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2. STRESZCZENIE W JĘZYKU POLSKIM 

 

Toczeń rumieniowaty układowy (Systemic Lupus Erythematosus – SLE) to przewlekła 

choroba zapalna tkanki łącznej, w której najczęściej zajęta jest skóra, stawy oraz nerki, ale 

proces chorobowy może dotyczyć każdego narządu organizmu, w tym narządu wzroku. 

Objawy oczne w przebiegu SLE występują u około 1/3 chorych i mogą poprzedzać zajęcie 

innych narządów. Retinopatia, czyli zajęcie siatkówki, jest drugą co do częstości manifestacją 

okulistyczną w SLE oraz najczęstszym powikłaniem okulistycznym obniżającym ostrość 

widzenia. Retinopatia dotyka od 7 do 26% pacjentów ze SLE, a jej wystąpienie jest 

negatywnym czynnikiem prognostycznym dotyczącym przeżycia w porównaniu do pacjentów 

bez retinopatii. Ponadto retinopatia jest częściej wykrywana u pacjentów z niewydolnością 

nerek i/lub zajęciem ośrodkowego układu nerwowego. 

Optyczna koherentna tomografia (OCT) siatkówki jest stosowana do diagnozowania i 

monitorowania retinopatii w przebiegu SLE oraz jako badanie przesiewowe toksyczności 

hydroksychlorochiny (HCQ). Angiografia oparta na OCT (Angio-OCT) to połączenie 

urządzenia OCT oraz angiografii. To nowa, nieinwazyjna metoda obrazowania struktury 

siatkówki oraz naczyń krwionośnych za pomocą oceny ruchu czerwonych krwinek. Jest 

bezpieczniejsza, szybsza i łatwiejsza do wykonania niż stosowana w tych samych wskazaniach 

medycznych, angiografia fluoresceinowa. Ponadto Angio-OCT nie wymaga podania dożylnie 

kontrastu oraz ułatwia ocenę siatkówki mierząc ilościowo nasilenie zmniejszonej perfuzji w 

naczyniach. 

Celem głównym pracy doktorskiej była ocena przydatności Angiografii OCT do 

diagnostyki zaburzeń unaczynienia siatkówki u pacjentów ze SLE bez objawów retinopatii w 

badaniu dna oka oraz bez obniżenia ostrości wzroku. 

Badania oryginalne poprzedzono artykułem przeglądowym w celu uporządkowania 

dostępnej w temacie wiedzy oraz zaplanowania metodologii kolejnych badań. Do badań 

oryginalnych włączono 64 pacjentów (113 oczu), w tym 33 pacjentów (57 oczu) z 

rozpoznanym SLE będących pod opieką Katedry i Kliniki Reumatologii i Chorób 

Wewnętrznych Uniwersyteckiego Szpitala Klinicznego we Wrocławiu oraz 31 zdrowych 

ochotników (56 oczu). 

W pracy przeglądowej przeanalizowano siedem artykułów, których przedmiotem badania 

była subkliniczna retinopatia w przebiegu SLE mierzona za pomocą urządzenia Angio-OCT. 

We wszystkich pracach wykazano zmniejszenie gęstości naczyń włosowatych splotu 

powierzchownego u bezobjawowych pacjentów z rozpoznaniem SLE w porównaniu ze zdrową 



 6 

grupą kontrolną. Pierwsze badanie oryginalne wykazało mniejszą gęstość naczyń 

mikrokrążenia siatkówki w dolnym i nosowym kwadrancie splotu powierzchownego oraz w jej 

strefie okołodołkowej u pacjentów ze SLE w porównaniu do grupy kontrolnej. W grupie 

badanej zajęcie nerek związane było z dalszą redukcją mikrokrążenia w porównaniu do 

pacjentów ze SLE bez zajęcia nerek. Ostrość wzroku była istotnie statystycznie niższa u 

pacjentów ze SLE, co może być wtórne do stopnia utraty naczyń włosowatych. Gęstość naczyń 

w górnym kwadrancie splotu powierzchownego była zwiększona u pacjentów ze SLE 

leczonych HCQ przez ponad 5 lat w porównaniu z pacjentami leczonymi HCQ mniej niż 5 lat. 

Badanie wykazało również dodatnią korelację między skumulowaną dawką HCQ oraz 

gęstością naczyń w splocie powierzchownym i głębokim. W pracy nie wykazano korelacji 

pomiędzy skalami SLICC/ACR i SLEDAI-2K a gęstością naczyń, jednakże stwierdzono 

związek między gęstością naczyń a zajęciem innych narządów. Pacjenci ze SLE i zajęciem 

nerek mieli mniejszą gęstość naczyń w kwadrantach nosowych i skroniowych, a także 

całkowitą i okołodołkową splotu powierzchownego w porównaniu z pacjentami ze SLE bez 

zajęcia nerek. W drugim badaniu oryginalnym nie wykazano różnic morfologicznych w 

badaniu OCT między grupą chorującą na SLE bez objawów retinopatii w badaniu dna oka oraz 

bez obniżenia ostrości wzroku a zdrową grupą kontrolną. 

OCT wyposażone w funkcję angiografii jest obiecującą metodą diagnostyczną do 

bezinwazyjnej oceny zaburzeń unaczynienia siatkówki u pacjentów ze SLE. Zmniejszenie 

gęstości naczyń siatkówki może być uważane za wczesny marker retinopatii w przebiegu SLE, 

a wyniki uzyskane za pomocą Angio-OCT mogą być dobrym wskaźnikiem rokowania SLE. 

Wykazano także, że hydroksychlorochina może pełnić funkcję ochronną dla mikrokrążenia 

siatkówki. Angio-OCT może przyczynić się do wcześniejszej diagnozy i monitorowania 

progresji retinopatii w przebiegu SLE. Wykazano również, że u pacjentów ze SLE i bez 

retinopatii zmiany w mikrostrukturze siatkówki nie są widoczne w OCT. OCT bez funkcji 

angiografii jest mniej czułe u tej grupy pacjentów niż Angio-OCT w wykrywaniu 

subklinicznych uszkodzeń siatkówki. 
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3. STRESZCZENIE W JĘZYKU 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 Wrocław 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 
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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. 
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4. WSTĘP 

 

Toczeń rumieniowaty układowy (Systemic Lupus Erythematosus – SLE) to przewlekła, 

wieloczynnikowa choroba zapalna tkanki łącznej, w której najczęściej zajęta jest skóra, stawy 

oraz nerki, ale proces chorobowy może dotyczyć każdego narządu organizmu, w tym narządu 

wzroku (1). Predyspozycja genetyczna wraz z czynnikami środowiskowymi oraz 

hormonalnymi są uważane za główne czynniki etiologiczne, lecz dokładna etiopatogeneza jest 

nieznana (2). 

Objawy oczne w przebiegu SLE występują u około 1/3 chorych i mogą poprzedzać zajęcie 

innych narządów (3). Retinopatia, czyli zajęcie siatkówki, jest drugą co do częstości 

manifestacją okulistyczną w SLE, po suchym zapaleniu rogówki i spojówki, oraz najczęstszym 

powikłaniem okulistycznym obniżającym ostrość widzenia (4). W zależności od aktywności 

choroby podstawowej retinopatia dotyka od 7 do 26% pacjentów ze SLE, a jej wystąpienie jest 

negatywnym czynnikiem prognostycznym dotyczącym przeżycia w porównaniu do pacjentów 

bez retinopatii (5). Retinopatia częściej występuje u pacjentów z ciężką postacią SLE lub jest 

wynikiem nieadekwatnej kontroli choroby podstawowej. Ponadto retinopatia jest częściej 

wykrywana u pacjentów z niewydolnością nerek i/lub zajęciem ośrodkowego układu 

nerwowego (OUN) (6). 

Retinopatia w przebiegu tocznia rumieniowatego układowego może mieć różny obraz 

kliniczny. Może przybierać formę mikroangiopatii, niedrożności naczyń, zapalenia naczyń, 

pseudoretinopatii Purtschera czy retinopatii nadciśnieniowej związanej z toczniowym 

zapaleniem nerek (7-13). Klasyczna retinopatia pod postacią mikroangiopatii jest 

spowodowana odkładaniem się kompleksów immunologicznych w śródbłonku naczyń, 

aktywacją dopełniacza i zwiększoną fagocytozą prowadząc do stanu zapalnego i zapalenia 

naczyń (2,14,15). Jest najczęstszą postacią retinopatii w przebiegu SLE, cechuje się łagodnym 

przebiegiem i w przypadku braku zmian w obrębie plamki żółtej, dobrą ostrością wzroku. W 

badaniu dna oka charakteryzuje się ogniskami waty, małymi wylewami śródsiatkówkowymi, 

mikrotętniakami, ogniskowym obrzękiem siatkówki (7). Zmiany naczyniowo-okluzyjne mogą 

dotyczyć naczyń siatkówki o różnej średnicy i występują częściej u pacjentów z zespołem 

antyfosfolipidowym (16). Zaburzenia w krążeniu spowodowane przez zakrzepicę żylną lub 

zatory tętnicze w odpowiedzi na niedotlenienie siatkówki mogą prowadzić do 

neowaskularyzacji. W konsekwencji mogą powodować odwarstwienie siatkówki, krwotok w 

komorze ciała szklistego, a także jaskrę neowaskularną. Niedrożność tętnicy środkowej 

siatkówki i niedrożność żyły środkowej siatkówki obserwuje się u mniej niż 1% pacjentów, ale 
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wiążą się ze znaczną utratą wzroku (15). U około 40% pacjentów z rozpoznanym SLE 

występują dodatnie przeciwciała antykardiolipinowe. Jednakże u pacjentów z rozpoznaną 

retinopatią odsetek ten sięga nawet 86% co sugeruje, że komponenta okluzyjna odgrywa 

znacząca rolę w etiopatogenezie zajęcia naczyń siatkówki. Bardziej okluzyjny charakter tej 

retinopatii, w porównaniu z retinopatią cukrzycową i retinopatią nadciśnieniową, zazwyczaj 

prowadzi do głębszego niedokrwienia siatkówki (6,15,17,18). 

W toczniu rumieniowatym układowym, zajęcie naczyń tylnego odcinka oka odzwierciedla 

zajęcie naczyń krwionośnych innych narządów, a zmiany mikronaczyniowe są związane ze 

wzrostem ilości powikłań ogólnoustrojowych (6,19,20). Chociaż kryteria diagnostyczne SLE 

nie uwzględniają zmian w obrębie narządu wzroku, wystąpienie retinopatii świadczy o 

aktywności tocznia rumieniowatego układowego. Retinopatia może pozostać bezobjawowa lub 

nieznacznie objawowa przez wiele lat, a jej wykrycie w najwcześniejszym stadium jest 

kluczowe do szybkiego wdrożenia leczenia, a także uniknięcia zmian ogólnoustrojowych. 

Optyczna koherentna tomografia (OCT) siatkówki jest stosowana do diagnozowania i 

monitorowania retinopatii w przebiegu SLE oraz jako badanie przesiewowe toksyczności 

hydroksychlorochiny. Jest to nieinwazyjne urządzenie, które wykorzystuje koherentną wiązkę 

światła podczerwonego do skanowania in vivo tylnego bieguna oka. Skany OCT są szybkie i 

łatwe do wykonania oraz powtarzalne. OCT jest szeroko stosowane w okulistyce m.in. w 

diagnostyce i obserwacji jaskry, zwyrodnienia plamki żółtej, a także przydatne w niektórych 

chorobach neurodegeneracyjnych, np. stwardnieniu rozsianym. Diagnostyka retinopatii w 

przebiegu tocznia rumieniowatego układowego, który jest chorobą o podłożu naczyniowym, 

opiera się na badaniu dna oka oraz angiografii. Ponad 50 lat złotym standardem w ocenie 

krążenia siatkówki była angiografia fluoresceinowa. Angiografia OCT – OCTA, Angio-OCT, 

to połączenie urządzenia OCT oraz angiografii, której wprowadzenie uważane jest za kamień 

milowy w okulistyce (21). Angio-OCT to najnowsza metoda obrazowania mikrokrążenia 

siatkówki i naczyniówki, która wykorzystuje odbicie światła laserowego od powierzchni 

czerwonych krwinek, eliminując potrzebę stosowania dożylnie kontrastu (22). Jest 

bezpieczniejsza, szybsza i łatwiejsza do wykonania niż angiografia fluoresceinowa. Angio-

OCT jest całkowicie nieinwazyjna oraz ułatwia ocenę siatkówki mierząc ilościowo nasilenie 

zmniejszonej perfuzji w naczyniach. Ponadto Angio-OCT umożliwia ocenę splotu 

powierzchownego i splotu głębokiego siatkówki wewnętrznej, a także siatkówki zewnętrznej i 

choriokapilar. Najnowsze badania pokazują, że Angio-OCT pozwala wykryć zmiany w 

siatkówce i jej mikrokrążeniu w wielu chorobach ogólnoustrojowych jak SLE, stwardnienie 

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

 

5.1. Cel główny pracy 

 

Celem głównym badania była ocena przydatności Angiografii OCT, przy użyciu 

parametrów: gęstości naczyń (vessel density – VD) oraz strefy awaskularnej dołka (foveal 

avascular zone – FAZ), do diagnostyki zaburzeń unaczynienia siatkówki u pacjentów z 

toczniem rumieniowatym układowym bez objawów retinopatii w badaniu dna oka oraz bez 

obniżenia ostrości wzroku. 

 

5.2. Cele szczegółowe pracy 

 

5.2.1. Podsumowanie dostępnej wiedzy oraz identyfikacja luk w dotychczas 

opublikowanych pracach naukowych na temat zastosowania Angio-OCT u 

asymptomatycznych okulistycznie pacjentów z toczniem rumieniowatym 

układowym. 

5.2.2. Określenie gęstości mikrokrążenia siatkówki w Angio-OCT z podziałem na 

strefy u pacjentów bez objawów retinopatii. 

5.2.3. Ocena związku między unaczynieniem siatkówki a aktywnością SLE (za 

pomocą skali SLEDAI), wskaźnikiem uszkodzenia (za pomocą skali 

SLICC/ACR DI), zajęciem nerek oraz OUN, skumulowaną dawką 

hydroksychlorochiny (HCQ) i chlorochiny (CQ). 

5.2.4. Określenie grubości poszczególnych warstw siatkówki w OCT u pacjentów 

bez objawów retinopatii. 

5.2.5. Ocena związku między grubością warstw siatkówki a aktywnością SLE (za 

pomocą skali SLEDAI), wskaźnikiem uszkodzenia (za pomocą skali 

SLICC/ACR DI), zajęciem nerek oraz OUN, skumulowaną dawką 

hydroksychlorochiny (HCQ) i chlorochiny (CQ). 

5.2.6. Ocena przydatności OCT bez funkcji angiografii u pacjentów ze SLE bez 

objawów retinopatii w badaniu dna oka w lampie szczelinowej oraz bez 

obniżenia ostrości wzroku. 
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6. MATERIAŁ I METODY 

 

Badania oryginalne poprzedzono systematycznym przeglądem literatury w celu 

uporządkowania dostępnej w temacie wiedzy. Zidentyfikowane luki i ograniczenia w 

dostępnych badaniach były kluczowe do określenia metodologii badań oryginalnych. Przegląd 

systematyczny, będącym pierwszą pracą z cyklu publikacji, przygotowano na podstawie bazy 

PubMed oraz zgodnie z wytycznymi PRISMA (Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses). Do pracy włączono artykuły, wymienione w powyższej bazie do 

15 marca 2021 roku. Bibliografia analizowanych artykułów została również uznana za źródło 

informacji. Następujące słowa kluczowe były używane w różnych kombinacjach: subkliniczne 

zmiany siatkówki lub subkliniczne uszkodzenie siatkówki lub subkliniczna choroba siatkówki 

lub subkliniczne zajęcie siatkówki i SLE lub toczeń rumieniowaty układowy i/lub angiografia 

OCT lub OCTA. Autorzy przeanalizowali wszystkie artykuły w języku angielskim znalezione 

przy użyciu wspomnianych słów kluczowych. Odnaleziono czternaście badań, ale tylko siedem 

spełniało warunki pełnego włączenia do badania. Kryteria włączenia obejmowały: rozpoznanie 

SLE, brak retinopatii, metodologia badania z użyciem angiografii OCT. Artykuły, których 

przedmiotem byli pacjenci także z innymi chorobami ogólnoustrojowymi, nie tylko ze SLE, 

zostały wyłączone z przeglądu. 

Badanie oryginalne podzielono na dwa etapy. W pierwszym etapie dokonano oceny 

parametrów dostępnych w OCT z opcją angiografii, a w drugim w OCT bez funkcji angiografii 

w celu ustalenia przewagi opcji angiografii nad powszechnie dostępnym i stosowanym OCT. 

Do badań oryginalnych zostało włączonych 64 pacjentów (113 oczu), w tym 33 pacjentów (57 

oczu) z rozpoznanym toczniem rumieniowatym układowym będących pod opieką Katedry i 

Kliniki Reumatologii i Chorób Wewnętrznych Uniwersyteckiego Szpitala Klinicznego we 

Wrocławiu oraz 31 zdrowych osobników (56 oczu). Ze względu na słabą jakość skanów z grupy 

badanej wykluczono 3 pacjentów (4 oczy). 

W pracach oryginalnych wykorzystano następujące metody badawcze: 

1. pełne badanie okulistyczne, 

2. OCT, 

3. Angio-OCT, 

4. wyniki badań laboratoryjnych i diagnostycznych, 

5. skalę SLEDAI-2K (The Systemic Lupus Erythematosus Disease Activity Index 2000), 

6. skalę SLICC/ACR DI (The Systemic Lupus International Collaborating 

Clinics/American, Indeks College of Rheumatology Damage). 
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Do badań wykorzystano urządzenie DRI OCT Triton Plus (Topcon Corp., Tokio, Japonia, 

2015). Wbudowane oprogramowanie i algorytm urządzenia wykorzystano do 

zautomatyzowanej segmentacji warstw siatkówki oraz pomiaru ich grubości oraz gęstości 

naczyń w splocie powierzchownym i głębokim. Aby wyznaczyć parametry FAZ ze splotu 

powierzchownego (wskaźnik powierzchni, obwodu i kolistości), obrazy Angio-OCT zostały 

wyeksportowane jako obraz o rozdzielczości 320 x 320 pikseli, ręcznie obrysowane i obliczone 

przy użyciu programu Adobe Photoshop w wersji 23.0.1 (Adobe, Inc., San Jose, Kalifornia, 

USA, 2021) przez tego samego, zamaskowanego, doświadczonego okulistę. 

Analizę statystyczną przeprowadzono przy użyciu programu STATISTICA 13.3 (StatSoft, 

Inc., Tulsa, OK, Stany Zjednoczone, 2017). We wszystkich analizach za istotne statystycznie 

uznano wyniki, w których poziom istotności p<0.05. Do oceny normalności rozkładu badanych 

cech ilościowych zastosowano test Kołmogorowa-Smirnowa. Analizę statystyczną badającą 

różnice pomiędzy poszczególnymi zmierzonymi parametrami w grupach przeprowadzono z 

zastosowaniem testu U-Manna-Whitney’a. Korelację pomiędzy zmierzonymi parametrami 

oraz danymi klinicznymi o charakterze ilościowym przeprowadzono z zastosowaniem testu 

korelacji rang Spearmana. 
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7. PUBLIKACJE 

7.1. Optical Coherence Tomography Angiography as a New Tool for Evaluation of the 

Subclinical Retinal Involvement in Patients with Systemic Lupus 

Erythematosus—A Review 
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Abstract: 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 a subclinical
level in order to provide faster medical intervention and protect the patient from irreversible changes
in the eye and other organs. The aim of this review is an analysis of studies investigating early patho-
logical changes in retinal vascularization obtained by optical coherence tomography angiography
(OCTA) and their relationship to the systemic lupus erythematosus (SLE). A literature search was
performed to identify all relevant articles, regarding detection of subclinical retinal changes using
OCTA in systemic lupus erythematosus listed in PubMed database. Seven out of seven papers found
showed a decrease in superficial capillary plexus in ocular asymptomatic patients diagnosed with
SLE. A decrease in retinal vessel density measured by OCTA may be a good marker of SLE activity
and poor prognosis. OCTA in a safe manner can give clinicians a new perspective on processes
of vessel remodeling and answer the question of how SLE might impact the eye from a structural
point of view. Adding OCTA to the standard diagnostic process of SLE patients, may detect systemic
changes early and prevent further visual deterioration by stopping progression of lupus retinopathy.

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

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 https://www.mdpi.com/journal/jcm
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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
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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 Işık 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.

Authors HCQ, n (%) in
Study Group HCQ Subgroups HCQ Cumulative

Dose (g) Result Authors
Conclusion

Conigliaro et al.
[20] 16 out of 26 (61.5%) No 738.8 ± 486.8

Positive correlation
between the HCQ
cumulative dose

and VD

Possible protective
effect of HCQ on

retinal
microvasculature

Forte et al. [23] 10 out of 10 (100%)

No;
all patients treated

with HCQ for
more than 5 years

937.59 ± 332.37

Choroidal thinning
and vascular

abnormalities in
the three retinal

capillary plexuses
and CC

OCTA could detect
changes in the

retina earlier than
common screening

tests

Mihailovic et al.
[22] 19 out of 19 (100%)

Low-risk group-10
out of 19

High-risk group-9
out of 19

Total–819 ± 773
Low-risk

group-265 ± 218
High-risk

group-1317 ± 754

Positive correlation
between the

cumulative dose of
HCQ and the VD

in the low-risk
group

Possible protective
effect of HCQ on

retinal
microvasculature,

but only in patients
treated with HCQ

< 5 years

HCQ-hydroxychloroquine, HCQ, n (%)-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 Işık 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.

Authors Year of
Publication Study Group Control

Group SLE vs. Control Group

SLE and
Nephropathy vs.

SLE w/o
Nephropathy

Conigliaro et al.
[20]. 2018 26 patients,

52 eyes
20 patients,

40 eyes

Lower superficial whole en face
density, superficial parafoveal
density and superficial foveal

density
Unknown FAZ parameters

Reduced
parafoveal vessel

density and
parafoveal
thickness

Forte et al. [23] 2019 10 patients,
20 eyes

18 patients,
36 eyes

Reduction of the vessel density in
the 1 mm central, nasal and

temporal subfields of DCP and in
the 1 mm central subfield of CC

Increased FAZ

Not compared

Bao et al. [24] 2019 32 patients,
58 eyes

50 patients,
50 eyes

Significant decrease in the
superficial retinal capillary plexus

density
Unknown FAZ parameters

Not compared
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Table 2. Cont.

Authors Year of
Publication Study Group Control

Group SLE vs. Control Group

SLE and
Nephropathy vs.

SLE w/o
Nephropathy

Işık et al. [21] 2020 35 patients,
35 eyes

35 patients,
35 eyes

Lower inner, outer, and full vessel
density and perfusion density

No difference in FAZ
No difference

Pichi et al. [25] 2020 15 patients,
30 eyes

15 patients,
30 eyes

Decrease in the vascular density
of the superficial capillary plexus

Enlargement of the FAZ
Not compared

Mihailovic et al.
[22] 2020 19 patients,

19 eyes
19 patients,

19 eyes

Significantly reduced VD in the
en face superficial capillary

plexus
Larger FAZ area

Not compared

Arfeen et al. [26]. 2020 20 patients,
20 eyes

20 patients,
20 eyes

Significant lower VD in
superficial and deep capillary

layers
No difference in FAZ area

Not compared

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

Table 3. Patient’s characteristics.

Authors Age (Years) BCVA (LogMAR) SLE Duration
(Years) SLEDAI SLICC/ACR SDI

Conigliaro et al.
[20] 49.6 ± 13.6 0.0 ± 0.1 15.1 ± 7.7 4.3 ± 4.4 1.9 ± 1.5

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] 34.9 ± 11.8 �0.01 ± 0.04 3.8± 3.0 7.7 ± 8.1 Not calculated

Işık et al. [21] 42.6 ± 9.2 0.02 ± 0.04 10.6 ± 4.4 Not calculated Not calculated

Pichi et al. [25] 42.3 ± 13.4 1 20/25 11.3 ± 6.8

0 in 6 patients
1–8 in 8 patient 1

>8 in one patient
(no clearly stated

data in paper)

Not calculated

Mihailovic et al.
[22] 40.1 ± 11.5 Not evaluated Not evaluated Not calculated Not calculated

Arfeen et al. [26] 29.20 ± 7.90 2 0.85 ± 0.08 Unknown

No–8 patients
Mild–2 patients

Moderate–10
patients

Severe–0 patients

0–10 patients
2–6 patients
3–2 patients
6–2 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 Işık 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, Işık et al. did not confirm the Conigliaro et al.
relationship in their study. According to Işık 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. Işık 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. Işık 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 ⇥ 6 mm scan with 3 mm
⇥ 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.

Name of OCTA Methodology Used in the
Study by Scan Speed Wavelength Optical Source Axial Resolution

Optovue RTVue XR
Avanti (Optovue,
Inc., Fremont, CA,

USA)

Spectral domain
(SD)

Bao et al. [24],
Pichi et al. [25],
Conigliaro et al.
[20], Mihailovic

et al. [22], Arfeen
et al. [26]

70,000 A-scans/s 840 nm Superluminescent
diode

Digital: 3 µm, in
tissue 5 µm

Zeiss Cirrus 5000
system

AngioPlexTM (Carl
Zeiss Meditec,

Dublin, CA, USA)

Spectral domain
(SD) Işık et al. [21] 68,000 A-scans/s 840 nm Superluminescent

diode
Digital: 1.95 µm,

in tissue 5 µm

DRI OCT Triton
plus (Topcon,
Tokyo, Japan)

Swept Source (SS) Forte et al. [23] 100,000 A-scans/s 1050 nm Swept laser Digital: 2.6 µm, in
tissue 8 µm

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 ⇥ 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 µm below internal limiting membrane
(ILM) to 15.6 µm below the inner plexiform (IPL) and inner nuclear layers (INL) (IPL/INL)
and DRCP 15.6 µm to 70.2 µm below IPL/INL.

To determine FAZ parameters from the SRCP: area, perimeter and circularity index,
the OCTA images were exported as 320 ⇥ 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⇡ ⇥
area/perimeter2. 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 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

IOP (mmHg) 15.98 ± 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 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-�2 GPI IgG [RU/mL] 28 N/A N/A
anti-�2 GPI IgM [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-�2 GPI—Anti-�2-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-�2 GPI IgG:
0–20 U/mL, anti-�2 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 (n—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 Group
(n = 30)

Control Group
(n = 31) 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 47.45 ± 2.5 0.19
VD SRCP—parafovea 47.51 ± 1.43 48.51 ± 1.5 0.02

VD SRCP—whole en face 44.69 ± 1.4 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 52.98 ± 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 ± 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 48.2 ± 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 22.43 ± 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 47.54 ± 1.23 47.48 ± 1.61 0.9

VD SRCP—whole en face 44.68 ± 1.32 44.69 ± 1.5 0.97

VD DRCP %—fovea 20.63 ± 3.47 21.06 ± 4.51 0.93
VD DRCP—superior 53.3 ± 1.73 51.49 ± 3.47 0.07
VD DRCP—inferior 51.61 ± 2.47 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 47.72 ± 1.8 0.9

FAZ—area 0.15 ± 0.08 0.16 ± 0.06 0.65
FAZ—perimeter 1.5 ± 0.43 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 (n = 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 ± 2.1 0.03

VD SRCP—nasal 45.99 ± 1.96 45.69 ± 1.78 0.9
VD SRCP—temporal 46.06 ± 1.48 47.19 ± 3.24 0.07
VD SRCP—parafovea 47.25 ± 1.29 47.7 ± 1.54 0.32

VD SRCP—whole en face 44.37 ± 1.18 44.93 ± 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 ± 2.51 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 47.43 ± 1.21 48.05 ± 1.82 0.18

FAZ—area 0.17 ± 0.07 0.15 ± 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—vessel 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 (n = 19) p Value

VD SRCP %—fovea 23.44 ± 4.24 21.42 ± 3.11 0.16
VD SRCP—superior 48.02 ± 3.6 49.07 ± 2.01 0.23
VD SRCP—inferior 49.79 ± 2.39 48.26 ± 2.22 0.14

VD SRCP—nasal 45.22 ± 1.75 46.17 ± 1.83 0.26
VD SRCP—temporal 46.52 ± 3.91 46.8 ± 1.65 1
VD SRCP—parafovea 47.39 ± 1.72 47.57 ± 1.28 0.86

VD SRCP—whole en face 44.73 ± 1.74 44.67 ± 1.21 0.73

VD DRCP %—fovea 22.34 ± 4.95 20.03 ± 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 ± 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 ± 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.
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Table 7. Comparison of OCTA parameters among SLE patient using Chloroquine.

Positive (n = 12) Negative (n = 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 45.7 ± 2.22 45.9 ± 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 44.29 ± 1.8 44.96 ± 1.04 0.46

VD DRCP %—fovea 20.02 ± 3.75 21.45 ± 4.22 0.43
VD DRCP—superior 52.11 ± 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 ± 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 48.2 ± 1.09 0.17

FAZ—area 0.17 ± 0.06 0.15 ± 0.07 0.69
FAZ—perimeter 1.58 ± 0.29 1.5 ± 0.4 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 48.71 ± 2.18 0.82

VD SRCP—nasal 44.26 ± 1.61 46.21 ± 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 51.38 ± 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 1.72 ± 0.17 1.48 ± 0.38 0.07

FAZ—circularity index 0.81 ± 0.03 0.78 ± 0.1 0.82
VD—vessel 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-ß2 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—1, leflunomide—1, 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

Systemic lupus erythematosus (SLE) is a chronic, mul-
tiorgan connective tissue disease characterized by vari-
able dynamics of progression and broad diversity of or-
gan involvement. Annually, SLE affects approximately  

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

half as many Europeans and Japanese [1]. 

Although the genetics, environmental factors, as well 

as a dysregulation of the immune system are mentioned 

as the main etiological factors, the exact etiopathogen-
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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. 

It is 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-

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 

Fig. 1. Cross-section of a healthy retina optical coherence tomography scan.



 39 

 
 

 

3Subclinical retinopathy in systemic lupus erythematosus patients

Reumatologia 2023; 61/2

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 DI).

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 III. 

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
Including: HCQ < 5 years/HCQ > 5 
years

30
17/30

0
N/A

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

IOP [mmHg] 15.98 ±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 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-β2 GPI IgG [RU/ml] 28 N/A N/A

Anti-β2 GPI IgM [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

ACL – anti-cardiolipin antibodies IgM and IgG, anti-dsDNA – anti-double stranded DNA antibodies, anti-ß2-GPI – anti-ß2-glycoprotein 
I 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 III. 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 13.99 281.37 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 0.33

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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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-ß2-glycoprotein 
I antibodies (anti-ß2-GPI) IgM and IgG, anti-double 
stranded DNA antibodies (anti-dsDNA), anti-cardiolipin 
antibodies (ACL) IgM and IgG, 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 

Table IV. Comparison of optical coherence tomography parameters – subgroups based on hydroxychloroquine 
duration

OCT parameters > 5 years (n = 13) SD < 5 years (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 0.38

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 8.37 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.
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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-

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, Işık 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 

Table V. Comparison of optical coherence tomography parameters – subgroups based on chloroquine use

OCT parameters Positive (n = 12) SD Negative (n = 18) SD 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 3.12 6.78 2.41 0.14

RNFL superior 37.83 7.42 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 5.35 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.
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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, Işık 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 Sjögren 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 WYNIKÓW 

 

W niniejszej pracy przeglądowej przeanalizowano siedem artykułów, których przedmiotem 

badania była subkliniczna retinopatia w przebiegu SLE. Wykazano luki w dotychczas 

opublikowanych badaniach, które polegały na nieobliczaniu skumulowanej dawki HCQ, braku 

podziału pacjentów ze względu na czas trwania leczenia HCQ, nieobliczaniu indeksów 

aktywności SLE. We wszystkich analizowanych pracach wykazano zmniejszenie gęstości 

naczyń włosowatych splotu powierzchownego u pacjentów z rozpoznanym SLE bez cech 

retinopatii w badaniu okulistycznym oraz bez obniżenia ostrości wzroku w porównaniu ze 

zdrową grupą kontrolną. 

Pierwsze badanie oryginalne potwierdziło wyniki powyższych autorów. Wykazano 

mniejszą gęstość naczyń (VD) mikrokrążenia siatkówki w dolnym i nosowym kwadrancie 

splotu powierzchownego oraz w jej strefie okołodołkowej w porównaniu do grupy kontrolnej. 

W grupie badanej zajęcie nerek związane było z dalszą redukcją mikrokrążenia w porównaniu 

do pacjentów ze SLE bez zajęcia nerek. Powierzchnia FAZ i wskaźnik kolistości FAZ zostały 

zmniejszone u pacjentów cierpiących na SLE, jednak parametry te cechuje duża zmienność 

osobnicza. Ostrość wzroku była także istotnie statystycznie niższa u pacjentów ze SLE, co 

może być wtórne do stopnia utraty naczyń włosowatych. Badanie nie wykazało korelacji 

pomiędzy skalami SLICC/ACR i SLEDAI-2K a VD i FAZ, jednakże stwierdzono związek 

między VD a zajęciem innych narządów. Pacjenci ze SLE i zajęciem nerek mieli mniejszą 

gęstość naczyń w kwadrantach nosowych i skroniowych, a także całkowitą i okołodołkową 

splotu powierzchownego w porównaniu z pacjentami ze SLE bez zajęcia nerek. Gęstość naczyń 

w górnym kwadrancie splotu powierzchownego była zwiększona u pacjentów ze SLE 

leczonych HCQ przez ponad 5 lat w porównaniu z pacjentami leczonymi HCQ mniej niż 5 lat. 

Badanie wykazało również dodatnią korelację między skumulowaną dawką HCQ oraz 

gęstością naczyń w splocie powierzchownym i głębokim. 

W drugim badaniu oryginalnym nie znaleziono różnic morfologicznych w OCT między 

grupą chorującą na SLE a zdrową grupą kontrolną. Grubość RNFL u chorych na SLE nie 

różniła się statystycznie od grupy kontrolnej. Nie zaobserwowano korelacji między badanymi 

parametrami siatkówkowymi a czasem trwania terapii hydroksychlorochiną, jak również 

skumulowaną dawką HCQ i chlorochiny oraz wskaźnikami uszkodzenia i aktywności SLE. 
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9. WNIOSKI 

 

9.1. Angiografia OCT jest obiecującą metodą diagnostyczną do bezinwazyjnej oceny 

zaburzeń unaczynienia siatkówki u pacjentów ze SLE. 

 

9.2. Kontynuacja badań z większą ilością pacjentów jest kluczowa do określenia jak 

wdrożyć wyniki powyższych badań w opiekę nad pacjentem. 

 
9.3. Zmniejszenie gęstości naczyń siatkówki może być uważane za wczesny marker 

retinopatii w przebiegu SLE. 

 
9.4. Wyniki uzyskane za pomocą Angio-OCT mogą być dobrym wskaźnikiem rokowania 

SLE. 

 
9.5. Hydroksychlorochina może pełnić funkcję ochronną dla mikrokrążenia siatkówki. 

 
9.6. Angio-OCT może przyczynić się do wczesnej diagnozy i monitorowania progresji 

retinopatii w przebiegu SLE. 

 
9.7. U pacjentów ze SLE i bez retinopatii zmiany w mikrostrukturze siatkówki nie są 

widoczne w OCT. 

 
9.8. OCT bez funkcji angiografii jest mniej czułe niż Angio-OCT w wykrywaniu 

subklinicznych uszkodzeń siatkówki u pacjentów ze SLE. 
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