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2. STRESZCZENIE W JEZYKU POLSKIM

Toczen rumieniowaty uktadowy (Systemic Lupus Erythematosus — SLE) to przewlekta
choroba zapalna tkanki tacznej, w ktorej najczesciej zajeta jest skora, stawy oraz nerki, ale
proces chorobowy moze dotyczy¢ kazdego narzadu organizmu, w tym narzadu wzroku.
Objawy oczne w przebiegu SLE wystepuja u okoto 1/3 chorych i moga poprzedza¢ zajecie
innych narzadow. Retinopatia, czyli zajecie siatkowki, jest druga co do czgstosci manifestacja
okulistyczng w SLE oraz najczgstszym powiklaniem okulistycznym obnizajagcym ostro$é
widzenia. Retinopatia dotyka od 7 do 26% pacjentow ze SLE, a jej wystgpienie jest
negatywnym czynnikiem prognostycznym dotyczacym przezycia w porownaniu do pacjentdw
bez retinopatii. Ponadto retinopatia jest cz¢$ciej wykrywana u pacjentow z niewydolnoscia
nerek i/lub zajeciem osrodkowego uktadu nerwowego.

Optyczna koherentna tomografia (OCT) siatkowki jest stosowana do diagnozowania i
monitorowania retinopatii w przebiegu SLE oraz jako badanie przesiewowe toksycznos$ci
hydroksychlorochiny (HCQ). Angiografia oparta na OCT (Angio-OCT) to polaczenie
urzadzenia OCT oraz angiografii. To nowa, nieinwazyjna metoda obrazowania struktury
siatkowki oraz naczyn krwiono$nych za pomoca oceny ruchu czerwonych krwinek. Jest
bezpieczniejsza, szybsza i tatwiejsza do wykonania niz stosowana w tych samych wskazaniach
medycznych, angiografia fluoresceinowa. Ponadto Angio-OCT nie wymaga podania dozylnie
kontrastu oraz utatwia oceng¢ siatkdéwki mierzac ilosciowo nasilenie zmniejszonej perfuzji w
naczyniach.

Celem glownym pracy doktorskiej byla ocena przydatnosci Angiografii OCT do
diagnostyki zaburzen unaczynienia siatkéwki u pacjentéw ze SLE bez objawdw retinopatii w
badaniu dna oka oraz bez obnizenia ostro$ci wzroku.

Badania oryginalne poprzedzono artykutem przegladowym w celu uporzadkowania
dostgpnej w temacie wiedzy oraz zaplanowania metodologii kolejnych badan. Do badan
oryginalnych wlaczono 64 pacjentow (113 oczu), w tym 33 pacjentow (57 oczu) z
rozpoznanym SLE bedacych pod opieka Katedry i Kliniki Reumatologii i Chorob
Wewngetrznych Uniwersyteckiego Szpitala Klinicznego we Wroctawiu oraz 31 zdrowych
ochotnikow (56 oczu).

W pracy przegladowej przeanalizowano siedem artykutow, ktorych przedmiotem badania
byta subkliniczna retinopatia w przebiegu SLE mierzona za pomoca urzadzenia Angio-OCT.
We wszystkich pracach wykazano zmniejszenie gestosci naczyn wlosowatych splotu

powierzchownego u bezobjawowych pacjentéw z rozpoznaniem SLE w poréwnaniu ze zdrowg



grupa kontrolng. Pierwsze badanie oryginalne wykazalo mniejsza gesto$¢ naczyn
mikrokrazenia siatkdwki w dolnym i nosowym kwadrancie splotu powierzchownego oraz w jej
strefie okolodotkowej u pacjentow ze SLE w poréwnaniu do grupy kontrolnej. W grupie
badanej zajecie nerek zwigzane bylo z dalsza redukcja mikrokrazenia w poréwnaniu do
pacjentéw ze SLE bez zaj¢cia nerek. Ostro$¢ wzroku byla istotnie statystycznie nizsza u
pacjentow ze SLE, co moze by¢ wtdrne do stopnia utraty naczyn wtosowatych. Ggstos$¢ naczyn
w gornym kwadrancie splotu powierzchownego byla zwigkszona u pacjentéw ze SLE
leczonych HCQ przez ponad 5 lat w poréwnaniu z pacjentami leczonymi HCQ mniej niz 5 lat.
Badanie wykazato rowniez dodatnia korelacj¢ miedzy skumulowana dawka HCQ oraz
gestoscig naczyn w splocie powierzchownym 1 gltgbokim. W pracy nie wykazano korelacji
pomiedzy skalami SLICC/ACR i1 SLEDAI-2K a ggsto$cig naczyn, jednakze stwierdzono
zwigzek miedzy gestoscig naczyn a zajgciem innych narzadow. Pacjenci ze SLE i zajgciem
nerek mieli mniejsza gegstos¢ naczyn w kwadrantach nosowych i1 skroniowych, a takze
catkowita 1 okotodotkowa splotu powierzchownego w poréwnaniu z pacjentami ze SLE bez
zaj¢cia nerek. W drugim badaniu oryginalnym nie wykazano réznic morfologicznych w
badaniu OCT mie¢dzy grupa chorujaca na SLE bez objawdw retinopatii w badaniu dna oka oraz
bez obnizenia ostros$ci wzroku a zdrowa grupa kontrolna.

OCT wyposazone w funkcje angiografii jest obiecujagca metoda diagnostyczng do
bezinwazyjnej oceny zaburzen unaczynienia siatkdéwki u pacjentow ze SLE. Zmniejszenie
gestosci naczyn siatkdwki moze by¢ uwazane za wczesny marker retinopatii w przebiegu SLE,
a wyniki uzyskane za pomoca Angio-OCT moga by¢ dobrym wskaznikiem rokowania SLE.
Wykazano takze, ze hydroksychlorochina moze petni¢ funkcj¢ ochronng dla mikrokrazenia
siatkowki. Angio-OCT moze przyczyni¢ si¢ do wczesniejszej diagnozy i monitorowania
progresji retinopatii w przebiegu SLE. Wykazano réwniez, ze u pacjentow ze SLE i bez
retinopatii zmiany w mikrostrukturze siatkowki nie sa widoczne w OCT. OCT bez funkcji
angiografii jest mniej czule u tej grupy pacjentéw niz Angio-OCT w wykrywaniu

subklinicznych uszkodzen siatkowki.



3. STRESZCZENIE W JEZYKU ANGIELSKIM

Systemic Lupus Erythematosus (SLE) is a chronic, inflammatory connective tissue disease
that most commonly affects the skin, joints and kidneys, but the disease can affect any organ
of the body, including the eye. Ocular symptoms in the course of SLE occur in 1/3 of patients
and may precede the involvement of other organs. Retinopathy is the second most common
ophthalmic manifestation in SLE and the most common ophthalmic complication that reduces
visual acuity. Retinopathy affects 7 to 26% of patients with SLE, its occurrence is a negative
prognostic factor for survival, and it is more frequently detected in patients with renal
insufficiency and/or central nervous system involvement.

Optical coherence tomography (OCT) of the retina is used to diagnose and monitor lupus
retinopathy and as a screening test for hydroxychloroquine (HCQ) toxicity. Optical coherence
tomography angiography (Angio-OCT) is a combination of an OCT and angiography. It is a
new, non-invasive method of imaging the structure of the retina and blood vessels by assessing
the movement of red blood cells. It is safer, faster, and easier to perform than fluorescein
angiography. Additionally, Angio-OCT does not require intravenous contrast and facilitates the
assessment of the retina by quantifying the severity of reduced perfusion in the vessels.

The main aim of the dissertation was to assess the usefulness of Angio-OCT for the
diagnosis of retinal vascular disorders in SLE patients without retinopathy in the fundus
examination and without visual acuity reduction.

The original research was preceded by a review article to summarize the available
knowledge on the subject. Sixty-four patients (113 eyes) were included in the original study,
including 33 patients (57 eyes) with SLE undergoing treatment in the Department of
Rheumatology and Internal Medicine of the University Clinical Hospital in Wroctaw and 31
healthy volunteers (56 eyes).

In the review, seven articles were analyzed regarding the subclinical retinopathy
measured by the Angio-OCT in the course of SLE. All studies showed a decrease in the vessel
density of the superficial retinal capillary plexus in asymptomatic patients diagnosed with SLE
compared to the healthy control group. The first original study revealed lower vessel density in
parafovea, inferior and nasal quadrants of the superficial retinal capillary plexus in patients with
SLE compared to the control group. In the study group, renal involvement was associated with
a further reduction of microcirculation compared to patients with SLE without renal
involvement. Visual acuity was statistically significantly lower in SLE patients, which may be

secondary to the degree of capillary loss. Vessel density in the superior quadrant of the



superficial capillary plexus was increased in SLE patients treated with HCQ for more than 5
years compared to patients treated with HCQ for less than 5 years. The study also showed a
positive correlation between the cumulative dose of HCQ and the density of vessels in the
superficial and deep capillary plexus. The study showed no correlation between the
SLICC/ACR and SLEDAI-2K scales and vessel density, however, a relationship was found
between vessel density and involvement of other organs. Patients with SLE and nephritis had
lower whole en face superficial vessel density, superficial parafoveal density and superficial
density in nasal and temporal quadrants compared to patients with SLE without kidney
involvement. The second original study showed no morphological differences in the OCT
between the healthy control group and patients suffering from SLE without signs of retinopathy
in the examination of the fundus and without visual acuity reduction.

Angio-OCT is a promising diagnostic method for non-invasive assessment of retinal
vascular disorders in patients with SLE. Decreased retinal vascular density may be considered
an early marker of lupus retinopathy and results obtained with the use of Angio-OCT may be a
good indicator of SLE prognosis. It has also been shown that hydroxychloroquine may have a
protective function on the retinal microcirculation. Angio-OCT may contribute to earlier
diagnosis and monitoring of lupus retinopathy progression. It has also been shown that in SLE
patients without retinopathy, changes in the retinal microstructure are not visible in OCT thus

it is less sensitive than Angio-OCT in detecting subclinical retinal lesions.



4. WSTEP

Toczen rumieniowaty uktadowy (Systemic Lupus Erythematosus — SLE) to przewlekta,
wieloczynnikowa choroba zapalna tkanki tacznej, w ktorej najczesciej zajeta jest skora, stawy
oraz nerki, ale proces chorobowy moze dotyczy¢ kazdego narzadu organizmu, w tym narzadu
wzroku (1). Predyspozycja genetyczna wraz z czynnikami $rodowiskowymi oraz
hormonalnymi sg uwazane za gldwne czynniki etiologiczne, lecz doktadna etiopatogeneza jest
nieznana (2).

Objawy oczne w przebiegu SLE wystepuja u okoto 1/3 chorych i moga poprzedzaé zajecie
innych narzadéw (3). Retinopatia, czyli zajecie siatkéwki, jest druga co do czestosci
manifestacja okulistyczng w SLE, po suchym zapaleniu rogéwki i spojowki, oraz najczgstszym
powiktaniem okulistycznym obnizajacym ostro$¢ widzenia (4). W zalezno$ci od aktywnosci
choroby podstawowej retinopatia dotyka od 7 do 26% pacjentéw ze SLE, a jej wystapienie jest
negatywnym czynnikiem prognostycznym dotyczacym przezycia w porownaniu do pacjentdw
bez retinopatii (5). Retinopatia czg¢sciej wystepuje u pacjentdw z cigzka postacig SLE lub jest
wynikiem nieadekwatnej kontroli choroby podstawowej. Ponadto retinopatia jest czesciej
wykrywana u pacjentdow z niewydolnoscia nerek i/lub zajgeciem osrodkowego uktadu
nerwowego (OUN) (6).

Retinopatia w przebiegu tocznia rumieniowatego ukladowego moze mie¢ rézny obraz
kliniczny. Moze przybiera¢ form¢ mikroangiopatii, niedroznosci naczyn, zapalenia naczyn,
pseudoretinopatii Purtschera czy retinopatii nadci$nieniowej zwigzanej z toczniowym
zapaleniem nerek (7-13). Klasyczna retinopatia pod postacia mikroangiopatii jest
spowodowana odktadaniem si¢ komplekséw immunologicznych w $rédbtonku naczyn,
aktywacja dopetniacza i zwigkszong fagocytoza prowadzac do stanu zapalnego i zapalenia
naczyn (2,14,15). Jest najczestszg postacia retinopatii w przebiegu SLE, cechuje si¢ fagodnym
przebiegiem 1 w przypadku braku zmian w obrgbie plamki zoltej, dobra ostro$cig wzroku. W
badaniu dna oka charakteryzuje si¢ ogniskami waty, matymi wylewami $rodsiatkbwkowymi,
mikrotetniakami, ogniskowym obrzekiem siatkowki (7). Zmiany naczyniowo-okluzyjne moga
dotyczy¢ naczyn siatkowki o roznej $rednicy 1 wystepuja czeséciej u pacjentdOw z zespotem
antyfosfolipidowym (16). Zaburzenia w krazeniu spowodowane przez zakrzepic¢ zylng lub
zatory tetnicze w odpowiedzi na niedotlenienie siatkdbwki moga prowadzi¢ do
neowaskularyzacji. W konsekwencji moga powodowaé odwarstwienie siatkowki, krwotok w
komorze ciala szklistego, a takze jaskre neowaskularng. Niedrozno$¢ tetnicy srodkowej

siatkowki 1 niedroznos¢ zyty srodkowej siatkdwki obserwuje si¢ u mniej niz 1% pacjentéw, ale



wigza si¢ ze znaczng utratag wzroku (15). U okolo 40% pacjentow z rozpoznanym SLE
wystepuja dodatnie przeciwciata antykardiolipinowe. Jednakze u pacjentow z rozpoznang
retinopatig odsetek ten sigga nawet 86% co sugeruje, ze komponenta okluzyjna odgrywa
znaczaca rol¢ w etiopatogenezie zaj¢cia naczyn siatkowki. Bardziej okluzyjny charakter tej
retinopatii, w poréwnaniu z retinopatig cukrzycowa i retinopatig nadci$nieniowa, zazwyczaj
prowadzi do glebszego niedokrwienia siatkowki (6,15,17,18).

W toczniu rumieniowatym uktadowym, zajecie naczyn tylnego odcinka oka odzwierciedla
zaje¢cie naczyn krwionosnych innych narzadéw, a zmiany mikronaczyniowe sg zwigzane ze
wzrostem ilo$ci powiktan ogolnoustrojowych (6,19,20). Chociaz kryteria diagnostyczne SLE
nie uwzgledniaja zmian w obrgbie narzadu wzroku, wystapienie retinopatii $wiadczy o
aktywnosci tocznia rumieniowatego uktadowego. Retinopatia moze pozosta¢ bezobjawowa lub
nieznacznie objawowa przez wiele lat, a jej wykrycie w najwcze$niejszym stadium jest
kluczowe do szybkiego wdrozenia leczenia, a takze unikniecia zmian ogoélnoustrojowych.

Optyczna koherentna tomografia (OCT) siatkéwki jest stosowana do diagnozowania i
monitorowania retinopatii w przebiegu SLE oraz jako badanie przesiewowe toksycznos$ci
hydroksychlorochiny. Jest to nieinwazyjne urzadzenie, ktore wykorzystuje koherentng wiazke
$wiatla podczerwonego do skanowania in vivo tylnego bieguna oka. Skany OCT sg szybkie i
tatwe do wykonania oraz powtarzalne. OCT jest szeroko stosowane w okulistyce m.in. w
diagnostyce i obserwacji jaskry, zwyrodnienia plamki zéltej, a takze przydatne w niektorych
chorobach neurodegeneracyjnych, np. stwardnieniu rozsianym. Diagnostyka retinopatii w
przebiegu tocznia rumieniowatego uktadowego, ktory jest choroba o podtozu naczyniowym,
opiera si¢ na badaniu dna oka oraz angiografii. Ponad 50 lat ztotym standardem w ocenie
krazenia siatkéwki byla angiografia fluoresceinowa. Angiografia OCT — OCTA, Angio-OCT,
to potaczenie urzadzenia OCT oraz angiografii, ktérej wprowadzenie uwazane jest za kamien
milowy w okulistyce (21). Angio-OCT to najnowsza metoda obrazowania mikrokrazenia
siatkowki 1 naczyniowki, ktéra wykorzystuje odbicie $wiatta laserowego od powierzchni
czerwonych krwinek, eliminujac potrzebe stosowania dozylnie kontrastu (22). Jest
bezpieczniejsza, szybsza i1 tatwiejsza do wykonania niz angiografia fluoresceinowa. Angio-
OCT jest catkowicie nieinwazyjna oraz ulatwia ocene siatkéwki mierzac iloSciowo nasilenie
zmniejszonej perfuzji w naczyniach. Ponadto Angio-OCT umozliwia ocen¢ splotu
powierzchownego i splotu glgbokiego siatkowki wewngetrznej, a takze siatkdwki zewngtrznej i
choriokapilar. Najnowsze badania pokazuja, ze Angio-OCT pozwala wykry¢ zmiany w
siatkowcee 1 jej mikrokrazeniu w wielu chorobach ogdlnoustrojowych jak SLE, stwardnienie

rozsiane czy choroba Behgeta (7,23-25).
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5. CEL PRACY

5.1. Cel gtéwny pracy

Celem glownym badania byta ocena przydatno$ci Angiografii OCT, przy uzyciu

parametrow: gestosci naczyn (vessel density — VD) oraz strefy awaskularnej dotka (foveal

avascular zone — FAZ), do diagnostyki zaburzen unaczynienia siatkowki u pacjentow z

toczniem rumieniowatym uktadowym bez objawow retinopatii w badaniu dna oka oraz bez

obnizenia ostro$ci wzroku.

5.2. Cele szczegotowe pracy

5.2.1.

5.2.2.

5.2.3.

5.2.4.

5.2.5.

5.2.6.

Podsumowanie dostepnej wiedzy oraz identyfikacja luk w dotychczas
opublikowanych pracach naukowych na temat zastosowania Angio-OCT u
asymptomatycznych okulistycznie pacjentow z toczniem rumieniowatym
uktadowym.

Okreslenie gestosci mikrokrazenia siatkdwki w Angio-OCT z podziatem na
strefy u pacjentow bez objawow retinopatii.

Ocena zwigzku migdzy unaczynieniem siatkowki a aktywnoscig SLE (za
pomoca skali SLEDAI), wskaznikiem uszkodzenia (za pomoca skali
SLICC/ACR DI), zajeciem nerek oraz OUN, skumulowang dawka
hydroksychlorochiny (HCQ) i chlorochiny (CQ).

Okreslenie grubosci poszczegdlnych warstw siatkowki w OCT u pacjentow
bez objawodw retinopatii.

Ocena zwigzku migdzy grubo$cig warstw siatkowki a aktywno$cig SLE (za
pomoca skali SLEDAI), wskaznikiem uszkodzenia (za pomoca skali
SLICC/ACR DI), zajeciem nerek oraz OUN, skumulowang dawka
hydroksychlorochiny (HCQ) i chlorochiny (CQ).

Ocena przydatnosci OCT bez funkcji angiografii u pacjentéw ze SLE bez
objawoOw retinopatii w badaniu dna oka w lampie szczelinowej oraz bez

obnizenia ostro$ci wzroku.
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6. MATERIAL I METODY

Badania oryginalne poprzedzono systematycznym przegladem literatury w celu
uporzadkowania dostepnej w temacie wiedzy. Zidentyfikowane luki i ograniczenia w
dostepnych badaniach byty kluczowe do okreslenia metodologii badan oryginalnych. Przeglad
systematyczny, bedacym pierwsza praca z cyklu publikacji, przygotowano na podstawie bazy
PubMed oraz zgodnie z wytycznymi PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses). Do pracy wlaczono artykuty, wymienione w powyzszej bazie do
15 marca 2021 roku. Bibliografia analizowanych artykulow zostata réwniez uznana za Zrédto
informacji. Nastepujace stowa kluczowe byty uzywane w r6znych kombinacjach: subkliniczne
zmiany siatkowki lub subkliniczne uszkodzenie siatkowki lub subkliniczna choroba siatkowki
lub subkliniczne zajecie siatkdwki 1 SLE lub toczen rumieniowaty uktadowy i/lub angiografia
OCT lub OCTA. Autorzy przeanalizowali wszystkie artykuty w jezyku angielskim znalezione
przy uzyciu wspomnianych stéw kluczowych. Odnaleziono czternascie badan, ale tylko siedem
spelniato warunki pelnego wilaczenia do badania. Kryteria wiaczenia obejmowaty: rozpoznanie
SLE, brak retinopatii, metodologia badania z uzyciem angiografii OCT. Artykuty, ktérych
przedmiotem byli pacjenci takze z innymi chorobami ogoélnoustrojowymi, nie tylko ze SLE,
zostaty wytaczone z przegladu.

Badanie oryginalne podzielono na dwa etapy. W pierwszym etapie dokonano oceny
parametrow dostgpnych w OCT z opcja angiografii, a w drugim w OCT bez funkcji angiografii
w celu ustalenia przewagi opcji angiografii nad powszechnie dostepnym i stosowanym OCT.
Do badan oryginalnych zostalo wiaczonych 64 pacjentow (113 oczu), w tym 33 pacjentow (57
oczu) z rozpoznanym toczniem rumieniowatym ukladowym bedacych pod opieka Katedry i
Kliniki Reumatologii i Choréb Wewnetrznych Uniwersyteckiego Szpitala Klinicznego we
Wroctawiu oraz 31 zdrowych osobnikow (56 oczu). Ze wzgledu na stabg jako$¢ skandw z grupy
badanej wykluczono 3 pacjentow (4 oczy).

W pracach oryginalnych wykorzystano nast¢pujace metody badawcze:

petne badanie okulistyczne,
OCT,
Angio-OCT,

skale SLEDAI-2K (The Systemic Lupus Erythematosus Disease Activity Index 2000),

1

2

3

4. wyniki badan laboratoryjnych i diagnostycznych,

5

6 skale SLICC/ACR DI (The Systemic Lupus International Collaborating

Clinics/American, Indeks College of Rheumatology Damage).
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Do badan wykorzystano urzadzenie DRI OCT Triton Plus (Topcon Corp., Tokio, Japonia,
2015). Wbudowane oprogramowanie 1 algorytm urzadzenia wykorzystano do
zautomatyzowanej segmentacji warstw siatkowki oraz pomiaru ich grubo$ci oraz gestosci
naczyn w splocie powierzchownym i glebokim. Aby wyznaczy¢ parametry FAZ ze splotu
powierzchownego (wskaznik powierzchni, obwodu i kolistosci), obrazy Angio-OCT zostaly
wyeksportowane jako obraz o rozdzielczo$ci 320 x 320 pikseli, recznie obrysowane i obliczone
przy uzyciu programu Adobe Photoshop w wersji 23.0.1 (Adobe, Inc., San Jose, Kalifornia,
USA, 2021) przez tego samego, zamaskowanego, doswiadczonego okulistg.

Analizg statystyczng przeprowadzono przy uzyciu programu STATISTICA 13.3 (StatSoft,
Inc., Tulsa, OK, Stany Zjednoczone, 2017). We wszystkich analizach za istotne statystycznie
uznano wyniki, w ktorych poziom istotnosci p<0.05. Do oceny normalnosci rozktadu badanych
cech ilo$ciowych zastosowano test Kolmogorowa-Smirnowa. Analize¢ statystyczng badajaca
réznice pomiedzy poszczegdlnymi zmierzonymi parametrami w grupach przeprowadzono z
zastosowaniem testu U-Manna-Whitney’a. Korelacje pomigdzy zmierzonymi parametrami
oraz danymi klinicznymi o charakterze ilo§ciowym przeprowadzono z zastosowaniem testu

korelacji rang Spearmana.
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1. Introduction

Systemic lupus erythematosus (SLE) is a chronic, systemic, autoimmune inflammatory
connective tissue disease associated with the involvement of the majority of human organs,
including eye vasculature [1]. The incidence of SLE varies between 1.0 per 100,000 in
Denmark and 8.7 per 100,000 in Brazil [2]. Three main mechanisms responsible for SLE
development are: impaired amount and presentation of nuclear antigens, production
of antinuclear antibodies by T-cell-dependent B-cell stimulation, organ damage by anti-
dsDNA antibodies or immune complexes [3]. Retinopathy in SLE is the second most
common ophthalmic manifestation after keratoconjunctivitis sicca and the most common
ocular complication affecting visual acuity [4]. The incidence of retinopathy in SLE ranges
from 7% to 26%, depending on the disease control and activity [5]. Lupus retinopathy and
its degree is a well-known risk factor of poor disease prognosis [6]. It is directly related
to the activity of the disease and is more frequently detected in patients with renal failure
and/or central nervous system involvement [1,7,8]. Its presence is a poor prognostic factor
for both visual acuity and survival rate compared to patients without retinopathy. On the
other hand, affection of the posterior segment of the eye in the course of SLE may precede
systemic symptoms and therefore its detection may help in early diagnosis and prompt
initiation of treatment [9].

J. Clin. Med. 2021, 10, 2887. https:/ /doi.org/10.3390/jcm10132887
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Vascular changes in the course of SLE, referred to as lupus vasculopathy, may have
a diverse character and their type is difficult to define unequivocally without detailed
immunohistopathological tests. Appel et al. and D’Agati proposed a classification of
vascular lesions in the course of SLE including: non-complicated vascular deposits of
immune complexes, noninflammatory necrotic vasculopathy, trombotic microangiopathy,
and true lupus vasculitis [10,11]. However, this detailed immunohistological division of
the type of vascular involvement in the posterior segment of the eyeball is difficult to apply;
hence, in daily practice the descriptions of vascular changes in the fundus and clinical
presentations include: microangiopathy, vascular-occlusive changes, and true vasculitis.

Microangiopathy is caused by deposition of immune complexes in endothelium
leading to complement activation, and enhanced phagocytosis, causing inflammatory
mediators to release [7]. The early stage of the disease is characterized by presence of
cotton wool spots with or without small intraretinal hemorrhages; sometimes focal retinal
edema, vascular sheathing and narrowing, micro aneurysms, and capillary dilatation can
be also detected. Vascular-occlusive changes can affect retinal vessels of various sizes: from
involvement of central retinal vein or artery to extensive microembolisation in small vessels
referred to as Purtscher-like retinopathy. Depending on the degree of retinal ischemia
caused by these changes, neovascular lesions in the posterior and anterior segments, hemor-
rhage into the vitreous chamber, traction retinal detachment or neovascular glaucoma may
be the consequence. An additional factor influencing the pathology of the retinal vessels in
the course of SLE is also hypertension-related changes related to renal involvement by SLE.

In the case of severe vascular-occlusive lesions, the patient suffers from a significant
decrease in visual acuity. Typical vasculitis, characterized by inflammation of retinal vessels
is rarely seen. A more common symptom is the presence of vascular sheathing both in
arterioles and venules. Fluorescein angiography typically shows leakage of dye at the site
of affected vessels. Additionally, the presence of inflammatory cells in the vitreous body
can be detected. Lupus vasculopathy is generally found significantly more often in patients
with antiphospholipid syndrome [12].

Investigating the ocular microvasculature status is not only useful in well-known
ophthalmic diseases like glaucoma, diabetic retinopathy, or age-related macular degenera-
tion [13,14]. Recent studies have shown promising results in retinal vessel visualization
in systemic diseases like SLE, multiple sclerosis, or Behcet disease [15-17]. For more than
50 years, the gold standard in the assessment of retinal circulation has been fluorescein
angiography (FA), which is an invasive procedure involving the introduction of a dye, fluo-
rescein, into the systemic circulation. FA is contraindicated in people with renal failure or
known allergy to the fluoresceine or green indocyanine dye thus carrying a risk of adverse
events including but not limited to anaphylaxis. The introduction of optical coherence
tomography angiography of the retina (OCTA, OCT-A, Angio-OCT) in 2006 is considered
a milestone in ophthalmic diagnostics [18]. OCTA is the newest, dyeless, non-invasive, and
non-contact technique used for imaging the microcirculation of the retina and choroid with
a resolution at the level of histopathological examination. It can detect subclinical vascular
alterations in the retina and its microvasculature undetectable during fundus examination
in a slit lamp [19]. Three-dimensional scans obtained by OCTA are automatically divided
into OCT angiogram segments. Full-thickness retina is visualized from the internal limiting
membrane (ILM) through the inner and outer retina, reaching the choroid and may be
precisely analyzed. The vasculature projection of the retinal nerve fiber layer (RNFL) and
ganglion cell layer (GCL) are considered as superficial retinal capillary plexus (SRCP) of
the inner retina and the vascular plexuses from the border of the inner plexiform layer
(IPL), inner nuclear layer (INL) to outer plexiform layer (OPL) are considered as the deep
retinal capillary plexus (DRCP) of the inner retina [14].

This review analyzes research studies investigating early pathological changes in
retinal vascularization and their relationship to the SLE. Knowing the proven relationship
between lupus retinopathy and systemic changes and disease activity, it is crucial to find
the possibility of early diagnosis of retinal changes at the subclinical level in order to

15



J. Clin. Med. 2021, 10, 2887

30f11

provide faster medical intervention and protect the patient from irreversible changes in the
eye and other organs caused by inadequate or delayed treatment of SLE.

2. Materials and Methods

A literature search was performed to identify relevant articles, regarding subclinical
retinal changes in systemic lupus erythematosus, listed in PubMed database up to the 15
March 2021. The authors did not use other databases. The reference lists of the analyzed
articles were also considered a source of the literature information. The authors did not
attempt to search for unpublished articles. The following keywords were used in various
combinations: subclinical retinal changes or subclinical retinal impairment or subclinical
retinal disease or subclinical retinal involvement and SLE or systemic lupus erythematosus
and/or OCT angiography or OCTA. The authors analyzed all English articles found using
the aforementioned keywords.

Fourteen studies were found, but only seven studies met the full study inclusion
criteria: lack of symptomatic retinopathy in patients diagnosed with systemic lupus ery-
thematosus with data obtained by OCT angiography. Studies in which patients were
diagnosed with lupus retinopathy were not considered. Articles that also included patients
with other systemic diseases, not only SLE, were excluded from the review. Studies in
which patients were tested with OCT rather than OCTA were excluded from the review.
No article published before 2018 was found. Review authors did not contact other study
authors to expand on unpublished information or to obtain additional data. None of
the studies included in the review were continued. Because of the scarce published data
regarding this topic, all original studies considering subclinical retinal involvement in
SLE patients detected by OCTA found by the authors were included in this work. All the
publications were thoroughly reviewed to create a detailed overview of this issue.

3. Results

The first preliminary report regarding this topic was published by Conigliaro et al.
in 2018 [20]. According to the study results, the eyes of SLE patients had a lower mean
superficial and whole en face density, superficial parafoveal density, and superficial foveal
density compared to the control group. Systemic Lupus Erythematosus Disease Activity
Index (SLEDAI) and Systemic Lupus International Collaborating Clinics (SLICC) were
negatively correlated with superficial en face density, superficial parafoveal density, and
deep whole en face density. Additionally, patients with kidney involvement displayed
reduced parafoveal vessel density and parafoveal thickness compared with SLE patients
without it, but this finding was not supported by the results presented by Isik et al., who
have shown no difference between patients with SLE and kidney involvement and patients
with SLE without kidney involvement in OCTA parameters [21]. Conigliaro et al. have
shown a possible protective role of hydroxychloroquine (HCQ), an antimalarial drug, on
retinal microvasculature despite its proven ocular toxicity. They found positive correlation
between cumulative dose of hydroxychloroquine and vessel density (VD). The Mihailovic
et al. study has shown a similar association, but only in patients with a low-risk profile for
HCQ-induced toxic retinopathy [22]. They distinguished two study groups, using HCQ for
>5 years (high-risk group) and <5 years (low-risk group), and only in patients using HCQ
for less than 5 years does it seem to have a protective effect on the VD. This correlation was
not confirmed in the high-risk group. Conigliaro et al. did not divide the groups in terms of
HCQ treatment duration. Table 1 summarizes conclusions obtained by the aforementioned
authors about the effects of HCQ on VD.
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Table 1. Impact of the HCQ dose on vessel density.

HCQ, 1 (%) in HCQ Cumulative Authors
Authors Study Group HCQ Subgroups Dose (g) Result Conclusion
Positive correlation  Possible protective
Conigliaro et al. 16 out of 26 (61.5%) No 738.8 - 486.8 between frhe HCQ effect of'HCQ on
[20] cumulative dose retinal
and VD microvasculature
Choroidal thinning OCTA could detect
No; and vascular .
Forteetal. [23]  10outof 10 (100%) 1 patentstreated —gq7 5g ) 55557 abnommalitiesin if:an gaerslimrtt}}l:;n
orteetal 1o outo ° with HCQ for ’ ’ the three retinal etina earter t
: common screening
more than 5 years capillary plexuses
tests
and CC
Positi lati Possible protective
. Total-819 £ 773 o 1< COMEAUON  effect of HCQ on
Low-risk group-10 . between the .
Mihailovic et al ut of 19 Low-risk umulative d f retinal
ovicetal 19 out of 19 (100%) oo group-265 + 218 ¢ © 0S¢ OL microvasculature,
[22] High-risk group-9 L HCQ and the VD . .
out of 19 High-risk in the low-risk but only in patients
group-1317 4+ 754 treated with HCQ
group <5
years
HCQ-hydroxychloroquine, HCQ, 1 (%)-number of patients taking HCQ.

Bao et al. showed similar results to Conigliaro et al. regarding the density of superficial
retina vessels [24]. Superficial retinal capillary plexus density was markedly decreased
in the patients with SLE without any signs of lupus retinopathy. This pathology was not
present in deep retinal capillary plexus. They found a decrease in the retinal microvascular
density in both SRCP and DRCP only in patients with clinically diagnosed retinopathy.
Similar results were presented by Isik et al., Mihailovic et al. and Pichi et al. [21,22,25].
Patients with SLE compared to the control group had a lower vascular density of the
superficial capillary plexus. In the Arfeen et al. study, SLE patients had a decrease in VD
in the deep capillary plexus in all sectors, but in superficial capillary plexus only in the
upper and lower macular regions [26]. Table 2 compares the characteristics and results
of the recent paper about VD impairment in patients with SLE. Table 3 includes patients
characteristics.

Table 2. Comparison of impact of SLE on vessel density (VD) obtained by OCTA.
SLE and
Year of Control Nephropathy vs.
Authors Publication Study Group Group SLE vs. Control Group SLE wio
Nephropathy
Lower superficial whole en face Reduced
Conigliaro et al. 26 patients, 20 patients, denS{ty, superficial -p.arafoveal parafovgal vessel
2018 density and superficial foveal density and
[20]. 52 eyes 40 eyes densi
ensity parafoveal
Unknown FAZ parameters thickness
Reduction of the vessel density in
10 patient 18 patient the 1 mm central, nasal and
Forte et al. [23] 2019 2}éa Ents, 3};3 Eents, temporal subfields of DCP and in Not compared
eyes eyes the 1 mm central subfield of CC
Increased FAZ
Significant decrease in the
Bao et al. [24] 2019 32 patients, 50 patients, superficial retinal ‘caplllary plexus Not compared
58 eyes 50 eyes density

Unknown FAZ parameters
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Table 2. Cont.

SLE and
Year of Control Nephropathy vs.
Authors Publication Study Group Group SLE vs. Control Group SLE w/o
Nephropathy
35 patients 35 patients Lower inner, outer, and full vessel
Isik et al. [21] 2020 32 ’ 32 ’ density and perfusion density No difference
eyes eyes No difference in FAZ
. . Decrease in the vascular density
Pichi et al. [25] 2020 153gatlents, 153gahents, of the superficial capillary plexus Not compared
eyes eyes Enlargement of the FAZ
Significantly reduced VD in the
Mihailovic et al. 2020 19 patients, 19 patients, en face superficial capillary Not compared
[22] 19 eyes 19 eyes plexus
Larger FAZ area
Significant lower VD in
Arfeen et al. [26]. 2020 20 patients, 20 patients, superficial and deep capillary Not compared
20 eyes 20 eyes layers

No difference in FAZ area

SLE—Systemic lupus erythematosus, FAZ—Foveal avascular zone, DCP—Deep capillary plexus, CC—choriocapillary, VD—vessel density.

Table 3. Patient’s characteristics.

SLE Duration

Authors Age (Years) BCVA (LogMAR) (Years) SLEDAI SLICC/ACR SDI
Cor“g;;)r]o etal 49.6 £13.6 00401 151477 43+ 44 19415
Forte et al. [23] 38.87 £ 8.6 0.01 £0.03 10.25 + 3.28 (6-16) Not calculated Not calculated

Bao et al. [24] 349 +11.8 —0.01 £ 0.04 3.8+ 3.0 77 £8.1 Not calculated
Isik et al. [21] 426 £9.2 0.02 £ 0.04 106 +4.4 Not calculated Not calculated
0in 6 patients
1-8 in 8 patient !
Pichi et al. [25] 423 +134 120/25 113+ 6.8 >8 in one patient Not calculated
(no clearly stated
data in paper)
Mihailovic et al.
[22] 40.1 +11.5 Not evaluated Not evaluated Not calculated Not calculated
No-8 patients .
Mild-2 patients 0; 60 pattiler?cts
Arfeen et al. [26] 29.20 +7.90 20.85 + 0.08 Unknown Moderate-10 patients

3-2 patients

patients 6-2 patients

Severe—0 patients

1 Authors evaluated only mean BCVA. 2 BCVA—Snellen decimal. Continuous variables were shown using mean and SD. BCVA-best
corrected visual acuity. SLEDAI-Systemic Lupus Erythematosus Disease Activity Index. SLICC/ACR SDI-Systemic Lupus International
Collaborating Clinics/ American College of Rheumatology Damage Index.

In terms of the foveal avascular zone (FAZ), Forte et al., Pichi et al. and Mihailovic et al.
had indicated that patients with SLE, with no ophthalmic symptoms, have enlargement of
the FAZ while only the papers by Isik et al. and Arfeen et al. showed no difference in FAZ
between study and control groups [21-23,25,26].

4. Discussion

This review analyzes seven papers considering the detection of early subclinical
retinopathy by OCTA. Articles published within the last 3 years have proved that retinal
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involvement is an important manifestation of systemic lupus erythematosus, even in the
absence of ophthalmic symptoms and signs [20-26]. Seven out of seven papers showed a
decrease in superficial capillary plexus in ocular asymptomatic patients diagnosed with
SLE.

4.1. Retinal Testing in Subclinical Disease

OCTA is a new tool used to quantify tissue damage and published results confirm it
is a promising method in detection of subclinical retinal involvement. Even though it is
not the only diagnostic method, it seems quite sensitive compared to other methods. Some
authors have also shown the possibility of detection of preclinical retinal involvement
using OCT and automated perimetry, commonly used to detect antimalarial drug (HCQ)
toxicity [15]. Conigliaro et al. have displayed lower visual field index values in totally
asymptomatic SLE patients compared to healthy individuals. Mean defect obtained by
standard automated perimetry was even higher and visual field index lower in SLE patients
with nephropathy compared to patients without kidney involvement. The study confirms
other authors’ theses concerning the correlation between disease activity with nephropathy
and retinal involvement [20]. Corticosteroids seem to have a protective role as, according
to the authors, patients without a history of steroid use more often had disturbances in
fundus perimetry [15]. The aforementioned studies have speculated on the protective
role of both widely used drugs for SLE corticosteroids on functional retinal impairment
and hydroxychloroquine on retinal microvasculature [15,20,22]. However, in the Forte
et al. paper, no abnormalities were present in mfERG, OCT, automated visual field (AVF),
and fundus autofluorescence (FAF) in patients with SLE treated with HCQ for more than
5 years [23]. They showed impairment only by means of OCTA in the three retinal capillary
plexuses and CC. It seems that OCTA is a more precise method in subclinical change
detection.

Researches confirm the relationship between changes in the retina captured by OCT
and OCTA and the activity of the underlying disease, including the involvement of other
systems, like the nervous system [15,27]. A study from 2015 suggested that there may be an
association between the activity of neuropsychiatric SLE and OCT findings and that it may
be a marker of early cognitive impairment in SLE. Unfortunately, there are no measures to
quantify neuropsychiatric manifestations of SLE and to confirm SLE associated etiology of
the aforementioned manifestations.

4.2. FAZ Area

Five out of seven reviewed publications have investigated the effect of SLE on the
FAZ area. In the majority of studies (three out of five) authors have shown an enlargement
of FAZ; in the two remaining ones, there was no difference compared to the control group.
According to Pichi et al., subclinical SLE can cause hypoperfusion in the retinal vessels,
tissue hypoxia, and retinal cell death. The simultaneous enlargement of the FAZ and the
decrease in SCP density may be considered a precursor to the small vessel occlusion and
blood flow deceleration [25].

4.3. Importance of Kidney Involvement

Conigliaro et al. demonstrated reduced VD in SLE patients with renal involvement
compared to SLE patients without nephropathy [20]. Jallouli et al. showed significantly
higher blood HCQ concentration in patients with renal insufficiency. These findings were
also presented by Lee et al. [28,29]. However, Isik et al. did not confirm the Conigliaro et al.
relationship in their study. According to Isik et al., this discrepancy in published results
might be caused by differences in patients characteristics among studies: SLE duration,
mean age, or HCQ cumulative dose [21].
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4.4. HCQ Dose Influence

Three out of seven papers included in the review examined the relationship between
the cumulative dose of HCQ and VD [20,22,23]. Two of seven have shown a possible
protective effect of HCQ on retinal microvasculature. In the Conigliaro et al. and Forte et al.
studies, it is not possible to clearly determine whether the changes in retinal vasculature
are caused by underlying disease or the use of antimalarial drugs, because authors did not
distinguish subgroups based on HCQ treatment duration. That is why, in our opinion, the
Mihailovic et al. paper is of greater relevance and not biased by the HCQ therapy.

4.5. SLE Activity Index Influence

SLICC and SLEDAI were inversely correlated with superficial capillary plexus which
is why Conigliaro et al. results showed not only the association between retinal vessels
remodeling and the disease itself, but with its activity and other organs involvement.
Arfeen et al. have supported Conigliaro et al. finding only in SLICC score. SLICC/SDI
score was negatively correlated with vessel density in the superficial upper nasal sector,
superficial central temporal sector, and the deep central middle sector, but the authors did
not find a correlation between SLEDAI-2K and VD. Pichi et al. did not show a correlation
between the SLEDAI score and OCTA parameters because of the small sample size. Bao
et al. had calculated SLEDAI, but did not correlate it with VD. Isik et al., Mihailovic et al.,
and Forte et al. did not calculate SLEDAI score at all.

4.6. Stages of Subclinical Disease

Early changes in the retinal vessels, impossible to detect in a slit lamp examination,
through disturbances in the inner layer of the retina, may promote the progression to full-
blown lupus retinopathy. Deposition of immune complexes in the vessels” endothelium
might cause microvasculature impairment and thus insufficient oxygen supply to the inner
retina layer leading to structural and functional abnormalities [24]. Bao et al. speculate that
DRCP impairment may be the second step of lupus retinopathy after SRCP impairment,
which makes a decrease in SRCP VD a very early marker of disease. According to results
from Pichi et al., hypoperfusion of the SCP may cause tissue hypoxia of retina. They did
not show decreased VD in DRCP.

On the contrary, in the Forte et al. study, reduction of the vessel density was observed
only in subfields of DCP when compared with control group; they did not show a reduction
in SCP. Similar results were published by Arfeen et al. Some SCP quadrants did not show
the difference in VD compared to the control group while the VD decrease was observed in
whole DCP. It is speculated to be caused by its anatomical position at the termination of
retinal capillaries, but exact etiology is still not confirmed [26].

4.7. Effect of Age on Vessel Density

Age-related changes in vascular density should be considered while analyzing the
impact of the long-lasting disease on VD. Only three out of seven studies in the review
considered age-related changes in retinal vascularity. Conigliaro et al. displayed a negative
correlation in patients with SLE between age and superficial whole en face density, superfi-
cial foveal density, superficial parafoveal density, deep whole en face density, and deep
parafoveal density. Isik et al. and Arfeen et al. did not support these findings. They did
not find a correlation between OCTA parameters and age of the patients. The results of the
Jo et al. study have displayed that all global and sectoral circumpapillary VDs decreased
significantly with increasing age, except for those in the temporal superior sector [30]. It
could alter research results, as decreased VD is frequently observed in chronic, long-lasting
diseases, such as systemic lupus erythematosus.

Goker et al. published a very similar paper to those included in the review [31]. The
review authors decided not to include the Goker et al. research article because it concerned
not only patients with systemic lupus erythematosus, but the overall group of patients with
connective tissue diseases treated with HCQ. However, the results of their study are similar
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to the results of the above-mentioned studies included in the review. They revealed lower
vessel densities of the fovea in both, the superficial capillary plexus and deep capillary
plexus in patients taking HCQ. Patients in the study were on HCQ therapy for more than
5 years.

4.8. OCTA Types

Currently there are two main types of OCTA commonly used in clinical practice—
swept source OCTA (SS-OCTA) and spectral domain OCTA (SD-OCTA). The first one uses
a swept laser with 1050 nm wavelength and a single photodiode detector; the second one
uses a superluminescent diode with 850 nm wavelength and spectrometer as the detector.
The main advantages of SS-OCTA compared to SD-OCTA are faster scanning speed and,
because of longer wavelength and higher power used, deeper penetration thus better
visualization of structures below the retinal pigment epithelium though it reduces its axial
resolution. The disadvantage of SS-OCTA is unfortunately the higher cost, which is why
SD-OCTA devices are more widespread [32].

The parameters of upper and lower boundary of the generated slabs are preset by the
software of OCTA device. Individual variations or alterations caused by retinal pathology
may cause segmentation errors. To prevent that, each manufacturer of OCTA devices has
its own technology and software to adjust for these changes or segmentation lines that may
be adjusted manually by the operator.

One of the weaknesses of this relatively new diagnostic method is the fact that the
quantitative parameters accompanying OCTA images may not be comparable when gener-
ated by different devices and parameters such as vessel density may even differ depending
on the scan size (i.e., lower vessel density when comparing 6 mm x 6 mm scan with 3 mm
x 3 mm scan); that is why all check-up exams should be carried out on the same device,
using the same protocol [33].

Table 4 contains a summary of OCTA devices used in the reviewed articles.

Table 4. Summary of OCTA devices used in reviewed studies.

Used in the

Name of OCTA Methodology Study by Scan Speed Wavelength Optical Source Axial Resolution
Bao et al. [24],
Optovue RTVue XR Pichi et al. [25],
Avanti (Optovue, Spectral domain Conigliaro et al. . Superluminescent  Digital: 3 um, in
Inc., Fremont, CA, (SD) [20], Mihailovic 70,000 A-scans/s 840 nm diode tissue 5 pm
USA) etal. [22], Arfeen
etal. [26]
Zeiss Cirrus 5000
system Spectral domain Superluminescent  Digital: 1.95 um,
AngioPlexTM (Carl Isik et al. [21] 68,000 A-scans/s 840 nm - Lo .
5 . (SD) diode in tissue 5 pm
Zeiss Meditec,
Dublin, CA, USA)
DRI OCT Triton Digital: 2.6 um. in
plus (Topcon, Swept Source (SS) Forte et al. [23] 100,000 A-scans/s 1050 nm Swept laser gitat £ ko,

Tokyo, Japan)

tissue 8 um

Unfortunately, OCTA is not being widely used and recommended only in the specific
clinical indications. We hope that in the future OCTA will be recommended in routine
evaluation of patients with systemic diseases. Adding OCTA to the standard diagnostic
process can lower the treatment cost of advanced SLE, enable earlier detection of organ
changes, and protect the patient from serious complications.

The biggest limitation of the studies included in the review is a small number of
patients enrolled and cross-sectional design. None of the studies performed a follow-up
to detect the moment of retinopathy become symptomatic. The long-term nature of SLE
disease and the prolonged use of the medications that can cause retinopathy may affect the
results of the studies. In our opinion, further work should be designed to eliminate the
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influence of HCQ on the results. The other limitations are: not calculating the cumulative
dose of HCQ in four out of seven reviewed papers, not taking into account duration of
HCQ therapy and age impact on VD, lack of disease activity indices, and a small field for
the retinal microvasculature analysis.

The review itself is not free from limitations either. The authors did not obtain any
additional data from the authors of the analyzed studies.

5. Conclusions

Retinal involvement in systemic lupus erythematosus may remain asymptomatic or
mildly symptomatic for up to many years. Should its early detection prove beneficial in
terms of further rheumatological treatment of SLE (i.e., controlling the disease activity with
lower drug doses), it might be reasonable to introduce OCTA as a standard diagnostic tool
in ophthalmic examination for all SLE patients. Studies on retinal microvasculature changes
in asymptomatic SLE patients obtained by OCTA show a possible link between early stages
of lupus retinopathy and decrease in retinal vessel density. It is reasonable to add OCTA to
the standard diagnostic process of SLE patients, thanks to which it will be possible to detect
systemic changes early and prevent further visual deterioration by stopping progression
of lupus retinopathy. Results obtained by OCTA could be a good marker of SLE activity
and prognosis. OCTA in a safe manner can give clinicians new perspective on a process of
vessels remodeling and answer the question of how SLE might impact the eye in structural
point of view. Longitudinal studies with patients divided into subgroups in terms of SLE
and HCQ duration seem to better reflect the specific characteristics of the long-lasting
disease and drug use and are necessary to measure the disease progression. SLE cohort
seems to be a good study group to check new diagnostic possibilities in term of group
homogeneity. Further research should answer the question of whether and when treatment
should be started in patients with subclinical changes in the retina.
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Abstract: Lupus retinopathy is the second most common eye involvement in systemic lupus erythe-
matosus (SLE), associated with significant visual deterioration and well-known negative prognostic
factor for survival. Ocular manifestation in SLE, relating the retina, ranges from asymptomatic
vascular involvement to vision devastating vascular occlusions. Subclinical microvascular changes
are undetectable in slit lamp examination, hence are underdiagnosed. Optical coherence tomography
angiography (OCTA) is a novel, easy to interpret and non-invasive technique that allows retinal
vessels visualization. OCTA simplifies clinical approach and measures the severity of decreased
perfusion. The aim of the study was to demonstrate the retinal vascularization in a subclinical stage
of ocular involvement in a cohort of SLE patients. Thirty-three patients (57 eyes) diagnosed with SLE
were enrolled into the study group and 31 healthy individuals (56 eyes) into the control group. Vessel
density reduction in parafovea, inferior and nasal quadrants of superficial retinal capillary plexus in
a cohort of SLE patients was found. Among study group kidney involvement was associated with
further microvasculature reduction. Knowing that retinal involvement may precede other organs
impairment, early detection of retinal impairment and use of OCTA as a screening modality, may
decrease overall disease morbidity.

Keywords: angiography (OCTA); systemic lupus erythematosus; retinal capillaries; subclinical retinal
changes; vessel density

1. Introduction

Systemic lupus erythematosus (SLE) is a heterogeneous connective tissue disease pri-
marily affecting young women. Clinical presentation of this autoimmune disease may vary
from mild cutaneous involvement to severe cardiovascular life-threatening complications.

Lupus retinopathy is the second most common eye involvement in SLE, associated
with significant visual deterioration and well-known negative prognostic factor for survival.
Retinopathy may be secondary to insufficient disease control. It may have different clinical
manifestations such as microangiopathy, vascular-occlusive changes or true vasculitis [1].
Immune complex-mediated microangiopathy is the most common manifestation, affecting
from 3 to 29% patients, with typically mild course and good visual outcome, unless
the macula is involved. It is caused by inflammatory reaction secondary to adhesion of
immune complexes deposits to the basement membrane of endothelium [2—4]. In fundus it
is characterized by cotton wool spots, small intraretinal hemorrhages, microaneurysms,
hard exudates or retinal edema, as well as papilledema [1-3,5]. Retinal vascular occlusions
are located mainly in arteries, or in veins. Lack of perfusion in retinal capillaries that
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results in ischemia, may lead to neovascularization, hemorrhage in the vitreous chamber,
retinal detachment, or neovascular glaucoma. Severe vaso-occlusive disease, such as
central retinal artery occlusion and central retinal vein occlusion, is observed in less than
1% of patients but is related to significant visual loss [2]. It is associated with fibrinoid
degeneration or necrosis and is more prevalent in patients with antiphospholipid syndrome
and antiphospholipid antibodies [6]. True retinal vasculitis, inflammation of venules or
arterioles, is uncommon with acute presentation [1,7].

Lupus choroidopathy is less common than retinopathy, but it is also an indicator of
high disease activity [8]. Its manifestations include serous retinal detachment, detachment
of retinal pigment epithelium or retinal pigment epitheliopathy [5,8]. Drusen-like-deposits
are more frequent in SLE patients [9,10]. They were present regardless of kidney involve-
ment, but patients without nephritis have smaller and less numerous drusen [10].

Optical coherence tomography angiography (OCTA) is safer, faster, and easier to
perform than fluorescein angiography and is used for the same medical indications [11].
It is a novel, non-invasive technique that allows retinal vessels visualization, in form of a
high-resolution angiographic maps. OCTA simplifies clinical approach and measures the
severity of decreased perfusion. Forte et al. confirmed OCTA strength in the detection of
early microangiopathy in the absence of changes in visual acuity [12].

Retinal manifestation in SLE ranges from asymptomatic vascular involvement to vision
devastating vascular occlusions. Subclinical microvascular changes are undetectable in slit
lamp, hence are underdiagnosed. Several authors have showed an impaired retinal vessel
density (VD) and reduced foveal avascular zone (FAZ), measured by OCTA, in patients
affected by SLE with no ocular symptoms and with no history of ocular disease [12-18]. In
these papers, there were shown conflicting results regarding the effect of SLE on FAZ area,
effect of nephritis on VD and correlation between the disease activity indices and OCTA
parameters [1]. Considering promising papers, our aim was to confirm abovementioned
results and correlate them with extended rheumatological data. Our hypothesis was that
OCTA would show altered microcirculation in ophthalmologically asymptomatic SLE
patients and that level of impairment is correlated with disease activity.

Primary objective was to describe the retinal vascularization, by means of VD and FAZ,
in a subclinical stage of ocular involvement and secondary objective was to investigate asso-
ciation between the morphology of the retina, SLE activity and damage index, kidney and
CNS involvement, hydroxychloroquine (HCQ) and chloroquine (CQ) cumulative doses.

2. Materials and Methods

The study was approved by the Bioethics Committee of the Wroclaw Medical Uni-
versity (Poland) and before the examination all participants provided written informed
consent.

Thirty-three patients (57 eyes) diagnosed with SLE, according to the American College
of Rheumatology classification criteria, were enrolled into the study group and 31 healthy
individuals (56 eyes) into the control group. Because of the poor quality of the scans,
3 patients (4 eyes) were excluded from the study group. Exclusion criteria included: age
over 75 and below 18 years, any signs or history of SLE retinopathy, other eye diseases,
drug-induced retinal damage, refractive error greater than -5 diopters, history of trauma
or history of eye surgery within last 6 months. Patients from study group were asymp-
tomatic, with no evidence of ocular involvement on fundus examination and in OCT. The
study lasted from July 2019 to October 2021. Each patient enrolled into the study, was
provided with a full ophthalmological examination, including best corrected visual acuity
(BCVA), air puff intraocular pressure measurement (IOP), examination of the anterior and
posterior segment of the eye in a slit lamp after pharmacological pupil dilatation with
1% Tropicamide, and OCTA examination. The results of laboratory and diagnostic tests,
as well as questionnaires regarding SLE, were analyzed by experienced rheumatologist
to quantify disease damage. The Systemic Lupus Erythematosus Disease Activity Index
2000 (SLEDAI-2K) and The Systemic Lupus International Collaborating Clinics/ American
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College of Rheumatology Damage index (SLICC/ACR DI) were used to assess the disease
severity and activity.

Regarding the numerical values of some parameters—concentration of: anti dsDNA
[IU/mL] < 10 were considered as 0, >800 as 801, ACL IgM, IgG [U/mL] and anti-$2 GPI
IgM, IgG [RU/mL] < 2 were considered as negative, >2 as positive, C4 [g/L] < 0.08 were
considered as negative, >0.08 as positive.

All the patients underwent detailed retinal analysis with an automatically centered
on the fovea, 6 x 6 mm OCTA scan and a radial OCT B-scan, using Swept-Source Optical
Coherence Tomography Angio DRI OCT Triton Plus (Topcon Corp., Tokyo, Japan, 2015).
OCTA evaluation included VD measurement in superficial retinal capillary plexus (SRCP)
and deep retinal capillary plexus (DRCP) in five regions, similar to the Early Treatment
Diabetic Retinopathy Study (ETDRS) subfields: fovea, superior, inferior, nasal, temporal
and then manually averaged by authors into parafoveal and whole en face vessel density.
The built-in software and algorithm were used for automated layer segmentation and vessel
density measurement. SRCP was defined from 2.6 pm below internal limiting membrane
(ILM) to 15.6 um below the inner plexiform (IPL) and inner nuclear layers (INL) (IPL/INL)
and DRCP 15.6 um to 70.2 um below IPL/INL.

To determine FAZ parameters from the SRCP: area, perimeter and circularity index,
the OCTA images were exported as 320 x 320 pixels image and manually outlined and
calculated using Adobe Photoshop version 23.0.1 (Adobe, Inc., San Jose, CA, USA, 2021) by
the same, masked, experienced ophthalmologist. Circularity index was defined by 4 x
area/perimeter?. Value equal to 1.0 indicates a perfect circle, while values below 1.0 less
circular shape of FAZ.

Data from both eyes of each patient was averaged prior to statistical analysis. Authors
decided to use averaged data, because of systemic character of the SLE that should evenly
affect both eyes. The averaged values, in authors opinion, demonstrates the patient’s
condition more clearly. They also lower the impact of an atypical patient course—significant
asymmetrical eye involvement—on the final results.

Statistical analysis was performed using a STATISTICA 13.3 (StatSoft, Inc., Tulsa,
OK, USA, 2017). The results with p < 0.05 were considered statistically significant. The
Kolmogorov-Smirnow test was used to assess the normality of the distribution of the
investigated quantitative features. Statistical analysis examining the differences between
the individual measured parameters in the groups was performed using the U-Mann-
Whitney test. The correlation between the measured parameters and quantitative clinical
data was performed using the Spearman’s rank correlation test. ANOVA (analysis of
variance) test was used for more than two groups comparison. We have performed multiple
regression analysis between statistically significant differences between control and study
group with a check for autocorrelation using Durbin-Watson test and have added this
value to the footnote of each table (Supplementary Tables S1-S5). We have done power
analysis for our main comparison (OCTA parameters between SLE patients and control
group)—Supplementary Table S6, and for multiple regression analysis—Supplementary
Table S7.

3. Results

All the collected data regarding patients’ characteristics, SLE activity and treatment
are summarized in Tables 1 and 2.
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Table 1. Basic characteristics.

Study Grou Control Grou

1 = 30) ’ (1 =31) ’ p Value
Age (years) 46.07 + 14.09 44.55 + 14.11 0.69
Gender (male/female) 5/25 4/27 0.69
Visual acuity (logMAR) 0.01 4 0.02 0.0 0.02
IOP (mmHg) 1598 £ 2.4 16.04 £ 2.05 0.82
Disease duration (months) 101.8 + 89.98 N/A N/A
SLEDAI-2K 52 +4.39 N/A N/A
SLICC/ACR DI 1.3+1.2 N/A N/A
HCQ cumulative dose (g) 391.23 + 425.52 N/A N/A
Anti dsDNA [IU/mL] 316.07 + 263.16 N/A N/A
ACL IgM (positive) 12 N/A N/A
ACL IgG (positive) 29 N/A N/A
anti-B2 GPIIgG [RU/mL] 28 N/A N/A
anti-B2 GPIIgM [RU/mL] 19 N/A N/A
LAC [s] 46.75 £31.2 N/A N/A
C3[g/L] 0.94 +£0.31 N/A N/A
C4 (positive) 5 N/A N/A
ERS [mm/h] 19.97 £ 24.6 N/A N/A

IOP—intraocular pressure, SLEDAI-2K—Systemic Lupus Erythematosus Disease Activity Index 2000,
SLICC/ACR DI—The Systemic Lupus International Collaborating Clinics/ American College of Rheumatology
Damage index, HCQ—hydroxychloroquine, Anti dsDNA—Anti-double stranded DNA antibodies, ACL—Anti-
cardiolipin antibodies, anti-32 GPI—Anti-B2-glycoprotein I antibodies, C3, C4—complement system, LAC—
lupus anticoagulant, ERS—erythrocyte sedimentation rate, N/A—not applicable. Normal ranges: Anti dsDNA:
0-100 IU/mL—negative, >100 IU/mL—positive; ACL IgM: 0-20 U/mL, ACL IgG: 0-20 U/mL, anti-B2 GPI IgG:
0-20 U/mL, anti-B2 GPI IgM: 0-20 U/mL; LAC: 30.5-40.6 s, C3: 0.75-2.0 g/L, C4: 0.1-0.3 g/L, ERS: 1-15 mm/h.

Table 2. Rheumatological treatment.

Positive Negative
HCQ < 5 years/HCQ > 5 years 17/13 N/A

Kidney involvement 6 24
CNS involvement 3 27
HCQ 30 0
Chloroquine 12 18
Prednisolone 3 27
Azathioprine 11 19
Cyclophosphamide 4 26
Methotrexate 13 17
Leflunomide 1 29
Rituximab 1 29

HCQ—hydroxychloroquine, CNS—central nervous system, N/A—not applicable.

There was no significant difference in age, gender, IOP, vessel density in DRCP and
FAZ perimeter between SLE patients and healthy controls. There was no difference among
analyzed parameters between men (n—5) and women (1—25) in study group, as well as,
in whole cohort of patients (n—52, n—9).

Visual acuity was significantly lower (p = 0.019) in SLE patients than in the con-
trol group. The eyes from SLE patients had lower superficial parafoveal vessel density
(p = 0.018) as well as in inferior (p = 0.038) and nasal (p = 0.018) quadrants compared to the
control group. FAZ area and FAZ circularity index (p = 0.035, p = 0.008) were reduced in
patients suffering from SLE. Comparison of OCTA parameters between study and control
group is shown in Table 3.
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Table 3. Comparison of OCTA parameters.

Study Grou Control Grou;

30 s p Value
VD SRCP %—fovea 22.16 £+ 3.63 20.14 + 3.76 0.08
VD SRCP—superior 48.68 + 2.69 49.52 +2.01 0.56
VD SRCP—inferior 48.82 +2.36 50.08 +£2.44 0.04
VD SRCP—nasal 45.82 +1.83 46.99 + 1.57 0.02
VD SRCP—temporal 46.7 + 2.65 4745+ 25 0.19
VD SRCP—parafovea 47.51 + 143 4851+ 1.5 0.02
VD SRCP—whole en face 4469+ 14 45.36 +1.32 0.13
VD DRCP %—fovea 20.88 + 4.03 18.94 + 3.89 0.16
VD DRCP—superior 52.27 £2.95 5298 £2.42 0.52
VD DRCP—inferior 52.48 +2.43 53.59 + 2.5 0.12
VD DRCP—nasal 50.08 + 2.18 50.52 4+ 1.99 0.37
VD DRCP—temporal 49.73 +2.86 50.31 £+ 2.81 0.34
VD DRCP—parafovea 51.14 £ 1.7 51.85 +1.73 0.1
VD DRCP—whole en face 47.78 £ 1.59 482 £1.52 0.39
FAZ—area 0.16 £ 0.07 0.2 +0.08 0.03
FAZ—perimeter 1.53 +0.36 1.67 +0.36 0.11
FAZ—circularity index 0.79 £+ 0.09 0.94 £+ 0.63 0.01

VD—vessel density, SRCP—superficial retinal capillary plexus, DRCP—deep retinal capillary plexus, FAZ—foveal
avascular zone.

Statistically significant positive correlation between HCQ cumulative dose and vessel
density in SRCP (R = 0.422, p = 0.020) and DRCP (R = 0.382, p = 0.037) in superior quadrants
was demonstrated. VD in superior quadrant of SRCP was also increased in SLE patients
treated with HCQ for more than 5 years compared to patients with HCQ therapy for less
than 5 years. (p = 0.022). Comparison of OCTA parameters among SLE patients based on
HCQ treatment duration is shown in Table 4.

Table 4. Comparison of OCTA parameters among SLE patients based on HCQ treatment duration.

>5 Years (n =13) <5 Years (n =17) p Value
VD SRCP %—fovea 21.8 +3.43 2243 + 3.86 0.56
VD SRCP—superior 49.74 + 1.62 47.88 + 3.09 0.02
VD SRCP—inferior 47.85 +2.12 49.57 +2.32 0.07
VD SRCP—nasal 46.1 +2.14 45.61 £ 1.6 0.65
VD SRCP—temporal 46.49 + 1.58 46.86 + 3.28 0.43
VD SRCP—parafovea 4754 +1.23 4748 + 1.61 0.9
VD SRCP—whole en face 44.68 +1.32 4469 + 1.5 0.97
VD DRCP %—fovea 20.63 + 3.47 21.06 + 4.51 0.93
VD DRCP—superior 533 +1.73 51.49 + 347 0.07
VD DRCP—inferior 51.61 £ 247 53.15 £ 2.26 0.12
VD DRCP—nasal 50.52 + 2.34 49.75 +2.05 0.45
VD DRCP—temporal 49.62 +1.76 49.81 +3.53 0.48
VD DRCP—parafovea 51.26 +1.32 51.05 + 1.98 0.97
VD DRCP—whole en face 47.86 +1.35 4772 +1.8 0.9
FAZ—area 0.15 £ 0.08 0.16 £ 0.06 0.65
FAZ—perimeter 1.5+043 1.55+0.31 0.5
FAZ—circularity index 0.79 £ 0.07 0.78 £0.11 0.77

VD—vessel density, SRCP—superficial retinal capillary plexus, DRCP—deep retinal capillary plexus, FAZ—foveal
avascular zone.

Twelve patients with SLE were taking chloroquine. There was lower VD in temporal
quadrant of DRCP compared to patients without chloroquine therapy, but no difference
between chloroquine cumulative dose and OCTA parameters, including VD. Eleven pa-
tients from study group were using azathioprine. There was no difference in analyzed
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parameters compared to SLE patients that were not using azathioprine. Thirteen patients
from study group were using methotrexate. Our study revealed lower VD in superficial
capillary plexus in inferior quadrant in SLE patients treated with methotrexate (p = 0.03).
Comparisons of OCTA parameters among SLE patient using methotrexate, azathioprine
and chloroquine are summarized in Tables 5-7.

Table 5. Comparison of OCTA parameters among SLE patient using Methotrexate.

Positive (n = 13) Negative (1 = 17) p Value
VD SRCP %—fovea 21.33+3 22.79 + 4.03 0.34
VD SRCP—superior 49.29 +1.71 48.22 +3.22 0.43
VD SRCP—inferior 47.66 +2.24 49.71+21 0.03
VD SRCP—nasal 45.99 + 1.96 45.69 +1.78 0.9
VD SRCP—temporal 46.06 + 1.48 4719 £3.24 0.07
VD SRCP—parafovea 47.25 +1.29 47.7 £ 154 0.32
VD SRCP—whole en face 44.37 +1.18 4493 +1.54 0.21
VD DRCP %—fovea 19.98 + 3.53 21.56 + 4.36 0.34
VD DRCP—superior 52.74 +1.77 51.92 +3.62 0.93
VD DRCP—inferior 51.5 £ 251 53.23 £2.16 0.05
VD DRCP—nasal 49.81 + 1.68 50.29 +2.52 0.43
VD DRCP—temporal 49.38 + 1.68 49.99 +3.54 0.19
VD DRCP—parafovea 50.86 + 1.32 51.36 + 1.96 0.3
VD DRCP—whole en face 4743 +1.21 48.05 +1.82 0.18
FAZ—area 0.17 +0.07 0.15 4+ 0.07 0.28
FAZ—perimeter 1.63 +0.34 1.46 +0.37 0.22
FAZ—circularity index 0.8 +0.07 0.78 £ 0.11 0.62

VD—uvessel density, SRCP—superficial retinal capillary plexus, DRCP—deep retinal capillary plexus, FAZ—foveal

avascular zone.

Table 6. Comparison of OCTA parameters among SLE patient using Azathioprine.

Positive (n =11) Negative (7 =19) p Value

VD SRCP %—fovea 2344 +424 2142 +£3.11 0.16
VD SRCP—superior 48.02+ 3.6 49.07 +2.01 0.23
VD SRCP—inferior 49.79 +2.39 4826 +2.22 0.14
VD SRCP—nasal 4522 +1.75 46.17 +1.83 0.26

VD SRCP—temporal 46.52 + 391 46.8 £ 1.65 1
VD SRCP—parafovea 47.39 £ 1.72 4757 £1.28 0.86
VD SRCP—whole en face 4473 +1.74 4467 +£1.21 0.73
VD DRCP %—fovea 22.34 +4.95 20.03 4+ 3.25 0.23
VD DRCP—superior 51.38 + 4.06 52.79 +2.03 0.25
VD DRCP—inferior 53.11 +£1.93 52.12 4 2.66 0.41
VD DRCP—nasal 49 +£2.13 50.71 +1.99 0.05
VD DRCP—temporal 49.02 + 4.07 50.14 4+ 1.87 0.55
VD DRCP—parafovea 50.63 £ 2.01 51.44 +1.48 0.21
VD DRCP—whole en face 47.48 +1.96 47.95 + 1.37 0.37
FAZ—area 0.12 £+ 0.07 0.18 £ 0.06 0.07
FAZ—perimeter 1.33 £0.39 1.65 £ 0.29 0.05
FAZ—circularity index 0.76 £ 0.14 0.8 £0.05 0.73

VD—vessel density, SRCP—superficial retinal capillary plexus, DRCP—deep retinal capillary plexus, FAZ—foveal

avascular zone.

Lupus nephropathy was observed in 6 patients in our study group. Patients with SLE
and nephritis had lower whole en face superficial vessel density (p = 0.004), superficial
parafoveal density (p = 0.007) and superficial density in nasal (p = 0.02) and temporal
(p = 0.02) quadrants compared with patients with SLE without kidney involvement. Com-
parison of OCTA parameters among SLE patient with kidney involvement is presented in

Table 8.

30



J. Clin. Med. 2022, 11,7417

7 of 12

Table 7. Comparison of OCTA parameters among SLE patient using Chloroquine.

Positive (n = 12) Negative (17 = 18) p Value
VD SRCP %—fovea 21.14 £ 3.19 22.83 +3.84 0.28
VD SRCP—superior 48.81 + 3.6 48.6 +1.99 0.47
VD SRCP—inferior 48.63 +3.16 48.95 +1.73 0.75
VD SRCP—nasal 457 £2.22 459 £1.59 0.48
VD SRCP—temporal 45.6 £ 3.09 47.44 +2.08 0.09
VD SRCP—parafovea 47.18 +1.88 47.72 +1.03 0.39
VD SRCP—whole en face 4429+ 1.8 4496 + 1.04 0.46
VD DRCP %—fovea 20.02 £+ 3.75 21.45 +4.22 0.43
VD DRCP—superior 5211 +4 52.38 +2.12 0.85
VD DRCP—inferior 51.99 + 3.06 52.81 £1.94 0.41
VD DRCP—nasal 49.68 + 2.08 50.35 +2.26 0.45
VD DRCP—temporal 48.35 + 3.44 50.64 4+ 2.02 0.03
VD DRCP—parafovea 50.54 + 2.14 51.55 + 1.25 0.18
VD DRCP—whole en face 47.14 +2.03 482 +1.09 0.17
FAZ—area 0.17 £+ 0.06 0.15 £ 0.07 0.69
FAZ—perimeter 1.58 +0.29 1.5+04 0.78
FAZ—circularity index 0.81 £ 0.06 0.77 £0.11 0.11

VD—vessel density, SRCP—superficial retinal capillary plexus, DRCP—deep retinal capillary plexus, FAZ—foveal
avascular zone.

Table 8. Comparison of OCTA parameters among SLE patient with kidney involvement.

Positive (n = 6) Negative (n = 24) p Value
VD SRCP %—fovea 19.99 +2.76 22.7 +£3.67 0.13
VD SRCP—superior 46.83 £3.76 49.15+£2.22 0.05
VD SRCP—inferior 49.26 +3.21 4871 £2.18 0.82
VD SRCP—nasal 44.26 £+ 1.61 4621 £1.7 0.02
VD SRCP—temporal 44.23 +3.46 47.32 £2.05 0.02
VD SRCP—parafovea 46.14 £1.19 47.85 +£1.29 0.01
VD SRCP—whole en face 43.24 £1.29 45.05 +£1.19 <0.01
VD DRCP %—fovea 18.49 £ 2.02 21.47 +£4.22 0.11
VD DRCP—superior 50.74 + 4.73 52.66 +2.32 0.36
VD DRCP—inferior 52.96 +2.52 52.36 £2.45 0.98
VD DRCP—nasal 49.5 +2.96 50.23 +£1.99 0.45
VD DRCP—temporal 47.56 + 4.49 50.27 £2.1 0.14
VD DRCP—parafovea 50.19 +2.26 5138 £1.5 0.22
VD DRCP—whole en face 46.67 £2.15 48.06 + 1.34 0.13
FAZ—area 0.19 £+ 0.03 0.15 £ 0.07 0.14
FAZ—perimeter 1724+ 0.17 1.48 +0.38 0.07
FAZ—circularity index 0.81 & 0.03 0.78 £ 0.1 0.82

VD—uvessel density, SRCP—superficial retinal capillary plexus, DRCP—deep retinal capillary plexus, FAZ—foveal
avascular zone.

Among study group a parafoveal VD in DRCP decreased with age.

No correlations were revealed between examined OCTA parameters and C4, LAC,
AnuA, anty-82 GPI IgM and IgG, Anti dsDNA and ACL IgG concentrations and ESR.
Association between increase in ACL IgM concentration on decrease of VD in DRCP in
fovea and increase in C3 on decrease VD in DRCP in superior quadrant was observed—but
these results may be incidental because of small study group.

The effect of neuropsychiatric SLE, rituximab, leflunomide, cyclophosphamide and
prednisolone usage on the retinal changes was also analyzed. Due to the insufficient size of
these groups (neuropsychiatric SLE—3, rituximab—T1, leflunomide—T1, cyclophosphamide—
4, prednisolone—3), the results are unreliable.

No correlation was found between the SLICC/ACR and the SLEDAI-2K scores and
the retinal vessel density in superficial and deep retinal capillary plexus and FAZ.
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We have performed multiple regression analysis between statistically significant dif-
ferences between control and study group (VD SRCP inferior, VD SRCP nasal, VD SRCP
parafovea, FAZ area and FAZ circularity index) with the following variables: age, gender,
visual acuity, disease duration, disease severity, renal involvement, HCQ total dose, chloro-
quine use, azathioprine use, methotrexate use. The analysis showed that in the case of
VD SRCP parafovea, only kidney involvement is a statistically significant predictor and
almost reach statistical significance for VD SRCP nasal (p = 0.052773). For the FAZ area,
such a predictor is the use of azathioprine. The FAZ circularity index does not have such a
predictor among the listed data (Supplementary Tables S1-S5).

Values in Tables 1-8 are presented as mean =+ standard deviation.

4. Discussion

The microvascular changes in SLE play an extremely important role in disease morbid-
ity and mortality. The involvement of posterior segment of the eye may mirror other organs
vascular involvement [19-21]. Well known clinical tools that can assess the morphological
changes in patients’ microvasculature are capillaroscopy, laser Doppler flowmetry and
laser speckle contrast imaging [21]. The eye, through the pupil, allows for a view of small
vessels and capillaries of the retina and choroid.

Our study revealed lower VD in parafovea, inferior and nasal quadrants of SRCP
and reduction of FAZ area and FAZ circularity index in SLE patients. Our results con-
cerning FAZ are at odds to Forte et al., Pichi et al., Mihailovic et al. and An et al.
findings [12,14,15,22]. Some authors link enlargement of the FAZ with hypoperfusion in
the retinal vessels, tissue hypoxia, and retinal cell death in patient with subclinical SLE [15].
However, large individual variations of the FAZ size and shape in healthy subject have
been found [23]. Also, the measurement of the FAZ area may be challenging as the area is
very irregular with many entering capillaries.

Bao et al. found out significant decrease in vascular density in the SRCP among
patients diagnosed with lupus but without signs of lupus retinopathy and decrease in
VD in both SRCP and DRCP in patients with lupus retinopathy [17]. According to Bao
et al. subclinical retinal microvasculature impairment precedes proper lupus retinopathy
development, making it the early marker of lupus retinopathy. The process may be caused
by immune-complex deposition in vessels endothelium leading to retinal nerve fiber
layer (RNFL) and ganglion cell layer (GCL) atrophy [15,17,24]. Authors speculate that
SRCP and then DRCP impairment led to insufficient oxygen and nutrient supply to inner
retina causing changes in the retina structure contributing to the development of lupus
retinopathy. On the other hand, Arfeen et al. results showed the decrease VD in the DRCP
in all sectors, while some of the quadrants in the SRCP showed no significant difference [16].
An et al. achieved similar results [22]. Authors suggest that DRCP is the most vulnerable
to early impairment, because of its anatomical position and the role of inner retina blood
supply, compared to other vessel networks. DRCP impairment can be consider as an
early disease activity and damage biomarker. DRCP tends to gradual obstruction follows
by hemodynamic dysfunction [16,25]. As a consequence, it may lead to photoreceptors
integrity loss, but future studies are necessary to confirm the thesis [26].

Visual acuity was also statistically significant lower in SLE patients, which may be
secondary to the degree of capillary loss, but this correlation is uncertain, and data is
limited [27-29]. Some authors associate decreased visual acuity with the perfusion status of
DRCP [28,30]. All enrolled patients were clinically asymptomatic—they did not report any
impairment in visual acuity. Decreased BCVA (logMAR) in ophthalmological examination,
was found only in five eyes—four eyes 0.1, one eye 0.2 in study group. This clinically
insignificant difference happened to be statistically significant.

In contrast to Conigliaro et al. and Arfeen et al. results., our study has revealed no
correlation between the SLICC/ACR and the SLEDAI-2K scores and the retinal microvas-
cular alterations [13,16]. Our results were compatible with Pichi et al. [15]. However, the
association between retinal vessels remodeling with the involvement of other organs was
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shown. Patients with SLE and nephritis had lower whole en face superficial vessel density,
superficial parafoveal density and superficial density in nasal and temporal quadrants
compared with patients with SLE without kidney involvement. In Conigliaro et al. study
patients with kidney involvement had also reduced superficial parafoveal vessel density
compared with SLE patients without nephritis [13].

SLE patients are especially vulnerable group for retinal ischemia development. Both,
SLE itself and SLE drug therapy (hydroxychloroquine, chloroquine, glucocorticosteroids,
methotrexate, cyclosporine-A), can irreversibly damage the retina and be responsible for
severe visual deterioration, as well as may overlap and confuse the study findings [31-33].
HCQ is widely used in SLE treatment with good efficacy, disease control, patient’s tolerance
but few side effects. Toxic drug-related retinopathy is one of the most dangerous side effects
associated with HCQ cumulative dosage [34]. After 5 years of HCQ therapy, the risk of toxic
retinopathy increases dramatically, while up to 5 years of treatment is less than 1% [35].
In the current study VD in superior quadrant of SRCP was increased in SLE patients
treated with HCQ for more than 5 years compared to patients with HCQ therapy for less
than 5 years. Our study revealed also positive correlation between HCQ cumulative dose
and vessel density in SRCP and DRCP. These positive correlations might be indicative of
protective function of HCQ on ocular microvasculature, even if it relates to longer SLE
duration. Our study revealed lower VD in SRCP in inferior quadrant in SLE patients
treated with methotrexate compared to SLE patients with no history of methotrexate
therapy. Methotrexate may be responsible for ischemic retinal complications but futured
studies are necessary to evaluate the correlation with VD [18].

Current paper found a negative correlation, among study group, between age and
parafoveal VD in DRCP. Those findings are in alignment with Conigliaro et al. results where
the correlation between age and superficial whole en face density, superficial foveal density,
superficial parafoveal density and deep whole en face density was also showed [13]. VD
tends to decline during process of aging [36,37]. Because vessel density correlates with age
and may alternate the results obtained in studies detecting retinal microvascular changes
in long-lasting systemic disease, this impact should be considered in futures studies.

Altered microcirculation in retina has been found in many autoimmune diseases, such
as Crohn'’s disease, ulcerative colitis, and rheumatoid arthritis [38]. Debourdeau et al. have
shown reduced VD in SRCP and radial peripapillary capillaries and larger FAZ in patients
with severe Crohn’s disease [38]. These patients had increased FAZ area and reduced VD
in radial peripapillary capillaries compared to patients with moderate Crohn’s disease.
The study suggests that VD evaluated by OCTA, might be a useful biomarker of disease
severity. Our study also showed reduced VD in SRCP in SLE group, but the measurements
of FAZ area were opposite to Debourdeau et al. Despite no correlation of VD with disease
severity index in our study, kidney involvement among SLE group was associated with
further microvasculature reduction.

In Arnould et al. study, VD in SRCP was associated with the cardiovascular (CV)
risk profile [39]. This suggests that retina impairment, measured by OCTA, may reflect
increased CV risk thus may predict cardiac events. We have not collected data about past
CV events nor coexisting CV risk factors e.g., smoking, dyslipidemia, obesity, hypertension,
or diabetes. Further studies should collect data about patients CV and rheumatological
status for more accurate results.

The strengths of the study were: the size of the rheumatological data, the patients
division in terms of duration of HCQ therapy, the calculation of cumulative dose of HCQ
and disease activity indices. The major limitations were small sample size and cross-
sectional study design and lack of cardiovascular risk profile of patients.

5. Conclusions

In conclusion, we demonstrated vessel density reduction in a cohort of SLE patients
compared to healthy individuals. Among study group kidney involvement was associated
with further microvasculature reduction. FAZ area and FAZ circularity index were reduced
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in patients suffering from SLE, however, in our opinion, they are not as informative as the
VD and may vary among individuals.

Performing the eye angiography with OCTA procedure is considered a milestone in
ophthalmology. In authors opinion, growing interest, availability, familiarity with OCTA,
as well as awareness of the device advantages will be the reason of more common OCTA
usage in interdisciplinary conditions, especially autoimmune diseases. Vessel density
assessment obtained by OCTA should be considered at the time of SLE diagnosis and
included in disease activity index. Knowing that retinal involvement may precede other
organs impairment, the ophthalmological assessment is essential in the overall patient
evaluation. Further studies are necessary to answer the question how to implement these
findings into patient’s care, including management and treatment modification. The
multi-organ changes characterizing SLE emphasize the extremely important role of a
holistic, interdisciplinary approach to both disease diagnosis, as well as its management
and treatment. Early detection of retinal impairment and use OCTA as a screening modality,
may decrease overall disease morbidity. Of great importance are novel diagnostic tools at
the time of diagnosis and follow-up because of long-lasting character of all the autoimmune
diseases.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/jcm11247417 /s1, Table S1: Multiple regression analysis between
VD SRCP nasal and the following variables; Table S2: Multiple regression analysis between VD SRCP
parafovea and the following variables; Table S3: Multiple regression analysis between VD SRCP
inferior and the following variables; Table S4: Multiple regression analysis between FAZ area and the
following variables; Table S5: Multiple regression analysis between FAZ Circularity index and the
following variables; Table S6: Power analysis for comparison of OCTA parameters between SLE and
control group; Table S7: Power analysis for multiple regression analysis.
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Abstract

Introduction: The aim was to detect subclinical structural retinal abnormalities in optical coherence
tomography (OCT) in ophthalmologically asymptomatic systemic lupus erythematosus (SLE) patients
without signs of lupus retinopathy or drug toxicity in fundus examination and in OCT and to assess
the relationship between OCT parameters and disease activity, therapy type and burden on other organs
to demonstrate the utility of OCT in early retinal impairment in SLE patients.

Material and methods: Cross-sectional study. Thirty-three SLE patients (57 eyes) and 31 healthy indi-
viduals (56 eyes) were enrolled in the study. We excluded patients with evidence of lupus retinopathy
or hydroxychloroquine (HCQ) toxicity on OCT or fundus examination to reveal any subclinical changes.
All patients underwent full ophthalmologic examination in the slit lamp including best corrected visual
acuity, tonometry, and OCT. The Kolmogorov-Smirnov distribution test was used to assess the normal
distribution in quantitative values. The differences between the individual measured parameters in
the groups were analyzed using the Mann-Whitney U test. Spearman’s rank correlation test was used
to assess the correlation between the measured parameters and quantitative clinical data.

Results: There was no difference in the OCT findings between SLE and healthy control groups. Among
the study group a negative correlation was found between disease duration and age and retinal nerve
fiber layer thickness in the inferior quadrant (p = 0.0063, p = 0.0036). No correlations were observed
between examined retinal parameters and duration of hydroxychloroquine therapy, hydroxychloroquine
as well as chloroquine cumulative dose and disease activity indices.

Conclusions: Optical coherence tomography is a widespread ophthalmic modality used for SLE reti-
nopathy and HCQ toxicity screening. Our study did not demonstrate its clinical potency in diagnosis
of subclinical retinal involvement. An optical coherence tomography device seems to be less sensitive
in subclinical retinal impairment detection than optical coherence tomography angiography.

Key words: optical coherence tomography, systemic lupus erythematosus, subclinical retinal disease,
occult eye involvement.

Introduction 5 per 100,000 persons in the United States, and about

) ) ) half as many Europeans and Japanese [1].
Systemic lupus erythematosus (SLE) is a chronic, mul-

tiorgan connective tissue disease characterized by vari- ) ; )
able dynamics of progression and broad diversity of or- a5 @ dysregulation of the immune system are mentioned
gan involvement. Annually, SLE affects approximately as the main etiological factors, the exact etiopathogen-

Although the genetics, environmental factors, as well
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esis is still uncertain [2, 3]. About one-third of patients
experience an ocular manifestation in the course of SLE
and it may precede involvement of other organs [4]. Ret-
inopathy, after keratoconjunctivitis sicca, is the second
most common eye involvement in SLE [5].

Bashiri et al. [6] found 15.8% prevalence of retinopa-
thy in patients newly diagnosed with ophthalmologically
asymptomatic SLE. Diagnoses of retinopathy and, less
expected, choroidopathy are proven negative prognostic
factors for morbidity and mortality. Retinal and choroi-
dal vascular disease may be concomitant to neuropsy-
chiatric lupus and lupus nephritis [7].

Ophthalmological management of SLE patients is
a challenge, because of different causes of eye involve-
ment. It may be the reason for the disease itself, drug
induced or due to a secondary disorder. Optical coher-
ence tomography (OCT) is widely used for lupus retinop-
athy and hydroxychloroquine toxicity screening. Figure 1
presents a cross-section of a healthy retina OCT scan di-
vided into layers.

Itis a non-invasive device that uses near-infrared light
to scan in vivo the posterior pole of the eye to provide
high resolution retinal images. Cross-sectional pictures
of the whole retina provide comprehensive data about
the thickness of all individual layers divided into sections.
Optical coherence tomography scans are fast and easy to
perform, repeatable and low-cost. Optical coherence to-
mography is also widely used in glaucoma, macular de-
generation and other eye disorders’ diagnostics and fol-

External limiting membrane

Ellipsoid zone (IS/0OS junction)

Interdigitation zone

Retinal pigment epithelium

low-up, as well as being useful in multiple sclerosis (MS)
and other neurodegenerative diseases [8-10].

Widespread OCT application in SLE patients, which
is routinely used at each ophthalmology visit, induced
the authors to use the device not only to detect ap-
parent retinal damage, but also to find early, subclini-
cal changes that preceded irreversible impairment and
proper lupus retinopathy development.

The aim of the current study was to detect structural
retinal abnormalities in OCT in asymptomatic SLE pa-
tients without signs of lupus retinopathy or drug toxicity
in fundus examination and in OCT. Then, we aimed to
assess the relationship between OCT parameters and
disease activity, therapy type and burden on other or-
gans to demonstrate the utility of OCT in early retinal
impairment in SLE patients.

Material and methods

The study lasted from July 2019 to October 2021.
Thirty-three SLE patients (57 eyes), diagnosed accord-
ing to the American College of Rheumatology/European
Alliance of Associations for Rheumatology classification
criteria, and 31 healthy individuals (56 eyes) were en-
rolled in the study. For the study, data of both eyes were
collected but averaged for statistical analysis.

Due to the systemic character of the disease, we
used averaged data as, in our opinion, they better reflect
the impact of SLE. Poor quality of OCT scans resulted in
exclusion of 3 patients (4 eyes) from the study. We also

Nerve fiber layer
Ganglion cell layer

Inner plexiform layer

Fig. 1. Cross-section of a healthy retina optical coherence tomography scan.
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excluded patients with evidence of lupus retinopathy or
hydroxychloroquine (HCQ) toxicity on OCT or fundus ex-
amination on initial evaluation.

All the examined patients were ophthalmologically
asymptomatic. Patients with glaucoma and other ocu-
lar disorders were excluded from the study as any un-
derlying disease may have an impact on retinal nerve
fiber layer (RNFL) thickness measurement. Patients with
other eye disorders, over 75 or below 18 years old, with
myopia greater than 5 diopters were also excluded from
the study. All patients underwent full ophthalmologic
examination in a slit lamp including best corrected visu-
al acuity, tonometry, and OCT.

Patients’ laboratory and index results were con-
sulted with an experienced rheumatologist to evaluate
the Systemic Lupus Erythematosus Disease Activity In-
dex 2000 (SLEDAI-2K) and the Systemic Lupus Interna-
tional Collaborating Clinics/American College of Rheu-
matology Damage Index (SLICC/ACR D).

Optical coherence tomography imaging

Patients from study and control groups underwent
a radial OCT B-scan by means of Swept-Source Optical
Coherence Tomography Angio (Topcon Corp, Tokyo, Ja-
pan, 2015). All patients enrolled in the study had their
blood collected for laboratory tests and then the OCT
scan was performed within 3 months. Systemic lupus
erythematosus pharmacotherapy was not considered
during enrollment.

Full retinal thickness, RNFL thickness, ganglion cell
layer (GCL) + (GCL with IPL), and GCL++ (RNFL and GCL
and IPL) were evaluated in nine Early Treatment Diabetic
Retinopathy Study (ETDRS) subfields. All the parameters
obtained from scanning were automatically calculated
by the device. Retinal thickness, GCL+ and GCL++ were
grouped into central subfield (CSF) (circular foveal area
with 1 mm diameter), inner ring (average value of four
inner quadrants with 3 mm diameter) and outer ring
(average value of four outer quadrants with 6 mm di-
ameter).

In the course of neurogenerative diseases such as
multiple sclerosis, deterioration of fibers in temporal sec-
tor may be seen. Therefore, in this study, the division into
sectors typical to the optic nerve was maintained. Reti-
nal nerve fiber layer thickness was evaluated as follows:
central, superior, inferior, nasal, temporal quadrants and
average of superior, inferior, nasal, and temporal.

Statistical analysis

The statistical analysis was performed using STATIS-
TICA 13.3 (StatSoft, Inc., Tulsa, OK, USA, 2017). The re-
sults with p < 0.05 were considered statistically signif-

icant. The Kolmogorov=Smirnov distribution test was
used to assess the normal distribution in quantitative
values. The differences between the individual mea-
sured parameters in the groups were analyzed using
the Mann-Whitney U test. Spearman’s rank correla-
tion test was used to assess the correlation between
the measured parameters and quantitative clinical
data.

Bioethical standards

The study was conducted according to the guide-
lines of the Declaration of Helsinki and was approved
by the Bioethical Committee (number 9/2019, date
11/01/2019). Informed consent was obtained from all
patients involved in the study.

Results

All the patients from study group were treated with
HCQ and 12 of them (12/30) were previously treated with
chloroquine that was withdrawn prior to administration
of HCQ. Rheumatological treatment data are summa-
rized in Table I. The clinical characteristics of the groups
are presented in Table II.

There was no significant difference in gender, age,
intraocular pressure, retinal thickness, RNFL, GCL+,
GCL++ in all sectors, between SLE patients and healthy
controls (HC). Comparison of OCT parameters between
study and control groups is summarized in Table IIl.

Significantly lower (p = 0.019) visual acuity was
demonstrated in SLE patients than in the control group.
Among the study group a negative correlation was found
between disease duration and age and RNFL thickness
in the inferior quadrant (p = 0.0063, p = 0.0036). Among
the control group a negative correlation was revealed
between age and retinal thickness (RT) in the whole
outer ring, superior quadrant of RNFL and outer ring
of GCL++ (p = 0.0248, p = 0.0136, p = 0.0079).

Kidney involvement was observed in 6 patients in
a cohort of SLE patient. The retinal nerve fiber layer in
nasal quadrant was increased in patients with SLE and

Table I. Systemic lupus erythematosus treatment sum-
mary

Treatment Positive  Negative
HCQ 30 0
Including: HCQ < 5 years/HCQ > 5 17/30 N/A
years

Chloroquine 12 18
Azathioprine 11 19
Methotrexate 13 17

HCQ - hydroxychloroquine.
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Table II. Clinical characteristic of patients

Variable Study group (n = 30) Control group (n = 31) p-value
Age [years] 46.07 +14.09 44.55 +14.11 0.69
Gender, male/female 5/25 4/27 0.69
Visual acuity [logMAR] 0.01+0.02 0.0 0.02
I0P [mmHg] 1598 +2.4 16.04 +2.05 0.82
Disease duration [months] 101.8 +89.98 N/A N/A
SLEDAI-2K 5.2 +4.39 N/A N/A
SLICC/ACR DI 13+1.2 N/A N/A
HCQ cumulative dose [g] 391.23 +425.52 N/A N/A
Anti-dsDNA [IU/ml] 316.07 +263.16 N/A N/A
ACL IgM (positive) 12 N/A N/A
ACL 1gG (positive) 29 N/A N/A
Anti-B2 GPI 1gG [RU/ml] 28 N/A N/A
Anti-B2 GPI IgM [RU/ml] 19 N/A N/A
LAC [s] 46.75 312 N/A N/A
a3 [g/ 0.94 031 N/A N/A
C4 (positive) 5 N/A N/A
ERS [mm/h] 19.97 +24.6 N/A N/A

ACL - anti-cardiolipin antibodies IgM and IgG, anti-dsDNA — anti-double stranded DNA antibodies, anti-f2-GPI — anti-2-glycoprotein

| antibodies IgM and IgG, ERS — erythrocyte sedimentation rate, HCQ — hydroxychloroquine, IOP — intraocular pressure, SLEDAI-2K —
Systemic Lupus Erythematosus Disease Activity Index 2000, SLICC/ACR DI - Systemic Lupus International Collaborating Clinics/American
College of Rheumatology Damage Index.

Table Ill. Comparison of optical coherence tomography parameters between study and control groups

OCT parameters Study group (n = 30) SD Control group (n = 31) SD p-value
Average retinal thickness 283.26 13.99 28137 13.99 0.65
RT CST 253.58 18.74 250.82 18.74 0.42
RT inner ring 311.06 14.65 309.96 14.65 0.85
RT outer ring 276.18 14.69 272.76 14.69 0.33
RNFL centrum 7.38 2.77 6.73 2.77 0.41
RNFL superior 36.55 6.83 35.69 6.83 0.90
RNFL inferior 40.18 7.97 39.85 7.97 0.90
RNFL temporal 26.47 6.98 24,51 6.98 0.14
RNFL nasal 42.19 7.48 42.94 7.48 0.60
RNFL average 36.35 4.56 35.74 4.56 0.47
GCL++ CST 59.70 9.90 57.82 9.90 0.57
GCL++ inner ring 118.96 8.18 116.83 8.18 033
GCL++ outer ring 110.69 9.09 107.15 9.09 0.06
GCL+ CST 52.43 8.44 50.69 8.44 0.57
GCL+ inner ring 89.99 6.08 88.71 6.08 0.62
GCL+ outer ring 66.63 5.16 64.14 5.16 0.12

CST - central subfield thickness, GCL — ganglion cell layer, OCT — optical coherence tomography, RNFL — retinal nerve fiber layer, RT — reti-
nal thickness, SD — standard deviation.
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Table IV. Comparison of optical coherence tomography parameters — subgroups based on hydroxychloroquine

duration
OCT parameters >5vyears (n = 13) SD <5years(n = 17) SD p-value
Average retinal thickness 282.49 17.15 282.49 11.55 0.93
RT CST 255.73 17.29 255.73 20.14 0.50
RT inner ring 312.88 14.39 312.88 15.13 0.48
RT outer ring 274.57 18.70 274.57 11.20 0.83
RNFL centrum 6.88 3.04 6.88 2.57 0.29
RNFL superior 36.13 7.44 36.13 6.54 0.45
RNFL inferior 38.23 5.49 38.23 9.33 0.44
RNFL temporal 25.27 7.51 25.27 6.62 038
RNFL nasal 41.42 6.68 41.42 8.19 0.79
RNFL average 35.26 4.29 35.26 4.72 0.24
GCL++ CST 59.58 8.85 59.58 10.91 0.98
GCL++ inner ring 118.53 8.11 118.53 8.46 0.66
GCL++ outer ring 108.28 9.76 108.28 837 0.15
GCL+ CST 52.85 7.88 52.85 9.07 0.75
GCL+ inner ring 89.84 5.69 89.84 6.54 0.69
GCL+ outer ring 65.82 6.52 65.82 3.91 0.59

CST - central subfield thickness, GCL — ganglion cell layer, OCT — optical coherence tomography, RNFL — retinal nerve fiber layer, RT — reti-

nal thickness, SD — standard deviation.

nephritis compared with SLE patients without nephritis
(p =0.02).

No correlations were observed between examined
retinal layers parameters and C3, C4, erythrocyte sed-
imentation rate (ESR), lupus anticoagulant (LAC), an-
ti-nucleosome antibody (ANuA), anti-R2-glycoprotein
| antibodies (anti-B2-GPI) IgM and IgG, anti-double
stranded DNA antibodies (anti-dsDNA), anti-cardiolipin
antibodies (ACL) IgM and 1gG, duration of HCQ therapy,
HCQ cumulative dosage, chloroquine cumulative dose,
methotrexate, SLICC/ACR and the SLEDAI-2K scores.
Azathioprine was associated with lower RNFL thickness
in inferior and nasal quadrants. Comparison of OCT pa-
rameters among SLE patients based on HCQ duration
and chloroquine use are presented in Tables IV and V.

Data about the impact of central nervous system
(CNS) involvement, leflunomide (1 patient), cyclophos-
phamide (4 patients), rituximab (1 patient) and pred-
nisolone (3 patients) therapy on retinal microstructure
were also collected. Because of the small sample size
from these subgroups, these results were unreliable.

Discussion

Retinal structures, especially RNFL and GCL, may
be altered in the course of the disease or administered
treatment [9]. Systemic lupus erythematosus is an in-

sidious entity and, even though advanced retinal inju-
ries are visible in OCT scans, they do not cause visible
changes in the retina in a standard ophthalmological
examination in the subclinical stage.

Over time, visual acuity decreases significantly and
alterations in the fundus become apparent, but then
treatment is difficult, and the visual outcomes are often
unsatisfactory. Finding a solid biomarker used for early
SLE diagnosis, disease monitoring and preceding exac-
erbation of the disease has been a purpose of many re-
search studies [11].

Our study revealed no difference between SLE and
HC groups in retinal thickness, RNFL, GCL+, GCL++, and
no correlation between OCT parameters and disease ac-
tivity and therapy type. The results of Fouad et al. [12]
were comparable to ours. In their study, no significant
correlation between disease activity and OCT abnor-
malities were detected. Optical coherence tomography
was able to detect only significant changes that result-
ed from HCQ therapy longer than 5 years. The study
showed that OCT is not able to detect subtle changes in
early retina involvement [12].

In many neurogenerative disorders, such as Parkin-
son disease, Alzheimer disease, multiple sclerosis and
schizophrenia, RNFL thinning is observed [13]. Our study
found a negative correlation between disease duration
and RNFL thickness in the inferior quadrant, but there
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Table V. Comparison of optical coherence tomography parameters — subgroups based on chloroquine use

OCT parameters Positive (n = 12) SD Negative (n = 18) sb p-value
Average retinal thickness 282.43 14.25 283.82 14.21 0.63
RT CST 256.38 21.36 251.72 17.16 0.50
RT inner ring 312.64 14.84 310.01 14.85 0.78
RT outer ring 274.53 14.54 277.28 15.11 0.43
RNFL centrum 8.29 312 6.78 241 0.14
RNFL superior 37.83 742 35.69 6.48 0.39
RNFL inferior 38.52 4.57 41.29 9.57 0.55
RNFL temporal 27.98 9.30 25.46 4.94 1.00
RNFL nasal 42.81 7.08 41.78 7.90 0.75
RNFL average 36.79 3.54 36.06 5.22 0.69
GCL++ CST 61.46 11.30 58.53 9.00 0.36
GCL++ inner ring 121.66 4.99 117.16 9.45 0.16
GCL++ outer ring 110.77 7.84 110.64 10.06 0.80
GCL+ CST 53.00 9.63 52.06 7.82 0.90
GCL+ inner ring 91.64 4.46 88.89 6.86 0.34
GCL+ outer ring 66.79 5.08 66.51 535 0.90

CST - central subfield thickness, GCL — ganglion cell layer, OCT — optical coherence tomography, RNFL — retinal nerve fiber layer, RT — reti-

nal thickness, SD — standard deviation.

was no significant difference in RNFL thickness between
SLE patients and HC.

Conigliaro et al. [14] revealed thinning in the tempo-
ral-inferior quadrant of RNFL in a cohort of SLE patients
with neuropsychiatric involvement. In our study, because
of the small sample size, data about the impact of CNS
involvement on OCT abnormalities were not significant.

Liu et al. [9] detected significant RNFL thinning in
global, temporal superior and nasal quadrants in NPSLE
(neuropsychiatric systemic lupus erythematosus) pa-
tients compared to the control group. This correlation
was not confirmed in NPSLE patients compared to
the non-NPSLE group. It supports the thesis that NPSLE
patients, as well as non-NPSLE, differ from healthy con-
trols and had some early abnormalities in RNFL thick-
ness.

As confirmation, the authors also found a correla-
tion between the cognitive function test and thickness
of the temporal quadrant of the RNFL According to
the aforementioned authors, abnormalities in OCT pa-
rameters, in the form of RNFL thinning, may be indic-
ative of cognitive impairment in SLE and may serve as
an early biomarker. They also suggest that changes in
the CNS in SLE patients are more common, which re-
flects on RNFL thinning in the whole SLE group, not only
in the NPSLE cohort specifically.

Retinal nerve fiber layer thinning may by the rea-
son for RNFL microinfarcts because of immune com-
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plex deposition in retinal vessel walls [15]. A correlation
between RNFL thinning and white matter damage was
suspected, but it was not confirmed [16].

Bao et al. [17] also revealed decreased RNFL thick-
ness compared to controls. In the non-lupus retinopathy
group, it was evaluated in superior and nasal quadrants,
and in patients with confirmed lupus retinopathy addi-
tionally in the inferior region.

In contrast, Isik et al. [18] did not find a difference in
RNFL thickness in the SLE group compared to the con-
trol one. The study authors included all SLE patients, not
only NPSLE patients.

Hydroxychloroquine therapy is considered safe with
good disease control but associated with dose-depen-
dent toxicity [6]. Hydroxychloroquine retinopathy tends
to increase with long-term therapy (5 or more years),
high daily dose (more than 5 mg/kg per day), chronic
renal disease, use of tamoxifen and preexisting retinal
or macular disease [6-8].

Early retinopathy detection is crucial to prevent vi-
sion-threatening complications. The timetable for HCQ
toxicity screening, for patients with no risk factors, in-
cludes baseline fundus examination to detect coexis-
tent retinal disease and annual screening after 5 years
from SLE diagnosis [6].

Primary screening tests are automated visual fields
(standard automated perimeter) and spectral-domain
optical coherence tomography (SD OCT), as well as
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the multifocal electroretinogram (mfERG) and fundus
autofluorescence (FAF). In our study, we divided the SLE
group based on the duration of HCQ therapy.

Conigliaro et al. [14], in their study, did not observe
HCQ toxicity in OCT in SLE patients. In our study also no
significant changes were observed in OCT parameters
based on the duration of HCQ therapy and HCQ cumula-
tive dosage. The authors detected functional alterations
rather than morphological ones. It seems that standard
automated perimetry better reflects subclinical changes
in the SLE cohort group than OCT. According to the au-
thors, changes in perimetry were possibly associated
with nephritis.

In the current study there was no significant differ-
ence in GCL+ and GCL++ thickness between SLE patients
and HC. However, Isik et al. [18] observed thinner GC-IPL
and mean macular thickness in the SLE group compared
to HC. Bao et al. [17] compared lupus retinopathy (LR)
and non-lupus retinopathy (NLR) patients with HC and
found decreased temporal GCL+ in the NLR group and
decreased central, superior, temporal, and inferior GCL+
in LR. Compared to NLR, GCL+ in the temporal and inferi-
or quadrants of LR patients was associated with further
thickness reduction. At the early stage of LR, microstruc-
ture of the retina seen in OCT is not so vulnerable to
disease fluctuation to detect subclinical disease.

Average RT, in the 1 mm center and in the whole 6
mm ring (including the inner and outer ring), was similar
in study and control groups. Our results are accordant
with Conigliaro et al. [14], who found similar RT in SLE
and control groups. Interestingly, they detected a reduc-
tion in retinal thickness exclusively in Sjogren syndrome
patients compared to both control group and SLE pa-
tients.

In contrast to our study, Liu et al. [9] observed lower
mean macular thickness in patients with SLE and Bao
et al. [17] found decreased RT in the temporal region in
the non-lupus retinopathy group and in the superior,
temporal, inferior and nasal regions in patients with lu-
pus retinopathy.

Thinning of the retinal layers such as the RNFL and
GCL is a confirmed, age-related alteration in retinal mi-
crostructure [19]. Our study confirmed a negative cor-
relation between age and RNFL in the inferior quadrant
in the study group and between age and retinal thick-
ness in the whole outer ring, the superior quadrant
of the RNFL and the outer ring of GCL++ among the con-
trol group.

All the patients from the study group were treated
with HCQ, making the study cohort homogeneous. Hy-
droxychloroquine has a protective effect on the course
of SLE, and studies show that HCQ might have a protec-
tive effect on ocular microvasculature [20].

Another novel, promising method for diagnosis
of subclinical retinal alterations is optical coherence
tomography angiography (OCTA). It scans the retina
in a non-contact way and provides data about retinal
vessels and the status of all the retina layers in easy
to follow-up images and quantitative data. Introduc-
tion of OCTA was a milestone in ophthalmology and,
in the authors’ opinion, may replace fundus fluorescein
angiography entirely. Recent papers have pointed out
the potential of OCTA in early subclinical microvascula-
ture changes in SLE patients [14, 17, 18, 20-25].

The biggest strengths of the study are the evalua-
tion of different retinal layers divided into sectors and
big rheumatological data.

Study limitations

The study is not free of limitations, including
the small sample size, small number of patients with
kidney and CNS involvement, lack of follow-up data, ab-
sence of standard automated perimetry data and lack
of choroidal thickness.

Conclusions

In the current study we did not find any subclinical
morphological differences in OCT between SLE patients
and the healthy control group. Despite its well-estab-
lished position in neurodegenerative diseases, RNFL
thickness in SLE patients did not differ significantly
from the control group. Optical coherence tomography
is a widespread ophthalmic modality used for SLE reti-
nopathy and HCQ toxicity screening.

Our study did not demonstrate its clinical potency in
diagnosis of subclinical retinal involvement. The optical
coherence tomography device seems to be less sensitive
in subclinical retinal impairment detection than OCTA.

In patients with SLE and no lupus retinopathy,
changes in microstructure of the retina are not evident
in OCT, in contrast to changes in microvasculature in
OCTA. The role of optical coherence tomography in oph-
thalmology is well established and our study did not
change this status.

The authors declare no conflict of interest.
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8. PODSUMOWANIE WYNIKOW

W niniejszej pracy przegladowej przeanalizowano siedem artykuldéw, ktoérych przedmiotem
badania byla subkliniczna retinopatia w przebiegu SLE. Wykazano luki w dotychczas
opublikowanych badaniach, ktore polegaly na nieobliczaniu skumulowanej dawki HCQ, braku
podziatu pacjentéw ze wzgledu na czas trwania leczenia HCQ, nieobliczaniu indeksow
aktywnosci SLE. We wszystkich analizowanych pracach wykazano zmniejszenie gestosci
naczyn wlosowatych splotu powierzchownego u pacjentow z rozpoznanym SLE bez cech
retinopatii w badaniu okulistycznym oraz bez obnizenia ostro$ci wzroku w poréwnaniu ze
zdrowa grupa kontrolna.

Pierwsze badanie oryginalne potwierdzito wyniki powyzszych autoréw. Wykazano
mniejsza gesto$¢ naczyn (VD) mikrokrazenia siatkowki w dolnym i nosowym kwadrancie
splotu powierzchownego oraz w jej strefie okotodotkowej w poréwnaniu do grupy kontrolne;.
W grupie badanej zajgcie nerek zwigzane byto z dalsza redukcja mikrokrazenia w pordwnaniu
do pacjentow ze SLE bez zajecia nerek. Powierzchnia FAZ 1 wskaznik kolistosci FAZ zostaty
zmniejszone u pacjentow cierpigcych na SLE, jednak parametry te cechuje duza zmienno$¢
osobnicza. Ostro$¢ wzroku byla takze istotnie statystycznie nizsza u pacjentow ze SLE, co
moze by¢ wtorne do stopnia utraty naczyn wlosowatych. Badanie nie wykazato korelacji
pomiegdzy skalami SLICC/ACR i SLEDAI-2K a VD i FAZ, jednakze stwierdzono zwigzek
miedzy VD a zajeciem innych narzadow. Pacjenci ze SLE i zaj¢ciem nerek mieli mniejsza
gestos¢ naczyn w kwadrantach nosowych 1 skroniowych, a takze catkowita i okotodotkowa
splotu powierzchownego w poréwnaniu z pacjentami ze SLE bez zajecia nerek. Ggstos¢ naczyn
w gornym kwadrancie splotu powierzchownego byla zwigkszona u pacjentéw ze SLE
leczonych HCQ przez ponad 5 lat w poréwnaniu z pacjentami leczonymi HCQ mniej niz 5 lat.
Badanie wykazato rowniez dodatnig korelacje migdzy skumulowang dawka HCQ oraz
gestoscig naczyn w splocie powierzchownym i glebokim.

W drugim badaniu oryginalnym nie znaleziono r6éznic morfologicznych w OCT mig¢dzy
grupa chorujaca na SLE a zdrowa grupa kontrolng. Grubo$§¢ RNFL u chorych na SLE nie
réznila sig¢ statystycznie od grupy kontrolnej. Nie zaobserwowano korelacji migdzy badanymi
parametrami siatkOwkowymi a czasem trwania terapii hydroksychloroching, jak réwniez

skumulowang dawka HCQ 1 chlorochiny oraz wskaznikami uszkodzenia i aktywno$ci SLE.
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9. WNIOSKI

9.1.

9.2.

9.3.

9.4.

9.5.

9.6.

9.7.

9.8.

Angiografia OCT jest obiecujaca metoda diagnostyczna do bezinwazyjnej oceny

zaburzen unaczynienia siatkdwki u pacjentoéw ze SLE.

Kontynuacja badan z wigksza ilo$cig pacjentow jest kluczowa do okreslenia jak

wdrozy¢ wyniki powyzszych badan w opieke nad pacjentem.

Zmniejszenie gestosci naczyn siatkowki moze by¢ uwazane za wczesny marker

retinopatii w przebiegu SLE.

Wyniki uzyskane za pomocg Angio-OCT moga by¢ dobrym wskaznikiem rokowania

SLE.

Hydroksychlorochina moze petnié¢ funkcje ochronng dla mikrokrazenia siatkowki.

Angio-OCT moze przyczyni¢ si¢ do wczesnej diagnozy i monitorowania progresji

retinopatii w przebiegu SLE.

U pacjentow ze SLE i bez retinopatii zmiany w mikrostrukturze siatkdéwki nie sg

widoczne w OCT.

OCT bez funkcji angiografii jest mniej czute niz Angio-OCT w wykrywaniu

subklinicznych uszkodzen siatkowki u pacjentow ze SLE.
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11. ZALACZNIKI
11.1. Zgoda komisji bioetycznej

KOMISJA BIOETYCZNA

przy

Uniwersytecie Medycznym

we Wroctawiu

ul. Pasteura 1; 50-367 WROCLAW

OPINIA KOMISJI BIOETYCZNEJ Nr KB - 9/2019

Komisja Bioetyczna przy Uniwersytecie Medycznym we Wroctawiu, powolana
zarzadzeniem Rektora Uniwersytetu Medycznego we Wroctawiu nr 133/XV R/2017 z dnia 21
grudnia 2017 r. oraz dziatajaca w trybie przewidzianym rozporzgdzeniem Ministra Zdrowia
i Opieki Spotecznej z dnia 11 maja 1999 r. (Dz.U. nr 47, poz. 480) na podstawie ustawy
o zawodzie lekarza z dnia 5 grudnia 1996 r. (Dz.U. nr 28 z 1997 r. poz. 152 z pdzniejszymi
zmianami ) w skladzie:

dr hab. Jacek Daroszewski, prof. nadzw. (endokrynologia, diabetologia)
prof. dr hab. Krzysztof Grabowski (chirurgia)

dr Henryk Kaczkowski  (chirurgia szczgkowa, chirurgia stomatologiczna)
mgr Irena Knabel-Krzyszowska (farmacja)

prof. dr hab. Jerzy Liebhart (choroby wewnetrzne, alergologia)

ks. dr hab. Piotr Mrzygtdd, prof. nadzw. (duchowny)

mgr Luiza Miiller ~ (prawo)

dr hab. Stawomir Sidorowicz (psychiatria)

dr hab. Leszek Szenborn, prof. nadzw (pediatria, choroby zakazne)

Danuta Tarkowska (pielggniarstwo)

prof. dr hab. Anna Wiela-Hojenska (farmakologia kliniczna)

dr hab. Andrzej Wojnar, prof. nadzw. (histopatologia, dermatologia) przedstawiciel
Dolno$laskiej Izby Lekarskiej)

dr hab. Jacek Zielinski (filozofia)

pod przewodnictwem
prof. dr hab. Jana Kornafela ( ginekologia i potoznictwo, onkologia)

Przestrzegajac w dziatalnosci zasad Good Clinical Practice oraz zasad Deklaracji Helsinskiej,
po zapoznaniu si¢ z projektem badawczym pt.:

»Zastosowanie badania angiografii OCT w ocenie gestosci mikrokrazenia siatkowki
u pacjentoéw z uktadowym toczniem rumieniowatym”
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zgloszonym przez lek. Malgorzat¢ Mimier uczestnika studiow doktoranckich w Katedrze
i Klinice Okulistyki Uniwersytetu Medycznego we Wroclawiu oraz zlozonymi wraz
z wnioskiem dokumentami, w tajnym glosowaniu postanowila wyrazi¢ zgod¢ na
przeprowadzenie badania w Klinice Okulistyki i w Klinice Reumatologii i Chor6b
Wewngtrznych Uniwersyteckiego Szpitala Klinicznego im. Jana Mikulicza-Radeckiego we
Wroctawiu oraz Centrum Okulistycznym M-MED we Wroctawiu pod nadzorem dr hab.
Radostawa Kaczmarka pod warunkiem zachowania anonimowosci uzyskanych danych.

Uwaga: Badanie to zostato obj¢te ubezpieczeniem odpowiedzialnosci cywilnej Uniwersytetu
Medycznego we Wroctawiu z tytutu prowadzonej dziatalnosci.

Pouczenie: W ciggu 14 dni od otrzymania decyzji wnioskodawcy przystuguje prawo

odwotania do Komisji Odwolawczej za posrednictwem Komisji Bioetycznej UM we
Wroctawiu.

Opinia powyzsza dotyczy projektu badawczego bgdacego podstawg rozprawy doktorskie;j.

Wroctaw, dnia M stycznia 2019 r. Uniwersytet Medhczny we Wroclawiu
KOMISJABIOETYCZNA
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11.2. Curriculum vitae

Malgorzata Mimier-Janczak

Urodzona 22 marca 1990 we Wroctawiu

Wyksztalcenie i przebieg pracy zawodowej:

2016 — obecnie

2016 — obecnie

2015 -2016
2013 -2014
2009 - 2015
2006 — 2009

g

specjalizacja lekarska

Katedra i Klinika Okulistyki, Uniwersytecki Szpital Kliniczny we
Wroctawiu

studia doktoranckie

Katedra i Klinika Okulistyki, Uniwersytecki Szpital Kliniczny we
Wroctawiu

Uniwersytet Medyczny im. Piastow Slaskich we Wroctawiu

staz podyplomowy

Uniwersytecki Szpital Kliniczny we Wroctawiu

Program Erasmus

Universita degli Studi di Perugia, Wtochy

studia wyzsze

Wydziat Lekarski, Uniwersytet Medyczny we Wroctawiu
szkota §rednia

VII Liceum Ogdlnoksztalcace we Wroctawiu

Praktyki zagraniczne i staze:

01.2018

05.2016

The Basic Science Course in Ophthalmology
Columbia University, New York City, USA

Staz naukowy (research trainee)

Mayo Clinic, Rochester, Minnesota, USA

Przynaleznos¢ do towarzystw naukowych:

2016 — obecnie

Polskie Towarzystwo Okulistyczne
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11.3.

Dorobek naukowy

Sumaryczny Impact Factor 27,776
Sumaryczna liczba punktéw MEIN 667,0
Liczba cytowan 89
Indeks Hirscha 3
Liczba petnych prac 19
Liczba doniesien zjazdowych 21

1. Publikacje w czasopismach naukowych

1.1 Publikacje w czasopi$mie z IF

Lp.

Opis bibliograficzny

IF

Punkty

Janczak Dariusz, Mimier Malgorzata, Mimier Aleksandra, Janczak
Dawid, Chabowski Mariusz, Mularz Katarzyna, Jelen Michal: Huge
alveolar soft part sarcoma of the retroperitoneum - case report, Polish
Journal of Pathology, 2014, vol. 65, nr 4, s. 327-330,
DOI:10.5114/pjp.2014.48195

1,128

Mulak Malgorzata, Czak Wojciech A., Mimier Malgorzata, Kaczmarek
Radostaw: A comparison of intraocular pressure values obtained using a
Goldmann applanation tonometer and a handheld version of applanation
resonance tonometer: a preliminary report, Advances in Clinical and
Experimental Medicine, 2018, vol. 27, nr 4, s. 481-485,
DOI:10.17219/acem/68559

1,227

Lenz Charles J., McBane Robert D., Cohoon Kevin P., Janczak Dawid
T., Simmons Benjamin S., Saadiq Rayya A., Mimier

Malgorzata, Casanegra Ana I., Daniels Paul R., Wysokinski Waldemar
E.: Testicular vein thrombosis: incidence of recurrent venous
thromboembolism and survival, European Journal of Haematology, 2018,
vol. 100, nr 1, s. 83-87, DOI:10.1111/ejh.12985

2,217

25

Janczak Dawid T., Mimier Malgorzata K., McBane Robert D., Kamath
Patrick S., Simmons Benjamin S., Bott-Kitslaar Dalene M., Lenz Charles
J., Vargas Emily R., Hodge David O., Wysokinski Waldemar

E.: Rivaroxaban and apixaban for initial treatment of acute venous
thromboembolism of atypical location, Mayo Clinic Proceedings, 2018,
vol. 93, nr 1, s. 40-47, DOI:10.1016/j.mayocp.2017.10.007

7,091

45

Mimier Malgorzata K., Janczak Dawid T., McBane Robert D., Houghton
Damon E., Wysokinski Waldemar E.: Thrombosis of atypical location:
how to treat patients in the era of direct oral anticoagulants?, Polskie
Archiwum Medycyny Wewngtrznej, 2018, vol. 128, nr 10, s. 604-608,
DOI:10.20452/pamw.4333

2,882

30

Grzybowski Andrzej E., Mimier Malgorzata K.: Evaluation of the
association between the risk of central retinal artery occlusion and the
concentration of environmental air pollutants, Journal of Clinical
Medicine, 2019, vol. 8, nr 2, art.206 [8 s.], DOI:10.3390/jcm8020206

3,303

140

Mimier-Janczak Malgorzata, Kaczmarek Dorota, Janczak

Dawid, Kaczmarek Radostaw: Optical coherence tomography angiography
as a new tool for evaluation of the subclinical retinal involvement in
patients with systemic lupus erythematosus - a review, Journal of Clinical
Medicine, 2021, vol. 10, nr 13, art.2887 [11 s.],
DOI:10.3390/jcm10132887

4,964

140
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Mimier-Janczak Malgorzata, Kaczmarek Dorota, Proc

Krzysztof, Misiuk-Hojlo Marta, Kaczmarek Radostaw: Evaluation of
subclinical retinal disease in patients affected by systemic lupus
erythematosus with no evidence of ocular involvement - an optical 4,964*
coherence tomography angiography original study, Journal of Clinical
Medicine, 2022, vol. 11, nr 24, art.7417 [12 s.],
DOI:10.3390/jcm11247417

140

*[F 2021 Podsumowanie | 27,776

550

1.2 Publikacje w czasopi$mie bez IF

Lp.

Opis bibliograficzny

Punkty

Janczak Dariusz, Lesniak Michat, Mimier Malgorzata, Janczak
Dawid: Nowoczesne poglady na temat leczenia ostrej zakrzepicy zyt glebokich
konczyn dolnych, Chirurgia po Dyplomie, 2016, vol. 11, nr 4, 4-8, 34

Janczak Dariusz, Lesniak Michal, Mimier Malgorzata, Janczak Dawid: Zakrzepica
zyt centralnych - etiologia, symptomatologia, diagnostyka i leczenie, Chirurgia po
Dyplomie, 2016, vol. 11, nr 5, s. 37-41

Mimier Malgorzata, Janczak Dawid, Hill-Bator Aneta, Sebastian Agata, Wiland
Grazyna, Misiuk-Hojlo Marta: Management of corneal melting in a patient with
long-standing rheumatoid arthritis - case report, Klinika Oczna, 2016, vol. 118, nr 3,
s.235-237, DOI:10.5114/k0.2016.71711

10

Janczak Dariusz, Mimier Malgorzata, Lesniak Michal, Janczak
Dawid: Poréwnanie wynikéw leczenia t¢tniakdw aorty piersiowo-brzusznej metoda
endowaskularng i klasyczng, Chirurgia po Dyplomie, 2017, vol. 12, nr 1, s. 29-32

Janczak Dariusz, Le$niak Michal, Mimier Malgorzata, Janczak Dawid: Leczenie
zespotu pozakrzepowego - co méwig wytyczne? Podsumowanie dla internisty,
Medycyna po Dyplomie, 2017, vol. 26, nr 1, 9-10, 12-14

Grzybowski Andrzej, Mimier Malgorzata, Misiuk-Hojto Marta: Farmakologiczne
metody leczenia starczowzrocznosci, OphthaTherapy. Terapie w Okulistyce, 2017,
vol. 4, nr 4, s. 237-240, [Publikacja w czasopismie spoza listy MNiSW],
DOI:10.24292/01.0T.291217.07

Mimier Malgorzata, Bator Kaja, Hill-Bator Aneta: Nowe metody leczenia
biologicznego nieinfekcyjnego zapalenia bfony naczyniowej, Przeglad
Reumatologiczny, 2017, vol. 13, nr 2, s. 1-2

Sebastian Agata, Wojtala Patryk, Lubinski Lukasz, Mimier Malgorzata, Chlebicki
Arkadiusz, Wiland Piotr: Disease activity in axial spondyloarthritis after
discontinuation of TNF inhibitors therapy, Reumatologia, 2017, vol. 55, nr 4, s.
157-162, DOIL:10.5114/reum.2017.69775

14

Misiuk-Hojto Marta, Mimier Malgorzata: Wptyw hialuronianu sodu i witaminy
Bi2 na pozabiegowg suchosé oczu, Przeglad Okulistyczny, 2018, vol. 15, nr 5-6, s. 4

10

Mulak Matgorzata, Szumny Dorota, Czak Wojciech, Mimier Malgorzata, Bujak
Henryk, Misiuk-Hojlo Marta: Decrease corneal hysteresis in early glaucoma
patients measured with ocular response analyzer (ORA) helps in early diagnosis of
glaucoma, Current Trends in Biomedical Engineering & Biosciences, 2019, vol. 19,
nr 1, art.556004 [6 s.], [Publikacja w czasopismie spoza listy MNiSW],
DOI:10.19080/CTBEB.2019.19.556004
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11

Rusiecka-Zi6tkowska Jolanta Barbara, Hill-Bator Aneta, Pigtkowska

Elzbieta, Mimier-Janczak Malgorzata, Bator Kaja, Misiuk-Hojto Marta: The eye
wipes with polyhexanide (HexaClean) in preoperative prophylaxis of cataract
surgery, Ophthalmology Journal, 2023, vol. 8, s. 38-45, DOI:10.5603/0j.2023.0009

70

Podsumowanie 117

3. Varia

3.1 Komentarz

3.2 Inne

Lp.

Opis bibliograficzny

Mimier Malgorzata: Zastosowanie nanoczasteczkowych kropli do oczu - polsko-islandzka
wymiana wiedzy, Przeglad Okulistyczny, 2017, vol. 14, nr 5-6, s. 6

4. Abstrakty

Lp.

Opis bibliograficzny

Mimier Malgorzata, Janczak Dawid, Simmons Benjamin, Lenz Charlez, Bott-Kitslaar
Dalene, Saadiq Rayya, Ransone Teresa, Kamath Patrick, McBane Robert, Wysokinski
Waldemar: Rivaroxaban and apixaban for treatment of venous thrombosis of atypical
location, Circulation, 2016, vol. 134, nr suppl.1, poz.A19736, [The American Heart
Association 2016 - Scientific Sessions and Resuscitation Science Symposium. New Orleans
(Louisiana), 12-14 November 2016. Abstracts]

Mimier Malgorzata: Wplyw marihuany na cisnienie wewnatrzgatkowe, W: Konferencja
"Interdyscyplinarnos¢ przysztoscia nauki". Zieleniec, 4-6.11.2016. Ksigga abstraktow 2016, s.
39

Czak Wojciech, Pir6g-Mulak Malgorzata, Ejma Maria, Guranski Konstanty, Nowakowski
Jonatan, Mimier Malgorzata, Misiuk-Hojto Marta: Wplyw przezblaszkowego gradientu
ci$nien na ustawienie blaszki sitowej twardowki, W: XLVII Zjazd Okulistow Polskich.
Wroctaw, 16-18.06.2016 r. Streszczenia prac naukowych [CD-ROM] 2016, 117 poz.IV/4

Mimier Malgorzata, Hill-Bator Aneta, Janczak Dawid, Czak Wojciech, Pirdg-Mulak
Matgorzata: Wysoka wartos¢ cisnienia wewnatrzgatkowego jako czynnik diagnostyczny
herpetycznego zapalenia blony naczyniowej oka - opis przypadku, W: XLVII Zjazd
Okulistéw Polskich. Wroctaw, 16-18.06.2016 r. Streszczenia prac naukowych [CD-ROM]
2016, 271 poz.1

Bott-Kitslaar Dalene, Simmons Benjamin, Janczak Dawid, Mimier Malgorzata, Saadiq
Rayya, McBane Robert, Wysokinski Waldemar: Efficacy and safety of rivaroxaban verses
apixaban in the treatment of acute VTE, W: 18th Meeting of the European Venous Forum.
Porto, Portugal, 29 June - 1 July 2017. Scientific programme and book of abstracts, Torino
2017, Edizioni Minerva Medica, 12-13 poz.2.2

Misiuk-Hojto Marta, Mimier Malgorzata: Jaskra w przebiegu zespotu pseudoeksfoliacji =
Pseudoexfoliative glaucoma, W: III Migdzynarodowa Konferencja Naukowo-Szkoleniowa -
Akademia Optegra "Okulistyka na co dzien". Warszawa, 19-20 maja 2017. Program i
streszczenia, Wroctaw 2017, InspireCongress Sp. z 0.0. ; SR-Poligrafia, 52 poz.Il/4, ISBN
978-83-947480-2-9

Mimier Malgorzata: Choroby oczu kiedys i dzis, W: Konferencja "Interdyscyplinarnosé
przysztoscia nauki". Zieleniec, 10-12 listopada 2017. Ksigga abstraktow 2017, s. 34
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Mimier Malgorzata: Zesp6t suchego oka - problem nie tylko starszych oséb, W: Konferencja
"Interdyscyplinarnos¢ przysztoscia nauki". Zieleniec, 7-9 kwietnia 2017. Ksigga abstraktéw
2017,s.52

Mimier Malgorzata, Bator Kaja, Hill-Bator Aneta: Zastosowanie lasera mikropulsowego w
leczeniu cukrzycowego obrzeku plamki - opisy przypadkéw = The use of micropulse laser in
the treatment of the diabetic macular edema - case reports, W: VII Migdzynarodowa
Konferencja "Okulistyka - kontrowersje". Wroctaw, Poland, 19-21.10.2017. Program i
streszczenia, (red.) Marta Misiuk-Hojto, Wroctaw 2017, SR-Poligrafia ; InspireCongress Sp. z
0.0., 162-163 poz.6, ISBN 978-83-947480-7-4

Misiuk-Hojto Marta, Mimier Malgorzata: Olbrzymiokomérkowe zapalenie tetnicy
skroniowej widziane oczami okulisty = Giant cell temporal arteritis - ophthalmologist's vision,
W: IX Slaski Meeting Siatkéwkowy. Katowice, 29-30 listopada 2018. Program i streszczenia,
Wroctaw 2018, SR-Poligrafia ; InspireCongress Sp. z 0.0., 72 poz.VI/1, ISBN 978-83-
952446-1-2

11

Mimier Malgorzata: Jak okulisci wywolali II wojne $wiatowa, W: Interdyscyplinarnosé
przysztoscig nauki. Zieleniec, 10-12 listopada 2018. Ksigga abstraktéw 2018, s. 7, [[Dostep
10.09.2019]. Dostgpny w: http://www.doktoranci.umed.wroc.pl/wp-
content/uploads/2019/09/Jesie%C5%84-2018-Biomed.pdf]

12

Zimmer Katarzyna, Pytrus W., Mimier Malgorzata, Zajac-Pytrus Hanna, Turno-Krecicka
Anna: Chronic uveitis leading to ciliary body failure: case report, W: 37th Congress of the
European Society of Cataract and Refractive Surgeons. Paris, France, 14-18 September 2019.
Program - e-posters [online] 2019, [[Dostep 18.09.2019]. Dostepny w:
https://www.escrs.org/paris2019/programme/poster-village-details.asp?id=33429]

Mulak Matgorzata, Czak Wojciech, Szumny Dorota, Mimier Malgorzata, Bujak

Henryk, Zimmer Katarzyna, Nowakowski Jonatan, Misiuk-Hojto Marta: Evaluation of
corneal hysteresis in early glaucoma patients - a new tool for detection of the disease, W: 8th
World Glaucoma Congress. Melbourne (Australia), March 27-30, 2019. Abstract book 2019,
177 poz.P-WT-066, [[Dostgp 27.08.2019]. Dostgpny w:
https://wga.one/download/228/2019/163907/wgc-2019_abstractbook.pdf]

Misiuk-Hojlo Marta, Mimier-Janczak Malgorzata: Nowe mozliwosci postgpowania w
olbrzymiokomérkowym zapaleniu tgtnicy skroniowej = New treatment methods in giant cell
temporal arteritis, W: III Migdzynarodowa Konferencja "Innowacje w okulistyce" ;
Sympozjum Presbiopii - PRESBYMANIA. Katowice, 16-18.05.2019. Program i streszczenia
2019, 116 poz.IV/8

15

Pysz Marta, Zimmer Katarzyna, Krent Judyta, Czyszczon Marek, Mimier-Janczak
Malgorzata, Misiuk-Hojto Marta: Obustronna neuropatia n. II w przebiegu leczenia
izotretinoing = Bilateral optic nerve neuropathy secondary to the treatment with isotretinion,
W: IX Migdzynarodowa Konferencja "Okulistyka - kontrowersje". Wroctaw, 24-26.10.2019.
Program i streszczenia, (red.) Marta Misiuk-Hojto, Wroctaw 2019, SR-Poligrafia ;
InspireCongress Sp. z 0.0., 124-125 poz.4, ISBN 978-83-952446-9-8

Zimmer Katarzyna, Mimier-Janczak Malgorzata, Zajac-Pytrus Hanna, Adamiec-Mroczek
Joanna, Turno-Kre¢cicka Anna: Trudnosci diagnostyczne w grzybiczym zapaleniu bony
naczyniowej - opis przypadku = Diagnostic difficulties in fungal uveitis - a case report, W: IX
Migdzynarodowa Konferencja "Okulistyka - kontrowersje". Wroctaw, 24-26.10.2019.
Program i streszczenia, (red.) Marta Misiuk-Hojto, Wroctaw 2019, SR-Poligrafia ;
InspireCongress Sp. z 0.0., 126-127 poz.5, ISBN 978-83-952446-9-8

17

Mimier-Janczak Malgorzata: Dlaczego chirurgia refrakcyjna doprowadza do samobéjstwa?,
W: Interdyscyplinarnos¢ przysztoscig nauki. Zieleniec, 12-14 kwietnia 2019. Ksiega
abstraktow 2019, s. 30, [[Dostep 12.09.2019]. Dostepny w:
http://www.doktoranci.umed.wroc.pl/wp-content/uploads/2019/09/Wiosna-2019-Biomed-

1.pdf]
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18 Mimier-:lgnczak Malgorzata: Okulistyczny folklor, W: Konferencja "Interdyscyplinarnos¢
przyszioscia nauki". Zieleniec, 15-17.11.2019. Ksigga abstraktéw, Wroctaw 2019, s. 43

Zimmer Katarzyna, Mimier-Janczak Malgorzata, Szalinski Marek, Pomorska

Maria, Gajdzis Malgorzata, Kaczmarek Radostaw, Misiuk-Hojto Marta: Czy sport to zdrowie
19 |- przypadek powiklanego urazu nordic walking, W: Okulistyczny Festiwal Filmowy i
Fotograficzny. Gdynia - Wroctaw, 30-31.08.2019. Program i streszczenia, (red.) Marta
Misiuk-Hojto, Wroctaw 2019, InspireCongress Sp. z 0.0. ; SR-Poligrafia, 64 poz.VII/37,
ISBN 978-83-952446-8-1

Grzybowski A., Mimier Malgorzata: Association between the risk of central retinal artery
occlusion and the concentration of environmental air pollutants - the original study, W: The
20 | Retina Society 52nd Scientific Meeting. London, England, 11-15 September 2019. Program
[& abstracts online] 2019, [2 s.], [Dostep 03.09.2013]. Dostepny w:
https://www.xcdsystem.com/retinasociety/program/5axOY6¢/index.cfm?pgid=56]

Zimmer Katarzyna, Mimier-Janczak Malgorzata, Zajac-Pytrus Hanna, Adamiec-Mroczek
Joanna, Helemejko Iwona, Turno-Krecicka Anna: The unknown enemy: diagnostic

21 | difficulties in the fungal uveitis, W: 38th Congress of the ESCRS. Online, 2-4 October 2020.
Program - e-posters [online] 2020, poz.[35975], [[Dostep 23.03.2021]. Dostgpny w:
https://www.escrs.org/amsterdam2020/programme/poster-overview.asp]

Misiuk-Hojto Marta, Mimier-Janczak Malgorzata: Powierzchnia oka a jaskra = Ocular
surface and glaucoma, W: CORNEA 2021 online : XIII Migdzynarodowe Sympozjum

22 | "Postgpy w diagnostyce i terapii schorzen rogéwki", 8-10 kwietnia. Program i streszczenia,
(red.) Edward Wylegata, Wroctaw 2021, InspireCongress Sp. z o. o. ; SR-Poligrafia, 79
poz.IX/2, ISBN ISBN 978-83-956061-7-5
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Impact factor: 27,776 Univiersytet 1"acyczny we Wroctawiy
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Przyjete do druku

1. Mimier-Janczak Malgorzata, Kaczmarek Dorota, Proc Krzysztof, Misiuk-Hojto Marta, Kaczmarek
Radostaw , Subclinical retinopathy in systemic lupus erythematosus patients — Optical Coherence
Tomography study. Reumatologia [2023]

Punkty ministerialne: 70,0
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114.

Oswiadczenia wspolautorow

Dr hab. n. med. Radostaw Kaczmarek prof. UMW Wroctaw, 24.05.2023
Katedra i Klinika Okulistyki

Uniwersytet Medyczny we Wroctawiu

OSWIADCZENIA

1. Oswiadczam, ze w pracy:

MALGORZATA MIMIER-JANCZAK, DOROTA KACZMAREK, DAWID JANCZAK,
RADOSLAW KACZMAREK

Optical Coherence Tomography Angiography as a New Tool for Evaluation of the Subclinical Retinal
Involvement in Patients with Systemic Lupus Erythematosus—A Review. J. Clin. Med. 2021, 10, 2887.
https://doi.org/10.3390/jcm 10132887

méj udziat polegat na pomocy w zaprojektowaniu badania i metodologii, nadzorze merytorycznym oraz

recenzji i korekcie ostatecznej wersji pracy.

2. Oswiadczam, ze w pracy:

MALGORZATA MIMIER-JANCZAK, DOROTA KACZMAREK, KRZYSZTOF PROC, MARTA
MISIUK-HOJLO, RADOSLAW KACZMAREK

Evaluation of Subclinical Retinal Disease in Patients Affected by Systemic Lupus Erythematosus with
No Evidence of Ocular Involvement—An Optical Coherence Tomography Angiography Original Study.
J. Clin. Med. 2022, 11, 7417. https://doi.org/10.3390/jcm 11247417

moj udzial polegal na pomocy w zaprojektowaniu badania i metodologii, pomocy w analizie danych,

pomocy w prezentacji danych, nadzorze merytorycznym oraz recenzji i korekcie ostatecznej wersji

pracy.

3. Oswiadczam, Zze w pracy:

MALGORZATA MIMIER-JANCZAK, DOROTA KACZMAREK, KRZYSZTOF PROC, MARTA
MISIUK-HOJLO, RADOSLAW KACZMAREK

Subclinical retinopathy in systemic lupus erythematosus patients — Optical Coherence Tomography
study. Reumatologia. https://doi.org/10.5114/reum/166296

moj udziat polegal na pomocy w zaprojektowaniu badania i metodologii oraz korekcie ostatecznej

wersji manuskryptu.
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Dr n. med. Dorota Kaczmarek Wroctaw, 24.05.2023
Osrodek Okulistyki Klinicznej Spektrum we Wroctawiu

OSWIADCZENIA

1. Oswiadczam, ze w pracy:

MALGORZATA MIMIER-JANCZAK, DOROTA KACZMAREK, DAWID JANCZAK,
RADOSLAW KACZMAREK

Optical Coherence Tomography Angiography as a New Tool for Evaluation of the Subclinical Retinal
Involvement in Patients with Systemic Lupus Erythematosus—A Review. J. Clin. Med. 2021, 10, 2887.
https://doi.org/10.3390/jcm10132887

mdj udzial polegal na pomocy w analizie i zbieraniu danych oraz recenzji i korekcie ostatecznej wersji

pracy.

2. Os$wiadczam, ze w pracy:

MALGORZATA MIMIER-JANCZAK, DOROTA KACZMAREK, KRZYSZTOF PROC, MARTA
MISIUK-HOJLO, RADOSEAW KACZMAREK

Evaluation of Subclinical Retinal Disease in Patients Affected by Systemic Lupus Erythematosus with
No Evidence of Ocular Involvement—An Optical Coherence Tomography Angiography Original Study.
J. Clin. Med. 2022, 11, 7417. https://doi.org/10.3390/jcm 11247417

moj udziat polegat na pomocy w ocenie powtarzalnosci zastosowanych badan, pomocy w zbieraniu i

zarzadzaniu danymi, pomocy w analizie danych, pomocy w pisaniu pierwotnej wersji manuskryptu.

3. Oswiadczam, ze w pracy:

MALGORZATA MIMIER-JANCZAK, DOROTA KACZMAREK, KRZYSZTOF PROC, MARTA
MISIUK-HOJLO, RADOSLAW KACZMAREK

Subclinical retinopathy in systemic lupus erythematosus patients — Optical Coherence Tomography
study. Reumatologia. https://doi.org/10.5114/reum/166296

moj udzial polegal na pomocy w analizie i interpretacji danych, korekcie ostatecznej wersji

manuskryptu.

Podpis

N A
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Lek. Dawid Janczak Wroclaw, 24.05.2023
Klinika Urologii Matoinwazyjnej i Robotycznej

Uniwersytet Medyczny we Wroctawiu

OSWIADCZENIE

Oswiadczam, ze w pracy:

MALGORZATA MIMIER-JANCZAK, DOROTA KACZMAREK, DAWID JANCZAK,
RADOSLAW KACZMAREK

Optical CoherenceTomography Angiography as a New Tool for Evaluation of the Subclinical Retinal
Involvement in Patients with Systemic Lupus Erythematosus—A Review. J. Clin. Med. 2021, 10, 2887.
https://doi.org/10.3390/jcm 10132887

mdj udziat polegat na pomocy w prowadzeniu procesu badawczego oraz recenzji i korekcie ostatecznej

wersji pracy.
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Lek. Krzysztof Proc Wroctaw, 24.05.2023
Klinika Reumatologii i Choréb Wewnetrznych

Uniwersytet Medyczny we Wroctawiu
OSWIADCZENIA

1. Oswiadczam, ze w pracy:

MALGORZATA MIMIER-JANCZAK, DOROTA KACZMAREK, KRZYSZTOF PROC, MARTA
MISIUK-HOJLO, RADOSLAW KACZMAREK

Evaluation of Subclinical Retinal Disease in Patients Affected by Systemic Lupus Erythematosus with
No Evidence of Ocular Involvement—An Optical Coherence Tomography Angiography Original Study.
J. Clin. Med. 2022, 11, 7417. https://doi.org/10.3390/jcm 11247417

méj udziat polegat na pomocy w prowadzeniu procesu badawczego, pomocy w zbieraniu danych,

pomocy w pisaniu pierwotnej wersji manuskryptu.

2. Oswiadczam, ze w pracy:

MALGORZATA MIMIER-JANCZAK, DOROTA KACZMAREK, KRZYSZTOF PROC, MARTA
MISIUK-HOJLO, RADOSLAW KACZMAREK

Subclinical retinopathy in systemic lupus erythematosus patients — Optical Coherence Tomography
study. Reumatologia. https://doi.org/10.5114/reum/166296

méj udziat polegat na pomocy w analizie i interpretacji danych, korekcie ostatecznej wersji

manuskryptu.

Podpis

B R

lek. Krzysztof Proc
specjalista

chordb we wngtrznych

3374827
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Prof. dr hab. n. med. Marta Misiuk-Hojto Wroclaw, 24.05.2023
Katedra i Klinika Okulistyki

Uniwersytet Medyczny we Wroclawiu
OSWIADCZENIA

1. Os$wiadczam, ze w pracy:

MALGORZATA MIMIER-JANCZAK, DOROTA KACZMAREK, KRZYSZTOF PROC, MARTA
MISIUK-HOJLO, RADOSEAW KACZMAREK

Evaluation of Subclinical Retinal Disease in Patients Affected by Systemic Lupus Erythematosus with
No Evidence of Ocular Involvement—An Optical Coherence Tomography Angiography Original Study.
J. Clin. Med. 2022, 11, 7417. https://doi.org/10.3390/jcm11247417

méj udziat polegat na pomocy w zaprojektowaniu badania i metodologii, nadzorze merytorycznym oraz

recenzji i korekcie ostatecznej wersji pracy.

2. O$wiadczam, ze w pracy:

MALGORZATA MIMIER-JANCZAK, DOROTA KACZMAREK, KRZYSZTOF PROC, MARTA
MISIUK-HOJLO, RADOSEAW KACZMAREK

Subclinical retinopathy in systemic lupus erythematosus patients — Optical Coherence Tomography
study. Reumatologia. https:/doi.org/10.5114/reum/166296

m6j udziat polegat na pomocy w zaprojektowaniu badania i metodologii oraz korekcie ostatecznej

wersji manuskryptu.
Podpis

UniwersytetMedy, §' we Wroctawiu
\TED! . LISTYKI
el

prof. dr hab, Marta Misiuk-Hojto
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