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Abstract

Purpose To evaluate the microvasculature alterations in convalescent Vogt-Koyanagi-Harada (VKH) disease using optical
coherence tomography angiography (OCTA), and to explore the association between microvasculature and the presence of
sunset glow fundus (SGF).

Methods A cross-sectional study was conducted with 28 VKH patients at convalescent stage and 25 healthy individuals.
Both eyes of each participant were enrolled. The VKH patients were classified into two subgroups based on the existence of
SGF. OCTA images (3 x3 mm) were assessed for the data of superficial capillaris plexus (SCP), deep capillaris plexus
(DCP), choriocapillaris, and foveal avascular zone (FAZ).

Results Compared with healthy control eyes and eyes without SGF, the vessel densities of the SCP and DCP decreased
significantly in most regions of eyes with SGF (p <0.0167). No significant difference of vascular perfusion was found
between eyes without SGF and control eyes (p > 0.05). VKH patients with SGF had slightly increased FAZ area (p = 0.067)
and decreased choroid flow area (p = 0.427) than those in the control group.

Conclusion Convalescent VKH patients with SGF showed decreased macular capillary perfusion. OCTA could serve as a

sensitive tool to assess the microvasculature alterations of VKH disease.

Introuction

Vogt-Koyanagi-Harada (VKH) disease is a systemic dis-
order that affects eyes, meninges, auditory system and skin
[1]. The main ocular manifestation is severe bilateral
granulomatous posterior uveitis or panuveitis, and choroid
is the main site involved [2]. VKH disease presents as four
phases based on clinical features and disease progression:
prodromal, acute uveitic, convalescent, and chronic
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recurrent. In China, VKH disease accounts for ~15.9% of
all types of uveitis [3].

Optical coherence tomography angiography (OCTA) is a
novel imaging tool that can provide both qualitative and
quantitative information on the retinal microvasculature and
choroid circulation of healthy individuals, as well as those
with ocular disorders [4]. The use of OCTA in the discovery
and follow-up of VKH disease may provide useful insights
for doctors and patients. In a previous study, Aggarwal et al.
found that the choroid ischemia manifestations demon-
strated by indocyanine green angiography (ICGA) and
enhanced depth imaging OCT in acute VKH patients cor-
responded well with the signal void detected by OCTA [5].
Moreover, the vascular density of the choriocapillaris
in acute VKH patients was positively correlated with best-
corrected visual acuity (BCVA), and was much lower than
that of healthy controls [6]. Luo et al. identified two types of
abnormalities in OCTA images obtained at acute stage
and observed that the choroid flow area decreased sig-
nificantly at convalescent stage compared to healthy
volunteers [7].
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Fig. 1 Representative instances of convalescent VKH disease.
a Fundus photograph of the right eye from a 31-year-old man, without
sunset glow fundus. f Fundus photography of the right eye from a 48-
year-old man, indicating obvious sunset glow fundus. b, g Superficial
vascular plexus of two representative patients. The whole image was
divided into the superior and inferior region. Moreover, the foveal
region was defined as a 1 mm radius circle centered on the fovea. The

Sunset glow fundus (SGF) is a typical sign of con-
valescence in VKH patients that arises due to depigmenta-
tion of choroid. Several studies have observed the variations
in clinical characteristics in VKH patients with or without
SGF. It has been previously demonstrated that there is a
positive association between the incidence of SGF and
chronic inflammation [8]. A recent study showed that eyes
with higher SGF grade were positively correlated with
longer disease duration and frequent recurrence [9]. Taka-
hashi et al. reported the decreased choroidal thickness and
larger peripapillary atrophy area in eyes with more severe
fundus depigmentation than those in no or mild depig-
mentation eyes [10]. However, there have previously been
no comprehensive investigations to evaluate the detailed
microvasculature in convalescent VKH patients with or
without fundus depigmentation. Thus, we sought to explore
the association between microvasculature alterations and
sunset glow fundus.

Methods

Study subjects

This cross-sectional study was performed from January
2019 to February 2020. The procedures used in this study
were approved by the Ethic Committee of The Eye Hospital
of Wenzhou Medical University and adhered to the
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area between 1 mm radius and 3 mm radius circle centered on the
fovea was defined as parafoveal region and the parafovea was divided
into four equal sectors named temporal, superior, nasal, and inferior
quadrant. ¢, h Deep vascular plexus of two representative patients. d, i
The foveal avascular zone of two representative patients. e, j The flow
area of choroid was calculated in a 1-mm radius circle centered on the
fovea at the level of choriocapillaris.

statements of the Declaration of Helsinki. Informed consent
was obtained from each participant. VKH was diagnosed
according to the international revised diagnostic criteria [1].
The patients enrolled in this study all received oral corti-
costeroid with an initial dose of 1-1.2mg/kg/day for
1-2 weeks. Following the remission of intraocular inflam-
mation, the oral corticosteroid treatment gradually tapered.
It was vital to maintain the dose of 15-20 mg/day over
4-6 months, to reduce the relapse risk [11]. To monitor
potential side effects of treatment, regular examination
including plasma electrolyte level, blood pressure, and
blood glucose level were assessed during the follow-up
period. The convalescent stage was defined as follows:
disease duration >3 months, no recurrent anterior inflam-
mation attack, and no evidence of inflammation of fundus
such as serous retinal detachment or optic disc hyperemia
detected by silt lamp and fundus examination. Patients and
healthy controls were excluded based on the following
criteria: (1) diagnosis of fundus lesion such as diabetic
retinopathy, (2) presence of complications such as second-
ary glaucoma and secondary choroid neovascularization, (3)
presence of refractive errors (spherical equivalent) >6
diopter or an axial length >26 mm, (4) signal strength index
<50 or scan quality of OCTA images <6, (5) apparent
projection artifacts or motion artifacts on OCTA images,
and (6) a history of intraocular surgery (except for com-
plicated cataract intervention). Detailed clinical data
including age, gender, and disease duration were collected
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from all participants. Each patient received a comprehensive
ocular examination, including BCVA, spectral-domain
Optical Coherence Tomography (Spectralis, Heidelberg
Engineering, Germany), OCTA (RTvue XR Avanti, Opto-
vue Inc., Fremont, CA, USA), fundus imaging (CR-2AF,
Canon Inc., Japan), and axial length measurement (IOL-
Master, Carl Zeiss Inc., Germany). The diagnosis of sunset
glow fundus was provided by two independent masked
uveitis specialists (DL and MLD) to ensure a correct
grouping and validation analysis. Any disagreement
between two masked specialists was resolved by a third
researcher (YQW).

OCTA imaging

Optovue Angiovue system using a spilt-spectrum ampli-
tude-decorrelation angiography algorithm was programmed
to establish the vascular structures of the retina and choroid.
An A-scan rate of 70,000 scans/s and a wavelength of 840
nm were used to acquire high-resolution 3 x 3-mm images
and corresponding en face images. Automatic layering was
performed with software installed in the device. The
superficial capillaris plexus (SCP) was defined from the
inner limiting membrane to the inner plexiform layer (IPL)
with 10 um onset. The deep capillaris plexus (DCP) was
defined from the IPL with 10 um onset to outer plexiform
layer (OPL) offset of 10 um. The outer retina plexus extends
from 10um below the OPL to 10 um above the Bruch
membrane. The choriocapillaris extends from 10 um above
the Bruch membrane to 30 um below the Bruch membrane.
All images used in this study were checked by two
experienced operators to ensure their high quality and to
avoid incorrect automatic segmentation by the software.
Vessel density (VD) of each region was calculated as the
vessel area divided by the region area and nine regions of
interest are shown in Fig. 1. The area, perimeter, and acir-
cularity index of FAZ were also calculated automatically.
The choroid flow area was analyzed in a 1-mm radius circle
centered on the fovea at the level of choriocapillaris.

Statistical analysis

Statistical analysis was performed using SPSS22.0 soft-
ware. All values were expressed as mean + standard
deviation. Cohen’s kappa coefficient analysis was per-
formed to determine the agreement between two masked
observers. Univariate ANOVA and student’s ¢ test were
used to analyze normally distributed variables, and
Mann—Whitney U and Kruskal-Wallis H tests were used for
variables that displayed a non-normal distribution. Catego-
rical variables were analysed via Chi-Square test. A p value
<0.05 of baseline characteristics was considered to be sta-
tistically significant. Taking the small sample size into

Table 1 Clinical characteristics of convalescent VKH patients with or
without SGF and controls.

Characteristics HC Non-SGF  SGF p value
Eyes 50 38 18
Age (years) 39.6x11.7 38.0+8.6 40.6+13.3 0.82

Sex (male/female) 11/14 5/14 712 0.04

Disease duration NA 11.1+13.0 15.6+9.2 0.09

(months)

BCVA (LogMAR) 0.01+0.03 0.01+0.02 0.03+0.07 0.26

SE (diopters) —0.97 = —0.96 = —1.32+ 0.76
1.31 1.64 1.71

HC healthy control; SGF sunset glow fundus; SE spherical equivalent;
BCVA best-corrected vision acuity; NA not applicable.

account, the average of the OCTA data of two eyes in each
patient was calculated for comparison. The statistical sig-
nificance of p value of the OCTA data between three groups
was adopted as <0.0167 due to Bonferroni adjustment.

Results

A total of 56 eyes of 28 convalescent VKH patients without
subretinal fluid and pigment epithelial detachment were
enrolled in our study and divided into two subgroups based
on the diagnosis of SGF. The Cohen’s kappa coefficient of
the diagnosis of SGF was 0.916. Nineteen patients were
placed into the non-SGF subgroup and nine patients were
placed in the SGF subgroup. Fifty eyes of 25 control indi-
viduals were recruited for comparison. As shown in
Table 1, there were no statistical differences in age, BCVA
and spherical equivalent among three groups. The disease
duration in the SGF subgroup was longer than in the non-
SGF subgroup.

The vascular perfusion of the SCP and DCP were com-
pared between the control group and VKH subgroups. The
VDs in most regions of the SCP and DCP were lower in the
non-SGF subgroup than in the control group, whereas these
results were not statistically significant (Table 2, p* > 0.05).
Excluding temporal and inferior quadrant of the DCP and
foveal region, the VDs of the SGF subgroup decreased
significantly than those in the control group (Table 2, p® <
0.009). The VDs of several regions (including inferior of
whole image, parafovea and inferior quadrant) of the SCP in
the SGF subgroup decreased significantly compared with
the non-SGF subgroup, while no statistical significance was
observed in remaining regions (Table 2, p°®>0.024).
Significantly decreased VDs in the SGF subgroup were
observed in most regions of the DCP when compared with
the non-SGF subgroup (Table 2, p®<0.013), except for the
fovea.
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Tite 2 Compation of e VD e s s 7 7

groups. Superficial VD %
Whole Image 47.7+1.9 47.0+23 448+24 0.240 0.0007 0.024
Superior 478+1.9 46.9+2.2 45125 0.133 0.002 0.068
Inferior 47.6+2.1 47.1+24 444+28 0.428 0.0004 0.009
Fovea 18.6+4.2 16.5+6.7 145+8.8 0.205 0.080 0.521
Parafovea 50.7+2.0 50.2+22 47.7+2.7 0.461 0.001 0.013
Temporal 49.1+2.0 49.0+2.2 46.7+2.7 0.819 0.007 0.025
Superior 51.8+22 51.1+25 49.1+34 0.349 0.010 0.079
Nasal 50.1+22 493+2.8 46.7+£2.3 0.266 0.0005 0.026
Inferior 51.9+25 51.6+24 48.1£3.5 0.740 0.001 0.004

Deep VD %

Whole Image 51.6+2.8 51.4+2.6 47.7£25 0.859 0.0009 0.002
Superior 51.8+£29 51.6+2.7 47.7+2.7 0.771 0.0009 0.002
Inferior 51327 51327 47.6+24 0.963 0.0008 0.002
Fovea 33.5+4.6 30.6+7.6 267114 0.112 0.055 0.282
Parafovea 53.8+32 53927 50.5+2.7 0.904 0.009 0.004
Temporal 54129 545+2.6 51.4+3.0 0.658 0.024 0.010
Superior 53.7+35 53929 50.1£3.1 0.986 0.009 0.004
Nasal 54.4+3.0 54229 50.6+2.4 0.839 0.002 0.003
Inferior 53.0+3.7 53.0+2.8 49.9+3.0 0.988 0.032 0.013

VD vessel density, SCP superficial capillary plexus, DCP deep capillary plexus, HC healthy control, SGF

sunset glow fundus.

p* P value between HC and Non-SGF subgroup.

pb: P value between HC and SGF subgroup.

PSP value between Non-SGF and SGF subgroup.

Table 3 Comparison of OCTA

parameters between groups. He Non-SGF SGF 4 P’ P
FAZ area, mm> 0.28 +£0.08 0.32+0.11 0.37+0.21 0.172 0.067 0.392
FAZ Perimeter, mm 2.11+0.30 223+0.41 2.37+0.69 0.259 0.132 0.519
Acircularity index 1.14 £0.04 1.13+£0.02 1.14 £0.03 0.676 0.556 0.256
Choroid flow area, mm® 2.01+0.12 1.98+0.11 1.97+0.13 0.379 0.427 0.874

FAZ foveal avascular zone.

p* P value between HC and non-SGF subgroup.
p°: P value between HC and SGF subgroup.

p°: P value between non-SGF and SGF subgroup.

The area and perimeter of FAZ increased slightly in the
non-SGF and SGF subgroup in comparison with the control
group, without statistical significance (Table 3, p all >0.05).
No significant difference of the acircularity index of FAZ
and choroid flow area were determined between three
groups (Table 3, p all >0.05).

Discussion
In this study, we found that the retinal VDs in most
regions decreased significantly in eyes with SGF than in the

control eyes. Compared with controls, a non-significant
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trend in the direction of lower VDs at the fovea for non-
SGF patients was observed. These data may indicate that
the retinal vasculature detected by OCTA is relatively well
protected in eyes that do not display significant fundus
depigmentation.

Although there have been many attempts to uncover the
mechanisms underlying VKH disease, identifying the
detailed pathogenesis remains a persistent challenge [12].
Clinical, histopathological and immunological investiga-
tions have revealed the autoimmune response against mel-
anocytes plays a pivotal role in the development of VKH
disease [2]. OCTA is an emerging technology that can be
used to analyze fundus vascular structure, and provides
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results that are in agreement with those obtained from tra-
ditional methods such as fluorescein angiography and
ICGA. Compared to traditional methods, OCTA has
superior diagnostic capabilities and is able to uncover
minimal amounts of damage. Therefore, using OCTA to
perform comprehensive investigations in VKH may help to
understand the pathogenesis of this disease. Chinese
researchers have found that VDs in the foveal superficial
layer and parafoveal deep layer of convalescent VKH
patients decrease significantly compared with those in
healthy controls. The data indicate that damage of the
vascular structure can be detected in convalescent VKH
patients [7].

The presence of SGF correlates with longer disease
duration, as reported by previous investigations, in line
with our results [8, 10]. However, the critical factors
resulting in the appearance of SGF remain unknown.
More severe disease and adequate systematic treatment at
onset may affect the presence of SGF. Kenio et al. have
demonstrated that 67.5% VKH patients treated with
initial high-dose corticosteroid still develop into SGF [8].
The results in this study are, in accordance with Yang
et al., that sunset glow fundus is observed in almost
23-30% VKH patients receiving sufficient and standard
treatment [11]. Previous studies have determined that the
SGF appearance is caused by the loss of choroidal mel-
anocytes [13]. A possible hypothesis is persistent auto-
immune response against melanocytes in the choroid
could cause subclinical inflammation. The most obvious
finding emerge from this analysis was that the macular
capillary perfusion in most regions of the SCP and DCP
in eyes with SGF decreased significantly compared
with healthy eyes, whereas similar VDs were observed
between eyes without SGF and control eyes. Abu El-
Asrar et al. have confirmed retinal tissue hypoxia and
decreased oxygen delivery of inner retina in eyes devel-
oped into SGF, whereas oxygen metabolism returns to
normal in eyes without SGF [14]. Our results are, by
and large, consistent with the observations measured
by spectrophotometric retinal oximeter. Similar findings
were also reported that VDs significantly decreased in
inactive VKH patients compared with healthy volunteers
[15, 16]. Multiple regression analysis has revealed
that RPE undulation at acute stage is an independent
predictor of fundus inflammation recurrence and dete-
riorated vision acuity [17]. Yang et al. proposed that
photoreceptor dysfunction in convalescent VKH patients
might occur as a result of RPE impairment [18], and
we speculate that the structure and biological function
of the RPE may not be completely restored at con-
valescent stage. A possible explanation for the results in
present study is the subclinical inflammation of the
choroid stroma may generate a persistent disruption on

the retinal vasculature, especially in eyes developed
into SGF.

Studies have demonstrated that FAZ is a highly sen-
sitive predictor of retinal ischemia in diabetic retinopathy
and retinal vein occlusion [19, 20]. The FAZ area and
perimeter in eyes with SGF tended to be higher than in
eyes without SGF and controls eyes, suggesting the
potential macular ischemia. In accordance with previous
study, no significantly decreased choroid flow area was
observed in VKH patients when compared with control
group [15]. It is worth mentioning to point out that
accurate interpretation of choriocapillaris images presents
a challenge because of automatic segmentation error and
the presence of artifacts. Recently, Karaca et al. con-
firmed there was no significant difference of choroid flow
area between inactive VKH patients and healthy controls,
whereas Luo et al. demonstrated significantly decreased
choroid flow area at convalescent stage [7, 15]. A pos-
sible explanation for this discrepancy might be the clin-
ical characteristics of included patients in different
studies and technical limitation of OCTA. Previous stu-
dies have reported the thickness of the sub-fovea chor-
iocapillaris as approximately 7 um, which is much thinner
than the thickness obtained in this study through auto-
matic machine segmentation [21]. Borrelli et al. demon-
strate that swept-source OCTA (SS-OCTA) is an
excellent tool for investigating the choriocapillaris due to
its longer wavelength and stronger penetration [22]. The
use of SS-OCTA in choriocapillaris analysis may further
our understanding of the development of VKH disease.

This study has several limitations, which are described
below. First, the small number of patients in each sub-
group of this cross-sectional study might have
limited our comparative analysis. Further long-term fol-
low-up studies, including those focused on the macular
and optic disc, should be conducted to investigate VD
alterations along during disease progression. In addition,
all OCTA images used here showed a part of the
posterior pole fundus, 6 x6 mm and 8 x 8§ mm images
may supply more detailed information of the perip-
heral region. Third, the grade of SGF has been found
to correlate positively with disease duration and recur-
rence, indicating that investigation of the association
between the SGF grade and retinal and choroidal VDs is
critical.

In conclusion, our data demonstrate that eyes with sunset
glow fundus at convalescent phase of VKH disease had
decreased retinal vasculature density. Furthermore, our
results indicate OCTA has the potential to be a convenient,
noninvasive and quantitative tool for the timely assessment
of microvasculature alterations and can be used to elucidate
the mechanisms underlying the development and progres-
sion of VKH disease.

SPRINGER NATURE



1998

S. Fan et al.

Summary
What was known before

e The presence of sunset glow fundus correlates positively
with disease duration, chronic inflammation and fre-
quent recurrence in VKH disease.

e Macular capillary perfusion of superficial capillaris
plexus and deep capillaris plexus decreases significantly
in inactive VKH disease than that in healthy controls.

What this study adds

e Convalescent VKH patients with sunset glow fundus
showed lower retinal vessel densities compared to
healthy volunteers.

e There is no statistical difference of retinal and choroidal
microvasculature between healthy controls and conva-
lescent VKH patients without sunset glow fundus.
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