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Purpose: To analyze the quantitative parameters acquired by optical coherence
tomography angiography (OCTA) in patients with autoimmune posterior uveitis.

Methods: OCTA images of 65 eyes affected with uveitis and 65 normal control (NC)
eyes were obtained. The central macular thickness (CMT), retinal thicknesses, foveal
avascular zone (FAZ) area, foveal density 300 um (FD300), and vascular density (VD)
were compared among acute uveitic eyes, chronic uveitic eyes, and NC eyes. VDs were
evaluated in the choriocapillaris, outer retina, optic disk, whole and parafovea superficial
capillary plexus (SCP), and whole and parafovea deep capillary plexus (DCP). Correlation
analysis was used to analyze the relationship between LogMAR best-corrected visual
acuity (BCVA) and quantitative parameters from OCTA.

Results: Compared with NC eyes, the CMT and retinal thicknesses were increased
significantly in eyes with uveitis (o < 0.05, respectively). No significant difference was
observed in the FAZ area. FD300, VDs in the optic disk, SCP, and DCP both in
whole image and parafovea, choriocapillaris were significantly decreased in uveitis eyes
(o < 0.05, respectively) compared with NC eyes, only the acute group had decreased VD
of the outer retina and choriocapillaris compared with the NC group (p < 0.05). Moreover,
quantitative parameters of OCTA showed a significant correlation with LogMAR BCVA in
the patients with uveitis. Whole VD DCP was the best predictive factor for BCVA in the
patients with uveitis.

Conclusion: Quantitative measurement by OCTA is a promising strategy for objective
assessment of autoimmune posterior uveitis.

Keywords: optical coherence tomography angiography, quantitative measurements, uveitis, vessel density,
inflammation
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INTRODUCTION

Optical coherence tomography angiography is a new non-
invasive fundus imaging technique that can be used to acquire
information about retinal and choroidal blood flow with high
resolution in vivo (1). The high resolution enables the display of
the signals of the retinal capillary network and choroidal capillary
network in different layers. OCTA has unique advantages in
the detection of retinal or choroidal vascular changes, the
measurement of foveal avascular zone (FAZ), the quantification
of vascular density (VD) in the inner retina, outer retinal
circulation, or choriocapillaris. The technique has already been
applied in the study of glaucoma (2) and various kinds of
retinopathy, such as central serous choroidopathy (3), choroidal
neovascularization (4), polypoid choroidal vasculopathy (PCV)
(5), and diabetic retinopathy (6).

When the uvea is in an inflammatory state, the blood
flow of the short posterior ciliary artery and the choroid are
decreased, and the morphology and the function of retinal
blood vessels are also compromised. To date, alterations of the
retinal vessels in anterior, posterior, and panuveitis have been
studied. OCTA has also proved to be an effective diagnostic
tool in birdshot chorioretinopathy (7), multifocal choroiditis
(8, 9), punctate inner choroidopathy (PIC) (10), acute macular
neuroretinopathy (11), multiple evanescent white dot syndrome
(12), acute posterior multifocal placoid pigment epitheliopathy
(APMPPE) (13), and serpiginous-like choroiditis (14). Several
researchers have revealed that OCTA can provide quantitative
analysis for uveitis. Koca et al. found that retinal VD decreased
and the perifoveal microvascular network changed in ocular-
involved Behgets (15). Liang et al. found that deep capillary
plexus (DCP) VD was significantly lower in patients with Vogt—
Koyanagi-Harada disease (VKH) than in normal controls (NCs),
and that DCP VD was associated with a visual outcome (1). So far,
published studies on the quantitative analysis of OCTA in uveitis
are very limited, especially in patients with posterior segment-
involved autoimmune uveitis. There is a lack of investigation
about the vascular beds below the retinal pigmented epithelium
(RPE) complex, quantitative analysis of the outer retina, or
choriocapillaris abnormalities.

In this study, retinal and choroidal microvasculature changes
in patients with uveitis, and healthy controls were studied. We
aimed to summarize OCTA features from uveitis at different
stages to explore the potential clinical values of quantitative
OCTA results and to assess the values of OCTA measurement
in the diagnosis, follow-up, and prognosis of patients with
autoimmune posterior uveitis.

MATERIALS AND METHODS
Study Participants

The present study employed a retrospective approach. Patients
diagnosed with autoimmune posterior uveitis and NCs who
were at the Second Affiliated Hospital of Zhejiang University
School of Medicine between May 2020 and September 2020 were
enrolled. The consent procedure and study protocol followed
the tenets of the Declaration of Helsinki and were approved by

the Institutional Review Board of the Second Affiliated Hospital
of Zhejiang University School of Medicine. Written informed
consent was obtained from the patients.

Inclusion Criteria

All autoimmune posterior uveitis cases were diagnosed based
on the American Uveitis Society’s revised international criteria
through clinical examination techniques such as slit-lamp
evaluations of the anterior segment, color fundus, OCTA,
fluorescein angiography, and indocyanine green angiography if
needed. Laboratory examinations, including white blood cell
counts, serologic examinations for syphilis, and tuberculin tests,
were assessed to determine the underlying cause of uveitis.
Patients with posterior uveitis were grouped into two stages
according to the classic Moorthy criteria: (1) acute uveitic stage:
disease course within 3 months or (2) chronic stage: disease
course exceeding 3 months. In cases of bilateral uveitis, only one
eye was chosen randomly in the analysis.

During the same period, age-matched healthy volunteers
without a history of ocular inflammation, injury, surgery, or other
remarkable ocular diseases were recruited. Only one eye was
chosen randomly in the analysis.

Medical records of the patients and NCs were reviewed
retrospectively, including sex, age, uveitis diagnosis, OCTA
images, and best-corrected visual acuity (BCVA).

Exclusion Criteria

We excluded patients with infectious posterior uveitis. Eyes
with retinal or choroidal vascular disease not associated with
uveitis (e.g., diabetic retinopathy, retinal vascular occlusion,
and age-related macular degeneration), masquerade syndrome,
glaucoma, and high myopia were excluded. The subjects who
were unable to fixate or who had significant media opacities were
excluded. OCTA images with poor quality, such as projection
artifacts from vessels located above the plane of the image or
an overly dark image filled with extremely thick outer choroidal
vessels, were excluded.

OCTA Image Analysis
All patients and NCs were imaged with the AngioVue Imaging
System (RT'Vue XR Avanti; Optovue, Inc., Fremont, CA) (16) by
the same experienced examiner. OCTA image analysis covering
the 4.5 mm x 4.5 mm area centered on the papilla and the 6 mm
x 6 mm area centered on the fovea was performed. The qualities
of the images were graded automatically by the AngioAnalytics
software (Optovue, Inc.) from QI (lowest quality) to Q10
(highest quality), and only images with qualities of Q7 or higher
were included in the analysis. A CUSTOM function in the
AngioVue software (version 2018.1.0.43; Optovue, Inc.) was
used to measure retinal nerve fiber layer (RNFL), CMT, retinal
thickness, FAZ area, FD300, and VDs in the optic disk, superficial
capillary plexus (SCP), DCP, outer retina, and choriocapillaris.
According to the manufacturer’s instructions, central macular
thickness (CMT) was defined as the vertical distance from
the inner limiting membrane (ILM) to the Bruch’s membrane
(BRM) at the central fovea of macula. RNFL thickness was
defined as the vertical distance from the ILM to the nerve fiber
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layer (NFL) of the peripapillary region. Measurement of the
thickness of the retina is according to the early treatment diabetic
retinopathy study (ETDRS) grid. The ETDRS grid comprised of
three concentric rings: 1 mm center, 1-3 mm (parafovea), and
an outer ring of 3-6-mm diameters (perifovea). The FAZ is the
retinal capillary free area located in the central fovea. The FAZ
area was measured automatically using AngioVue software using
a slab from the ILM offset to the outer plexiform layer (OPL)
offset. Foveal density 300 um (FD300) was defined as the blood
flow density in a 300-um width of a double loop around the
FAZ. The radial peripapillary capillary plexus was from ILM to
NFL. Optic disk vessel density (VD) defined by the percentage
of area occupied by OCTA detected vasculature, including inside
the disk area and the peripapillary region. SCP was defined as
from ILM to 10 pm above internal plexiform layer (IPL), DCP
was defined as from 10 wm above IPL to 10 wm below OPL,
outer retina was defined as from 10 um below OPL to 10 um
above BRM, and choriocapillaris was defined as from 10 um
above BRM to 30 um below BRM (Figure 1). Parafovea was
defined as the area outside of a 1 mm X 1 mm circle centered
on the fovea in SCP and DCP. Optic disk vessel density (VD)
defined by the percentage of the area occupied by OCTA detected
vasculature, including inside the disk area and the peripapillary
region (Figure 1).

Statistical Analysis

IBM SPSS Statistics (Armonk, NY, IBM Corp.) for Windows
version 22.0 was used for statistical analysis. GraphPad Prism®
(GraphPad Software Inc., La Jolla, CA) version 6.01 was used to
plot graphs. Chi square test was used to compare the categorical
variables. Shapiro Wilk’s W-test was used to test the normality
of the numerical variables. For comparison between the two
groups, the unpaired t-test and the Mann-Whitney U-test were
used. One-way ANOVA followed by Dunnett’s post hoc test was
used to compare the different test groups with the control as
indicated. Multiple kinds of testing were corrected using the
Bonferroni method. The correlation between various parameters
and LogMAR BCVA was evaluated using Pearson’s correlation
analysis. Continuous data are shown as the mean + standard
deviation (SD). Statistical significance was set at p < 0.05.

RESULTS
Study Population Characteristics

Sixty-five patients with autoimmune posterior uveitis (31 females
and 34 males; 65 eyes) with a mean age of 40.86 & 15.96 years and
65 age-matched NCs (31 females and 34 males; 65 eyes) with a
mean age of 45.32 & 12.11 years were included in the study. There
was no statistically significant difference between the patients
with uveitis and NCs in terms of age and sex (p = 0.118 and p =
0.992, respectively). The demographic and clinical characteristics
of study groups are summarized in Table 1. In the uveitis group,
there were 40 cases of idiopathic panuveitis (n = 40; 61.5%), 15
cases of Vogt-Koyanagi-Harada disease (n = 15; 23.1%), and 10
cases of Behget’s (n = 10; 15.4%).

The mean logMAR BCVA between the patients with uveitis
(0.24 £ 0.15) and NCs (0.01 £ 0.17) was different (p < 0.001).

OCTA images with quality indices of Q7 or above were included.
In total, 65 OCTA images of the affected eyes and 65 images of
NCs were analyzed. Among them, 32 patients and 32 eyes (32
images), as well as 33 patients and 33 eyes (33 images), were
classified into the acute and chronic eye groups.

Comparison of Fundus Fluorescein
Angiography and OCTA Technique in

Assessment of Uveitis

Fundus Fluorescein Angiography is a very sensitive imaging
method for detecting retinal vascular inflammation, because
even slight inflammation of the retinal vascular wall may cause
vascular leakage. FFA leakage is a very useful feature for assessing
potential uveitis activity. OCTA cannot detect leakage, but it
can describe changes in the blood vessel density of the different
layers of retina such as superficial or deep capillary plexus, and
optic disk. These results indicate that OCTA may be used to
quantitatively measure the degree of intraocular inflammation
(Figure 2).

Comparison of OCTA Data in Uveitis Eyes

and Normal Control Eyes

The comparisons of RNFL, CMT, retinal thickness, FAZ, FD, and
VDs in the optic disk, SCP, DCP, outer retina, and choriocapillaris
between uveitis eyes and NCs are summarized in Table 2. As
compared to normal eyes, RNFL, CMT, retinal thickness (1-3)
jwm, retinal thickness (3-6) pwm, and retinal thickness (0-6) pm
were increased in uveitis eyes (all p < 0.05). The FAZ area had
no significant change between uveitis and NC (p = 0.07). FD-
300 Area Density and FD-300 Length Density were decreased in
uveitis eyes (all p < 0.001). VD in the optic disk was 53.08 &= 5.49
and 56.28 £ 2.51 in uveitis eyes and normal eyes, respectively.
SCP was 46.11 £ 4.98 and 49.01 + 3.83 in the whole image and
46.82 £ 5.29 and 50.79 £ 5.29 in parafovea in uveitis eyes and
normal eyes, respectively. DCP was 45.63 & 5.25 and 48.36 +
6.53 in the whole image and 51.76 £ 5.71 and 54.19 % 4.65 in
parafovea in uveitis eyes and normal eyes, respectively. Outer
retina was 14.72 £ 3.75 and 14.59 £ 3.15 in uveitis eyes and
normal eyes, respectively. Choriocapillaris was 23.69 & 1.59 and
24.22 £ 1.16 in the uveitis eyes and normal eyes, respectively.
As compared to normal eyes, VDs in the optic disk, SCP, and
DCP both in whole image and parafovea, choriocapillaris were
significantly decreased in uveitis eyes (p < 0.001, p < 0.001, p
< 0.001, p = 0.009, p = 0.009, and p = 0.031, respectively).
Differences in VDs in the outer retina between uveitis eyes and
normal eyes were not significant (p = 0.826).

Analyses of Correlations Between the
BCVA and Quantitative Parameters From
OCTA

BCVA was recorded in the logarithm of the minimum angle
of resolution (logMAR) units. Correlation analyses between
LogMAR BCVA and the quantitative parameters from OCTA
are shown in Table 3. In uveitis eyes, LogMAR BCVA was
statistically significant and correlated with VDs of whole and
parafovea SCP, and whole and parafovea DCP, outer retina.
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(1) 6 x 6 mm area centered on the fovea

Superficial Outer retina

Deep
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SLo ~ Vitreous/Retina (Above OPL)
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FIGURE 1 | Optical coherence tomography angiography images of the parafoveal capillaries and optic disc in normal control (NC) eye and uveitic eye. Columns
represent one eye each from one healthy and one uveitic subject. (1) the 6-mm x 6-mm area centered on the fovea scan. (2) the 4.5-mm x 4.5-mm area centered on

Choriocapillaris

0

Choroid (Below RPE)

Vessel Density (RPC)

TABLE 1 | Statistical comparison of demographic characteristics of study participants.

Normal control (NC) Autoimmune posterior uveitis Acute uveitis Chronic uveitis p-value
Number of eye/individuals 65/65 65/65 32/32 33/33
Age (years) 40.86 + 15.96 45.32 + 12.11 42,75 £ 19.22 39.03 + 12.02 0.118
Sex, female/male 31/34 31/34 15/17 16/17 0.992
BCVA(logMAR) 0.24 £ 0.15 0.01 £0.17 / / < 0.001

However, the RNFL, CMT, retinal thickness (0-6) pwm, FAZ
area, FD300, and VDs of optic disk, choriocapillaris were
not correlated with visual acuity (all p > 0.05). In normal
eyes, none of them were correlated with LogMAR BCVA (all
p > 0.05).

Subgroup Analysis of Patients With Uveitis
Upveitis eyes were next divided into an acute group and chronic
group. Table 4 shows that, compared with NC eyes, both the

acute and the chronic groups had significantly increased RNFL,
CMT, retinal thickness (1-3) pm, retinal thickness (3-6) pwm, and
retinal thickness (0-6) pwm. FD-300 Area Density (p < 0.001 and
p < 0.001, respectively) and FD-300 Length Density (p < 0.001
and p = 0.017, respectively) were decreased in the acute group
and the chronic group. Whole SCP VD (p < 0.001 and p = 0.047,
respectively), parafovea SCP VD (both p < 0.001), DCP VD (p
= 0.017 and p = 0.042, respectively), and parafovea DCP VD (p
= 0.030 and p = 0.020) were statistically significantly decreased
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(1) Uveitis

Fundus image FFA

Sumual (IM - IPL)
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Fundus image FFA
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e 5 ¥ - i
Superficial (ILM - IPL) Vessel Density (RPC)

FIGURE 2 | (1) Fundus images of a patient with autoimmune posterior uveitis using different techniques. (A) Fundus photography shows optic disk hyperemia and
edema, and the absence of foveal reflex. (B) Fundus fluorescein angiography (FFA) shows optic disk staining, capillary dilation, and leakage. (C) Optical coherent
tomography (OCT) shows the thickening of retinal neuroepithelial layer in the macular area. (D-F) Optical coherence tomography angiography (OCTA) scan shows
decrease of VDs in the superficial capillary plexus (SCP) and deep capillary plexus (DCP) of retina and optic disk. (G) The OCTA optic disc scan shows thickening optic
disc. (2) Fundus images of a normal control (NC) eye.
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TABLE 2 | The RNFL, CMT, retinal thickness, FAZ, FD-300, and VDs in the optic
disk, SCP, DCP, out retina, and choriocapillaris in uveitis eyes and normal eyes.

Uveitis eye Normal eye p-value
RNFL (11m) 120.80 £24.07  101.20 + 10.01 <0.001
CMT (um) 264.60 + 56.16 240.90 + 20.58 <0.001
Retinal thickness (1-3) pm 338.30 + 25.32 323.0 + 10.31 0.001
Retinal thickness (3—-6) pm 308.00 + 27.28 281.70 + 11.52 <0.001
Retinal thickness (0-6) pm 313.70 + 28.27 290.10 + 10.38 <0.001
FAZ (mm?) 0.31 +0.09 0.33 +£0.13 0.248
FD-300 area density 47.62 +7.50 54.02 + 5.61 <0.001
FD-300 length density 9.92 4+ 2.71 11.55+2.25 <0.001
Optic disk VD 53.08 + 5.49 56.28 + 2.51 <0.001
Whole VD SCP (%) 46.11 +4.98 49.01 +3.83 <0.001
Parafovea VD SCP (%) 46.82 £ 5.29 50.79 + 5.29 <0.001
Whole VD DCP (%) 45.63 £ 5.25 48.36 + 6.53 0.009
Parafovea VD DCP (%) 51.76 £ 5.71 54.19 + 4.65 0.009
VD outer retina (%) 14.72 £3.75 14.59 + 3.15 0.826
VD Choriocapillaris (%) 23.69 + 1.59 24.22 +1.16 0.031

The data were presented as mean + SD. SD, standard deviation; CMT, central macular
thickness; FAZ, foveal avascular zone; VD, vascular density; FD300, Foveal density 300
nm; SCP, superficial capillary plexus; DCR, deep capillary plexus.

between the acute group vs. the NC group or the chronic group
vs. the NC group.

However, only the acute group had decreased VDs of the outer
retina (p = 0.037) and choriocapillaris (p < 0.001) compared
with the NC group. In contrast, no significant differences were
observed in the FAZ area in the acute group and the chronic
group when compared with NC (p > 0.05).

As compared to the chronic group, the acute group had
a significantly decreased VDs of whole and parafovea SCP
(both p = 0.006), outer retina (p = 0.002), and choriocapillaris
(p = 0.046).

DISCUSSION

Upveitis is a general term for inflammation of iris, ciliary body,
choroid, and retina tissue. This disease is a common ophthalmic
disease that can cause some serious complications and sequelae,
and it is one of the main causes of blindness worldwide
(17-19). Based on the effect of intraocular inflammation on
the pathological changes of blood vessels, fundus angiography
tools, including fundus fluorescein angiography and indocyanine
green angiography (ICGA), are important in evaluating uveitis.
However, angiography is invasive, with certain safety risks,
and some patients are allergic to the contrast media. In
addition, it cannot be used for quantitative assessment. Seeking
for a new, objective, and quantitative method to estimate
retinal and choroidal microvascular changes is necessary for
medical development.

OCTA is able to evaluate inflammatory eye diseases as vascular
changes in the iris, choroid, and retina play an important role
in the pathophysiology of ocular inflammation (20). OCTA has
been used for the visualization and characterization of perifoveal

TABLE 3 | Correlation between BCVA and quantitative analysis in OCTA.

r p-value
Uveitis eye RNFL (um) 0.009 0.944
CMT (um) —0.015 0.903
Retinal thickness (0-6) um 0.186 0.139
FAZ (mm?) 0.033 0.797
FD-300 area density (%) —0.099 0.431
FD-300 length density (%) —0.012 0.921
Optic disk VD (%) —0.068 0.585
Whole VD SCP (%) —0.375 <0.001
Parafovea VD SCP (%) —0.306 <0.001
Whole VD DCP (%) —0.437 <0.001
Parafovea VD DCP (%) —-0.34 0.005
VD outer retina (%) 0.472 <0.001
VD choriocapillaris (%) —0.079 0.527
Normal eye RNFL (um) -0.119 0.341
CMT (um) —0.088 0.482
Retinal thickness (0-6) um —0.079 0.531
FAZ (mm?) 0.025 0.844
FD-300 area density (%) —0.001 0.996
FD-300 length density (%) —0.041 0.748
Optic disk VD (%) —0.045 0.718
Whole VD SCP (%) —0.123 0.331
Parafovea VD SCP (%) —0.099 0.432
Whole VD DCP (%) —0.201 0.109
Parafovea VD DCP (%) —0.201 0.095
VD outer retina (%) 0.014 0.913
VD Choriocapillaris (%) 0.071 0.572

BCVA, best-corrected visual acuity; OCTA, optical coherence tomography angiography;
CMT, central macular thickness,; FAZ, foveal avascular zone; FD300, Foveal density 300
um; VD, vascular density; SCF, superficial capillary plexus; DCF, deep capillary plexus.

microvascular changes in several kinds of uveitis. Recently, it
has also provided quantitative analysis for retinal vascular flow
abnormalities, which help demonstrate microvascular changes
accompanied with uveitis (1, 21, 22). OCTA analysis has
the advantage of: (1) detecting early microvascular changes,
which might be beneficial for early diagnosis; (2) quantitatively
evaluate the disease status before and after treatment. Similar
to Spectral domain optical coherence tomography, OCTA can
also measure retinal thickness in different layers, such as RNFL,
CMT, and retinal thickness (0-6) pm. Although several previous
studies using OCTA have identified vascular flow abnormalities
in patients with uveitis, the vascular beds below the RPE
complex have not been thoroughly investigated, and quantitative
analysis of optic disk, outer retina, and choriocapillaris vascular
abnormalities in posterior uveitis is limited. In addition, fewer
studies explore the correlation between BCVA and vascular flow
in patients with uveitis. In the present study, we aimed to measure
vascular flow in different layers, including optic disk, whole
SCP, parafovea SCP, whole DCP, parafovea DCP, outer retina,
and choriocapillaris.

Our research revealed that patients with posterior uveitis had
a significant reduction of VDs in the whole and parafovea SCP
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TABLE 4 | The comparisons of RNFL, CMT, retinal thickness, FAZ, FD-300, and VDs in the optic disk, SCP, DCP, outer retina, and choriocapillaris among acute and
chronic uveitis eyes and normal eyes.

Acute uveitis Chronic uveitis Normal p-value  p: Acute-Chronic  p: Acute-Normal p: Chronic-Normal
RNFL (um) 123.70 £21.86 11710+ 2569  102.02 £ 10.01 <0.001 0.273 <0.001 <0.001
CMT (um) 281.90 £64.94 25410 £37.08  240.90 + 20.58 <0.001 0.039 0.026 <0.001
Retinal thickness (1-3) um ~ 338.40 +£34.04  338.20 +£37.14  323.00 & 10.31 0.004 0.062 0.002 0.001
Retinal thickness (3-6) pm ~ 310.80 +£32.62  306.50 + 22.03  281.70 £ 11.52 <0.001 0.537 <0.001 <0.001
Retinal thickness (0-6) pm  322.60 + 29.61 304.50 £23.94  290.10 + 10.38 <0.001 0.009 <0.001 <0.001
FAZ (mm?) 0.27 £ 0.07 0.33 £+ 0.09 0.33 +£0.13 0.060 0.823 0.070 0.150
FD-300 area density 47.25 +5.80 47.14 + 8.62 54.02 + 5.61 <0.001 0.953 <0.001 <0.001
FD-300 Length Density 9.58 + 2.44 10.24 £2.95 11.55+2.26 <0.001 0.332 <0.001 0.017
Optic disk VD 53.00 + 5.82 53.16 + 5.24 56.28 + 2.52 0.001 0.908 0.001 0.001
Whole VD SCP (%) 4415 + 5.45 47.43 +3.82 49.01 +£3.83 <0.001 0.006 <0.001 0.047
Parafovea VD SCP (%) 46.51 + 6.06 4713 £ 4.49 50.79 + 5.29 <0.001 0.006 <0.001 0.001
Whole VD DCP (%) 45.21 + 4.69 46.04 £ 5.77 48.36 + 6.53 0.031 0.529 0.017 0.042
Parafovea VD DCP (%) 52.05+ 4.15 51.42 £ 6.91 54.19 + 4.65 0.026 0.655 0.030 0.020
VD outer retina (%) 16.10 £ 3.62 13.39 £ 3.41 14.59 + 3.15 0.005 0.002 0.037 0.086
VD Choriocapillaris (%) 238.31 £ 1.39 2410 +£1.72 2422 £1.16 0.009 0.046 <0.001 0.675

The data were presented as mean + SD. SD, standard deviation; CMT, central macular thickness; FAZ, foveal avascular zone; VD, vascular density; FD300, Foveal density 300 um;

SCR, superficial capillary plexus; DCR, deep capillary plexus.

and the whole and parafovea DCP compared to healthy controls
(p < 0.05). Consistent with previous findings, the patients with
Behget’s disease and VKH, both VDs, were reported to present
decreased SCP and DCP compared to healthy controls (1, 15).
A reduction of VDs in the SCP and DCP detected by OCTA
in birdshot chorioretinopathy has also been reported (23). It
was also found in children with anterior uveitis that the VDs
in the SCP and DCP were significantly reduced when compared
with NCs, suggesting anterior segment inflammation in pediatric
uveitis is associated with reduced retinal vascular density (22).
In this study, we not only analyzed the blood flow density of
SCP and DCP in a more detailed way but also added some new
parameters, such as VDs of the optic disk, outer retina, and
choriocapillaris, as well as FD300. FD300 is the foveal blood
flow density within a width of 300pm around the FAZ area. We
found that VDs in the optic disk, FD300, and choriocapillaris
had significantly decreased when compared with NC, while VD
in the outer retina had no significant change. We found whole
SCP VD, parafovea SCP VD, DCP VD, and parafovea DCP
VD were statistically significantly decreased between the acute
group vs. the NC group or the chronic group vs. the NC group.
In addition, VDs of the optic disk, FD300, were significantly
decreased both in the acute group and the chronic group when
compared with the NC group, respectively. However, only the
acute group had decreased VDs of the outer retina (p = 0.037)
and choriocapillaris (p < 0.001) compared with the NC group.
It is possible because the patients in the acute phase had more
severe inflammation than in the chronic phase (1). All this
evidence indicates that blood flow impairment might be a result
of inflammation.

We should carefully interpret the above findings. Intraocular
inflammation, regardless of localization, can induce macular
edema. This is thought to be the result of a breakdown of the

inner and outer blood-retinal barrier and due to inflammatory
structural changes, leading to disturbed ocular blood flow (24).
Since retinal edema could produce masking artifacts that lead to
artificially reduced flow signals from the retina, it is not possible
to attribute causality of these vascular changes to either macular
edema or uveitis alone solely based on this cross-sectional study,
since a longitudinal analysis following patients before, during,
and after the development of retinal edema was not performed
using OCTA in our study. Future studies should take macular
edema into account for the analysis.

The FAZ is largely responsible for visual acuity and central
vision. Its size reflects the health of retinal microcirculation (25).
Therefore, the measurement of FAZ plays an important role in
the diagnosis and management of retinal vascular diseases (6, 26).
Interestingly, in our study, the patients with uveitis showed no
significant difference from NC in the mean area of FAZ (p
= 0.248). Waizel et al. reported that eyes suffering from non-
infectious posterior uveitis presented significantly larger deep
FAZ when compared to healthy controls (26). On the contrary,
in multiple evanescent white dot syndrome (MEWDS) eyes
and birdshot chorioretinopathy, significantly enlarged FAZ was
found (7, 12). It has also been reported that the FAZ area was
not different between patients with Behgets and the control
group (15). Therefore, the clinical application of FAZ to indicate
pathological changes is controversial. In addition, the area of FAZ
in healthy people is highly variable due to individual differences,
partly because of the impact of the ocular axis and other factors
(27-29). Instead, we found that FD300 decreased significantly.
One explanation for this finding is that FD300 is more accurate
in reflecting the ischemic degree of fovea, that is, a more sensitive
marker than FAZ. FD300 may be a more valuable marker than the
FAZ area for detecting pathology in patients with autoimmune
posterior uveitis.

Frontiers in Medicine | www.frontiersin.org

January 2022 | Volume 8 | Article 801036


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Shen et al.

Quantitative Measurements in Uveitis

Uveitis sometimes causes irreversible visions loss; we analyzed
the relationship between LogMAR BCVA and all the quantitative
results from OCTA. We found that logMAR BCVA was
negatively correlated with VDs in the whole and parafovea SCP,
whole and parafovea DCP, and outer retina, while there were no
correlations between logMAR BCVA and RNFL, CMT, retinal
thickness, FAZ, FD30, and VD in the optic disk, choriocapillaris
in patients with uveitis. In addition, whole DCP was the best
predictive factor for BCVA in the patients with uveitis. One
possible explanation is that DCP is closer to the choroid.
The location of the watershed makes it more susceptible to
inflammation (7). Similar findings were also found in VKH, in
which DCP VD was significantly correlated with visual acuity
(1). OCTA is a promising indicator for uveitis prognosis and
treatment guidance.

On the other hand, structural measurements of all retinal
layers could be provided by OCTA. In the present study, RNFL,
CMT, and retinal thickness were found to be significantly
thicker in patients with uveitis than in healthy controls. A
thicker RNFL in patients with uveitis had been reported. Similar
to our study, Yilmaz et al. found RNFL was significantly
thicker in patients with uveitis; patients with acute uveitis
had a thicker RNFL than the NCs and the patients with
quiescent uveitis (30). The difference in CMT and retinal
thickness was found to be statistically significant in patients
with uveitis and healthy controls. Atas et al. found out that
macular thickness was thinner in patients with Behget’s disease
than in the healthy control group (31). However, previous
studies were assessed by optical coherence tomography but not
by OCTA.

Our study had some limitations: for example, the overall
sample size was modest. Even so, statistically significant
differences were found between uveitis and NC. In addition, there
is no more detailed subgroup analysis according to the etiology
of uveitis. Considering all of the above, we believe that further
studies should be carried out to evaluate the microvasculature by
OCTA in a variety of autoimmune posterior uveitis with different
etiology, such as Behget’s disease, and VKH.
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