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Abstract
Purpose To evaluate macular structural changes during the active and remission periods in patients with Behçet uveitis
and to further assess the factors affecting final visual acuity.
Methods Clinical records and spectral domain-optical coherence tomography (SD-OCT) findings of patients with Behçet
uveitis were retrospectively reviewed.
Results Sixty-nine eyes of 35 patients were included in the study. SD-OCT findings in the active uveitis period included
epiretinal membrane (ERM) in 26 (37.1%) eyes, ellipsoid zone (EZ) damage in 11 (15.7%), external limiting membrane
(ELM) damage in 10 (14.3%), macular atrophy in 6 (8.6%), disruption of retinal pigment epithelium (RPE) in 11
(15.7%), a macular scar in 1 (1.4%), and loss of normal foveal contour appearance in 15 (21.4%). There was macular
edema in 23 eyes (32.9%) in the active uveitis period (11 (15.7%) cystoid macular edema, 10 (14.3%) diffuse macular
edema, and 7 (10.0%) serous retinal detachment). In the remission period, SD-OCT findings included ERM in 37
(52.9%) eyes, EZ damage in 14 (20%), ELM damage in 14 (20%), macular atrophy in 7 (10%), disruption of RPE in
14 (20.0%), macular scar in 1 (1.4%), and loss of normal foveal contour appearance in 17 (24.3%). The mean central
macular thickness in the remission period was significantly lower than in the active uveitis period (p < 0.001). The
presence of EZ damage and loss of normal foveal contour appearance in active uveitis period were the independent
factors associated with final visual acuity (logMAR) (β = 0.736, p = 0.003; β = 0.682, p = 0.002, respectively).
Conclusion Ellipsoid zone damage and loss of normal foveal contour appearance are important factors affecting visual
acuity in Behçet uveitis.
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Introduction

Behçet disease (BD) is a chronic multisystemic disorder char-
acterized by relapsing-remitting inflammation. Behçet disease
mostly affects young adults. It affects both male and female
equally with the male gender having a risk factor for more
severe involvement [1].

Ocular involvement is responsible for most frequent mor-
bidity of BD by causing nongranulomatous panuveitis and
retinal vasculitis [2]. Relapsing course of ocular inflammation
leads to permanent damage of intraocular structures such as
maculopathy, retinal vessel occlusions, and optic atrophy [2,
3]. Therefore, screening of patients with Behçet uveitis is im-
portant to prevent sight-threatening complications.

Fluorescein angiography (FA) is the standard imaging tool
for the diagnosis and treatment monitoring of the patients with
Behçet uveitis [4]. Leakage from retinal capillaries, vascular
wall staining, retinal vein occlusion, cystoid macular edema
(CME), capillary non-perfusion, and retinal and/or disk neovas-
cularization is well documented by fluorescein angiography [4].

Spectral domain-optical coherence tomography (SD-OCT)
is a non-invasive technique that provides high-resolution im-
ages of retinal structure. It is now used widely to detect changes
in the retinal architecture in eyes with uveitis and to measure
quantitatively the retinal thickness. Structural changes such as
cystoid or diffuse macular edema (DME), vitreomacular inter-
face diseases, the integrity of the outer retinal structures, the
photoreceptor layer, and the retinal pigment epithelium (RPE)
can be evaluated with this imaging method [5]. SD-OCT also
allows us to evaluate the ellipsoid zone (EZ), which has been
reported to have a close relationship with visual function. Two
cross-sectional studies using SD-OCT described the disruption
of EZ in Behçet disease during the remission phase. These
studies reported that the disruption of the EZ is strongly related
to the loss of visual acuity [6, 7].

The aims of our study are to evaluate macular changes
during the active and remission periods in patients with

Behçet uveitis and to further assess the risk factors associated
with final visual acuity.

Materials and methods

This is a retrospective, longitudinal study performed at
Ankara University Faculty of Medicine, Department of
Ophthalmology, a tertiary referral center for uveitis pa-
tients. All procedures performed in the study were in
accordance with the ethical standards of the institutional
and/or national research committee and with the 1964
Helsinki declaration and its later amendments or compa-
rable ethical standards. Informed consent was obtained
from all individual participants included in the study.
The consecutive patients who fulfilled the diagnostic
criteria of the International Study Group for Behcet’s
disease and were in an active phase of posterior or
panuveitis were included in the study. The patients
who were lost to follow-up or did not achieve remission
were not enrolled. The records of the patients, who were
followed over time, were also evaluated after achieving
remission. Posterior uveitis and panuveitis were defined
according to the criteria of the Standardization of
Uveitis Nomenclature Working Group [8]. Exclusion
criteria included the presence of substantial media opac-
ities precluding SD-OCT imaging, concomitant retinal
vascular diseases such as diabetic retinopathy and uveitis
due to causes other than Behçet disease.

Demographic data, Snellen best-corrected visual acuity
(BCVA), intraocular pressure, slit-lamp examination, dilated
fundus examination, and laser flare meter (Kowa FC 600;
Acculas, San Jose, CA, USA) records of the patients were
retrospectively evaluated. BCVA values were converted to
the logarithm of the minimum angle of resolution (logMAR)
for statistical analysis. Visual acuity by eye was used for sta-
tistical analysis. Therapeutic regimes were also reviewed.

Key messages

Spectral domain-optical coherence tomography (SD-OCT) is a very useful diagnostic technique for the evaluation of 

macular pathologies related to intraocular inflammation in patients with uveitis. Visual potential and prognostic factors 

can also be determined by SD-OCT. The disruption of the ellipsoid zone has been shown to be related to poor visual 

acuity in Behçet disease during the remission phase.

We found a negative correlation between best corrected visual acuity and ellipsoid zone damage in both active and 

remission periods of Behçet uveitis.

Our findings also demonstrated that the presence of ellipsoid zone damage and loss of normal foveal contour 

appearence in the active uveitis period are significantly more likely to have adverse effects on final visual acuity in 

patients with Behçet uveitis.
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Additionally, fluorescein angiography and SD-OCT images
(Optovue Inc., Fremont, CA, USA) were evaluated.
Structural SD-OCT findings, evaluated during both active
and remission periods in each patients, included macular ede-
ma, RPE damage, EZ damage (Fig. 1), external limiting mem-
brane (ELM) damage (Fig. 1), presence of epiretinal mem-
brane (ERM), presence of atrophy, the structure of foveal
contour, and macular thickness. We defined the remission
phase as no inflammatory findings in clinical examination
and also no leakage in FA.

Macular edema were classified as CME, DME, and serous
retinal detachment. DME is characterized by disturbance of
the layered retinal structure or spongelike low reflective areas
and increased retinal thickness. CME is characterized by the
formation of clearly defined intraretinal cystoid spaces (Fig.
1). Serous retinal detachment is characterized by a separation
of the neurosensory retina from the underlying retinal pigment
epithelium and fluid accumulation between these layers.

The EZ was identified as a distinct band just above the
RPE-choriocapillaris line, and the line corresponding to the
ELM was detected just above the EZ line. EZ and ELM in-
tegrity were also examined.We described the “EZ damage” as
“discontinuity or irregularity or absence of the EZ”. Also, we
described the “ELM damage” as “discontinuity or irregularity
or absence of the ELM”. The term “macular damage” was
defined as the presence of one of the following: ELM damage,
EZ damage, disruption of RPE, or the combination of these
findings.

The central macular thickness (CMT) was obtained by
measuring the distance from the surface of the fovea to the
RPE-choriocapillaris complex.

Statistical analysis

We used statistical models that took into account the depen-
dency among right and left eyes to evaluate the data from 69
eyes of 35 patients. Data were summarized as the mean ±

standard deviation and median (minimum-maximum) for con-
tinuous variables and frequencies (percentiles) for the categor-
ical variables. In order to account for the clustered structure of
the data, linear mixed effects models (random intercept mod-
el) were used to explain the variation in BCVA (logMAR) in
the remission period throughout the left and right eyes, with
regard to disruption of RPE, EZ damage, ELM damage, ERM
formation, and loss of normal foveal contour appearance. In
the comparison of BCVA, flare, and CMT in active and re-
mission periods, linear mixed-effects model (random intercept
model) was employed. Random intercept was used to intro-
duce the dependency between the right and left eyes of the
same patient. Generalized estimating equations were used to
compare SD-OCT findings in active and remission periods.
Correlations were assessed using the repeated measures cor-
relation coefficient along with related P values. Statistical sig-
nificance was set at a value of p < 0.05. The data were ana-
lyzed using SPSS 11.5 for Windows (SPSS Inc., Chicago, IL,
USA) and R programming language. The “gee” package was
used for generalized estimation equations, “lme4” package
was used for mixed effect models, and “rmcorr” package
was used for repeated measures correlation coefficient in R.

Results

Sixty-nine eyes of 35 patients (24 male and 11 female) with
Behçet disease were included in the study. The mean age of
the patients at the onset of uveitis and at the time of presenta-
tion to our institution were 28.3 ± 7.4 (range: 13–40) and 30.0
± 9.0 (range: 13–51) years, respectively.

Bilateral involvement was detected in 34 patients (97.1%).
Forty-four eyes had panuveitis and 25 had posterior uveitis.
The mean disease duration was 72.2 ± 68.2 (range 5–236)
months. Patients were followed up for a mean of 57.6 ± 49.5
(range: 4–208) months. The demographic characteristics of
patients are shown in Table 1.

Fig. 1 Vertical arrows (up) show ellipsoid zone disruptions, a vertical arrow (down) shows loss of external limiting membrane, and the horizontal arrow
shows cystic cavities
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At the time of presentation, 24 (68.6%) patients were treat-
ment-naive, 9 were on conventional immunosuppressive treat-
ment and 1 was on interferon-alpha-2a, and 1 was on systemic
corticosteroid. During the follow-up period, all patients re-
ceived systemic immunosuppressive treatment which includ-
ed interferon-alpha-2a in 14 (40%), azathioprine in 12
(34.3%), cyclosporine in 6 (17.1%), short-term oral predniso-
lone in 6 (17.1%), and infliximab + azathioprine in 3 (8.6%)
patients.

Mean BCVA (logMAR) was 0.647 ± 0.9 (range: 0–3.2) in
the active uveitis period and 0.355 ± 0.7 (range: 0–3.3) in the
remission period. BCVA (logMAR) of the eyes with an active
uveitis period was significantly lower than that in the remis-
sion period (p = 0.005). Mean flare values were 15.7 ± 11.2
(range: 1.4–38.4) ph/ms in the active uveitis period and 3.7 ±
1.4 (range: 1.1–20) ph/ms in the remission period. Mean flare
values in the remission period were significantly lower than
the flare values in the active uveitis period (p < 0.001).

In the active uveitis period, 26 (37.7%) eyes had normal
SD-OCT findings and 43 (62.3%) eyes had any kind of mac-
ular pathology. In the active uveitis group, macular damage
was also detected by SD-OCT, because some patients had
already had uveitis attacks earlier than presentation to our

institution. SD-OCT findings in the active uveitis period in-
cluded ERM in 26 (37.7%) eyes, EZ damage in 11 (15.9%),
ELM damage in 10 (14.5%), macular atrophy in 6 (8.7%),
disruption of RPE in 11 (15.9%), a macular scar in 1 (1.4%),
and loss of normal foveal contour appearance in 15 (21.7%).
There was macular edema in 23 (33.3 %) eyes in the active
uveitis period (CME in 11 (15.9%), DME in 10 (14.5%),
serous retinal detachment in 7 (10.1%), and the combination
of all patterns in 5 (7.2%)).

Mean CMT was 253.9 ± 156.4 (range: 53–841) μm in the
active uveitis period and 163.1 ± 37.6 (range: 55–215) μm in
the remission period. The mean CMT in the remission period
was significantly lower than in the active uveitis period (p <
0.001). There is not a statistically significant relationship be-
tween macular thickness and high flare values in the active
uveitis period (r = 0.549, p = 0.052). In terms of flare values in
the remission period, there is not a statistically significant
difference between the presence or absence of diffuse macular
edema in the active uveitis period (p = 0.195). In the remission
period, 32 (46.3%) eyes had normal SD-OCT findings and 37
(53.6%) eyes had any kind of macular pathology. In the re-
mission period, SD-OCT findings included ERM in 37
(53.6%) eyes, EZ damage in 14 (20.3%), ELM damage in
14 (20.3%), macular atrophy in 7 (10.1%), disruption of
RPE in 14 (20.3%), and loss of normal foveal contour appear-
ance in 17 (24.6%). In the remission period, macular edema
was not detected in any of the eyes. A comparison of SD-OCT
findings in active and remission periods are given in Table 2.

ERM, ELM damage, EZ damage, disruption of RPE, and
loss of normal foveal contour appearance have been identified
as risk factors for decreased final visual acuity. Univariate
linear mixed effects model for factors predicted to affect final
BCVA is given in Table 3. Univariate linear mixed effects
model was applied for these variables and variables with a p
value below 0.20 were included in the multiple linear mixed
effects model. However, ERM, ELM damage, EZ damage,
and disruption of RPE were found to be statistically highly
related to each other. While EZ damage, which is thought to

Table 2 Comparison of SD-OCT
findings in active and remission
periods

Active period n (%) Remission period n (%) p value

ERM 26 (37.1) 37 (52.9) 0.001*

EZ damage 11 (15.7) 14 (20) 0.250

ELM damage 10 (14.3) 14 (20) 0.125

Macular atrophy 6 (8.6) 7 (10) 1.000

Disruption of RPE 11 (15.7) 14 (20) 0.250

Macular scar 1 (1.4) 1 (1.4) 1.000

Loss of normal foveal contour appearance 15 (21.4) 17 (24.3) 1.000

SD-OCT spectral domain-optical coherence tomography, ERM epiretinal membrane, EZ ellipsoid zone, EML
external limiting membrane, RPE retinal pigment epithelium

*Statistically significant p value

Table 1 Demographic characteristics of patients

Sex na (%)

Female 11 (31.4%)

Male 24 (68.6%)

The mean age at presentation

Years ± SD (range) 30.0 ± 9.0 (13–51)

The mean age at the onset of uveitis

Years ± SD (range) 28.3 ± 7.4 (13–40)

The mean disease duration

Months ± SD (range) 72.2 ± 68.2 (5–236)

a The number of patients

SD standard deviation
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have more clinical impact, was included in the model, others
were excluded from the model. In this case, the final model
was established with the remaining two variables.

Linear mixed effects model was carried out to investigate
whether the presence of EZ damage and loss of normal foveal
contour appearance could significantly predict patients’ final
BCVA. The presence of EZ damage and loss of normal foveal
contour appearance in active uveitis period were the statisti-
cally significant independent factors associated with final
BCVA (logMAR) (β = 0.736, p = 0.003; β = 0.682, p =
0.002, respectively). The occurrence of BCVA in the EZ dam-
age (+) group was 0.736 units higher than in the EZ damage
(−) group and 0.682 units higher in those with loss of normal
foveal contour appearance compared with the others
(Table 4).

Discussion

Repeated ocular inflammatory attacks of BD can result in
significant ocular damage leading to irreversible alterations
and severe vision loss [9, 10]. In this study, we evaluated
macular structural changes detected by SD-OCT during active
and remission periods in patients with Behçet uveitis and in-
vestigated the influence of these variables on final visual
acuity.

SD-OCT has been widely used in the diagnosis, treatment,
and complications of uveitic patients [11]. A number of arti-
cles have described the advantages of SD-OCT in Behçet
disease [6]. In our series, macular involvement was detected

in 61.4% of eyes with active uveitis. We found that CMT in
the remission period was significantly lower in comparison
with the CMT in active uveitis period. Similarly to our results,
Kang et al. showed that the mean CMT and the mean macular
volume were significantly reduced after treatment compared
with baseline in patients with Behçet uveitis [12]. Macular
edema often appears as a complication that reduces vision in
patients with Behçet uveitis. It is the result of the breakdown
of the blood-retinal barrier, which is composed of tight junc-
tions between the endothelium of non-fenestrated capillaries
and RPE cells. Pro-inflammatory cytokines and vascular en-
dothelial growth factors are involved in the breakdown of the
blood-retinal barrier [13, 14]. SD-OCT examination is an im-
portant diagnostic method in the quantitative and qualitative
evaluation of macular edema allowing identification of differ-
ent patterns of macular edema in Behçet uveitis [15, 16].
Macular edema has been reported in 11.3 to 62% of patients
with Behçet’s uveitis [2, 17]. In our study, macular edema was
detected in 32.9%, CME in 15.7%, DME in 14.3%, serous
retinal detachment in 10.0% of eyes.

If macular edema persists for several months, it gives rise to
chronic macular changes leading to permanent visual impair-
ment [18]. In our study, no statistically significant correlation
was found between macular edema in the active uveitis period
and macular damage in the remission period. The reason for
this situation may be explained either by the relatively small
number of cases or by the effective treatment of the patients in
our study.

ERM formation is a pathology caused by a fibrocellular
proliferation on the inner surface of the internal limiting

Table 3 Univariate linear mixed
effects model for factors predicted
to affect BCVA during the
remission period

β SE 95% CI p value

Lower Upper

Disruption of RPE in the active period 1.035 0.211 0.614 1.457 < 0.001*

EZ damage in the active period 1.035 0.211 0.614 1.457 < 0.001*

ELM damage in the active period 1.116 0.217 0.683 1.549 < 0.001*

ERM formation in the active period 0.421 0.184 0.052 0.789 0.026*

Loss of normal foveal contour appearance 0.956 0.203 0.549 1.363 < 0.001*

BCVA best-corrected visual acuity, RPE retinal pigment epithelium, EZ ellipsoid zone, ELM external limiting
membrane, ERM epiretinal membrane

*Statistically significant p value

Table 4 Multiple linear mixed
effects model for factors predicted
to affect BCVA in the remission
period

β SE 95% CI p value

Lower Upper

EZ damage 0.736 0.235 0.264 1.208 0.003*

Loss of normal foveal contour appearance 0.682 0.210 0.260 1.103 0.002*

β regression coefficient estimate, SE standard error, CI confidence interval
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membrane. ERM can be either idiopathic or secondary to
intraocular inflammation and vitreoretinal disorders. On SD-
OCT scans, ERM appears as hyper-reflective line lying on the
retinal surface. This complication has been reported in 10 to
30% of patients with Behçet uveitis [19, 20]. In our series,
ERM was detected by SD-OCT in 37.1% of eyes in the active
period and in 52.9% of eyes in the remission period.

The EZ is at the junction between the photoreceptor outer
and inner segments. Disturbed EZ integrity is associated with
low visual acuity in retinal diseases. The underlying mecha-
nisms for EZ disturbance in patients with Behçet disease have
not been fully elucidated. Ocular Behçet patients suffer from
recurrent macular edema attacks due to recurrent uveitis at-
tacks, whichmay lead to photoreceptor damage.We found EZ
damage in 11 of eyes (15.7%) in the active period and in 14 of
eyes (20%) in the remission period. Unoki et al. reported that
nine eyes (37.5%) with ocular Behçet disease had an absent or
an indefinite EZ [6]. They also found a negative correlation
between EZ damage and visual acuity. Similarly, in our study,
there was a negative correlation between BCVA and EZ dam-
age in both active and remission periods. Yüksel et al. showed
that EZ and ELM integrity are impaired in 25% of inactive
ocular Behçet patients, and also that EZ integrity was an in-
dependent variable factor affecting visual acuity [7]. In a study
by Unoki et al., the effect of EZ zone damage and ELM dam-
age on visual acuity was evaluated in Behçet patients in the
remission period [6]. They demonstrated a relationship be-
tween EZ damage and decreased visual acuity, whereas
ELM damage was not associated with visual acuity [6]. All
these data have proven that EZ damage negatively affects
visual acuity.

Cheng et al. examined the thickness of specific retinal layers
and their relationship with visual acuity in patients with Behçet
uveitis in remission [21]. They showed that thinning of the outer
retinal layers and RPE was observed in long-term Behçet pa-
tients [21]. According to our results, in the remission period, SD-
OCT findings included ELMdamage in 14 (20%) of eyes. Thus,
these results have been proven that recurrent attacks of Behçet
uveitis affect both inner and outer retinal layers.

Patients with severe vitritis were excluded because of in-
ability to obtain clear SD-OCT images. Although these exclu-
sion criteria might be assumed as a limitation of the study, it
was not possible to include these patients due to the design of
the study. Also, patients who were lost to follow-up or did not
achieve remission were not enrolled due to the design of the
study. Excluding the patients who respond poorly to treatment
might have the potential to bias the results. However, most of
the enrolled patients had already severe uveitis because of the
nature of our institution, which is a tertiary referral center. In
addition, to avoid biases from enrolling both eyes of a given
patient, the linear mixed-effects model (random intercept
model) was used to introduce the dependency between the
right and left eyes of the same patient [22].

In conclusion, SD-OCT is a very useful diagnostic technique
for the evaluation of macular pathologies related to intraocular
inflammation in Behçet uveitis. Visual potential and prognostic
factors can also be determined by this imaging method. Our
findings demonstrate that EZ damage and loss of normal foveal
contour appearance were significantly more likely to have ad-
verse effects on visual acuity in Behçet uveitis.
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