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ABSTRACT | Purpose: To compare the choroidal thickness
in active and stable phases of thyroid eye disease. Methods:
Forty-seven eyes of 47 patients with thyroid eye disease were
prospectively studied. Patients were evaluated on the basis of
their clinical activity scores, with scores >3 defined as active
disease. Subfoveal, temporal macular, nasal macular, temporal
peripapillary, and nasal peripapillary choroidal thickness mea-
surements were performed with Cirrus enhanced depth imaging
spectral-domain optical coherence tomography, and the results in
the two groups were compared. Results: Twenty-four patients
were int he active group, whereas 23 patients were in the stable
group. Choroidal thickness was significantly higher in the subfoveal
and temporal macular regions in the active group. Although the
nasal macular and peripapillary values were also higher in the
active group, the difference was insignificant. Conclusions:
Subfoveal choroidal thickness was significantly higher in patients
with thyroid eye disease in the active phase than in those with
stable phase disease.

Keywords: Graves ophthalmopathy; Choroid/anatomy & histo-
logy; Tomography, optical coherence

RESUMO | Objetivo: Comparar a espessura da coroide nas fases
ativa e estavel da doenca ocular tireoidiana. Métodos: Quarenta
e sete olhos, de 47 pacientes com doencga ocular tireoidiana
foram estudados prospectivamente. Os pacientes foram avaliados
com base em seus escores de atividade clinica, com escore de >3
definidos como doenga ativa. As medidas subfoveais, maculares
temporais, maculares nasais, peripapilares temporais e da espes-
sura da coroide peripapilar foram realizadas com tomografia de
coeréncia 6ptica de dominio espectral Cirrus EDI, e os resultados
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nos dois grupos foram comparados. Resultados: Vinte e quarto
pacientes estavam no grupo ativo, enquanto 23 pacientes estavam
no grupo estével. A espessura da coroide foi significativamente
maior nas regides macular subfoveal e temporal no grupo ativo.
Embora os valores maculares e peripapilares nasais também fossem
maiores no grupo ativo, a diferenga foi insignificante. Conclusoes:
A espessura da coroide subfoveal foi significativamente maior em
pacientes com doenga ocular tireoidiana na fase ativa do que
naqueles com doenga na fase estavel.

Descritores: Oftalmopatia de Graves; Coroide/anatomia & his-
tologia; Tomografia de coeréncia 6ptica

INTRODUCTION

Thyroid eye disease (TED) is a disease characterized
by the inflammation and extreme remodeling of the
tissues around the eye and develops in 25%-50% of
patients with Graves’ disease""?. TED is thought to be an
organ-specific autoimmune inflammatory disease caused
by antibodies that stimulate thyrotropin receptors®?.
The course of the disease is biphasic, with an initial active
phase followed by a stable phase. The active phase con-
sists of inflammatory findings including swelling and
redness of the conjunctiva and the eyelids.

The choroid is responsible for metabolic support
of the retinal pigment epithelium, blood flow in the
preliminary part of the optic nerve, regulation of light
absorption, and heat regulation of the retina. Thus, it
plays an important role in the pathophysiology of many
inflammatory and non-inflammatory diseases that affect
the retina®.

Studies on the utility of enhanced depth imaging spec-
tral-domain optical coherence tomography (EDI-OCT),
a relatively new technique for in vivo cross-sectional
imaging of the choroid, have garnered interest for the
diagnosis and treatment of many inflammatory and
non-inflammatory diseases.
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Since inflammation can induce changes in choroidal
circulation, this study was conducted to compare the
choroidal thickness in patients with active and stable
phases of TED.

METHODS

The study was carried out prospectively between the
years of 2015 and 2016. EDI-OCT images were obtained
from all TED patients treated in a tertiary referral center.
Forty-seven patients were evaluated, and clinical severi-
ty was assessed using the clinical activity scoring (CAS)
system described by Mourits et al.®. Ten parameters,
namely, pain behind the globe, pain on attempted gaze,
redness of the eyelid(s), diffuse redness of the conjuncti-
va, chemosis, swollen caruncule, edema of the eyelid(s),
increase of proptosis by 2 mm or more during a period
between 1 and 3 months, decrease in visual acuity of one
or more lines on the Snellen chart (using a pinhole) during
a period between 1 and 3 months, and decrease of eye
movements in any direction equal to or greater than 5°
during a period between 1 and 3 months were used to
evaluate the activity. CAS results can range from O to 10,
and values >3 were defined as active disease. The patients
were assessed according to CAS and separated into two
groups for active and stable diseases. The active and stable
groups comprised 24 and 23 patients, respectively.

Myopic refractive error greater than -5 diopters or
hyperopic refractive error greater than +3 diopters, optic
disc anomaly, vitreoretinal interface disease, vascular and
degenerative diseases of the retina, presence of corneal
opacity, presence of lens opacity, history of ocular sur-
gery, neurological diseases that may affect the visual field,
trauma history, and the presence of anterior and posterior
segment diseases such as amblyopia, diplopia, uveitis,
and keratitis were determined as exclusion criteria.

Detailed history information was obtained from all
patients, and detailed ophthalmologic examinations,
which consisted of best-corrected visual acuity, slit-lamp
biomicroscopy, intraocular pressure measurement with
Goldmann applanation tonometry in a sitting position, and
dilated fundus examination, were performed on each pa-
tient. The degree of proptosis was examined with a Hertel
exophthalmometer. All patients were also evaluated using
orbital MRI to observe extraocular muscle involvement.

Optical coherence tomography assessment was per-
formed with a Cirrus HD-OCT (Carl Zeiss Meditec Inc.,
Dublin, CA, USA) with no need for pupil dilation. An HD
5 Line Raster protocol with intervals of 0.25 mm, which
consisted of 6 mm parallel lines of 1024 A-scanning/

B-scanning, was applied in the study. The choroid was
scanned using Cirrus HD-OCT with EDI mode. Patients
with a signal quality of 6 and below were excluded from
the study.

Macular and peripapillary sections were evaluated.
Images from the macular section were magnified, and
subfoveal choroidal thickness was measured as defined
by Spaide et al.®.

A total of 13 measurements were taken for the cal-
culation of average choroidal thickness for the macular
region. The average choroidal thickness values for the
nasal macular and temporal macular areas were calcu-
lated from average measurements of the right eye at
500 pm intervals, up to 3000 pm temporal and nasal
to the fovea. The average choroidal thickness values
of nasal peripapillary and temporal peripapillary areas
were calculated from average measurements of the right
eye at 500 um intervals, up to 2000 um temporal and
nasal to the optic nerve head (Figure 1). In all patients,
choroidal thickness measurements were performed by
two different clinicians and the average results were
used for analysis.

Written consent was obtained from all participants
in the study in accordance with the World Medical
Association October 2008 Declaration of Helsinki, and
ethical approval was granted by the clinical research
ethical board.

Statistical analysis

The SPSS v.22 program was used for data analysis.
The results were presented as frequency and percentage
(%) in categorical variables and as average + standard
deviation or median (minimum-maximum) for continuous
variables for demographic data (gender, age, etc.). The
significance of the choroidal thickness was tested with
independent t-tests between the two groups, and the
correlation was tested with bivariate analysis. Statistical
significance was accepted at p values <0.05.

RESULTS

The demographic data for the study, which included
47 participants, are given in table 1.

Of the 24 patients in the active group, 18 (75%) were
diagnosed with Graves’ disease, 3 (12.5%) were diagno-
sed with nodular goiter, and 3 (12.5%) were diagnosed
with Hashimoto’s thyroiditis. Of the 23 patients in the
stable group, 17 (74%) were diagnosed with Graves’ di-
sease, 3 (13%) were diagnosed with nodular goiter, and
3 (13%) were diagnosed with Hashimoto’s thyroiditis.
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Clinical findings for the patients are summarized in
table 2 as well as the Hertel exophthalmometry values
and comparisons between the groups. The mean value
for the stable group was lower than that for the active
group, but the difference was insignificant (p=0.06).

Orbital MR images showed different degrees of extrao-
cular muscle involvement in all patients.

In ophthalmic examination, a mild decline in vision
and minimal optic nerve paleness were detected in

Figure 1. A) The choroidal thickness was measured at 13 points with
500 um intervals, up to 3000 um temporal and nasal to the fovea. B) The
choroidal thickness was measured at 8 points with 500 um intervals, up
to 2000 um temporal and nasal to the optic nerve head.

Table 1. Demographical data for the groups

three patients in the active group and in two patients
in the stable group who had optic nerve involvement.
In other patients in the active group, the best-corrected
visual acuity was 20/20 and fundus examinations were
assessed as normal. Mild punctate epitheliopathy due to
corneal exposure was found in two patients with corneal
involvement.

Table 3 shows the nasal macular, temporal macular,
nasal peripapillary, temporal peripapillary, and subfo-

Table 2. Clinical findings for thepatients in both groups

Stable Active

Eyelid retraction 13 19
Corneal involvement 1 1
Restricted eye movements 3 1
Optic nerve involvement - -
Diplopia 0 3
Color vision disorder 0 0
Steroid use 1 9
Decompression surgery 2 -
Exophthalmus of right eye

(Average * SD) 20.30 + 2.10 21.50 + 2.00

(Median-min-max) 19-18-25 21-19-27
Exophthalmus of left eye

(Average + SD) 20.60 + 2.20 21.90 + 2.40

(Median-min-max) 20-17-25 21-19-28
CAS (clinical activity score)

(Average + SD) 0.65 + 0.71 4.33 + 1.43

(Median-min-max) 1-0-2 4-3-7

Table 3. Comparison of average right eye choroidal thickness between
the groups

Stable Active

Number of cases (n/eyes) 23/47 24/47
Gender

Women 19 (82.6%) 15 (62.5%)

Men 4(17.4%) 9 (37.5%)
Age

(Average + SD, years) 43.7 £ 11.9 40.7 + 11.8

(Min-max) 18-56 22-60

Stable Active p-value
Subfoveal
(Average + SD, um) 262.04 + 63.46 304.79 £ 75.19 0.04
(Median-min-max) 246-175-384 315-168-425
Nasal macular
(Average + SD, um) 178.26 + 62.83 199.75 + 47.63 0.19
(Median-min-max) 162-87-325 192-100-303
Temporal macular
(Average + SD, um) 234.13 + 57.28 279.67 + 61.89 0.01
(Median-min-max) 229-138-350 268-152-382
Nasal peripapillary
(Average + SD, um) 207.87 + 79.65 219.88 + 53.67 0.55
(Median-min-max) 201-78-394 213-116-314
Temporal peripapillary
(Average + SD, um) 173.43 + 59.66 194.12 + 39.27 0.17

(Median-min-max)

158-68-286

194-115-272
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veal average choroidal thickness values as well as the
median-minimum-maximum values of the right eyes
for all the patients. Subfoveal choroidal thickness and
temporal macular choroidal thickness values showed
significant differences between the groups, with p values
of 0.04 and 0.01, respectively.

There was no statistical correlation between the CAS
and choroidal thickness (p=0.64).

DISCUSSION

Thyroid ophthalmopathy has been known for more
than 200 years. The most common clinical findings are
proptosis, upper eyelid retraction, edema, and erythema
in periorbital tissues. The disease has a bimodal incidence
within the 40s and 60s age ranges. It is more common
in women, and symptom onset occurs at the age of 40
to 44 years?. In this study as well, most of the patients
were women (72%/28%).

Orbital fibroblast activity is thought to play an impor-
tant role in the onset and continuation of the disease.
When these orbital fibroblasts are stimulated, they pro-
duce inflammatory mediators, turn into adipocytes and
fibroblasts, and increase extracellular matrix produc-
tion"29., Proptosis develops as a result of the expansion
of orbital fat and muscle tissues in the bone structure. In
our study, Hertel exophthalmometry values were higher
in the active group without statistical significance.

In TED, the most severe consequence of increased
content and pressure in the orbit is compressive optic
neuropathy. Optic disc paleness and mild low vision
were found in five of the patients in the study. In the
literature, the frequency of serious involvement such as
corneal ulcer or optic neuropathy that threatens vision
in patients with TED has been reported as 3%-5%".

EDI-OCT, a relatively new technique that allows in
vivo cross-sectional imaging of the choroid, was descri-
bed for the first time by Spaide et al. in 2008. In this
technique, the eye is brought closer to the device and a
reverse image is obtained. Thus, the visibility of deeper
structures is increased by moving the structures closer
to the zero point®. High correlation was found between
measurements obtained with different tools"®'".

Measuring the choroidal thickness with EDI-OCT is
gradually becoming the standard method for assessing
ocular disease. The use of choroidal thickness in central
serous chorioretinopathy, age-related macular degene-
ration, polypoidal choroidal vasculopathy, inflammatory
diseases such as Vogt-Koyanagi-Harada, and systemic
diseases is also increasing gradually>'9.

The choroid is the thickest section in the subfoveal
area, and subfoveal choroidal thickness decreases with
age!'19. Some studies have reported that the thickness
tends to decrease at the nasal and temporal regions,
whereas other studies have reported that temporal
thickness is greater than subfoveal thickness, especially
in patients with high myopia"®'¥. In our study, subfoveal
choroidal thickness was the highest, followed by the
temporal macular, nasal peripapillary, nasal macular,
and temporal peripapillary regions.

In our study, subfoveal choroidal thickness measu-
rements in the stable group were lower compared with
other studies in the literature®'”:"20, The most impor-
tant reason for this may be the fact that 80% of our pa-
tients were women. Li et al. found that the choroid was
18% thinner in women than in men“9.

Studies involving choroidal thickness in TED are very
rare. In one of these studies, Ozkan et al. found signifi-
cantly higher choroidal thickness in patients with TED
compared with the control subjects®". They postulated
that choroidal thickness was increased because of orbi-
tal venous congestion and increased intraorbital pressure
related to expanded orbital tissues.

In this study, we compared choroidal thickness in acti-
ve and stable patients with TED. To our best knowledge,
this study may be the first comparison of choroidal
thickness in active and stable patients with TED based
on the results of our PubMed database search with the
keywords “thyroid, choroidal thickness, ophthalmopathy,
orbitopathy, Graves’ disease, hyperthyroidism, thyroid
eye disease, thyroid associated ophthalmopathy.”

Subfoveal and temporal macular choroidal thickness
values were significantly higher in the active group than
in the stable group. As stated earlier, TED is an autoim-
mune inflammatory disease that affects the orbits. In the
active stage, apparent inflammation can be observed,
followed by a stable phase. Choroidal thickness is known
to increase in some inflammatory diseases. A possible ex-
planation for the higher choroidal thickness in the active
group is increased intraorbital pressure leading to impaired
venous drainage. Although TED is not associated with
symptoms of intraocular-uveal inflammation, the inflam-
matory nature of thyroid ophthalmopathy may lead to
an increase in choroidal thickness with a low possibility.

There was a significant difference in the subfoveal
choroidal thickness between the groups. Though there
was no significant difference in nasal macular and peri-
papillary thickness, as can be seen in table 3, all values
were higher in the active group than in the control group.
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A possible explanation is lower expandability due to the
lower choroidal thickness in the peripapillary area com-
pared with the subfoveal and temporal macular regions.

Choroidal thickness may change with inflammatory
activity. One of the limitations in this study was that no
correlation was found between the choroidal thickness
and activity score due to the small number of patients
and the lack of equal distribution of activity scores. Two
thirds of the patients had scores within a range of 3 to 4.

In conclusion, subfoveal choroidal thickness was sig-
nificantly higher in active TED compared with the stable
phase. To correlate choroidal thickness and CAS, large
series studies are needed.
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