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(3) Discrepancies between the availability of data and
the research described

(4) Inappropriate citations

(5) Incoherent, meaningless and/or irrelevant content
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(6) Manipulated or compromised peer review

The presence of these indicators undermines our confi-
dence in the integrity of the article’s content and we cannot,
therefore, vouch for its reliability. Please note that this notice
is intended solely to alert readers that the content of this arti-
cle is unreliable. We have not investigated whether authors
were aware of or involved in the systematic manipulation
of the publication process.

In addition, our investigation has also shown that one or
more of the following human-subject reporting require-
ments has not been met in this article: ethical approval by
an Institutional Review Board (IRB) committee or equiva-
lent, patient/participant consent to participate, and/or agree-
ment to publish patient/participant details (where relevant).

Wiley and Hindawi regrets that the usual quality checks
did not identify these issues before publication and have
since put additional measures in place to safeguard research
integrity.

We wish to credit our own Research Integrity and
Research Publishing teams and anonymous and named
external researchers and research integrity experts for con-
tributing to this investigation.

The corresponding author, as the representative of all
authors, has been given the opportunity to register their
agreement or disagreement to this retraction. We have kept
a record of any response received.
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In this study, we aim to investigate retinal thickness (RT) and superficial vascular density (SVD) differences between patients with
systemic sclerosis (SSc) and healthy controls (HCs) by optical coherence tomography angiography (OCTA). Sixteen patients with
a definitive SSc diagnosis without clinical signs of retinopathy and 16 normal control subjects were recruited. All individuals
underwent OCTA scanning to assess macular RT and SVD. We divided each image into nine subregions as the early treatment
diabetic retinopathy study (ETDRS). Visual acuity (VA) was considerably different between patients with SSc (32 eyes) and
control subjects (32 eyes) (p <0.001). Compared to the control group, individuals with SSc had decreased inner RT in inner
superior, outer superior, outer temporal, inner temporal, center, and inner nasal regions (p < 0.05). Outer RT was decreased in
the outer and inner temporal regions, and full RT was decreased in the regions of outer superior, inner superior, inner
temporal, and outer temporal, in comparison to the control group (p <0.05). Patients with SSc had significant reduction of
SVD in the inner and outer of both superior and temporal, besides outer nasal regions than controls. (p <0.05). Moreover,
SVD was significantly associated with the outer temporal region of patients suffering from SSc (p < 0.05). Diagnostic Sensitivity
of RT and SVD of Inner Superior Regions in SSc, as indicated by areas under curves of the Receiver Operating Characteristic
(ROC), were 0.874 (95% CI: 0.786-0.962) and 0.827 (95% CI: 0.704-0.950), respectively. In conclusion, VA may be affected by
RT variations inside the macula in patients with SSc. Measuring RT with OCTA could be a useful predictor of early diagnosis.

1. Introduction

Systemic sclerosis (SSc) is a multisystem chronic autoimmune
disorder characterised by immunological activation, extensive
vasculopathy, and pervasive fibrosis with diverse clinical symp-
toms [1, 2]. SSc is defined as substantial vascular involvement
that is not restricted to the microcirculation of the skin’s periph-
ery but can also be found in the lungs, kidneys, cardiac muscles,
GIT, as well as the eyes [3, 4]. Microvasculature involvement is
one of the early manifestations of SSc and may contribute to
severe multiorgan failure through pathological alterations, such
as endothelial damage, vessel walls mononuclear cell infiltra-
tion, and obliterative lesions [5] Those structural vascular alter-
ations, in conjunction with persistent vasospasm, may result in
insufficient blood flow, tissue damage, and capillary infarction.

Research papers increasingly discuss ocular symptoms
among SSc patients [6, 7] and their prevalence as well as asso-
ciation with the underlying disease stage. The pathogenesis of
ocular and related systems in patients with SSc is complicated
and remains unclear [8]. The retina features microcirculation
with immune privilege, a lack of adrenergic vasomotor inner-
vation and resident fibroblasts. [9, 10] This structure appears
to provide protection from SSc-related vasculopathy and
fibrosis processes. However, many conflicting findings on
retinal diseases in SSc have been documented in the litera-
ture. There was no correlation among SSc with retinopathy
in some trials [11]. Ushiyama et al. [12] found that retinal
abnormalities are frequently observed in patients with SSc
(SSc 34% VS Control 8%), perhaps reflecting vascular patho-
logical changes. Therefore, evaluation the effects of SSc on
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retinal disease requires additional research with a larger
patient population.

Due to fact that retinal and choroidal microvasculature is
clearly vulnerable to systematic vascular changes, it may
provide a useful means by which to monitor disease progres-
sion in patients with SSc [13]. Because retinal tissue has the
maximum oxygen extraction per blood volume, choroidal
and retinal thicknesses have been proposed as prospective
inflammatory predictor for autoimmune complications
besides a vascular component [14]. However, research on
this role for retinal thickness has been limited. OCTA is a
noninvasive imaging modality that offers morphologic and
quantitative data about microvascular ocular alterations.
OCTA generates angiographic high-quality and slab-
segmented images using the motion contrast of erythrocytes
over a stationary background [4, 15] A variety of OCTA-
based studies have assessed choroidal microcirculation
among SSc patients and controls; however, limited data are
available on retinal thickness in these groups.

To date, rare studies have used OCTA as a potential tool
to assist with early diagnosis and severity evaluation in SSc.
This study attempted to examine the ocular health of SSc
patients and compared the RT and VD of SSc patients and
normal control using OCTA.

2. Materials and Methods

2.1. Subjects. This prospective cross-sectional study was con-
ducted at the Ophthalmology and Rheumatology Depart-
ment in the First Affiliated Hospital of Nanchang
University (Nanchang, China) in 2021. The Rheumatology
and Immunology outpatients sequentially recruited 16
patients (32 eyes) with SSc and no clinical signs of eye prob-
lems. The Centre for Ocular Diseases Clinical Research
recruited healthy individuals. Data on age, sex, illness dura-
tion, autoantibody profile, and blood pressure were recorded
for all subjects. Clinical examination and OCTA imaging
were performed to ensure the lack of ocular abnormalities
in these patients. One retina specialist assessed all patients’
OTCA results with blind method.

2.2.- Inclusion and Exclusion Criteria. SSc patients were
required to satisfy the 2013 ACR/EULAR classification criteria
for SSc [2]. Patients aged from 16 to 63 years without symptoms
or evidence of retinal vasculitis, choroiditis, or optic neuritis
were eligible to participate. In addition, hydroxychloroquine-
induced chorioretinopathy was excluded for patient participa-
tion. The subsequent were further exclusion characteristics:
(1) autoimmune illnesses apart from SSc; (2) systemic diseases,
such as DM, grim hypertension systemic (over 179 mmHg sys-
tolic or over 109 mmHg diastolic), and ossia nerve systemic ill-
ness affecting the eyes (ossia nervus opticus); (3) choroidal or
retinopathy disorder (e.g., arteriovenous disorder, glaucoma,
or elevated IOP intraocular pressure); (4) history of trauma,
ocular tumor, or surgery; (5) any contraindications, allergies,
or local anesthesia/mydriatics intolerances; (6) complications
which could impact fundus imaging; as well as (7) pregnancy
or lactating women.

BioMed Research International

2.3. Ethical Considerations. This research complied with the
Helsinki Declaration. Ethical review and approval were granted
for this work by the board of Nanchang University, First Affil-
iated Hospital. Each participant voluntarily signed an informed
consent form after reading and comprehending its contents.

2.4. Clinical Examinations. The following clinical tests and
ocular investigations were performed for all participants:
(1) immunological data as, anti-Scl-70 antibody, anti-SS-A
anti-body, anti-SS-B anti-body, and ANA antibody were
measured by indirect immunofluorescence assay; (2) evalua-
tion of the patient’s inflammatory status via C-reactive pro-
tein (CRP) level and erythrocyte sedimentation ratio (ESR)
analyses; (3) assessment of the patient’s mental state via
HADS score; (4) OCTA; (5) ocular measurements, include
IOP (Goldmann tonometry), VA (Snellen chart), spherical
equivalent refractive error, the tear breakup time (BUT),
Schirmer’s test, tear meniscus height (TMH), and ocular
staining score (OSS).

The protocol of BUT, Schirmer’s test, TMH, and OSS
were examined as we have previously described [16].

BUT: fluorescein sodium was applied evenly on the ocu-
lar surface, and the first tear point film rupture was observed
under cobalt blue light, and the time for this to occur was
recorded. Less than 10s was considered positive.

Schirmer’s test: after disinfecting the conjunctival sac,
one end of a piece of filter paper measuring (5*35 mm was
folded into a right angle and inserted into the conjunctival
sac. Length of the wet region of the paper after 5 minutes
was observed, and < 5mm was considered positive.

TMH: this was measured under infrared light after a
blink using Keratograph 5M software.

OSS: a complete evaluation was performed using corneal
fluorescein staining in conjunction with conjunctival lissa-
mine green staining. The cornea, the nasal conjunctiva,
and the temporal conjunctiva were the three areas of the
ocular surface that were taken into consideration for each
eye. A score was given to the nasal and temporal conjunctiva
based on the amount of spotty conjunctivitis in the palpebral
fissure. A positive OSS index was that the score higher than
or equal 3.

2.5. Optical Coherence Tomography Angiography. For OCTA
imaging and displaying the retinal cross-section and micro-
vasculature simultaneously, we employed system of RTVue
Avanti XR (Optovue, CA). The OCTA protocol was as previ-
ously described [16]. We imaged for 3.9 seconds at a central of
840 nm wavelength and 45nm bandwidth, while axial and
horizontal resolutions were 5 mm and 22 ym, respectively, all
along with a scanning speed of 70,000 A scans/s. Five angiog-
raphies were captured in the mode of 3 mm*3 mm scanning.
In four volume scans, an overall of 933,120 A scans (2 for hor-
izontal and vertical scans each) were obtained after four vol-
ume scans. Each eye had a 3mm*3mm en-face OCTA
angiographic imaging. Following scanning, each retinal imag-
ing was split into nine ETDRS subregions with (0.5, 1.5, and
3 mm in radius) circles, and RT was analysed. The nine subre-
gions include outer superior (OS), inner superior (IS), outer
nasal (ON), inner nasal (IN), outer inferior (OI), inner inferior
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TaBLE 1: Demographic and clinical data from SSc patients and normal controls.
SSc Control

(n=16, 32 eyes) (n=16, 32 eyes) 2 oalm
Age (y) 46.750 £ 11.358 49.500 + 5.955 0.398%
Gender
Female 12 14 0.654"
Duration of SSc (y) 3.100 + 3.068 N/A
ESR (mm/h) 23.484 +22.497 N/A
CRP (10 mg/L) 4.723 +4.720 N/A
ANA, n (%) 13 (81.250) N/A
Scl-70), n (%) 6 (37.500) N/A
Anti SSA/Ro, n (%) 4 (25.000) N/A
Anti SSB/La, n (%) 0 (0.000) N/A
?ﬁ;’lli;gl;lo‘)d pressure 112.813 + 14.625 124.438 + 5.738 0.0060°
Diastolic blood pressure 72.875 +13.386 82.938 + 6.298 0.0107°
(mm Hg)
HADS 8.938 +2.839 2.813+1.109 < 0.0001°

Note: bold values indicate p < 0.05; “independent t test; ® chi-square test. Abbreviations: ANA: antinuclear antibody; anti-topo I (Scl-70): anti-DNA

topoisomerase I; N/A: not applicable.

TaBLE 2: Ocular and visual data from patients with SSc and healthy
controls.

SSc¢ Control p
(n=16, 32 eyes) (n=16, 32 eyes) value®
VA (logMAR) 0.644+0254  0.9+0.134  <0.001

Mean IOP (mm

15.656 + 1.865 15.225 + 1.689 0.426
Hg)
BUT (s) 5.000 +1.218 13.906 £+ 1.785 < 0.001
SIT (mm) 6.250+0.762  12.938 +1.390 < 0.001
TMH (mm) 0.162+0.028  0.581+0.123 < 0.001

Note: bold values indicate p<0.05. *p value was obtained using a
generalized estimation equation (data from both eyes were included).

(II), outer temporal (OT), inner temporal (IT), and center (C).
RT was considered as full thickness (from internal limiting
membrane to retinal pigment epithelium), inner (from inter-
nal limiting membrane to inner plexiform layer) and outer
(the difference between full RT and inner RT). The proportion
of the region which showed vascular perfusion provided an
estimate of VD, which was accomplished by generating 2D
imaging en-face of superficial retina. Assign then distribute
image blocK’s value to each background (0) or perfusion (1).
With the intention of calculating VD from macula centre to
the edge of 3 mm x 3 mm brightness gradient image, average
skeletal plate value was scaled by pixel size in the region of
interest, which was 512 pixels/3 mm. We measured macular
RT and SVD. In every case, we started by evaluating the sub-
jects’ right eye. The left-eye data was inverted to provide a mir-
ror image of the right-eye data. One set of data per person was
compiled by averaging the results from the left and right eyes.

2.6. Statistical Analysis. Data were processed utilizing SPSS
24.0 and reported as mean =+ standard deviation. Using RStu-

dio and GraphPad Prism version 8, we compared indepen-
dent sample groups using the t-test, chi-square, and
Fisher’s exact tests (La Jolla, Ca, US). All types of RTs and
SVDs were compared between groups using the generalised
estimation equation. Linear correlation analyses were carried
out across RT groups with SVD in each group. Multiple
regression models, both univariate and multivariate, were
performed to determine the associations between RT and
ocular factors. To analyze SVD and RT thickness groups as
diagnostic indicators for SSc, Receiver Operating Character-
istic (ROC) curves were plotted. Significant statistical differ-
ences were defined as those (p <0.05). Adjustments to p
values for multiple comparisons were made using a false dis-
covery rate (FDR).

3. Results

3.1. Subjects. Mean age was similar in the control group
(49.500 + 5.955 years) and SSc group (46.750 + 11.358 years;
p=0.398). Mean time to diagnosis for SSc patients was
3.100 + 3.068 years. SSc patients had significantly higher
HADS scores compared to controls (8.938 +2.839) vs.
2.813+1.109; p <0.0001) (Table 1). The SSc group exhib-
ited lower VA (p < 0.001) and shorter BUT than the control
group (5.000 + 1.2185s vs. 13.906 + 1.785s; p < 0.001), lower
SIT score (6.250+0.762mm vs. 12.938 £1.390 mm; p <
0.001) and lower TMH (0.162 +0.028 vs. 0.581 +0.123
mm; p < 0.001) (Table 2).

3.2. Macular RT. Table 3 and Figure 1(f) display the subre-
gional RT for the SSc and control groups. Following age,
VA, 1I0P, and BP adjustments, inner RT was statistically
reduced in SSc patient’s group than in controls in OS
(p <0.0001), IS (p <0.001), OT (p = 0.006), IT (p =0.033),
C regions (p=0.018), and IN region (p=0.014)
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TaBLE 3: Regional macular RT compared across patients with SSc and normal controls.

Location (n=1 65)8;2 eyes) (n =(1:2,n;r2016yes) p value FDR*

Macular inner retinal thickness (¢#m, mean + SD)
IS 104.781 + 6.494 113.781 +5.482 < 0.001 < 0.001
0S 103.219 + 8.385 111.000 + 5.853 < 0.001 < 0.0001
IN 111.781 +6.514 115.781 + 5.802 0.022 0.014
ON 122.531+7.229 123.469 + 4.280 0.610 0.195
11 112.156 + 6.222 114.344 + 5.445 0.204 0.075
0Ol 103.188 + 6.963 104.813 + 6.463 0.396 0.136
1T 101.844 + 6.461 104.438 +4.614 0.078 0.033
oT 90.938 + 5.465 94.781 £5.110 0.006 0.006
C 48.938 £ 6.283 52.344 + 5.463 0.036 0.018

Macular outer retinal thickness (¢m, mean + SD)
IS 218.906 + 15.378 216.781 +5.723 0.533 0.708
0S 188.500 + 12.083 193.250 + 12.746 0.139 0.386
IN 217.813+11.616 218.406 + 12.745 0.863 0.797
ON 195.219 £15.737 195.063 + 8.583 0.969 0.815
11 211.406 + 13.671 211.813 +£7.046 0.900 0.804
@)1 180.969 + 10.811 180.469 + 12.959 0.876 0.799
IT 206.875 + 7.606 214.094 +8.216 0.001 0.005
oT 179.344 + 6.302 187.063 + 10.895 0.003 0.011
C 192.594 + 25.615 194.469 + 15.046 0.691 0.758

Macular full retinal thickness (ym, mean + SD)
IS 323.688 +11.828 330.563 +7.746 0.016 0.019
0S 291.719 + 11.450 304.250 +£11.992 < 0.001 < 0.001
IN 329.594 + 11.092 334.188 £ 15.135 0.212 0.198
ON 317.750 + 11.144 318.531 +8.944 0.791 0.437
11 323.563 +10.485 326.156 £ 9.354 0.386 0.305
Ol 284.156 +9.792 285.281 +13.187 0.708 0.446
IT 308.719 + 12.822 318.531 +7.431 0.001 0.001
oT 270.281 + 8.862 281.844 +11.043 < 0.001 < 0.001
C 241.531 +28.778 246.813 + 16.585 0.312 0.216

Note: bold values indicate p < 0.05. * Generalized estimation equation models were applied to attain p values comparing mean inner, outer as well as full
macular RT in SSc patients and healthy subjects. Models were adjusted for age, IOP, VA, and BP.

(Figure 1(c)). The remaining 3 inner retinal regions (ON, p
=0.195; II, p=0.075; OL p=0.136) (Figure 1(c)) did not
change significantly across groups. The outer RT in patients
with SSc was statistically reduced than OT in controls
(p=0.011) and IT (p=0.005) regions (Figure 1(d)). Full
RT was statistically significant thinner in SSc than controls
in IS (p=0.019), OS (p <0.001), IT (p=0.001), and OT
(p <0.001) regions (Figure 1(b)). No additional differences
between groups were found to be statistically significant
(p > 0.05).

Macular RT was strongly correlated to diastolic BP in uni-
variate analysis (8 =0.176, p =0.037) but not with VA, age,
mean IOP, or systolic blood pressure. The multivariate regres-

sion analysis resulted that systolic blood pressure (= —0.393,
p =0.001) was inversely correlated to macular RT. Diastolic
BP (8=0.347, p=0.005) and BUT (B=1.876, p=0.044)
were significantly related to thinner macular RT (Table 4).

3.3. Superficial Macular Retinal VD. SVD at each retinal sub-
regions in the healthy group and SSc patients are shown in
Table 5, Figures 1(a) and 1(f) following age, IOP, VA, and BP
adjustments. Patients with SSc had a significantly decreased
SVD than healthy subjects in the IS, OS, ON, IT, and OT
regions (p <0.001) (Table 5, Figures 1(a) and 1(f)). In SSc
patient’s group, SVD was inversely associated to disease dura-
tion (—0.540) (Figure 2(d)).
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F1GURE 1: The RT and SVD analyses and OCTA images. (a) Regional analysis of SVD in the SSc and control groups. The vertical coordinate
is SVD value; the horizontal coordinate is retinal subregions. (b-d) Regional analysis of three types of RT between SSc and control groups.
The vertical axis represents RT values, whereas the horizontal axis represents retinal regions. (e) RT in a cross-sectional OCTA study of SSc
and control group. ETDRS was used to evaluate the inner, full RT, and SVD. (f) Comparing the SSc and control groups in the nine
subregions of SVD and three types of RT. #, p <0.05; ##%, p < 0.01; %%, p <0.001; #s#x, p <0.0001.



BioMed Research International

TaBLE 4: Macular RT and its correlation with demographic and ocular parameters in patients with SSc: a univariate and multivariate

regression analyses.

Parameters Univariate regression analysis regression coefficient p Multivariate regression analysis P
(B +SE) value®  Regression coefficient (8 +SE) value®
Age (y) -0.008 +0.103 0.941 -0.127 £ 0.094 0.270
VA (logMAR) 0.094 £ 4.518 0.984 5.883+4.299 0.368
Mean IOP (mm Hg) 0.038 £0.615 0.951 0.876 £0.618 0.310
i}’ S)“’lic blood pressure (mm 0.112+0.076 0.155 ~0.393 + 0.106 0.001
g
gia)stolic blood pressure (mm 0.176 + 0.081 0.037 0.347 +0.111 0.005
8
BUTs 0.522+0.937 0.582 1.876 £ 0.881 0.044
SIT (mm) 0.194 £ 1.505 0.898 —-1.867 +1.189 0.129

Note: bold values indicate p < 0.05. *p value was obtained with generalized estimating equation.

TaBLE 5: Regional SVD compared in patients with SSc and normal
controls.

Region (%, SSc Control P

mean+SD)  (n=16, 32 eyes) (n=16, 32 eyes) value FDR
IS 44.656+9.472 53.438+3.877 _° <
0.001 0.001
<
45.281 + 8.379 50.875 £ 3.319
oS 0.001 0.001
IN 49.406 £11.736  51.031 £3.524 0456 0.105
ON 48.344 +7.698 53.969 +2.788 0 501 <0.001
11 51.188 +7.643 52.688 £3.596 0.291 0.073
Ol 50.188 +7.235 52.313+£3.856 0.105 0.052
1T 46.250 +10.887 -« 53.406 +4.482 0.001 0.001
OT 45,188 +7.204 50.250£3.379 0.002 0.001
C 25.781 £10.354 27.781 +5.482 0.349 0.082

Note: bold values indicate p < 0.05. * Mean SVD was compared between
Healthy and SSc patients using generalised estimating equation models,
and p values were calculated.

3.4. ROC Curve Analysis of RT and SVD. OCTA data were
analysed to assess the specificity and sensitivity of RT and
SVD as diagnostic predictors of SSc-induced alterations
(Figure 3). We found that IS, OS, ON, IT, and OT regions
had significantly different RTs among the groups. AUC for
SVD in the IS region was 0.827 (95% CI: 0.704 to 0.9500),
and for the ON region, it was 0.752 (95% CI: 0.607-0.896),
a diagnostic sensitivity for SVD of moderate to high for
SSc (Figure 3(a)). Significant differences between groups
were found in inner RT in the regions of IS, OS, IN, IT,
OT, and C; outer RT in IT and OT; and full RT in IS, OS,
IT, and OT. AUC for outer RT in the IS region was 0.874
(95% CI: 0.786 to 0.962), indicating moderate to high diag-
nostic sensitivity for SSc (Figure 3(d)).

3.5. Relationship between RT and SVD and Relationship
between Disease Duration and HADS. SSc patients with
inner RT was positively related to SVD in the OT region

(r=0.36) (Figures 2(a) and 2(b)), implying that decreased
SVD is related to retinal thinning in SSc. Patients with SSc
who had their condition progress over a longer period of
time had increased HADS index (0.8467) (Figure 2(d)). A
lower SVD was associated with longer disease duration
(=0.540) in the SSc group, as we have already mentioned
(Figure 2(d)).

4. Discussion

This study demonstrates that patients with SSc had signifi-
cantly decreased VA, RT, and retinal VD, in addition to sig-
nificant relationships among these parameters using OCTA.
In our study, we found the SSc patients had poor visual acu-
ity and dry eye (shorter BUT, lower SIT score and lower
TMH) consistent with some previous studies. [17] Two
case-control studies showed that fibrosis of the adjacent con-
junctiva and lacrimal gland might induce tear production
decreased in SSc [18, 19]. Moreover, they showed that SSc
patients are significantly more likely to experience dry eye
symptoms. In contrast to these findings, Wangkaew et al.
revealed no statistical difference between SSc patients and
healthy subjects after adjusting for the use of xerogenic
drugs and smoking, suggesting that the utilization of drugs
with anticholinergic side-effects and smoking may also be
associated with higher dry eye symptom scores in SSc
patients. [20, 21] Keratoconjunctivitis, skin changes of the
eyelid, uveitis, episcleritis, weakening of the extraocular
muscles, scleritis, glaucoma, peripheral ulcerative keratitis,
enophthalmos, and cataract are some of the other clinical
symptoms. One-third of SSc patients had retinal abnormali-
ties on fundus examination, according to a cross-sectional
investigation evaluating retinal involvement [12].

Although its pathophysiology is poorly understood, it is
widely acknowledged that SSc begins in the microcirculation
network. Raynaud’s phenomenon occurs at the initial stage
of SSc in about 95% of patients and may guide diagnosis if
accompanied by capillaroscopy abnormalities. [22, 23]
Capillaroscopy is a noninvasive imaging technique that
explores microcirculatory involvement and may show spe-
cific signs of the disease in patients who have Raynaud’s



BioMed Research International

Control

S

Correlation

Innter RT
()

r=0.8457
p<0.0001

0 T T T T T T 1
0 2 4 6 8 10 12 14

Duration (years)

(©

7
1104 .
R=0.12, p=0.5
e
3 — . .
\%/ 100-: [ ] [ ] o0 [ d ©
Q:) [— L] o0 ]
cE= — &
= I / :o
o 90— . * %
3 - oo o
=]
K=
80" 1 Ly ,
30 40 50 60
SVD OT (%)
Group
—e— Control
SSc
(b)
705 =0.540
p=0.0309
60

40

SVD OT (%)
3
1
°
o oo0/ ®
o/ ®
°
»
°

30

o
o
'S
=)}
3
=
I~

14
Duration (years)

(d)

FIGURE 2: Relationship between RT and SVD in SSc patients and healthy controls and association between disease duration and both HADS
and SVD. (a and b) In patients with SSc, SVD was actively linked to inner RT in the OT region (r=0.36; p=0.043). (c) A significant
correlation was found between disease duration and HADS (r = 0.8457, p < 0.0001). (d) Disease duration was inversely related to SVD in

the region of OT. (r = -0.540, p = 0.0309).

phenomenon but no skin sclerosis. To date, capillaroscopy
has been considered part of the EULAR/ACR standards for
SSc and may provide useful information about prognosis
for SSc patients. [2, 24] Maricq and Cutolo capillaroscopic
classification system may be useful in recognizing patients
at different phases of illness. [25, 26] Over time, the capil-
laroscopic pattern in SSc patients evolved from destruction
of giant capillaries to that of capillary beds [27]. Further-
more, capillaroscopy may be used to detect a window of
opportunity for treatment in patients who progress from
giant capillary to capillary bed destruction. However, retinal
blood vessels involved may differ qualitatively from nailfold
capillaries. [12] In the evaluation of SSc, retinal vascular,
ocular, and visual factors are frequently neglected. While
there have been investigations looking at the choroidal and
retinal vascular features in SSc [13, 28, 29], further detailed
investigations at varying retinal and choroid depths using
OCTA are required.

Vasculopathy are the most important features of SSc, not
only because they are almost always present, but also pro-
vide clues to early diagnosis, which long before the appear-
ance of nonvascular symptoms. [22, 23] Because retinal
vasculature indicates systemic arteriolar and capillary
pathology in SSc, early diagnosis of ocular microcirculation
involvement is crucial. The different layers of retina acquire
nutrition from different vessel: outer layer acquire from cho-
roidal vessels, the inner layer acquire from the central retinal
blood vessels, and the macular region acquire from choroi-
dal capillaries. The posterior eye is one of the tissues in the
body that has the highest metabolic activity. As a conse-
quence, it is exceedingly vulnerable to capillary injury [30,
31]. Once the vasculopathy happened in the retina, the
pathology of the retinal region will also be changed, which
might affect the whole choroidal and retinal vascular net-
work. Our research revealed that the retinal SVD is signifi-
cantly diminished in all layers among SSc patients. The



Superficial vessel density

1.0
0.8
é‘: ;
= 0.6
Z
=
g 0.4+
A
0.2
0.0 T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1 — specificity (FPR)
SVD IS (AUC=0.827)
—— SVD OS (AUC=0.786)
— SVD IN (AUC=0.734)
— SVDIT (AUC=0.701)
SVD OT (AUC=0.720)
()
Retinal thickness
1.0 —
0.8
3 ‘
= 0.6+
Z
=
7 044
L)
w
0.2 1
0.0 1 T T T
0.0 0.2 0.4 0.6 0.8 1.0

1 — specificity (FPR)

Full IS (AUC=0.701)
—— Full OS (AUC=0.779)
—— Full IN (AUC=0.774)
—— Full IT (AUC=0.84)

(©

B