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Purpose: To compare choroidal thickness (CT) between patients with systemic lupus
erythematosus (SLE) without ophthalmologic manifestations and a control group. To study
the effects in CT of disease duration, activity index, medication and systemic comorbidities.
Methods: Cross-sectional study where spectral-domain optical coherence tomography with
enhanced depth imaging was used to measure CT in 13 locations, subfoveally and at 500-um
intervals along a horizontal and a vertical section from the fovea. Linear regression models
were used.

Results: Sixty-eight SLE patients and fifty healthy controls were enrolled. CT multivariable
analysis revealed lower values in SLE patients (12.93-26.73 um thinner) in all locations,
except the inferior quadrants (6.48-10.44 pum thicker); however, none of these results
reached statistical significance. Contrary to the control group, the normal topographic varia-
tion in CT between macular quadrants and from the center to the periphery was not observed
in the SLE group. Multivariable analysis in the SLE group alone revealed a significant
negative association with anticoagulants (50.10-56.09 pum thinner) and lupus nephritis
(40.79-58.63 um thinner). Contrary to controls, the CT of SLE patients did not respond to
changes in mean arterial pressure.

Conclusion: CT in SLE appears to be thinner, particularly in the subset of patients with
nephritis and taking anticoagulants, suggesting more advanced systemic vascular disease.
Choroidal responses to hemodynamic changes may also be altered in SLE.

Keywords: choroidal thickness, enhanced depth imaging, spectral domain optical coherence

tomography, systemic lupus erythematosus

Introduction

Systemic lupus erythematosus (SLE) is a chronic, autoimmune, connective tissue
disease that can involve multiple organ systems. Similar to other autoimmune
disorders, it can affect the vascular system in multiple territories either directly
by inducing vasculitis and an increased atherosclerotic or thrombotic burden or
indirectly by interfering with normal vasoregulatory mechanisms.' ™ Up to one-
third of SLE patients present ocular manifestations, which may precede extraocular
systemic disease.’ In the eye, SLE can affect almost any structure, including the
vascular supply of the retina, the choroid and the optic nerve head.® Lupus
choroidopathy is rare and can present with serous retinal detachment, retinal
pigment epithelium detachment, retinal pigment epitheliopathy, choroidal ischemia
or effusion.” When present, lupus choroidopathy is usually a marker of high disease
activity and often associated with the central nervous system and renal disease.” On
the other hand, subtle and subclinical changes in choroidal circulation have been
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described in patients with lupus nephritis.® These facts
raise the hypothesis that choroidal vascular bed may be
affected early in the course of the disease, possibly reflect-
ing existing microvasculopathy in other organ systems.

Spectral domain optical coherence tomography (SD-
OCT) with enhanced depth imaging (EDI) software is a
noninvasive imaging modality that provides high-resolu-
tion three-dimensional images of the retina and choroid.’
In recent years, this technique enabled us to characterize
the morphology and thickness of the choroid in several
ocular and systemic pathologies.'®'> However, only a
very limited number of publications have evaluated the
choroid in SLE patients using EDI SD-OCT."*"'® These
studies had heterogeneous samples and presented contra-
dictory results.

In this study, we compared choroidal thickness (CT)
using SD-OCT between SLE patients without ophthalmo-
logic manifestations and a control group in whom systemic
autoimmune diseases were excluded. We also studied the
relationship between CT and, among others, disease dura-
tion, disease activity score, hydroxychloroquine intake and
cumulative dosage, systemic medications and systemic
comorbidities frequently present in SLE patients, namely,
SLE (NP-SLE),
Sjogren’s syndrome and anti-phospholipid syndrome.

lupus nephritis, neuropsychiatric

Materials and methods

Subject groups

This was a cross-sectional study nested in a prospective
cohort study that is still ongoing. The study was conducted
at the Ophthalmology Department and at the Autoimmune
Disease Unit of the Central Lisbon Hospital and University
Center. The study occurred between July 2017 and August
2018. Consecutive SLE patients sent by the Autoimmune
Disease Unit for ophthalmological screening were observed
for inclusion/exclusion criteria. Patients fulfilled the 1997
revised American College of Rheumatology (ACR) criteria
for the diagnosis of SLE'” and were aged between 18 and
80 years old. Only those without signs of optic neuropathy,
retinopathy or choroidopathy were included in the study.

The control group, in whom rheumatologic diseases were
excluded, was recruited from the General Ophthalmology
Department.

The exclusion criteria were a refractive error >5 diop-
ters or/and axial length >25 mm in the studied eye, keratic
astigmatism >3 diopters, diabetes mellitus, pregnancy,
signs or previous history of optic neuropathy, retinopathy

or choroidopathy (namely, lupus-related, age-related
macular degeneration, vascular occlusion, macular dystro-
phy, hydroxychloroquine retinopathy, glaucoma, ocular
hypertension or neurodegenerative diseases, such as
Alzheimer’s or Parkinson’s disease), ocular tumor, pre-
vious episodes of intraocular inflammation, history of
intraocular or refractive surgery and significant media
opacities that precluded fundus imaging.

The Institutional Ethics Committee approved the study,
and written informed consent was obtained from all parti-
cipants. The tenets of the Declaration of Helsinki were

respected.

Study procedures

All patients underwent a prescreening visit where demo-
graphic, background medical history, full ophthalmological
examination with visual acuity, anterior segment examina-
tion, Goldmann applanation tonometry, dilated fundus
examination and optic biometry (using Lenstar LS 900®,
Haag-Streit AG, Koeniz, Switzerland) were recorded. After
this visit, patients were assigned to a specific study visit
where SD-OCT was performed. Blood pressure (BP) was
also measured before SD-OCT. SLE patients currently or
previously treated with hydroxychloroquine also underwent
fundus autofluorescence imaging and 10-2 macular auto-
mated threshold visual field testing to exclude retinal toxicity
according to the American Academy of Ophthalmology
recommendations.'® An evaluation by an autoimmune dis-
ease specialist was also performed in all SLE patients,
including a complete physical examination and laboratory
tests required to access disease activity state and systemic
involvement. Disease activity was scored using the Systemic
Lupus Erythematosus Disease Activity Index (SLEDATI)."
One eye per patient was randomly selected for the study.

Visual acuity

Best corrected distance visual acuity (BCVA) was evalu-
ated for each eye using Snellen charts. The value was then
converted to the logarithm of the minimum angle of reso-
lution (LogMAR).

Intraocular pressure

Before pupillary dilation, intraocular pressure was mea-
sured using Goldmann applanation tonometry, and a mean
of 3 measurements was recorded.

Mean arterial pressure
The BP was measured using an automatic sphygmoman-
ometer in the left arm in the seated position. Systolic
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(SBP) and diastolic (DBP) blood pressures were recorded,
and the mean arterial pressure (MAP) was calculated
according to the following formula:

MAP = DBP + 1/3(SBP — DBP)

Imaging

All patients were examined with SD-OCT (Spectralis®
Heidelberg Engineering, Heidelberg, Germany). Scans were
performed in the EDI mode using a previously described
method.” Twenty-five sections, each comprising 100 aver-
aged scans, were obtained in a 20x20° (5.8 mmx5.8 mm)
square centered on the fovea. All OCT examinations were
performed by an ophthalmologist (J.T.F.) and were assessed
by another ophthalmologist (A.D.S.); both were masked to
the patients’ diagnosis. All scans were performed between 2
PM and 4 PM. CT was measured perpendicularly from the
outer border of the hyperreflective line corresponding to the
retinal pigment epithelium (RPE) to the inner scleral border.
These measurements were taken at the subfoveal choroid and
at 500-um intervals from the fovea to 1500 um temporal,
1500 pm nasal, 1500 um superior and 1500 pm inferior (13
locations) (Figure 1).

Statistical evaluation

First, an exploratory analysis was performed for all variables.
Categorical variables were presented as frequencies (percen-
tages), and continuous variables were presented as the mean
(standard deviation [SD]) or median and interquartile range
(25th percentile-75th percentile). Nonparametric Chi-Square
test and Mann-Whitney test were used. To study progressive
CT decrease from the center to the periphery, Friedman test
was applied. Linear regression models were used to identify
the variables that explain the variability of CT in the SLE and
control groups. The wvariables gender, age, BMI, IOP,
axial length, spherical equivalent, MAP, BCVA, and

@0 pm

pharmacological variables were considered for these analyses.
A second study for the SLE group alone was performed also
using linear regression models and scatterplots with locally
weighted scatterplot smoothers. Disease duration, disease
activity score, hydroxychloroquine intake and cumulative
dosage, systemic medications, and other comorbidities fre-
quently present in these patients were added to this analysis.

Those variables attaining a p-value <0.25 in the uni-
variable analyses were selected as candidates for the multi-
variable models. Normality assumption of the residuals
was verified using Shapiro-Wilk test. Given the multiple
testing inherent to this study, Bonferroni corrections were
applied. A level of significance 0=0.05 was considered.
Data were analyzed using the Statistical Package for the
Social Science for Windows (IBM Corp. Released 2013.
IBM SPSS Statistics for Windows, Version 22.0. Armonk,
NY: IBM Corp.).

Results
Patient demographics and clinical

characteristics

A total of 68 eyes of 68 SLE patients (58 women and 10 men)
and 50 eyes of 50 healthy controls (43 women and 7 men)
were enrolled in this study. The median duration of SLE
diagnosis was 11.0 (6.25-19.00) years, and 26 patients
(38.8%) had active disease (SLEDAI >3) at the time of the
study visit. Among SLE patients, 19 (27.9%) had NP-SLE,
including 16 with the central type and 3 with the peripheral
type; 18 (26.5%) had biopsy-proven lupus nephritis; 21
(30.9%) had anti-phospholipid syndrome; and 5 patients
(7.4%) had Sjogren’s syndrome. Demographic and clinical
characterization of the two groups is summarized in Table 1.
Pharmacological history of patients and controls, except for
hydroxychloroquine (HCQ), is presented in Table 2.

Figure | Choroidal thickness measurements were made in the subfoveal choroid and at 500-um intervals from the fovea to 1500 pm temporal, 1500 ym nasal, 1500 pm

superior and 1500 um inferior (I3 locations).
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Table | Demographic and clinical characteristics of the patients by group

Variables SLE group (n=68) Control group (n=50) P
Age, years 45.50 (12.67) 52.76 (14.45) 0.003
Female gender, n (%) 58 (85.3) 43 (86) 0.914*
Body Mass Index, Kg/m? 24.64 (3.91) 25.79 (3.73) 0.07
BCVA, LogMAR 0.010 (0.051) 0.005 (0.020) 0.89
IOP-Goldmann, mm Hg 13.60 (2.88) 13.76 (2.55) 0.738
Spherical Equivalent, D —0.25 (-1.0-0.25) 0.13 (-0.63-1.0) 0.048
Axial Length, mm 23.56 (1.00) 22.89 (0.96) <0.001
MAP, mm Hg 88.71 (11.06) 91.92 (13.11) 0.114
SLE duration, years 11.0 (6.25-19.0) NA
SLEDAI 2 (0-4) NA
HCQ

Daily dose, mg 329 (96) NA

Cumulative Dose, g 778 (228.1-1606.0) NA

Therapy duration, years 5.30 (1.81-11.83) NA

Daily dose/weight, mg/kg 5.02 (1.61) NA

Cumulative dose/weight, g/kg 10.76 (3.16-25.47) NA
NP-SLE, n (%) 19 (27.9) NA

Central NP-SLE, n (%) 16 (23.5) NA

Peripheral NP-SLE, n (%) 3 (44) NA
Lupus nephritis, n (%) 18 (26.5) NA
Anti-phospholipid syndrome, n (%) 21 (30.9) NA
Sjogren’s syndrome, n (%) 5(74) NA

Notes: For continuous variables, results are expressed as mean (SD) or median (interquartile range), as appropriate. *Chi-square test, remaining p-values were obtained by

Mann-Whitney test.
Abbreviations : BCVA, best corrected visual acuity; HCQ, hydroxychloroquine; IOP,

intraocular pressure; logMAR, logarithm of the minimum angle of resolution; MAP,

mean arterial pressure; NA, not applicable; NP-SLE, neuropsychiatric systemic lupus erythematosus; SLE, systemic lupus erythematosus; SLEDAI, Systemic Lupus

Erythematosus Disease Activity Index.

Enhanced depth imaging optical

coherence tomography

Comparison of CT between groups in all 13 study loca-
tions is depicted in Table 3. CT is generally higher in the
control group except in the inferior quadrants, particularly
at 1000 and 1500 pm inferior to the fovea. However, these
differences did not reach statistical significance. The over-
all distribution of CT in the four quadrants showed differ-
ent patterns between groups. The choroid in the superior
quadrants is thicker than the inferior choroid in the control
group. In the SLE group, this relationship is reversed.
Regarding the temporal-nasal relationship, both groups
presented a thicker choroid in the temporal quadrants. In
addition, a normal progressive decrease in CT from the

center to the periphery was observed in the horizontal
meridian for both groups (p<0.05). However, regarding
the vertical meridian, this progressive decrease was not
observed in the SLE group (p>0.05).

In multivariable regression models, after correcting for
gender, age, BMI, MAP, BCVA, IOP, spherical equivalent,
axial length and medication, CT in SLE patients was lower
in all locations, except for the inferior quadrants (1000 um
and 1500 um inferior to the fovea) where it was higher
(Table 4). However, evidence of a difference was exclu-
sively found in the temporal 1500-um location (regression
coefficient estimate: —26.73; 95% confidence interval:
—53.40 to —0.05; p=0.050); however, after applying
Bonferroni adjustment for multiple testing, the result was
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Table 2 Pharmacological history of the patients by group

Variables SLE group (n=68) Control group (n=50) p

Systemic steroids 31 (45.6) 0 -

Mean daily dose PDN equivalent (SD), m; 10.1 (60.5) NA -

Other immunosuppressives 26 (38.2) 0 -

Biological agents 7 (10.3) 0 -

ACE inhibitor 10 (14.7) 3 (6) 0.136
Angiotensin |l receptor antagonist 8 (11.8) 3 (6) 0.351
Beta blocker 8 (11.8) 3 (6) 0.351
Diuretics 4 (5.9) 3 (6) 1.000
Calcium channel blocker 6 (8.8) 0 0.038
Statins 10 (14.7) 17 (34) 0.014
Nitrates 0 1 (2) 0.424
Antiplatelet therapy 17 (25) 1 (2) 0.001
Anticoagulant 12 (17.6) 0 0.002
Thyroid hormones 7 (10.3) 1 (2) 0.136
Selective serotonin reuptake inhibitor 10 (14.7) 2 (4) 0.057
Tricyclic antidepressant 3 (44) 0 0.261
Benzodiazepines 8 (11.8) 2 (4) 0.187

Notes: Results are expressed as n (%). p-values were obtained by chi-square test or Fisher’s exact test, as appropriate.
Abbreviations: ACE, angiotensin-converting-enzyme; NA, not applicable; PDN, prednisone; SLE, systemic lupus erythematosus.

Table 3 Choroidal thickness (um) at |3 locations by group

Location SLE group

(n=68)

Control group | p
(n=50)

Subfoveal central um | 282.22 (83.71)
268.66 (75.77)
261.35 (74.61)

246.74 (75.18)

297.88 (84.65) 0.320
291.18 (78.10) 0.118
280.46 (77.41) 0.179
267.46 (81.38) 0.156

Temporal 500 um
Temporal 1000 pm
Temporal 1500 pm

Nasal 500 pm 267.00 (81.66) 280.04 (88.56) 0.411
Nasal 1000 pm 251.40 (79.36) 265.62 (85.10) 0.353
Nasal 1500 pm 225.90 (75.37) 243.38 (88.09) 0.249

Superior 500 pm 280.75 (86.21)
275.53 (78.20)
274.97 (75.36)
278.82 (87.61)
280.69 (78.08)

282.53 (83.79)

292.78 (78.24) 0.438
285.40 (81.27) 0.506
287.04 (78.82) 0.401
279.14 (82.47) 0.984
272.76 (80.48) 0.591

Superior 1000 pm
Superior 1500 pm
Inferior 500 pm

Inferior 1000 ym
Inferior 1500 ym

271.46 (79.43) 0.470

Notes: Results are expressed as mean (SD). p-values were obtained by univariable
linear regression models.
Abbreviation: SLE, systemic lupus erythematosus.

not statistically significant. Therefore, there is only a ten-
dency for a lower CT in SLE patients (—1.35 to
—26.73 um) in subfoveal, superior, nasal and temporal
quadrants and at 500 um inferior to the fovea and a
tendency for higher CT in the 1000 pm and 1500 um
inferior to the fovea (6.48 to 10.44 um). Independently
from the group, age and axial length were negatively
associated with CT (there was a mean decrease in CT
between 20.63 and 35.62 um for each 10 additional

years and a mean decrease of 23.90 to 37.85 pum for
each additional 1 mm in axial length) in all locations. CT
was negatively associated with MAP at 1000 pm nasal,
500 pm and 1000 pum inferior, 500 pm and 1000 pm
temporal to the fovea (there was a mean decrease of 1.26
to 1.48 um for each increase of one mmHg). Finally, CT
was negatively associated with BMI at 500 pm, 1000 pm,
1500 pm superior and 1500 pm temporal to the fovea
(with a mean decrease of 4.21 to 4.96 um in the CT for
each increase of one kg/m? in BMI).

A multivariable regression analysis was also performed
for the SLE group alone (Table 5). Age and axial length
maintained a negative association with CT for all loca-
tions. Anticoagulants presented a negative association with
CT in the subfoveal and 500 pm inferior to the fovea
locations (CT was 50.10 and 56.09 pm thinner, respec-
tively, in patients taking anticoagulants). Sjogren’s syn-
drome was associated with a thicker choroid in the
1000 um superior location (CT was 73.07 pum thicker).
Corticotherapy showed a negative association with CT at
1500 pm temporal from the fovea (with a 2.43 pum
decrease in CT for each one mg increase of prednisone
equivalent). Diuretics also presented a negative association
with CT at 1000 um superior to the fovea (in patients
taking diuretics CT was 85.44 pm thinner). Finally, lupus
nephritis revealed a negative association with CT at
500 um, 1000 pm and 1500 pm nasal, 500 pm, 1000 pm
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Table 4 Results of choroidal thickness multivariable

regression models

Model Coefficient estimate 95% confidence interval p
Dependent variable: CT subfoveal central
SLE group —-l6.17 —45.12 to 12.79 0.271
Age (years) —30.28 —42.01 to —20.15 <0.001
Axial length (mm) —31.45 —47.99 to —18.18 <0.001
Dependent variable: CT 500 ym superior
SLE group —14.87 —42.98 to 13.23 0.297
Age (years) —24.97 —36.18 to —13.76 <0.001
Axial length (mm) —31.45 —45.90 to —16.99 <0.001
Body mass index (Kg/m?) —4.96 —8.62 to —1.30 0.008
Dependent variable: CT 1000 um superior
SLE group —12.93 —39.23 to 13.375 0.332
Age (years) -25.79 —36.29 to —15.298 <0.001
Axial length (mm) -31.87 —45.40 to —18.34 <0.001
Body mass index (Kg/m?) —4.87 —8.30 to —1.45 0.006
Dependent variable: CT 1500 um superior
SLE group —16.64 —43.44 1o 10.16 0.221
Age (years) —20.63 —31.32 to —9.94 <0.001
Axial length (mm) —23.90 —37.68 to —10.118 0.001
Body mass index (Kg/m?) —4.83 —8.32 to —1.34 0.007
Dependent variable: CT 500 ym nasal
SLE group —-13.61 —42.58 to 15.36 0.354
Age (years) —32.02 —42.96 to —21.09 <0.001
Axial length (mm) —34.02 —48.94 to —19.11 <0.001
Dependent variable: CT 1000 um nasal
SLE group —-13.88 —40.95 to 13.19 0.312
Age (years) —27.74 —38.84 to —16.64 <0.001
Axial length (mm) -36.97 —51.09 to —22.86 <0.001
MAP (mm Hg) -1.30 —2.51 to —0.09 0.036
Dependent variable: CT 1500 pym nasal
SLE group —18.00 —45.02 to 9.02 0.190
Age (years) —32.57 —42.77 to —22.37 <0.001
Axial length (mm) —34.70 —48.61 to —20.79 <0.001
Dependent variable: CT 500 ym temporal
SLE group -21.94 —48.14 to 4.27 0.100
Age (years) -23.10 —33.85 to —12.36 <0.001
Axial length (mm) -32.13 —45.84 to —18.51 <0.001
MAP (mm Hg) -1.30 —2.51 to —0.09 0.036
Dependent variable: CT 1000 um temporal
SLE group —-19.98 —46.09 to 6.14 0.132
Age (years) -21.51 —32.22 to —10.81 <0.001
Axial length (mm) —29.02 —42.63 to —15.40 <0.001
MAP (mm Hg) -1.30 —2.51 to —0.09 0.036
Dependent variable: CT 1500 pm temporal
SLE group —26.73 —53.40 to —0.05 0.050
Age (years) —24.63 —35.27 to —13.98 <0.001
Axial length (mm) —25.04 —38.76 to —11.33 <0.001
Body mass index (Kg/m?) -42| ~7.69 to —0.74 0.018
(Continued)
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Table 4 (Continued).

Model Coefficient estimate 95% confidence interval p
Dependent variable: CT 500 pm inferior
SLE group —1.35 —30.63 to 27.93 0.927
Age (years) —25.70 —37.71 to —13.70 <0.001
Axial length (mm) —33.58 —48.84 to —18.31 <0.001
MAP (mm Hg) —-1.30 —2.51 to —0.09 0.036
Dependent variable: CT 1000 pym inferior
SLE group 6.48 —19.16 to 32.11 0.618
Age (years) —28.97 —39.48 to —18.46 <0.001
Axial length (mm) —35.46 —48.82 to —22.09 <0.001
MAP (mm Hg) —1.26 —2.41 to —0.12 0.031
Dependent variable: CT 1500 pm inferior
SLE group 10.44 —15.95 to 36.83 0.435
Age (years) —35.62 —45.58 to —25.66 <0.001
Axial length (mm) —37.85 —51.43 to —24.26 <0.001
Note: Age: for each |0 years increase.
Abbreviations: CT, choroidal thickness; MAP, mean arterial pressure; SLE, systemic lupus erythematosus. p-values were obtained by linear regression models.
Table 5 Results of choroidal thickness multivariable regression models for SLE group
Model Coefficient estimate 95% confidence interval P
Dependent variable: CT subfoveal central
Age (years) —27.35 —42.57 to —12.14 0.001
Axial length (mm) —29.81 —49.13 to —10.48 0.003
Anticoagulant —-50.10 —97.09 to —3.12 0.037
Dependent variable: CT 500 pm superior
Age (years) -30.76 —46.20 to —15.32 <0.001
Axial length (mm) —27.87 —47.55 to —8.19 0.006
Nephritis —56.55 —98.17 to —14.92 0.009
Dependent variable: CT 1000 ym superior
Age (years) —17.34 —31.78 to —2.91 0.019
Axial length (mm) —28.07 —45.17 to —10.96 0.002
Nephritis —40.79 —78.14 to —3.45 0.033
Sjogren 73.07 9.64 to 136.51 0.025
Body mass index (Kg/m?) —4.99 —9.64 to —0.34 0.036
Diuretics —85.44 —158.01 to —12.86 0.022
Dependent variable: CT 1500 ym superior
Age (years) —18.08 —32.99 to —3.17 0.018
Axial length (mm) —22.09 —40.93 to-3.25 0.022
Dependent variable: CT 500 pym nasal
Age (years) —29.04 —43.58 to —14.50 <0.001
Axial length (mm) —24.83 —43.36 to —6.30 0.009
Nephritis —58.63 —97.83 to —19.42 0.004
Dependent variable: CT 1000 um nasal
Age (years) —29.94 —43.84 to —16.04 <0.001
Axial length (mm) -29.11 —46.82 to —11.39 0.002
Nephritis —50.67 —88.14 to —13.20 0.009
(Continued)
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Table 5 (Continued).

Model Coefficient estimate 95% confidence interval P
Dependent variable: CT 1500 uym nasal

Age (years) —27.76 —40.96 to —14.56 <0.001

Axial length (mm) —27.15 —43.97 to —10.32 0.002

Nephritis -51.06 —86.64 to —15.48 0.006
Dependent variable: CT 500 um temporal

Age (years) —23.44 —37.88 to —9.00 0.002

Axial length (mm) —26.73 —44.99 to —8.48 0.005
Dependent variable: CT 1000 pm temporal

Age (years) -22.79 —37.11 to —8.48 0.002

Axial length (mm) —24.71 —42.8| to —6.62 0.008
Dependent variable: CT 1500 pm temporal

Age (years) -32.89 —46.85 to —18.93 <0.001

Axial length (mm) —22.10 —39.16 to —5.03 0.012

Corticosteroids (mg) —2.44 —4.38 to —0.50 0.015
Dependent variable: CT 500 pm inferior

Age (years) —28.48 —44.59 to —12.37 0.001

Axial length (mm) —25.68 —46.14 to —5.21 0.015

Anticoagulant —56.09 —105.84 to —6.34 0.028
Dependent variable: CT 1000 pm inferior

Age (years) -31.52 —45.58 to —17.46 <0.001

Axial length (mm) —29.87 —47.65 to —12.10 0.001
Dependent variable: CT 1500 pm inferior

Age (years) —35.425 —49.71 to —21.12 <0.001

Axial length (mm) —29.97 —48.19 to —11.75 0.002

Nephritis —53.58 —92.12 to —15.05 0.007

Note: Age: for each 10 years increase. Corticosteroids dose is expressed in prednisone equivalent (mg).

Abbreviations: CT, choroidal thickness; SLE, systemic lupus erythematosus.

superior and 1500 um inferior to the fovea (with a mean
decrease in CT of 40.79 to 58.63 um in patients with lupus
nephritis). However, apart from axial length and age, after
applying Bonferroni corrections, statistical significance
was only observed for lupus nephritis in the 500 pum
nasal location. CT was not statistically associated with
disease duration, MAP, SLEDAI, NP-SLE, anti-phospho-
lipid syndrome or HCQ treatment duration or dosage.
However, it is possible to document a constant pattern of
CT distribution according to disease duration in SLE
patients. In all 13 locations, CT remains stable through
the first 20 years of disease and then starts to decrease
slightly with time (Figure 2).

Regarding MAP, there is a different CT response
between groups. In the control group, there is a reduction
of CT with increasing MAP in all locations, showing
stabilization for MAP-values than

higher (greater

100 mmHg), while CT does not change throughout the
whole range of MAP in SLE (eg, see Figure 3 for location
500 pm nasal).

Discussion

The choroid is the tissue with the highest blood flow
per unit of weight and plays a key role in the nutrition
and homeostasis of the outer layers of the retina.”® On
the other hand, it may be a target and reflect the
microvasculature damage of systemic vascular pathol-
ogies. For example, systemic arterial hypertension has
been associated with choroidal thinning,>' while dia-
betes mellitus induces choroidal thickening in an early
phase before the development of diabetic retinopathy.**
Coronary heart disease is also associated with a
decrease in CT independently of diabetes mellitus or

systemic hypertension.?®
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Figure 2 Association between choroidal thickness (CT) and disease duration in the
systemic lupus erythematosus group.

In this study, we compared the CT of SLE patients
without ophthalmological manifestations with a healthy
control group. We observed an overall decrease in the
CT of SLE patients in the central subfoveal choroid and
the nasal, temporal and superior quadrants. In the inferior
quadrants, SLE patients presented a thicker choroid.
However, these differences did not reach statistical signif-
icance. Moreover, the normal pattern of CT was observed
in the control group with a thicker superior quadrant than
the inferior and a thicker temporal quadrant than the
nasal.***> In the SLE group, the temporal-nasal relation-
ship was preserved, but the superior-inferior relationship
was reversed. In addition, normal progressive decrease of
CT from the center to the periphery” was preserved in the
horizontal meridian but lost in the vertical meridian in the
SLE group, suggesting a flatter and less reactive choroid.

Control group
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Previous studies on the CT of SLE presented conflict-
ing results. Altinkaynak et al reported a series of SLE with
a statistically significant decrease in CT."> However, this
study only included patients in the “inactive” state and
only measured the choroid in 3 locations: subfoveally,
1500 pm nasally and 1500 pm temporally from the foveal
center. Given the irregularity of the chorioscleral border,
measuring CT in more locations significantly increases the
consistency of the results. Additionally, systemic factors,
such as medication, the presence of lupus nephritis, NP-
SLE,

comorbidities, were not included in the analysis. Ferreira

anti-phospholipid syndrome or other systemic

et al published a series of SLE patients who had thicker
choroids than healthy controls.'* However, this was a
retrospective study performed in patients who performed
SD-OCT in the context of a HCQ screening program.
Therefore, disease activity status, blood pressure at the
time of the examination and SLE-related systemic comor-
bidities were not included in the analysis. In addition, CT
was only measured in the horizontal foveal meridian. Agin
et al in a study on juvenile SLE and Braga et al in a study
on adult SLE patients described an increase in CT com-
pared to healthy controls. However, none of these studies
included multivariable analysis, and the effects of ocular
and systemic variables known to influence CT, namely,
axial length, spherical equivalent, IOP, blood pressure,
BMI or systemic medication, were not taken into consid-
eration in their analysis.'>"'°

In our study, we included 68 eyes of 68 SLE patients,
and only one eye per patient was randomly selected for the
study. All patients underwent a complete ophthalmologic

evaluation previous to the exam as well as an appointment

SLE group
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Figure 3 Association between choroidal thickness (CT) and mean arterial pressure (MAP) in the control and systemic lupus erythematosus (SLE) groups.
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with an autoimmune disease specialist to assess disease
activity and systemic comorbidities. In the multivariable
analysis, after correcting for gender, age, BMI, MAP,
BCVA, IOP, spherical equivalent, axial length and medica-
tion, CT comparison between SLE and controls showed
that CT was lower in the SLE group for all locations,
except in the inferior 1000 and 1500 um locations. CT
was also negatively associated with age and axial length
independently from the group, which is consistent with the
literature.”**° In some locations, there was a negative
association between MAP and CT, which is consistent
with previous studies.’**' A higher BMI was also asso-
ciated with a reduction in CT in some of the locations, and
this relation was previously reported.>*?

In the multivariable regression analysis for the SLE
group alone, in addition to age and axial length, antic-
oagulants presented a negative association with CT in
some locations. This association may represent a subset
of SLE patients in whom the ischemic and atrophic pro-
cess of the choroidal vasculature is more advanced. The
subgroup of SLE patients with Sjogren’s syndrome pre-
sented a thicker choroid in the 1000 um superior location.
This finding was not described previously; however, it
should be interpreted with caution since only five patients
in our sample had the diagnosis of secondary Sjogren’s
syndrome. Unlike Altinkaynak et al, we did not find a
significant relation between choroidal thickness and dis-
ease duration.'> However, when we analyze the scatter
plot for disease duration, there seems to be a tendency
for CT reduction after 20 years of disease. Finally, biopsy-
proven lupus nephritis revealed a significant negative asso-
ciation with CT in some of the locations. Subtle changes in
choroidal circulation in SLE patients with nephropathy
and no other signs of ophthalmic involvement was pre-
with
angiography.®** However, to our knowledge, this is the
first study to demonstrate a reduction of CT with SD-OCT
in patients with lupus nephritis. This interesting finding is

viously  demonstrated indocyanine  green

of utmost importance as it may reflect the burden of
systemic microvascular damage, particularly at the renal
vasculature. The relation between the duration or cumula-
tive dosage of HCQ and CT has provided inconsistent
results in previous publications.'*** In our study, we did
not observe a significant association between HCQ treat-
ment duration or cumulative dosage and CT.
Histopathology studies of the choroid in SLE patients
have demonstrated mononuclear inflammatory cells within
the choroid, reflecting choroidal vasculitis as well as

immunoglobulin and complement deposition in the chor-
oidal vasculature.®*® Consequently, choroidal blood sup-
ply is compromised, leading to choroidal thinning.
Chronic ischemia induces long-term atrophy of choroidal
stromal, which also leads to choroidal thinning.*” These
physiopathologic events may justify the decrease in CT of
SLE patients and the loss of the normal topographic CT
distribution observed in our study. This decrease in CT
was more obvious in patients taking anticoagulants and
patients with biopsy-proven lupus nephritis. In these sub-
sets of patients, the prothrombotic and inflammatory state
of repeated flares and long-term disease results in a pro-
longed insult to choroidal vasculature that ultimately leads
to choroidal atrophy. As a matter of fact, patients with
lupus nephritis present a significantly increased risk of
carotid atherosclerotic plaques, myocardial infarction and
cardiovascular disease mortality than nonnephritis SLE
patients and healthy controls.*®*

The results of this study also point to a defective
vascular autoregulation in the choroid of SLE patients.
Choroidal blood flow (BF) is a function of perfusion
pressure (PP) and vascular radius (r): BF = PP/r. PP sub-
sequently depends on arterial blood pressure and IOP.*
The main resistance to choroidal BF is located in choroidal
arterioles. As stated before, choroidal BF is higher than
that noted in most tissues with estimates ranging from 500
to 2000 ml/min/100 g tissue.*'*** Several studies suggest
the existence of autoregulation in choroidal BF, which
offsets fluctuations in blood pressure and IOP.**** Some
of the proposed vasoregulatory mechanisms include nitric
oxide, endothelins, prostaglandins and the autonomic ner-
vous system.**° In our study, CT decreased with increas-
ing MAP in healthy controls. On the other hand, CT in
SLE patients remained unchanged throughout the entire
range of MAP in the 13 studied locations. This behavior is
probably related to defective mechanisms of blood flow
regulation in response to changes in ocular perfusion pres-
sure. In fact, autonomic dysfunction has been largely
demonstrated in SLE patients, even in patients without
manifest peripheral neuropathy, and there seems to be no
relationship with disease duration, disease activity or dis-
ease damage.”’ Moreover, a high rate of endothelial dys-
function and vascular stiffness has been reported in
patients with early SLE, even without cardiovascular risk
factors and disease.>

Our study has some limitations. First, CT measure-
ments were manually obtained. Nevertheless, this manual
technique has proven to have high intraobserver and
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interobserver reproducibility.® Second, hydration status,
which may affect the CT, was not taken into account. To
minimize this issue, we managed to decrease any circadian
variability by performing all measurements at the same
time of the day and in the same environment.

Conclusion

In summary, this study using SD-OCT to evaluate the chor-
oid in SLE has the largest sample in the literature and was the
first to evaluate the effect of systemic comorbidities in the CT
of SLE patients. We documented a generalized thinning of
the choroid in SLE patients, except in the inferior quadrants.
This pattern is associated with a loss of normal CT topo-
graphic distribution in these patients. Moreover, a significant
decrease in CT was observed in SLE patients taking antic-
oagulants and those with lupus nephritis. A different
response of CT to variations in MAP was also observed in
SLE patients compared to healthy controls. These results
probably reflect existing atrophy of choroidal tissue as well
as defective vascular autoregulatory mechanisms. These
findings may contribute to a better understanding of the
pathogenesis of SLE choroidopathy and its associations
with systemic vasculopathy. Further studies, with a long-
itudinal design and Doppler blood flow analysis may con-
tribute to a better understanding of our findings and the
alterations occurring in the choroid as the disease progresses.
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