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Abstract
Objective The aim of this study was to evaluate the perifoveal and peripapillary microvascular structure in patients with
Behçet’s disease (BD) without clinically ocular involvement.
Methods Fifty-six eyes of 28 patients with Behçet’s disease without clinically ocular involvement and 50 age-matched
healthy eyes were included in this prospective study. Vessel densities (VD) of macula and optic nerve head, foveal avascular
zone (FAZ), choroid capillary plexus (CCP) flow area, perifoveal capillary nonperfusion, capillary dilatation and/or tel-
angiectasia and perifoveal capillary arcade disruption were analyzed with optical coherence tomography angiography
(OCTA). The relationship between duration of disease and vessel densities was also evaluated.
Results The FAZ was significantly higher in the BD group (p < 0.001). VD of the foveal and parafoveal region in deep
capillary plexus (DCP) were significantly lower in the BD group than in the control group (p < 0.001, p < 0.001). Total disc,
peripapillary and inside-disc VD were significantly lower in BD group (p= 0.001, p= 0.002, p= 0.004). Perifoveal
morphological changes in DCP were significantly higher in nonocular BD (p < 0.001, p < 0.001, p < 0.001). There was a
mild negative correlation between disease duration and whole VD in DCP, total disc VD, peripapillary VD was determined
(For whole VD in DCP, r=−0.400, p= 0.035; for total disc VD r=−0.396, p= 0.037; for peripapillary VD r=−0.442,
p= 0.018).
Discussion Perifoveal and peripapillary microvascular changes that can be detected by OCTA may occur in Behçet’s
patients without clinically ocular involvement.

Introduction

Behçet’s disease (BD) is a chronic, relapsing, multisystem,
autoimmune, idiopathic inflammatory disorder with high
morbidity. Diagnosis is based on clinical findings.
According to the International Study Group for Behcet’s
Disease, the diagnosis is based on agreed clinical criteria
that require recurrent oral ulcerations and two of the

following: recurrent genital ulcerations, ocular involvement,
defined skin lesions, or positive pathergy [1, 2].

Typical ocular involvements are non-granulomatous
uveitis, panuveitis, diffuse vitritis, retinal vasculitis, and
optic disc edema. Histopathological examinations have
shown the obstructive vasculitis originating from the cir-
culation of abnormal immune complexes. Although seen
worldwide, it has been noticed that the prevalence of the
disease is increasing from the Mediterranean and Central
Asia to Japan. Ocular involvement has been seen in
50–70% of patients with BD [3–5]. In the presence of ret-
inal vasculitis or macular involvement, multimodal imaging
(fluorescein angiography, optical coherence tomography,
indocyanine green angiography) is useful in the determi-
nation of macular edema, vascular blockages, peripheral
ischaemic areas, neovascularisation and the inflammatory
activity [2, 6, 7].

Optical coherence tomography angiography (OCTA) is a
non-invasive, highly repeatable and high-resolution novel
imaging technique that allows physicians to evaluate the
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foveal and peripapillary microvascular structure without
contrast dye injection. It is based on the principle of dec-
orrelation, in which the signals are red blood cells [7–9].
OCTA provides noninvasive and rapid evaluation and has
the advantage of demonstrating both of retinal and chor-
oidal vessels. The diagnostic efficacy of OCTA has been
shown in several retinal vascular diseases such as age-
related macular degeneration, serous chorioretinopathy,
diabetic retinopathy, and polypoidal choroidal vascular
disease [10, 11].

Recently, literature published on the role of OCTA in
uveitis and retinal vasculitis is still limited. A few studies
have utilized the macular OCTA findings in BD with or
without ocular involvement. In the studies, the authors
reported decrease in VD, especially in DCP in nonocular
BD patients [12, 13]. However, the microvascular changes
in optic nerve head (ONH) have not been studied. In this
study, we aimed to evaluate the features of the micro-
vasculature in ONH and macula using OCTA and the
relationship between duration of disease and OCTA find-
ings in BD patients without clinically ocular involvement.

Methods

Fifty-six eyes of 28 patients with BD who had no ocular
involvement were evaluated this prospective, comparative
study in the ophthalmology department of Muğla Sıtkı
Koçman University, between November 2018-November
2019. The study was adhered to the principles of the
Declaration of Helsinki and approved by the local ethics
committee. All participants received written information
about the study, and each participant provided written
informed consent.

All patients received a complete ophthalmic examina-
tion. Applanation tonometer, biomicroscopy, fundus
examination, axial length and fundus fluorescein angio-
graphy (Optos 200x, Dunfermline, United Kingdom) were
performed. All eyes were imaged with the AngioVue Ima-
ging System (RTVue XR Avanti; Optovue, Inc, Fremont,
CA) by the same experienced examiner. OCTA data were
analyzed by two of the authors who were masked to the
findings. The AngioVue Imaging System is a spectral-
domain optical coherence tomography (SD-OCT) device
that enables simultaneous three-dimensional structural
imaging of the retina and generation of en face maps of
blood flow through a split spectrum amplitude decorrelation
angiography (SSADA) algorithm. The AngioAnalytics
software (Optovue, Inc.) allows measurement of foveal
avascular zone (FAZ) and capillary vessel density (VD)
from selected regions of the retina. Quantitative analysis of
6 × 6 mm OCT angiograms, was chosen for automated
detection of flow, including FAZ (mm2), capillary VD (%)

and choriocapillaris flow area (mm2) measurement. The
device automatically inserted three fovea-centered circles
on the macula via density assessment tool in both SCP and
DCP (Fig. 1A). Foveal zone vessel density was defined by
the area of the small circle with a diameter of 1 mm. The
parafoveal zone vessel density was defined by the area of
the middle circle with a diameter of 3 mm, and the perifo-
veal zone vessel density was defined by the area of the outer
circle with a diameter of 6 mm. Flow area of the chor-
iocapillaris layer was obtained at 1 mm radius areas, cen-
tered on the FAZ (Fig. 1B, C). Poor quality OCTA images
due to blinking or fixation loss, were excluded from the
study. Peripapillary flow was validated by total, peripapil-
lary and inside disc VD was measured using a 4.5 × 4.5-mm
scan that was centered on the ONH, as previously described
[14]. The software automatically hangs a 2.0 mm diameter
circle centered on the optic disc and determines the peri-
papillary area as a 1.0-mm-wide round annulus extending
from the optic disc 2.0-mm circle (Fig. 1D). The peripa-
pillary vessels were analyzed in the radial peripapillary
capillary (RPC) section which prolongs from the inner
limiting membrane (ILM) to the nerve fiber layer. The
peripapillary vessel density is represented as the percentage
area filled by vessels (microvasculature) in the peripapillary
region. Vessel densities for the whole 4.5 × 4.5 mm scan
region (whole image), optic disc area (inside disc), entire
peripapillary area, as well as average RNFL thickness for
the entire peripapillary area, were generated by applying an
automated software algorithm. Peripapillary VD, defined as
the total length of the perfused vasculature per unit area in
the region of measurement (mm–1), were automatically
measured in the average (Fig. 1). Additionally, in order to
evaluate morphological alterations, we used the 3 × 3 mm
OCTA scans for the following parameters: perifoveal
capillary arcade disruption in the DCP (when extending
over 1 quadrant of the entire length), capillary changes
(capillary dilatation, telangiectasia), areas of capillary non-
perfusion (presenting as irregular hypointense grayish
areas), because of more detailed image quality (Fig. 2).
OCTA images were accepted as Q8 or higher quality ima-
ges and evaluated by two independent observers. Inter-
investigator reliability (κ) was evaluated.

The study included 28 patients, diagnosed with BD
according to the Behçet’s Syndrome International Study
Group Criteria whereby oral ulcers, genital ulcers, and
ocular lesions are assigned two points each, and skin
lesions, vascular manifestations, and neurologic manifesta-
tions are assigned one point each. A patient with a score of
≥4 points is classified as having BD. Patients with previous
surgery, signs of recent or previous anterior or posterior
uveitis, history of red eye and systemic disease (hyperten-
sion, diabetes mellitus), pathology detected in biomicro-
scopic and fundus examination, eyes with axial length
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Fig. 2 Morphological findings of OCTA in DCP. A DCP shows capillary non-perfusion area. B Irregular foveal avascular zone and perifoveal
capillary arcade disruption. C Perifoveal capillary dilatation and straightening.

Fig. 1 Optical coherence tomography angiography parameters. A ETDRS rings on angio-macula (fovea, parafovea, and perifovea). B FAZ
automatically measured. C CCP flow area in 1mm radius circle. D Angio-optic nerve head (total, insidedisc, peripapillary) in 4.5 × 4.5 mm scan size.
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greater than 24 mm and shorter than 22 mm, intraocular
pressure higher than 21 mmHg and history of topical or
systemic medication were excluded. Patients with optic disc
staining and early, late-stage peripheral leakage on fundus
fluorescein angiography and patients with poor visual
quality in OCTA were excluded from the study. The control
group consisted of 50 age and sex matched healthy eyes
with a refractive index of less than 2 D, no systemic or
ocular disease and visual acuity in both eyes.

The statistical analyses were performed using SPSS
(Statistical Package for the Social Sciences, version 22, for
Windows; SPSS Inc.). The conformity of the data to normal
distribution was evaluated with the Kolmogorov–Smirnov
and Shapiro–Wilk tests. In the group comparisons, the
independent Student’s t test was applied to numerical data
that met parametric assumptions and the Mann–Whitney U
test was applied to numerical data that did not meet para-
metric assumptions. Categorical variables between the
groups were analyzed using the χ2 test. The superficial and
full retinal vasculature FAZ measurements, flow area of the
choriocapillaris layer, and vessel density measurements of
both SCP and DCP in the foveal, parafoveal, and perifoveal
zones of the groups were compared by independent t-test.
To determine the relationship between duration of disease
and vessel densities, Pearson’s correlation coefficients were
calculated. A p-value < 0.05 was considered statistically
significant.

Results

The mean patient age was 38.50 ± 14.30 (20–57) in the
study group and 40.20 ± 14.10 (19–60) in the control group.
All eyes were phakic in the study group. There was no
significant difference between the groups in terms of age,
gender distribution, lens status, central macular thickness,
axial length and intraocular pressure (p > 0.05 for all). The
peripapillary RNFL thickness was lower in patients with
preclinical BD compared to healthy controls, but this was
not statistically significant (Table 1). Mean disease duration
was 7.4 ± 3.6 (3–12) years. 28 patients had oral and genital
ulceration, 12 had positive pathergy test, 10 had skin lesions
such as erythema nodosum and pseudofolliculitis, and 2 had
intestinal involvement.

The mean area of the FAZ was 0.351 mm2 in the BD
eyes and 0.183 mm2 in the control group, and the FAZ was
significantly higher in the BD group (p < 0.001). VD of the
foveal and parafoveal region in DCP were significantly
lower in the BD group than in the control group (p < 0.001).
However, VD of the foveal and parafoveal region in SCP
were not significantly different from healty eyes (p= 0.324
and p= 0.471, respectively). There was no significant dif-
ference between the two groups in the mean CCP flow area

(p= 0.867). Total disc, peripapillary and inside-disc VD
were significantly lower in BD group (p= 0.001, p= 0.002,
p= 0.004) (Table 2).

In the morphological examination of OCTA images, HD
quality images were obtained and evaluated by two inde-
pendent observers. Inter-investigator reliability (κ) was
evaluated, and κ value was 0.857 (p < 0.001). A clear and
organized microvascular network was observed in the
control group and the foveal avascular arcade was regular.
Perifoveal morphological changes (perifoveal capillary
nonperfusion, perifoveal capillary arcade disruption and
capillary dilatation and/or telangiectasia) in DCP were sig-
nificantly higher in BD (p < 0.001, p < 0.001, p < 0.001)
(Table 3 and Fig. 2).

We evaluated the relation between duration of disease
and microvascular parameters detected by OCTA. No
obvious correlation between disease duration and foveal,
parafoveal density in DCP, inside disc VD was noted in the
study (For foveal VD, r= 0.213, p= 0.277; for parafoveal
VD r=−0,252, p= 0.196; for inside disc VD r=−0.216,
p= 0.292). However, we found mild negative correlation
between disease duration and whole VD in DCP, total disc
VD, peripapillary VD (For whole VD in DCP, r=−0.400,
p= 0.035; for total disc VD r=−0.396, p= 0.037; for
peripapillary VD r=−0.442, p= 0.018).

Discussion

It is known that OCTA has advantages such as providing
the possibility of separate and more detailed evaluation of
the internal and external retinal circulation and the chor-
iocapillaris. OCTA allows quantitative measurement of the
capillary perfusion of the macula and optic nerve [15–17].
Considering that Behçet’s disease is one of the vascular
occlusive syndromes [18], we assumed that ocular ischemia
may be present in Behçet’s patients without ocular

Table 1 Clinical and demographic characteristics.

Behçet disease Control group P

n= 28

Age (years) 38.50 ± 14.30 40.20 ± 14.10 0.770

Sex (F/M) 18/10 15/10 0.570

n= 56

CMT, µm 316.7 ± 19.7 317.4 ± 8.9 0.867

IOP, mmHg 14.12 ± 2.2 14.22 ± 2.4 0.198

Axial length, mm 22.51 ± 2.2 23.01 ± 1.2 0.756

RNFL thickness, µm 109.4 ± 8.05 113.26 ± 8.34 0.123

CMT central macular thickness, IOP intraocular pressure, RNFL retinal
nerve fibre layer.

Age, CMT, IOP, Axial length, and RNFL measurements were mean ±
standard deviation.
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involvement. In this study, we reported that preclinical
ocular features in patients with Behçet’s disease on OCTA.
We found the VD in macula and OHN were lower and the
mean area of FAZ was significantly larger in the BD group
than in control group.

Previous studies demonstrated that VD reduction and
higher perifoveal capillary hypoperfusion, perifoveal
capillary network disorganization, and FAZ irregularity in
Behçet’s [14, 19, 20]. Khairallah et al. investigated that the
perifoveal microvascular changes in 25 patients with Beh-
çet’s uveitis and reported that OCTA is more sensitive than
FA in detecting these changes. They observed these
microvascular changes more frequently in the DCP than in

the SCP [14]. Furthermore, the capillary vessel density was
lower in the Behçet uveitis group than in the control group.
In our study, the presence of grayish nonperfused/hypo-
perfused areas was common in terms of morphological
perifoveal findings of the OCTA in DCP and the differences
were statistically significant. According to the degree of
decreased VD, these regions may appear well-defined black,
roundish or oblong areas completely devoid of flow. The
other morphological perifoveal findings also determined as
rarefied, dilated or shunting perifoveal capillary vessels.
Both quantitative and qualitative analyses of FAZ findings
reported by Rafaat et al. was similar to the findings of a
recent in our results [13].

The average frequency of non-ocular behçet disease is
30% [3]. In the literature, there are few recent studies about
OCTA findings in non-ocular BD [12, 13, 21]. In an
observational study by Rafaat et al. which included 20 eyes
of 10 patients with non-ocular Behçet’s disease, detected
microvascular anomalies such as capillary nonperfussion
area and perifoveal capillary arcade disruption, capillary
telangiectasia and perifoveal capillary dilatation in 80%
eyes of nonocular BD group in SCP and 85% eyes of
nonocular BD group in DCP. They reported no significant
difference in the mean FAZ compared to the control group.
They found a significantly lower mean capillary density in
both SCP and DCP in OCTA. They performed central 10-2
perimetry to check for macular scotomata that could appear
in response to the areas of capillary nonperfusion seen on
OCTA. They reported that only 60% eyes of study group
had relative central scotomata in the pattern deviation map
and found no significant correlation between the mean
deviation and average capillary density [13]. In another
prospective study in 22 eyes with nonocular Behçet’s dis-
ease reported that the mean FAZ was reported to be sig-
nificantly higher than the control group, and superficial and
deep capillary plexus density were significantly lower than
the control group [12]. Unlike their results, in our study,
there was no significant difference in vessel density in SCP
when compared to the control group.

On the other hand, Değirmenci et al. reported that VD
measurements in SCP and DCP were lower in BD patients
without ocular involvement, but these differences were not
statistically significant [21]. In another study, no difference
between any OCTA measurements in BD and healty eyes
was obtained by Koca et al. [19]. The different outcomes
may be linked to the different number of patients between
the studies and the duration of BD.

Although the exact mechanism remains unclear, the
reduction in VD in BD probably results from diffuse oclu-
sive vasculitis which is caused by the circulation of abnor-
mal immunocomplexes and endothelial cell proliferation
[15, 22]. The OCTA assessment of SCP and DCP allowed
us to identify the different involvement of the two plexuses;

Table 2 OCTA parameters of the non-ocular BD patients and the
control group.

Mean ± SD

Behçet disease
(n= 56)

Control group
(n= 50)

p

FAZ area (mm2) 0.351 ± 0.04 0.183 ± 0.04 <0.001

VD of SCP (%)

Whole 48.6 ± 3.4 49.2 ± 2.1 0.410

Fovea 19.9 ± 4.7 21.08 ± 5.4 0.324

Parafovea 51.8 ± 4.5 52.4 ± 2.2 0.471

VD of DCP (%)

Whole 52.8 ± 4.7 57.7 ± 2.3 <0.001

Fovea 27.5 ± 5.7 38.4 ± 4.5 < 0.001

Parafovea 54.6 ± 5.3 59.7 ± 2.6 < 0.001

VD of ONH (%)

Total disc 47.7 ± 2.3 49.4 ± 1.5 0.001

Peripapillary 49.6 ± 1.9 51.4 ± 2.2 0.002

Inside disc 50.2 ± 2.8 51.6 ± 2.1 0.004

Choriocapillaris flow
area (mm2)

2.13 2.11 0.867

FAZ foveal avasculare zone, VD vessel density, SCP superficial
capillary plexus, DCP deep capillary plexus, ONH optic nerve head,
SD standard deviation.

Bold values indicate statistical significance p < 0.05.

Table 3 Morphological perifoveal findings of the OCTA in DCP.

Number of effected eyes (%)

Behçet
disease
(n= 56)

Control
group
(n= 50)

p

Capillary nonperfusion areas 24 (42.8) 1 (2) <0.001

Perifoveal capillary arcade
disruption

22 (39.2) 0 (0) <0.001

Capillary dilatation and/or
telangiectasia

12 (21.4) 1 (2) <0.001

Bold values indicate statistical significance p < 0.05.
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DCP was more severely involved than SCP with retinal
capillary nonperfusion/hypoperfusion and other capillary
changes. A similar predominance of microvascular changes
on OCTA in the DCP has been observed in retinal vein
occlusion, diabetic retinopathy and sickle cell retinopathy
[3, 14, 23–28]. Opposite to SCP, capillaries in DCP are not
directly connected to arterioles, and therefore may be weaker
for ischemia [24]. Decreases in DCP which is particularly
vulnerable to tissue hypoxia and increased inflammatory
cytokine levels may predispose to future ocular involvement
in BD. Furthermore, the other hypothesis is the outer retina
could become ischemic because of decrease of blood supply
from the choroid. VD in DCP can serve as a quantitative
measure to obtain flow changes caused by pathological
processes. In BD the outer retina may suffer from hypoxia,
retinal capillary dilatation, hyperpermeability. Decreased
vessel densities might be observed before diffuse micro-
vascular occlusions and clinical involvement.

In healthy optic disc, the blood supply to its superficial
layers (nerve fiber layer on the surface of the optic disc) is
derived from the central retinal artery circulation, and that to
the deeper layers (the prelaminar, lamina cribrosa, and ret-
rolaminar regions) is originated from the posterior ciliary
artery circulation [29, 30]. The radial peripapillary capil-
laries, of which lower density in the current study, are the
most superficial layer of capillaries located in the inner part
of the nerve fiber layer. The radial peripapillary capillaries
may be more prone to ischemic damage and inflammation,
such as the deep capillary plexus in the macula in Behçet
disease. Therefore, decreased peripapillary VD could pro-
vide insight into ONH circulatory disorder which may be
component of BD pathophysiology.

ONH parameters (retinal nerve fibre layer thickness,
densities of peripapillary, inside disc, whole disc) and the
factors influencing its signal were investigated in previous
similar studies. These studies found that older age, longer
diabetes duration and lower OCTA signal strength were
associated with lower vessel densities [31–33]. For the
clinical use of OCTA, it is necessary to identify the factors
influencing its signal. Yun et al. also demonstrated that
peripapillary VD (although not representing ocular perfu-
sion pressure) is significantly associated with optic nerve
head parameters [34]. Our study also revealed an another
factor (Behçet Disease) that may affect ONH parameters.

Mittal et al. supported that subfoveal choroidal thickness
in eyes of Behçet’s patients without ocular involvement was
significantly thinner than control group [35]. In another
study, they reported that choroidal thickness was sig-
nificantly thicker than the control group during an acute
attack [17]. Previous studies suggested that the choroid of
the fellow eyes might be equally affected despite the
absence of any obvious inflammation and hypothesized that
patients with BD without ocular involvement could still

have subclinical choroidal involvement [12, 17]. In our
study, we evaluated the choriocapillaris flow area and found
no statistical difference among the groups. This difference
may be described by limitations of OCTA in terms of
choroidal circulation/flow measurements using a SD
platform.

The main limitation of this study was small sample size.
However, we compared a particular subgroup of BD with
healty population and obtained significant results. No
reports addressing ONH microvasculature evaluated by
OCTA in nonocular BD have been published. Therefore, in
addition to the perifoveal microvascular structure in non-
ocular BD, we also investigated the peripapillary micro-
vascular structure. The total disc, peripapillary and inside-
disc VD were observed lower in nonocular BD group.
To the best of our knowledge, this is the first study
evaluating ONH microvascular parameters by OCTA in
nonocular BD.

We concluded that perifoveal and peripapillary micro-
vascular changes that can be detected by OCTA may occur
in Behçet’s patients without ocular involvement. Dis-
organization of the normal architecture of the capillary
network was also more common in the DCP. Enlarged FAZ
could be considered a form of ocular ischemia at the
capillary level. Changes in these parameters may indicate
preclinical ocular involvement. More reliable results can be
obtained with a greater number of patients and longer
follow-up.

Summary

What was known before

● OCTA has advantages such as providing the possibility
of separate and more detailed evaluation of the internal
and external retinal circulation and the choriocapillaris.
OCTA allows quantitative measurement of the capillary
perfusion of the macula and optic nerve.

What this study adds

● The perifoveal and peripapillary microvascular changes
that can be detected by OCTA may occur in Behcet’s
patients without ocular involvement.
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