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ABSTRACT | Purpose: To compare retinal and choroidal thi-
ckness in patients with Behget’s disease with and without ocular
involvement as well as to evaluate the correlation between
erythrocyte sedimentation rate and choroidal thickness among
patients with Behcet’s disease. Methods: This was a prospective
interventional study investigating erythrocyte sedimentation
as well as choroidal and retinal thickness among patients with
Behcet’s disease. Patients who were diagnosed based on The
International Criteria for Behget’s Disease with (Group A) or
without (Group B) ocular involvement and a matched control
group (Group C) participated in the study. Optical coherence
tomography measurements and blood tests were performed on
the same day. Retinal and choroidal thickness were measured
using spectral-domain optical coherence tomography (Spectralis,
Heidelberg Engineering, Heidelberg, Germany), and central
macular thickness, central subfoveal choroidal thickness, and
retinal nerve fiber layer thickness were measured using optical
coherence tomography. Results: Average erythrocyte sedimenta-
tion values were 9.89 mm/h in Group A, 16.21 mm/h in Group B,
and 3.89 mm/h in Group C; average central subfoveal choroidal
thickness values were 350.66, 331.74, and 325.95 um, respectively.
Average central macular thickness and retinal nerve fiber layer
thickness values of patients in Groups A, B and C were 226.39
and 225.97um; 234.11 and 92.00 um; and 97.58 and 99.84 um,
respectively. No significant difference was seen between Group
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A and B patients in central subfoveal choroidal thickness, central
macular thickness, or retinal nerve fiber layer thickness values.
Central macular thickness was statistically significantly thinner
in Groups A and B than in Group C (p=0.016). Group A had
thinning in the nasal quadrant of the retinal and general retinal
nerve fiber layers when compared with those in Group C (p=0.010
and 0.041, respectively). A connection could not be established
between the erythrocyte sedimentation, central subfoveal cho-
roidal thickness, central macular thickness, and retinal nerve fiber
layer thickness in the patients with Behget’s disease. Conclusion:
The erythrocyte sedimentation rate is typically used to test for
activation of Behget’s disease and assess treatment response.
In our study, we could not establish a connection between the
erythrocyte sedimentation rate and central subfoveal choroidal
thickness, central macular thickness, and retinal nerve fiber
layer thickness in patients with systematically active Behget’s
disease without ocular involvement.

Keywords: Behcet syndrome; Blood sedimentation; Erythrocytes
indices; Choroid; Retina;Tomography, optical coherence

RESUMO | Objetivos: Comparar a espessura da retina e da
coroide em pacientes com doenga de Behget, com e sem acome-
timento ocular e avaliar a correlagdo entre a taxa de sedimentagao
de eritrécitos e a espessura da coroide em pacientes com doenca
de Behcet. Métodos: Estudo prospectivo intervencional que
investigou a sedimentacao de eritrécitos, espessura de coroide e
da retina em pacientes com doenca de Behget. Os pacientes que
foram diagnosticados com base nos Critérios Internacionais para
a Doenca de Behget com (Grupo A) ou sem (Grupo B) envolvimento
ocular e um grupo controle correspondente (Grupo C) partici-
param do estudo. Medidas de tomografia de coeréncia 6ptica e
exames de sangue foram realizados no mesmo dia. As espessuras
da retina e da coroide foram medidas utilizando tomografia de
coeréncia 6ptica de dominio espectral (Spectralis, Heidelberg
Engineering, Hidelberg, Germany) e a espessura macular central,

This content is licensed under a Creative Commons Attributions 4.0 International License.

http://dx.doi.org/10.5935/0004-2749.20190059

Arqg Bras Oftalmol. 2019;82(4):263-9 263



Relationship between erythrocyte sedimentation rate and choroidal and retinal thickness in Behc¢et’s disease

a espessura coroidal subfoveal central e a espessura da camada
de fibra nervosa da retina foram medidas usando tomografia de
coeréncia 6ptica. Resultados: Os valores médios de sedimentagéo
de eritrécitos foram de 9,89 mm/h no Grupo A, 16,21 mm/h no
Grupo B e 3,89 mm/h no Grupo C; os valores médios da espessura
da coroide subfoveal central foram 350,66, 331,74 e 325,95 um
respectivamente. Os valores médios da espessura macular central
e da espessura da camada de fibra nervosa da retina dos pacientes
nos grupos A, B e C foram de 226,39, 225,97, 234,11 um e
92,00, 97,58, 99,84 um respectivamente. Nao houve diferenca
significativa entre pacientes do Grupo A e B na espessura da
coroide subfoveal central, espessura macular central ou valores
da espessura da camada de fibra nervosa da retina. A espessura
macular central foi estatisticamente significativamente mais fina
nos Grupos A e B do que no Grupo C (p=0,016). O Grupo A
apresentou afinamento na porgao nasal das camadas retiniana
e geral da fibra nervosa da retina quando comparado com o
Grupo C (p=0,010, p=0,041, respectivamente). Nao foi possivel
estabelecer uma conexao entre a sedimentacdo dos eritricitos,
a espessura subfoveal central da coroide, a espessura macular
central e espessura da camada de fibras nervosas da retina
nos pacientes com doenga de Behget. Conclusao: A taxa de
sedimentagao de eritrécitos é comumente utilizada para testar a
ativacdo da doenca de Behget e avaliar a resposta ao tratamento.
Em nosso estudo, ndo foi possivel estabelecer uma conexdo
entre a taxa de sedimentacdo de eritrocitos e a espessura da
coroide subfoveal central, espessura macular central e espessura
da camada de fibras nervosas da retina em pacientes com doenca
de Behcet sistematicamente ativa sem envolvimento ocular.

Descritores: Sindrome de Behget; Sedimentacdo sanguinea;
Indices de eritrécitos; Coroide; Retina; Tomografia de coeréncia
optica

INTRODUCTION

Behget’s disease (BD) is a multisystemic chronic vas-
culitis characterized by recurrent skin lesions, oral and
genital aphthous ulcerations, arthritis, and uveitis™™. BD
influences nearly every tissue, organ, and system in the
body, including cardiovascular, gastrointestinal, renal,
ocular, pulmonary, urinary, and central nervous systems
and joints (knee, ankle, elbow, wrist)?. Approximately
70% of all patients with BD have ocular involvement. The
most common form of ocular involvement is non-gra-
nulomatous anterior uveitis (AU). Other ocular findings
in patients with BD include keratitis, iridocyclitis, episcle-
ritis, scleritis, vitritis, vitreous hemorrhage, optic neuritis,
retinal neovascularization, and chorioretinal scars®*.

Erythrocyte sedimentation rate (ESR) is defined as
the speed at which erythrocytes fall in an hour. Factors
augmenting fibrinogen and acute phase reactants also
play a role in increasingthe ESR. Inflammation is the
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primary cause of BD®®. The ESR is a sensitive test used
to diagnose the disease, track activation, and monitor
treatment response®.

Numerous studies have investigated the effects of BD
in the choroid. Fibrinogen is one of the most important
ESR-enhancing plasma proteins®®. Fibrinogen levels rise
due to various causes, creating vascular damage. The
choroid structure, which has a rich vascular network and
extremely high blood flow, is very likely to be affected by
BD. However, one of the most common types of poste-
rior uveitis observed in patients with BD is necrotizing
vasculitis of the retina and choroid resulting in vascular
occlusion with subsequent ischemia and atrophy, follo-
wed by retinal and disc neovascularization”?. To our
knowledge, no study has yet evaluated choroidal and
retinal structures using ESR during an active period of
BD without active ocular involvement. Therefore, we
investigated the presence of subclinical variations in the
posterior tissue in patients with active BD and high ESR
but without ocular involvement and their association
with ESR.

METHODS

We conducted this prospective study at our clinic
between February 2014 and November 2016. All expe-
riments were performed according to the principles of
the Declaration of Helsinki. The study was approved by
the institutional ethics committee (number 2014/199),
and all participants provided informed consent to par-
ticipate in the study.

Patients with a diagnosis of BD based on The Interna-
tional Criteria for BD in the Rheumatology Department
of our hospital and for whom an eye consultation was
requested during routine follow-up were included®.
The patients were divided into two groups based on the
presence of past ocular involvement (sign or history). Pa-
tients with a history/sign of iridocyclitis were classified
as Group A, whereas those with no history/sign of uveitis
were classified as Group B.

Healthy volunteers with demographic features simi-
lar to those of the patients with BD formed the control
group (Group C) in our study.

Inclusion criteria were current absence of active
ocular involvement, best-corrected visual acuity < 0.8,
axial length (AL) <25 mm, and spherical equivalent (SE)
values in the range of +4D.

All patients underwent visual acuity testing, slit-lamp
biomicroscopy with intraocular pressure (IOP) measu-
rement using tonometry, and fundus examination after
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dilation. Fundus fluorescein angiography (FFA) was per-
formed (CS-60DSi, Canon, Tokyo, Japan) to assess retinal
vascular leakage. Only patients with grade zero leaks
were included in the study (grade 0, no vascular lea-
kage or staining; grade 1, mild; grade 2, moderate; and
grade 3, severe)'?. Biometry was performed using the
Zeiss |IOLMaster device (Carl Zeiss Meditec, Inc., Dublin,
CA, USA). Macular, choroidal, and retinal nerve fiber
layer (RNFL) analyses were subsequently performed for
each patient using spectral-domain optical coherence
tomography (OCT; Spectralis, wave length: 870 nm;
Heidelberg Engineering, Heidelberg, Germany) under
the appropriate conditions. All of these processes were
completed within 2h of the blood test.

Image acquisition

RNFL thickness, central macular thickness (CMT),
and central subfoveal choroidal thickness (CSCT) were
measured using the Spectralis OCT. The procedure
used to obtain enhanced depth imaging (EDI)-OCT was
described previously"". Briefly, CSCT was measured
using spectral-domain OCT (Spectralis) with EDI mo-
dality. CSCT was defined as the vertical distance from
the hyper-reflective line of Bruch’s membrane to that
of the inner surface of the sclera. A single experienced
technician imaged all of the study subjects, and two
masked clinicians (IY and NB) without any knowledge
of the subject matter independently measured CSCT

E i o

19.06.2015, OD

IR&OCT 30° ART EDI [HS] ART(100) Q: 28

and presented theme an values. Measurements for
which differences >10% were recorded between the
interpreters were excluded. Thickness parameters of the
peripapillary RNFL were automatically calculated using
spectral-domain (SD)-OCT and divided into regions
including average RNFL (G) thickness (360°), temporal
(T) quadrant thickness (90°), temporal superior (Ts)
quadrant thickness (45°), nasal superior (Ns) quadrant
thickness (45°), nasal (N) quadrant thickness (90°), nasal
inferior (Ni) quadrant thickness (45°), and temporal in-
ferior (Ti) quadrant thickness (45°). SD-OCT CMT, CSCT,
and peripapillary RNFL thickness imaging of a normal
eye are shown in figures 1 and 2, respectively.

Statistical analyses

All statistical analyses were performed using 1BM
SPSS Statistics for Windows, version 22.0 (IBM Corp.,
Armonk, NY, USA). Continuous variables were pre-
sented as mean + standard deviation, and qualitative
variables were assessed using the Pearson chi-squared
test.The Kolmogorov-Smirnov test was used to evalu-
ate normal distribution. Homogeneity of variance was
assessed using Levene test, and one-way analysis of va-
riance test was used to analyze parametric data. Tukey
HSD (honestly significiant difference) test was used for
post hoc comparisons when a significant result was ob-
tained. Non-parametric data were analyzed using the
Kruskal-Wallis test. The Mann-Whitney U test with Bon-
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Figure 1. Central macular thickness (CMT) and central subfoveal choroidal thickness (CSCT) measurement in EDI-OCT imaging of normal eye.
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Figure 2. SD-OCT retinal nerve fiber layer (RNFL) imaging of the same eye.
parentheses are the mean thickness in the Spectralisnormative database.

ferroni correction was used for post hoc comparisons
of non-parametric statistics.The Spearman rho test was
used to evaluatethe correlation between ESR and OCT
parameters in patients with BD. P<0.05 was considered
statistically significant.

RESULTS

Of the 37 patients with BD who participated in the
study, 18 were categorized as Group A and 19 as Group
B. Active anterior and posterior inflammation was not
observed in any of the patients. With varying degrees, 37
patients had aphthous, 32 had arthritis, 28 had urethritis,
2 had skin involvement, 6 had vascular involvement, 3
had gastrointestinal involvement, and 2 had neuropsy-
chiatric involvement. Nineteen healthy volunteers with
demographic features similar to those of patients with
BD comprised the control group (Group C).

The mean participant age was 36.36 years, the mean
AL was 23.33 mm, the mean SE was -0.1D, and the mean
10P was 14.915 mmHg. Table 1 presents the demogra-
phic values of all of the patients.
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Numbers are expressed as individual mean RNFL thickness. Numbers in

The average ESR was 9.89 + 5.54 (2-24) mm/h in
Group A, 16.21 + 15.82 (2-58) mm/h in Group B, and
3.89 + 2.20 (1-9) mm/h in Group C. The average CSCTs
were 350.66 um + 55.09 um, 331.74 um + 79.60 pum,
and 325.95 um + 80.16 um in Groups A, B, and C, res-
pectively. All posterior structure values of the groups are
presented in table 2.

No statistically significant difference in CSCT mesu-
rements was found between groups (p>0.05). CMT was
significantly thinner in patients with BD (Groups A and
B) than in controls (Group C) (p=0.016).

When RNFL thickness was analyzed, patients with BD
with ocular involvement (Group A) had statistically sig-
nificant thinning in Ns and G compared with the control
group patients (p=0.010, p=0.041).

No statistically significant differences were observed
in the correlations between all OCT findings and ESR
(p>0.05). The association between ESR and CSCT was
not significant. Similarly, no association was established
between ESR level and CMT or RNFL thickness. These
parameters are shown in table 3.
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Table 1. A summary of demographics and ocular parameters

A (year) S (M/F) AL (mm) Se (diopters) 1I0P (mmHg) ESR (mm/h)
Group A (n=18) 3433 £+ 7.23 8/10 23.36 + 0.42 -0.21 + 1.24 14.11 £ 2.87 9.89 + 5.54
Group B (n=19) 39.53 + 11.56 8/11 23.22 + 0.78 -0.75 + 1.18 15.21 £ 2.30 16.21 + 15.82
Group C (n=19) 35.11 = 8.71 7/12 23.42 + 0.93 0.15 + 1.05 15.37 £ 2.79 3.89 £+ 221
P value 0.4590° 0.890° 0.695¢ 0.820° 0.424* 0.000?
n= number; A= age; S= sex; M= male; F= female; AL= axial length; Se= spherical equivalent; IOP= intraocular pressure; ESR= erythrocyte sedimentation rate.
Variables are expressed as mean + standard deviation; levelof significance p<0.05.
2= Kruskal-Wallis test; >= Pearson chi-squared test; °= One-way analysis of variance test.
Table 2. SD-OCT measurements of choroidal, macular, and retinal nerve fiber layer thickness between groups
Group A (n=18) Group B (n=19) Group C (n=19) p value?
CMT 226.39 + 37.03 um 225.97 + 32.59 um 234.11 = 15.14 um 0.016°
CSCT 350.06 + 55.09 um 331.74 £ 79.60 um 325.95 + 80.17 pm 0.581°
G 92.00 + 8.36 um 97.58 + 12.59 um 99.84 £ 5.86 um 0.041°
Ti 131.67 + 13.96 um 143.26 + 28.87 um 131.05 + 17.13 um 0.133°
Ni 105.00 + 23.89 um 113.79 + 21.16 um 108.00 + 15.87 um 0.420°
N 70.17 + 12.72 um 74.74 + 15.44 um 80.53 + 8.81 um 0.052°
Ns 93.83 + 11.06 um 100.74 + 21.46 um 113.37 + 22.38 um 0.010°
Ts 120.17 + 12.59 um 132.21 + 19.09 um 124.53 + 15.86 um 0.079°
T 72.94 + 14.21 um 70.63 = 9.25 um 74.05 + 10.93 um 0.580°
ESR 9.89 + 5.54 mm/h 16.21 + 15.82 mm/h 3.89 £ 2.21 mm/h 0.000°

n= number; CMT= central macular thickness; CSCT= central subfoveal choroidal thickness; G= median retinal nerve fiber layer; Ti= temporal inferior; Ni= nasal inferior; N= nasal;
Ns= nasal superior; Ts= temporal superior; T= temporal; ESR= erythrocyte sedimentation rate; mm/h= millimeterper hour.

Variables are expressed as mean + standard deviation; level of significance p<0.05.
2= Kruskal-Wallis test; >= One-way analysis of variance test.

Table 3. Evaluation of the correlation between erythrocyte sedimentation
rate and optical coherence tomography parameters

All patients with BD (n=37) P value?
CMT 226.08 + 34.33 um 0.558
CSCT 340.65 + 68.46 um 0.555
G 94.86 + 10.97 um 0.503
Ti 137.62 + 23.32 um 0.147
Ni 109.51 + 22.65 um 0.861
N 72.51 =+ 14.18 um 0.199
Ns 97.38 + 17.33 um 0.723
Ts 126.35 + 17.15 um 0.629
T 71.76 = 11.82 um 0.606

n= number; CMT= central macular thickness; CSCT= central subfoveal choroidal thick-
ness; G= median retinal nerve fiber layer; Ti= temporal inferior; Ni= nasal inferior; N=
nasal; Ns= nasal superior; Ts= temporal superior; T= temporal.

Variables are expressed as mean + standard deviation; level of significance p<0.05.
= values for the Spearman Rho test.

DISCUSSION

The choroidea is a vascular layer with important
functions, including oxygenation of the inner nuclear
layers and the retinal pigment epithelium?. The deve-
lopment of EDI-OCT enabled more precise evaluations
of the choroid tissue. For some diseases and conditions,

choroidal thickness and various other functions, such
as feeding the various retinal layers, oxygenation, and
adjusting temperature, were investigated and the results
published "9,

Several studies investigated variations in the thick-
ness of choroidal and posterior tissues in patients with
BD. While Atas et al."” found no difference in choroidal
thickness in the BD group when compared with the
normal group, they noted an increased macular thick-
ness in patients with BD without active uveitis who had
experienced varying degrees of uveitis. Kim et al.??
reported an increase in subfoveal choroidal thickness
in patients with BD with posterior uveitis during the
active and inactive phases, demonstrating a correlation
between FA and retinal vascular leakage. Coskun et al.*"
showed thinning of the subfoveal choroidal thickness in
patients with BD with posterior segment involvement.
In the present study, no statistically significant differen-
ce was observed in CMT and CSCT between Groups A
and B. These results are consistent with the above-cited
studies, because our study did not show anyevidence of
posterior involvement or active attacks.Our study found
that CMT was significantly thinner in patients with BD
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than in controls. Due to the small number of participants
in our study, it may be useful to investigate this issue
using a larger number of participants.

After analyzing disc topography in healthy controls
and in patients with BD with and without ocular invol-
vement using OCT, Tekeli et al.?? determined that the
average disc area, cup area, cup volume, and cup depth
in patients with BD with and without ocular involvement
were significantly smaller than in the control group.
Moreover, Sakalar et al.?¥ did not find any statistically
significant differences between the groups when com-
paring RNFL measurementsin patients with BD without
ocular involvement andthose of normal individuals.
Berker et al.?* found that the cup area, cup volume, rim
volume, and cup depth were greater in patients with BD
with mild versus severe uveitis. Meanwhile, the cup-
to-disk ratio was similar in the two groups. Karadag et
al.?® demonstrated no significant differences between
patients with BD with and without ocular involvement
for RNFL, retinal, and choroidal thicknesses. However,
they identified thinner RNFL and thicker choroidal thick-
nesses in these patients compared with healthy controls.
In our study, RNFL was significantly thin in some qua-
drants in Group A in comparison with Group C.

These results may be by chance or due to the pa-
tients’ history of uveitis. Damage may occur during AU
because IOP may be elevated in ganglion cells, which
are extremely sensitive to ischemia. The correlation
between ESR and RNFL thickness was not statistically
significant. In addition, no evidence of active uveitis was
observed in any of the patients in our study. Roizenblatt
et al.?® reported the possibility of silent disease progres-
sion even if clinical signs or signs of mild inflammation
were absent in patients with BD; therefore, they repor-
ted that OCT and FFA were important ancillary exams
in the management of such patients.

In our study, considering that homogeneous clas-
sification of the frequency and severity of previous
attacks and drugs used for management could not be
performed, we did not establish a group of patients with
BD with posterior and ocular involvement. In addition,
opacities, such as cataract and vitreous condensation,
may negatively affect OCT imaging quality in such pa-
tients. In our study, there was no sign of uveitis in the
posterior tissues of any patients, and this condition was
confirmed by inspection and FFA. To our knowledge, no
previous study has yet investigated the relation between
ESR and choroidal thickness. To achieve this goal, macu-
lar and RNFL analyses were performed, with particular
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focus on the choroid, within 2 hours of the blood test.
No differences in CSCT or CMT findings were observed
between the two groups. These findings are compatible
with the aforementioned studies, and there was no dif-
ference in the thickness between choroidal and other
posterior structures if there was no current attack. Stu-
dies including a larger number of patients with posterior
ocular involvement will be more informative. The most
important limitation of our study is the small number of
patients. The other limitation is a manual measurement
of various retinal layer thicknesses, automatic software
may allow a more objective evaluation

In conclusion, we investigated the relationship bet-
ween the choroidal and other posterior tissues and ESR
in patients with BD without active uveitis and did not
find any association. Because no studies are available
to make a comparison, more comprehensive studies are
needed.
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