnicka K, Ornowska S, Olesinska M, Roézycki R, Golebiewska J.
Advances in Clinical and Experimental Medicine

wynosi 7 %.
Moj wkiad polegal na: pomocy przy zbieraniu danych klinicznych.

Wyrazam zgodg na wykorzystanie wyzej wymienionej publikacji w postgpowaniu doktorskim
Katarzyny Paczwy

ndu'ce

Imig, nazwisko i podpis Wspotautora
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Zatgcznik nr 2
do Kryteriéw dotyczgcych zbioru opublikowanych i powigzanych tematycznie artykutéw
naukowych, moggeego stanowié rozprawe doktorskg

Oswiadczenie Wspoélautora publikacji zgloszonej przez Kandydata do
wszczgcia postgpowania o nadanie stopnia doktora
w Wojskowym Instytucie Medycyny Lotniczej

Oswiadczam, ze méj wklad procentowy w powstanie publikacji (tytul publikacji, autorzy, nazwa
czasopisma, rok publikacji, nr tomwnumerwartykutu, strony, nr DOI):

“The correlation between Nailfold Capillaroscopic Findings and Adaptive Optics Imaging
of retinal microvasculature in patients with systemic sclerosis.” Paczwa K., Szeretuch M.,
Romanowska- Prochnicka K., Ornowska S., Olesifiska M., Rézycki R., Goltgbiewska J.,

Advances in Clinical and Experimental Medicine

wynosi 5 %.
Moj wkiad polegal na: zbieraniu danych

Wyrazam zgode na wykorzystanie wyzej wymienionej publikacji w postgpowaniu doktorskim
Katarzyny Paczwy

L&OW\WEX& ...... 5 O\"AOWX(A&;

Imig, nazwisko i podpis stpélautora
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Zalgeznik nr 2
do Kryteriow dotyczqeych zbioru opublikowanych i powigzanych tematycznie artykutéw
naukowych, moggcego stanowié rozprawg doktorskg

Oswiadczenie Wspélautora publikacji zgloszonej przez Kandydata do
wszezgeia postepowania o nadanie stopnia doktora
w Wojskowym Instytucie Medycyny Lotniczej

Oswiadczam, ze méj wklad procentowy w powstanie publikacji (tytul publikacji, autorzy, nazwa
czasopisma, rok publikacji, nr tomwnumerwartykutu, strony, nr DOI):

“The correlation between Nailfold Capillaroscopic Findings and Adaptive Optics Imaging
of retinal microvasculature in patients with systemic sclerosis.” Paczwa K., Szeretuch M.,
Romanowska- Prochnicka K., Ornowska S., Olesiniska M., Rézycki R., Golebiewska J.,

Advances in Clinical and Experimental Medicine

wynosi 5 %.
MOoj wkiad polegat na: merytorycznym nadzorze przy realizacji projektu

Wyrazam zgodg na wykorzystanie wyzej wymienionej publikacji w postepowaniu doktorskim
Katarzyny Paczwy

............ Mo Rosiut s

Imig, nazwisko i podpis Wspétautora
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Zalgcznik nr 2
do Kryteriéw dotyczacych zbioru opublikowanych i powigzanych tematycznie artykutow
naukowych, moggcego stanowi¢ rozprawe doktorskg

Oswiadczenie Wspolautora publikacji zgloszonej przez Kandydata do
wszczgeia postgpowania o nadanie stopnia doktora
w Wojskowym Instytucie Medycyny Lotniczej

Oswiadczam, ze moj wklad procentowy w powstanie publikacji (tytul publikacji, autorzy, nazwa
czasopisma, rok publikacji, nr tomwnumeru/artykulu, strony, nr DOI):

The correlation between Nailfold Capillaroscopic Findings and Adaptive Optics Imaging
of retinal microvasculature in patients with systemic sclerosis. Paczwa K, Szeretcha M,
Romanowska — Préchnicka K, Ornowska S, Olesifiska M, Rézycki R, Golebiewska J

Advances in Clinical and Experimental Medicine

wynosi 5 %.
Mo¢j wkiad polegat na: merytorycznym nadzorze przy realizacji projektu

Wyrazam zgod¢ na wykorzystanie wyzej wymienionej publikacji w postepowaniu doktorskim
Katarzyny Paczwy

Imig, nazwisko i podpis Wspétautora
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Zalgeznik nr 2
do Kryteriow dotyczacych zbioru opublikowanych i powigzanych tematycznie artykutow
naukowych, moggcego stanowié¢ rozprawe doktorskg

Oswiadczenie Wspélautora publikacji zgloszonej przez Kandydata do
wszczgcia postepowania o nadanie stopnia doktora
w Wojskowym Instytucie Medycyny Lotniczej

Oswiadczam, ze m6j wklad procentowy w powstanie publikacji (tytul publikacji, autorzy, nazwa
czasopisma, rok publikacji, nr tomu/numerwartykutu, strony, nr DOI):

The correlation between Nailfold Capillaroscopic Findings and Adaptive Optics Imaging
of retinal microvasculature in patients with systemic sclerosis. Paczwa K, Szeretcha M,
Romanowska — Prochnicka K, Ornowska S, Olesifiska M, Rozycki R, Golgbiewska J

Advances in Clinical and Experimental Medicine

wynosi 10 %.

M6j wklad polegal na: merytorycznym nadzorze przy realizacji projektu oraz pomocy przy
redakcji manuskryptu

Wyrazam zgode na wykorzystanie wyzej wymienionej publikacji w postgpowaniu doktorskim
Katarzyny Paczwy
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