
Assessment of Choroidal Vascularity in Inactive Thyroid 
Associated Orbitopathy

Introduction
Thyroid-associated ophthalmopathy (TAO) is an autoim-
mune inflammatory disease that generally affects adults aged 
30–50 years (1). In TAO, thyroid gland autoantibodies induce 
inflammation that affects the thyroid gland and orbit (2). 
Thyroid-associated ophthalmopathy consists of two stages, 
the active and the inactive stage. In the active stage, extraoc-

ular muscle and soft-tissue involvement are prominent due 
to infiltration caused by glycosaminoglycans (GAG), lympho-
cytes, and immune complexes, while in the inactive stage, 
inflammatory events subside (3). Beside extraocular muscle 
and soft-tissue involvement, studies have also shown that 
retinal and choroidal thicknesses (CTs) are affected in TAO 
secondary to hemodynamic changes (4-7).

Objectives: The objectives of the study were to evaluate the vascular and stromal structure of the choroid in patients 
with inactive thyroid associated orbitopathy (TAO) by measuring choroidal vascularity index (CVI) and choroidal thickness 
(CT) using enhanced depth imaging (EDI) optical coherence tomography (OCT).
Methods: The choroidal image was taken with EDI mode spectral domain (SD)-OCT. All scans were taken between 9.30 
am and 11.30 am to avoid the diurnal variation of CT and CVI. To calculate CVI, macular SD-OCT scans were binarized 
using the publicly available software ImageJ and luminal area and total choroidal area (TCA) were measured. CVI was 
calculated as the proportion of LA to TCA. Furthermore, the relation between CVI and axial length, gender, and age was 
evaluated.
Results: This study included 78 individuals with a mean age of 51.4±7.3 years. Group 1 consisted of 44 patients with 
inactive stage TAO, and Group 2 consisted of 34 healthy controls. Subfoveal CT was 338.92±73.93 µm in Group 1 and 
303.97±40.35 µm in Group 2 (p=0.174). The CVI significantly differed between the two groups, which was higher in group 
1 (p=0.000).
Conclusion: Although CT was not different between groups, CVI which is the indicator of the vascular status of the 
choroid, was higher in patients with TAO in the inactive stage compared with healthy control subjects.
Keywords: Choroidal thickness, choroidal vascularity index, EDI-optical coherence tomography, thyroid-associated oph-
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Visualization of the choroid has some limitations via fun-
dus fluorescein angiography, indocyanine green angiography, 
and spectral-domain optical coherence tomography because 
of the retinal pigment epithelium and opaque sclera (8-10). 
The development of enhanced depth imaging optical coher-
ence tomography (EDI-OCT) has allowed a better assess-
ment of the choroid in many retina-choroidal diseases (11). 
EDI-OCT has shown that choroid thickness is increased in 
TAO in the active stage as a consequence of ocular inflam-
mation (4,5). On the other hand, there are limited studies 
addressing CT in the inactive stage of TAO. Gul et al. (12) 
reported that CT was thinner in the inactive stage compared 
to the active stage. Until recently, CT was the only param-
eter evaluated with EDI-OCT in several diseases to under-
stand choroidal changes. However, various factors have been 
shown to affect the CT, including axial length, refractive er-
ror, age, and even among individuals of similar age without 
any eye problem (13-15).

The choroid has both vascular and stromal components. 
The choroidal vascularity index (CVI) is a new OCT param-
eter that indicates the vascular status of the choroid and 
is defined as the ratio of the luminal area (LA) to the total 
choroidal area (TCA) (16). There are many published stud-
ies that have reported CVI measured with EDI-OCT, which 
might be more informative than CT measurement alone in 
retina-choroidal diseases (16,17).

In this study, we aimed to evaluate the vascular and stro-
mal structure of the choroid in patients with inactive TAO 
by measuring CVI and CT and thus may obtain more infor-
mation about the pathogenesis of ocular involvement of the 
thyroid.

Methods

Study Design and Subjects
This cross-sectional study included 78 adult patients who 
were recruited from the Department of Ophthalmic Plastic 
and Reconstructive Surgery. A detailed evaluation, including 
data on demographics and systemic and ocular history, was 
noted for all patients. Written informed consent was ob-
tained from all patients. The study followed the tenets of the 
Declaration of Helsinki and was approved by the University 
of Health Sciences Hamidiye Scientific Research Ethics Com-
mittee (register number 21/11).

The patients’ diagnosis of TAO was based on the cri-
teria of the European Group on Graves’ Orbitopathy 
(EUGOGO) Consensus Statement (18,19). According 
to EUGOGO classification, all patients have mild Graves 
ophthalmopathy, that is, lid retraction <2 mm, mild soft 
tissue involvement, exophthalmos <3 mm, no diplopia or 
transient diplopia, and exposure keratopathy responsive to 

lubrication. Furthermore, thyroid-associated ophthalmopa-
thy activity was defined using the clinical activity score 
(CAS) (20). In this study, all the patients who have normal 
thyroid function tests and with CAS s below 3 for 6 months 
were included in the study. On the other hand, in patients 
in the active stage of TAO with CAS ≥3, the presence of 
a difference in proptosis of more than 2 mm between the 
eyes, optic neuropathy, corneal ulcers, and any restrictions 
in the ductions, and those under current or previously 
systemic corticosteroid therapy or with a history of or-
bital surgery or radiation treatment were considered not 
eligible for this study. In addition, patients with high blood 
pressure (systolic pressure >140 mmHg or diastolic pres-
sure >90 mmHg), cardiovascular disease, and diabetes, re-
fractive error more than ±6 diopters and had EDI-OCT 
with poor image quality, which might affect the choroidal 
measurements, were also excluded.

Only one eye was selected in eligible patients with inac-
tive TAO. If the involvement was unilateral, the involved eye 
was included, whereas, in the case of bilaterality, the selec-
tion of the eye to be examined was random. In the healthy 
control group, right eye was included in the study.

An ophthalmological evaluation consisted of the mea-
surement of best-corrected visual acuity (BCVA), intraoc-
ular pressure measurement with a Goldmann applanation 
tonometer, a slit-lamp biomicroscopic examination of the 
anterior segment, and dilated fundus examination for all the 
participants. Axial length measurements were taken with 
IOL Master optical biometry (Zeiss Meditec AG, Jena, Ger-
many). The same examiner, who was skilled at Hertel exoph-
thalmometry, measured the proptosis.

Imaging of the choroid was performed after pupil dila-
tion with 1% topical tropicamide (Tropamid Fort 1%, Bilim 
Pharmaceuticals, Istanbul, Turkey), using the EDI mode of 
OCT-imaging device (Spectralis Heidelberg HRA + OCT, 
Heidelberg Engineering, Germany).

EDI-OCT and CVI
The choroidal image was taken with EDI mode SD-OCT. 
All scans were taken between 9.30 am and 11.30 am to 
avoid the diurnal variation of CT (21). In addition, patients' 
blood pressure was checked before scanning as the highly 
vascularized choroid might be affected. The imaging proto-
col was comprised of 49 horizontal 9 mm raster B-scans 
centered at the fovea per volume scan of 30° Å~ 30°. Signal 
strength ≥7 was used for analysis. Subfoveal CT was mea-
sured manually at the fovea using the caliper tool in the 
software, as the vertical distance between the hyperreflec-
tive line of Bruch’s membrane and the hyper-reflective line 
of the choroido-scleral interface. To calculate CVI, macu-
lar SD-OCT scans were binarized using the publicly avail-
able software ImageJ 1.51s (National Institutes of Health, 
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Bethesda, MD, United States of America [USA]), with a 
semi-automated technique (16). First, the EDI-OCT image 
was opened with ImageJ, and the polygon tool was used to 
assess the region of interest (ROI) across the entire length 
of the OCT scan. The upper boundary of the ROI was 
traced along the basal margin retina pigment epithelium and 
the lower boundary along the choroidoscleral border to 
define the TCA. The image was converted to eight bits, and 
auto local thresholding (Niblack method) was performed 
to this binarized image (16). Second, to allow a selection 
of dark pixels, as defined the LA, the image was again con-
verted into red, green, and blue color. The LA was calcu-
lated as the sum of dark pixel areas. In the binarized image, 
bright pixels were defined as stromal area (SA), which was 
computed from the subtraction of LA from TCA of the 
ROI. CVI, an indicator of choroidal vascular status, was cal-
culated as the ratio between LA and TCA (Fig. 1).

Data Analysis
Categorical variables were presented as numbers, while nu-
merical variables were expressed as the mean and standard 
deviation. The Kolmogorov–Smirnov test was used to assess 
the normal distribution of data. The outcomes were com-
pared using appropriate tests. Independent-samples t-test 
was performed for the stromal area, and the Mann–Whitney 
U test was performed for TCA, LA, CT, and CVI. Multiple 
linear regression analysis was performed to determine fac-
tors related to alterations in the CVI. The Statistical Package 
for the Social Sciences (SPSS) version 22 (SPSS, Chicago, IL, 
USA) was used for data analysis, in which p<0.05 was con-
sidered to indicate statistical significance.

Results

This study included 78 individuals (75.6% woman, 24.4% 
man) with a mean age of 51.4±7.3 years. Group 1 consisted 
of 44 patients (56.4%) diagnosed with thyroid-associated or-
bitopathy who were in the inactive stage, and Group 2 con-
sisted of 34 (43.6%) healthy control individuals in this study. 
There was no statistically significant difference between 
Group 1 and Group 2 in terms of the mean age, gender, and 
BCVA (p=0.19, p=0.45, and p=0.36, respectively) (Table 1). 
The mean axial length, which was 23.1±0.8 mm in Group 1 

Table 1. Demographic and clinical characteristics of the participants

Characteristics Group 1 Group 2 p

Gender, number (%)   0.45*

 Women 34 (77.3) 25 (73.5) 

 Men 10 (22.7) 9 (26.4) 

Age (years)   0.19

 Mean±SD 50.38±6.82 52.88±7.89 

 Min-max 34–66 35–62 

BCVA (Snellen)   0.36

 Mean±SD 0.87±0.10 0.94±0.09 

 Min-Max 0.7–1.0 0.7–1.0 

IOP (mmHg)   0.456

 Mean±SD 14.76±1.53 15.02±1.48 

 Min-Max 12–18 12–19 

*Chi-square, Independent-samples t-test. Max: Maximum, Min: Minimum, 
BCVA: Best corrected visual acuity, IOP: Intra ocular pressure.

Figure 1. EDI-OCT image of a patient with inactive TAO. Stages of choroidal vascular index calcula-
tion using Image J program. (a) Raw EDI-OCT image (b) the EDI-OCT scans were binarized to deter-
mine the total choroidal area (TCA). (c) The color threshold tool was used to select the dark pixels, 
representing the luminal area (yellow lines). CVI was calculated as the ratio of LCA to TCA.

a

b

c
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and 22.9±0.7 mm in Group 2, was not significantly different 
when comparing the groups (p=0.59) (Table 1). In group one, 
24 eyes had CAS evaluated as 0, 14 eyes as 1, and 6 eyes as 
2. Furthermore, the mean value of Hertel exophthalmom-
etry was 15.93±1.40 mm (range, 14–18 mm) in Group 1. 
In addition, the mean subfoveal CT was 338.92±73.93 µm 
(range, 225–525 µm) in Group 1 and 303.97±40.35 µm 
(range, 162–341 µm) in Group 2. There was no significant 
difference between the two groups with respect to subfoveal 
CT (p=0.174). There was no statistical difference in terms of 
the mean choroidal stromal area measurement between the 
groups (p=0.645). However, both the means TCA and LA 
were significantly higher in Group 1 than Group 2 (2.25±0.41 
vs. 1.91±0.35 and 1.63±0.35 vs. 1.27±0.23; p=0.001, p=0.000, 
respectively). The CVI higher in group 1 was significant dif-
ference between the groups [p=0.000, Table 2]. According 
to linear regression analyses, there were no significant cor-
relation of CVI among age, gender, axial length, and hertel 
value [p=0.068, p=0.058, and p=0.253, and p=0.719, respec-
tively; Table 3].

Discussion

We assessed the CVI, an indicator of choroidal vascular 
status in thyroid-associated patients in the inactive stage. 
Interestingly, our study showed an increase in the vascular 
part of the choroid during the inactive stage in thyroid-as-
sociated orbitopathy compared to the healthy controls. The 
LA, which represents the vascular area of the choroid, was 
higher in the patient’s group. On the other hand, there was 
no significant difference between the patient and healthy 
groups in terms of stromal area.

In thyroid-associated orbitopathy, the essential mecha-
nism is the infiltration of orbital fat and extraocular mus-
cle with the inflammatory cells, orbital fibroblasts, and the 
hyaluronan produced by them (3-5). This process causes 
the orbital structures to expand, and an increase in orbital 
volume causes orbital venous congestion (5,22). Several 
technologies, such as Heidelberg retina flowmeter, oculo-

dynamometry, Doppler imaging, ocular blood flow tonom-
etry, dynamic contour tonometry, and optical coherence 
tomography angiography, have been used to understand the 
retinal, choroidal, and orbital blood flow changes in patients 
with TAO (22-25). Studies with color Doppler imaging have 
shown venous stasis in a superior ophthalmic vein in active 
TAO patients (22,24). Alimgil et al. (25) mentioned that 
an increase in intraorbital venous pressure might decrease 
the arterial filling facility of the choroid and decrease pulse 
amplitude. Tsai et al. (26) reported that pulsatile ocular 
blood flow (as an indicator of choroidal blood flow) was 
significantly lower in patients with Graves’ ophthalmopa-
thy than patients without ophthalmopathy. These authors 
proposed that this decrease in pulsatile ocular blood flow 
is likely a result of the total effect of elevated venous pres-
sure and increased resistance of choroidal vessels caused 
by elevated intraorbital pressure. In addition, they reported 
that the pulsatile ocular blood flow in patients with Graves’ 
ophthalmopathy improved after treatment with systemic 
steroid use in another study (27). Perez-Lopez et al. (28) 
performed decompression surgery for patients with a 
moderate-severe thyroid eye disease (TED). These authors 
found increased retrobulbar blood flow measurements in 
TED patients after surgery and explained this change by 
both decreased orbital pressure and decreased extrinsic 
vascular compression by decreasing resistance indices in 

Table 2. Comparison of choroidal parameters between groups

  Group 1 mean±SD (Min-Max) Group 2 Mean±SD (Min-Max) p

LA (mm2) 1.63±0.36 (0.96–2.38) 1.28±0.23 (0.77–1.63) 0.000*

SA (mm2) 0.62±0.16 (0.33–1.01) 0.64±0.14 (0.27–0.85) 0.654*

TCA (mm2) 2.25±0.41 (1.33–3.14) 1.91±0.36 (1.09–2.38) 0.001*

CVI (%) 72.15±6.27 (56.81–86.90) 66.87±2.93 (61.44–75.32) 0.000*

SFCT (µm) 338.92±73.93 (225–525) 303.97±40.36 (162–341) 0.174

LA: Luminal area, SA: Stromal area, TCA: Total choroidal area, CVI: Choroidal vascularity index, SFCT: Subfoveal choroidal thickness. *Mann–Withney, independent 
samples t-test.

Table 3. Associations between choroidal vascularity index and 
clinical parameters in patient group

Parameter ß 95% CI  p

CVI    

 Age (years) –0.204 –0.329 0.012 0.068

 Gender –0.289 –6.704 –0.936 0.058

 Axial length (mm) –0.123 –2.764 0.740 0.253

 Hertel value (mm) –0.056 –1.637 1.139 0.719

Linear regression analysis P<0.05.
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ophthalmic and central retinal arteries. Similarly, Monteiro 
et al. (24) reported that reduced superior ophthalmic vein 
flow was normalized after the treatment of active orbitopa-
thy. In all the above-cited studies, elevated venous pressure 
levels and decreased blood flow were found in active TAO. 
In contrast, Karabulut et al. (23) did not detect any changes 
in TED patients whose choroidal perfusion was evaluated 
indirectly by measuring ocular pulse amplitude in patients 
with TAO. In addition, they mentioned that there was no 
correlation between disease activity and ocular pulse ampli-
tude, especially in patients with normal IOP. These authors 
concluded that although CT was thinner in TAO than in 
healthy controls, choroidal perfusion did not change, which 
might be a compensatory mechanism for ocular hemosta-
sis. These findings might be due to the different techniques 
used for the assessment of choroidal perfusion.

In recent years, EDI-OCT has become the main imaging 
system to understand choroidal changes in TAO. Many stud-
ies have reported that the mean subfoveal CT is increased 
in patients with active TAO compared to healthy subjects, 
and that this increase in thickness is directly proportional 
to disease activity (5,29-31). This increase in CT seen in the 
active stage has been attributed to orbital venous conges-
tion as a consequence of reduced orbital venous drainage, 
which was the result of crowded retrobulbar tissue (30,31). 
Ulas et al. (32) reported that GAG production and accumu-
lation in the connective tissue could be responsible for the 
increase in CT. However, there are limited studies related 
to inactive TAO. Fazil et al. (33) compared patients with 
Graves’ disease in the inactive stage with the healthy con-
trol subjects and found that CT was slightly higher in pa-
tients with Graves’ orbitopathy than in healthy subjects, but 
this did not reach statistical significance. Similarly, Caliskan 
et al., (31) in their study on 38 patients with Graves oph-
thalmopathy (14 in the active phase and 24 in the inactive 
phase), reported that CT was significantly higher in the ac-
tive group at all the measurement points and, also, there 
was no significant difference in CT between the inactive 
group and healthy group at any of the locations. Similarly, 
current study found that mean CT was not significantly dif-
ferent between inactive TAO patients and healthy controls. 
Although there was no statistically significant difference in 
CT between inactive TAO patients and healthy controls, an 
increase in LA and CVI was detected.

When inflammatory clinical features develop and 
progress, TAO is in its active phase. Rundle describes an ac-
tive phase that can last up to 24 months, followed by an inac-
tive phase (34). As noted in previous studies, approximately 
half of patients with mild-to-moderate TAO resolved spon-
taneously (34,35). In the current study, the patients were 
admitted with mild discomfort or difference between the 

eyes, and their activity scores were below 3 in their exami-
nations. They had not received any treatment before related 
the TAO. Presumably, these patients somehow went through 
their active phase for a short time and recovered sponta-
neously.

CT has been documented to be affected by many con-
founding factors, such as age and axial length (17). The CVI is 
the ratio of LA to TCA, which has been used as an indicator 
to evaluate the vascular status of the choroid (16). The CVI 
was reported to be unaffected by age, sex, and intraocular 
pressure in a diabetic population, suggesting CVI as a more 
reliable and informative parameter for several chorioretinal 
diseases (17,36,37). In this study, we found no correlation 
between CVI and patient-related parameters such as age, 
gender, and axial length.

Agrawal et al. (38) evaluated subfoveal CVI in a sample 
of 345 healthy eyes of the same ethnicity, with a mean age 
of 61 years. These authors mentioned that the evaluation 
of a single scan passing through the fovea is representative 
of the whole posterior pole choroidal vascularity and the 
mean CVI calculated subfoveal with a width of 1500 µm was 
65.61%±2.33%. Similarly, in our study, the mean CVI (%) was 
66.87±2.93 in the healthy control group.

It has been postulated that choroidal vasodilatation and 
vascular engorgement might be a nonspecific response to in-
flammation (17). Agrawal et al. (16) evaluated CVI in patients 
with posterior uveitis and panuveitis and found an increased 
CVI in these patients. Increased CVI has also been found 
in many inflammatory diseases affecting the choroid, such 
as Vogt-Koyanagi-Harada and multiple evanescent white dot 
syndrome (39,40).

In the current knowledge, during the inactive period, 
there is no increase in muscle thickness and intraorbital con-
gestion that affect the choroidal blood flow (33-35). Thus, 
we do not expect a change in choroidal blood flow, but con-
trary, according to our findings, the increased CVI seen in 
this study might be due to presence of inflammatory process 
even in the inactive stages.

Furthermore, we did not find any correlation between 
CVI and Hertel value of the patients. This result might be 
related that it could be no obvious proptosis in inactive TAO.

Our study has some limitations. First, this was a cross-
sectional study. Thus, we could not evaluate the correlation 
of changes of clinical activate score and choroidal vascular 
status or CT. Multiple studies have reported that CT is pos-
itively correlated with the CAS grade (4,30). Other studies 
report that CAS and CT are not correlated (3,26,28). Since 
we include patients with low CAS (<3), we could not evalu-
ate the relationship between CAS and CT. Furthermore, the 
small sample size was another limitation for this study.
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Conclusion
In this study, although CT was not different between 
groups, CVI, which is the indicator of the vascular status 
of the choroid, was higher in patients with TAO in the in-
active stage compared with healthy control subjects. The 
choroidal vascular index can be used as a marker in choroid 
blood flow monitoring, where measuring the proportions of 
choroidal vasculature components gives better information 
about choroidal changes in patients with inactive TAO. The 
increased CVI found in this study might indicate that vascular 
changes and the subtle inflammatory process begin even in 
the inactive stage of the disease. Regular and uninterrupted 
follow-up of patients in the inactivated stage may allow the 
inflammatory process to be brought under control before it 
peaks. Large, comparative, long follow-up studies are now 
needed comparing patients in the active and inactive stages 
of TAO.
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