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ABSTRACT

in patients with BD.

Objective: To evaluate the foveal thickness and macular choroidal thickness on patients who were diagnosed with Behcet’s Disease (BD).

Methods: A total of 60 patients were included in this prospective cross-sectional study. Patients were divided into two groups. Group 1
consisted of 30 patients who were diagnosed with BD and Group 2 consisted of 30 healthy controls. Detailed ophthalmological examination
was performed on both groups and foveal thickness and macular choroidal thickness were measured with Spectral-Domain Optical Coherence
Tomography (SD-OCT). To measure the choroidal thickness enhanced depth imaging OCT (EDI-OCT) technique was used.

Results: Mean foveal thickness in BD patients was 216.06 + 53.14 um and mean subfoveal choroidal thickness was 363.21 + 85.22 um. Mean
foveal thickness and subfoveal choroidal thickness in healthy controls was 211.65 + 16.60 um and 352.83 + 87.11 um respectively. There was no
statistical significance between patients with BD and patients of the control group regarding foveal and subfoveal choroidal thickness. However,
anatomical deformation of Ellipsoid Zone structure in OCT had the most effect on visual acuity (p=0.001).

Conclusion: This study shows that there was no statistically significant difference in terms of foveal thickness and macular choroidal thickness

Keywords: Behcet'’s disease, optical coherence tomography, choroidal thickness, inflammation.

1. INTRODUCTION

Behcet’s disease (BD) is a systemic immune-mediated
occlusive vasculopathy whose etiology and pathogenesis
are not fully elucidated. Oral aphthous stomatitis, genital
ulcerations, skin lesions, and ocular disease are evaluated as
major findings (1). Ocular involvement is seen approximately
in 60-80% of the patients. Anterior and posterior ocular
involvement often proceed to iridocyclitis with hypopyon
and retinal vasculitis (2). Hence, uveitis seen in BD is
shown to be affecting choroid due to diffuse infiltration of
inflammatory cells into the choroid (3). Retinal vasculitis
with anterior, posterior involvement, or panuveitis are
characteristics of the disease. Fundoscopic changes due to
posterior segment involvement can significantly affect visual
acuity (4-8). Besides clinical examination, the evaluation of
the posterior segment involvement in BD can be practiced
by fundus fluorescein angiography (FFA), indocyanine green
angiography (ICA), ultrasonic biomicroscopy (UBM), multifocal
electroretinogram (mfERG), and SD-OCT (9-13). The choroid,

which is crucial for the retina to function properly, has up to
85% of the ocular blood flow. A great quantity of diseases
including central serous chorioretinopathy, age-related
macular degeneration, and chorioretinal inflammatory
diseases has an impact on choroidal thickness (14, 15).
Enhanced depthimaging (EDI) technique has beenagood turn
for physicians evaluating choroidal tissue with OCT. Since this
imaging technique is widely accepted and used by physicians
all over the world, understanding the morphological changes
in choroid are easier not only in healthy population but
also pathological diseases and conditions such as central
serous chorioretinopathy, high myopia, polypoidal choroidal
vasculopathy, age-related macular degeneration and Vogt-
Koyanagi-Harada (VKH) disease (16-20). Furthermore, Park
et al. revealed long term changes in choroidal thickness in
Behcet’s disease following up patients at least 24 months.
According to that study, choroidal thickness decreased over
time in BD patients and it was associated with the length of
active inflammation (21). This present study was conducted
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to measure foveal thickness and macular choroidal thickness
using Enhanced Depth Imaging technique of spectral domain
OCT (SD-OCT) in patients diagnosed with Behcet’s disease
and to compare it with healthy controls in the same age

group.

2. METHODS

In this prospective cross-sectional study, 60 eyes of 30 BD
patients with active, inactive, and no ocular involvement
older than 18 years of age and 60 eyes of 30 age and sex-
matched healthy controls were included. All individuals
agreed to sign an informed consent. This study was
conducted in accordance with the principles of the Helsinki
Declaration. Patientswhohadahistoryofintraocularsurgery,
glaucoma, or any other co-existing ocular pathologies
and systemic disease and patients who had a spherical
equivalent refractive error of more than +5.00 diopters
were excluded from this study. This study was approved
by the Clinical Research Ethics Committee of Cumhuriyet
University School of Medicine on 11.11.2014 and numbered
as 2014-11/03. Complete ophthalmological examination of
patients including best corrected visual acuity (BCVA), slit-
lamp biomicroscopy, non-contact tonometry to measure
intraocular pressure, fundoscopy after pupil dilatation,
and Spectral Domain-OCT (SD-OCT) scanning with RS-3000
Advance (Nidek Co., Ltd, Gamagori, Japan) was performed.
All OCT measurements of the patients were performed
between 9 and 12 am. Macular anatomy was evaluated with
SD-OCT. The presence of ERM, internal and external retinal
layers, especially ELM, Ellipsoid Zone, RPE-BM complex
were examined, foveal thickness and subfoveal choroidal
thickness was measured as well as choroidal thickness of
nasal and temporal of the fovea. To evaluate the macular
anatomy, an area of 12 mm was examined by selecting
the ultrafine quality in Macula Line choroidal mode of the
OCT device. With the Tracing HD plus feature, 120 sections
of the Scanning Laser Ophthalmoscope (SLO) image was
captured. Using Enhanced Depth Imaging OCT (EDI-OCT),
subfoveal, nasal, and temporal macular choroidal thickness
was measured manually with the measurement tool of
built-in software based on the distance between the lowest
part of the RPE / BM complex and the choroidoscleral
junction. Manual method was used to measure foveal
thickness by marking the distance between the lowest part
of the RPE-BM complex and the foveal pit. In this study, the
demographic data, clinical ophthalmological examination
findings, macular anatomy, observing the structural
integrity of the Ellipsoid Zone and RPE-BM complex with
SD-OCT and their effects on BCVA were evaluated alongside
the evaluation of foveal thickness and subfoveal, 1000 um
nasal and temporal choroidal thicknesses with OCT in both
groups.

2.1. Statistical Analysis

The data analysis of this study was performed using the
SPPS version 22 (IBM Statistical Package for the Social
Sciences Statistics; New York, USA). In independent groups,
the significance test of the difference between the two
means was used when the parametric test assumptions
were fulfilled. Kruskal-Wallis test, the Mann Whitney U test,
and the Chi-square tests were used when the parametric
test assumptions were not fulfilled. The mean value of
the continuous variables is presented as mean * standard
deviation (SD). A value of p<0.05 was considered statistically
significant.

3. RESULTS

Of 30 Behcet’s patients, 11 (36.7%) were male and 19 (63.3%)
were female. The mean age of the patients was 36.16 + 11.85
years (19-60 years). The mean age of diagnosis with BD was
28.60 + 8.83 years. The control group consisted of 30 healthy
subjects. Of the 30 patients in the control group, 15 were male
(50%), 15 were female (50%), and the mean age was 35.10 +
7.58 years (20-65 years) in the control group. Demographics
and treatment modalities are presented in Table 1. Regarding
mean age and gender, no statistical significance was found
between groups (p>0.05). All 30 patients with BD (100%)
were receiving systemic medical treatment at the time of
participation in the study. Twenty-nine patients (96.6%) were
on colchicine, 11 were on azathioprine (36.6%), 10 (20%) were
on steroids and 5 (23.3%) were on cyclosporine. The right
eye of 4 patients (13.3%), the left eye of 5 patients (%16.6)
were involved leading to unilateral ocular involvement in 9
patients (30%) in total. Seven patients (33.3%) had bilateral
ocular involvement.

Table 1. Demographic characteristics of BD patients and control
group

BD group (n=30) Control group P value
(n=30)

Age (Mean % SD) 36.16+11.85 35.1047.58 p=0.68
Sex (male/female) 11/19 15/15 p=0.05
Mean Age of Diagnosis 28.60+8.83 - -
(Mean £ SD)
Treatment
Colchicine 96.6% (n=29) - -
Azathioprine 36.6% (n=11) - -
Corticosteroids 20% (n=10) - -
Cyclosporine 23.3% (n=5) - -

BD: Behget’s Disease

Best corrected visual acuity and SD-OCT measurements
of the groups are shown in Table 2. The mean BCVA of all
BD patients was 0.92 + 0.23. There was 1 eye (1.66%) with
BCVA lower than 0.1, 3 eyes (5%) with BCVA between 0.1-
0.3, 2 eyes (3.33%) with BCVA between 0.4-0.6, and 54 eyes
with BCVA equal or higher than 0.7. There was no statistical
difference between genders regarding BCVA (p>0.05). All
eyes in the control group had normal visual acuity. When
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the BCVA of the two groups was compared, the difference
between groups was statistically significant (p=0.012),
but the difference was not significant when subfoveal,
nasal, temporal choroidal thickness, and foveal thickness
were compared. Comparison of BCVA regarding OCT
measurements revealed a statistically significant difference
(p<0.05). The difference between eyes with normal OCT
findings, eyes with Ellipsoid Zone defect, and eyes with
both Ellipsoid Zone and RPE-BM defects were found to be
statistically significant (p=0.001). The difference between
eyes with normal OCT findings, RPE-BM defect, and ERM
was not statistically significant (p>0.05).

Table 2. Comparison of best corrected visual acuity and SD-OCT
values in patients with Behcet’s disease and control group

Control group

BD group (n=30) (n=30) P value
BCVA 0.9240.23 1.00£0.00 | p=0.012*
Subfoveal choroidal 363218522 | 352.83t87.11 | p=0.51
thickness (um)
Nasal choroidal 331.61¢81.06 | 329.63t84.04 | p=0.90
thickness (um)
WAL L] 344.4082.49 | 328.83+79.52 | p=0.30
thickness (um)
Foveal thickness (um) 216.06453.14 | 211.65+16.60 p=0.54

BCVA: Best Corrected Visual Acuity BD: Behget’s Disease. Values are
presented as Mean * Standard deviation.

When the patients with BD were evaluated with structural
SD-OCT findings, two eyes had epiretinal membrane (ERM),
4 eyes (6.7%) had RPE-BM defect, 2 eyes (3.3%) had Ellipsoid
Zone defect, 2 eyes (3.3%) had both Ellipsoid Zone and
RPE-BM complex defect.

Mean foveal thickness in patients with BD was 216.06 +
53.14 pum and mean subfoveal choroidal thickness was
363.21 + 85.22 um. Mean foveal thickness in the control
group was 211.65 + 16.60 um and mean subfoveal choroidal
thickness was 352.83 £ 87.11 um. No statistically significant
difference was observed between the two groups regarding
foveal and subfoveal choroidal thickness (p>0.05 for
both). Comparison of best corrected visual acuity and SD-
OCT measurements in BD patients and control group are
presented in Table 2. There was no statistically significant
difference between foveal thickness, subfoveal choroidal
thickness, 1000 um nasal and temporal choroidal thickness
in terms of BCVA in BD patients.

4. DISCUSSION

BD is a chronic vasculitis of the arteries and veins involving
multiple systems and has high morbidity due to ocular
involvement. In 70% of patients with BD, inflammatory eye
findings are observed (22). Eye involvement is more frequent
and more severe in young adults and especially in males
and is less common in females and the elderly (23). Optical
Coherence Tomography may reveal some indiscernible
changes which can not be seen with fundoscopy in patients

who have posterior segment involvement related to Behcet'’s
disease. In this current study, patients with BD had an
increased foveal and macular choroidal thickness compared
to the control group.

Although there are publications in the literature indicating
BCVA is affected more in young male patients, the mean
BCVA of male BD patients was 0.94 + 0.18 in this study. In
literature, BCVA was below 0.1 in 20-33% of eyes. In this
study, only 1 (1.66%) eye had BCVA under 0.1.

Many factors may affect OCT measurements. Most reported
causes are age, ethnic origin, diabetes mellitus, hypertension,
myopia, axial length, central serous chorioretinopathy, and
history of intraocular surgery (24,25). In a few studies, OCT
measurements revealed significant diurnal variation between
measurements. In these studies, the choroidal thickness
increased towards midnight and was measured thinner
at noon. The difference between these measurements
varies between 30 and 60 um (26,27). As mentioned
before, to minimize the effect of diurnal variations on OCT
measurements, we have taken all measurements at the same
time of the day.

Choroidal thickness in BD in the inactive phase was found
to be thicker compared to the healthy population. Also,
patients who had posterior segment involvement in the
inactive phase had significantly higher subfoveal choroidal
thickness compared to the fellow healthy eye. There was
a 15.3% decrease of mean subfoveal choroidal thickness
in BD during the inactive phase. Along with the increase
in subfoveal choroidal thickness in the acute phase of
posterior uveitis in BD, vascular leakage has increased, but
these findings regressed after the acute aggravation phase
of posterior uveitis. This same study showed that choroidal
thicknesses of BD patients in the inactive phase were found
to be thicker than the healthy population. The cause of this
thickening in the choroid is due to leakage in the vascular
structures. No statistically significant correlation was found
between the duration of uveitis and the severity of anterior
or posterior inflammation and subfoveal choroidal thickness
(28). Besides, some studies revealed that BD patients with
posterior segment involvement had higher subfoveal
choroidal thickness measured by EDI-OCT compared to the
healthy population. Kim et al. reported that BD patients
with posterior segment involvement in the active phase had
significantly higher subfoveal choroidal thickness than in
BD patients who had posterior segment involvement in the
inactive phase (28). Studies evaluating BD patients who had
posterior segment involvement during the inactive phase,
EDI-OCT showed that subfoveal choroidal thickness and
retinal thickness were significantly thinner in BD compared
to the healthy population and this thinning progressed
over time. Among the causes of thinning of subfoveal
choroidal and retinal thickness, choroidal atrophy triggered
by affected choroidal circulation secondary to recurrent
posterior uveitis and choroid, which provides oxygen and
metabolite support to the retina, failing to fully function
was shown (29,30).
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In the literature, there are some studies evaluating the
Ellipsoid Zone with OCT, which has been shown to have a
close relationship with BCVA. These studies evaluated the
relationship between Ellipsoid Zone structural integrity
and visual acuity in patients with retinal vein occlusion,
retinal detachment, and macular hole (31-33). In a study by
Unoki et al., the effect of Ellipsoid Zone and ELM on BCVA
was evaluated in Behcet’s patients during the remission
phase and only the relationship between Ellipsoid Zone and
BCVA was observed but the same relationship could not be
demonstrated with ELM (34).

In histopathological studies, the choroidal thickness of the
posterior pole was reported to be approximately 220 um
(35). In a study by Karampelas et al., retinal and choroidal
imaging was performed with OCT in patients with idiopathic
panuveitis. In that study, OCT images revealed the effects of
duration of the disease and accompanying cystoid macular
edema on visual acuity and retinal and choroidal changes.
Also, that study revealed retinal and choroidal thickness
and BCVA are not related (36). In a study by laccarino et
al., no correlation between BCVA and choroidal thickness
in patients who had posterior uveitis secondary to Behcet’s
disease was found (37). In another study, where 21 eyes
of 21 patients with inactive idiopathic panuveitis were
compared with the healthy group, choroidal thickness was
correlated with the severity of the disease. However, the
average choroidal thickness of affected eyes was thinner in
contrast to the control group. The reason for this thinning
was the thinning of the Haller’s layer and hyporeflectivity
as a result of loss of luminal spaces in choroidal vasculature
(36). Histopathological studies have shown diffuse and
focal infiltration of inflammatory cells such as CD4+ T
cells, macrophages, and immunoglobulin and complement
accumulation in choroidal tissue (3,38-40). Various clinical
features may be observed with conventional imaging
systemsincluding FAand ICGA in patients with Behcet uveitis
(9,41,42). As a result of leukocyte infiltration in choroidal
vascular inflammation, choroidal hyperfluorescence, dye
leakage or choroidal vessel wall staining may be seen
(43,44). As a result of the accumulation of exudative
material in the stroma, edema, and fibrosis or choroidal
vascular obstruction, hypofluorescence and choroidal
filling defects may be seen (42,43,45). Furthermore, the
relationship between increased blood flow and vascular
resistance and ocular perfusion pressure and choroidal
thickness may also cause choroidal thickening in the active
phase of inflammation (46,47). Thus, the accumulation of
exudates due to changes in ocular blood flow caused by
choroidal vascular inflammatory reaction might also lead to
choroidal thickening (28). In this current study, we observed
that the pathophysiological changes in choroidal tissue may
cause choroidal thickening as indicated in some studies in
the literature and we found that choroidal thickness was
increased in Behcet’s patients.

5. CONCLUSION

Inclusion of only a small heterogenous, cross-sectional
group of Behget'’s patients, some patients receiving medical
treatment prior to the participation in the study, and SD-
OCT measurements being taken without considering any
diurnal variations are amongst the limitations of this
study. Further studies with larger sample sizes are needed
to elucidate the relationship between foveal thickness,
macular choroidal thickness, and BCVA. In conclusion,
even though patients with BD had an increased foveal
and macular choroidal thickness compared to the control
group, we observed no statistically significant difference in
terms of foveal thickness and macular choroidal thickness.

Funding: This study was funded by Cumhuriyet University
Scientific Research Projects with project number T-622.
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