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Abstract
● AIM: To demonstrate the differences of retinal and choroidal 
structure changes in internal carotid artery (ICA) patients 
of China by enhanced-depth imaging optical coherence 
tomography (EDI-OCT).
● METHODS: A retrospective review was conducted of 
46 patients with a diagnosis of ICA stenosis greater than 
65% on only one side (the opposite ICA Stenosis had 
less than 40% stenosis) from June 2015 through June 
2016. All of the patients were combined with amaurosis 
fugax, but without any abnormality with other ocular 
examination. Thickness and volume of choroid and retina 
were manually measured by EDI-OCT. Differences were 
compared between ICA stenosis eyes and fellow eyes.
● RESULTS: There were no significant differences in the 
retinal thickness, macular retinal nerve fiber layer (mRNFL) 
thickness, inner thickness, or outer retinal thickness 
between the ICA Stenosis group and the control group 
(P=0.834, 0.187, 0.552, and 0.903, respectively). The mean 
central choroidal thickness of the ICA Stenosis group 
was significantly lower than that of the control group 
(239.70±23.76 µm vs 257.46±22.13 µm, P<0.001). The 
percentage of ICA stenosis was significantly associated 
with the central choroidal thickness, central retinal 
thickness, foveal center choroidal volume, and foveal 
center retinal volume (r=0.854, 0.678, 0.729, and 0.785, 
respectively; P<0.001). There were no significant 
differences in the retinal and choroidal volume values in 
the 4 inner and 4 outer sectors between the two groups.
● CONCLUSION: The choroidal thickness in severe ICA 
stenosis eyes is lower than in fellow eyes. The choroidal 
thinning may occur before the retinal changes in patients 
with ocular ischemic syndrome. Evaluations of choroidal 
thickness may be useful to choose the optimal therapeutic 
schedule for ICA patients. 
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INTRODUCTION

S evere stenosis of the extracranial segment of internal 
carotid artery (ICA) can cause visual disturbances 

associated with ocular ischemia, such as the ocular ischemic 
syndrome (OIS). Stenosis or occlusion of the common or ICA 
affects not only retinal blood flow but also choroidal blood 
flow, resulting in insufficient blood perfusion to the retinal 
inner and outer layers, which may cause ischemic ocular 
lesions. The most common ischemic ocular symptom is acute 
transient monocular blindness due to entrapment of emboli in 
the retinal arterial system[1]. Patients with ICA stenosis or occlusion 
(5%-21%) may cause chronic progressive ocular ischemia[2-3]. 
The in vivo structure of the choroid cannot be visualized 
properly with conventional methods such as fundus photography 
and other methods. With the development of optical coherence 
tomography (OCT), measurements of choroidal thickness are 
becoming more common, and it is a procedure in the clinic and 
in research[4-7]. Spectral-domainoptical coherence tomography 
(SD-OCT) has been used to evaluate the retinal nerve fiber 
layer (RNFL) thickness in various diseases, including 
multiple sclerosis, neuromyelitis optica, and clinical isolated 
syndromes[8-10]. Enhanced-depth imaging OCT (EDI-OCT) can 
assess the choroidal thickness[4,11]. Because the choroid is an 
important vascular tissue layer, certain characteristics of the 
choroid, such as its thickness, have been challenging to study 
histologically[12]. Quantitative analysis of choroidal thickness 
and volume is important in the evaluation of chorioretinal 
diseases, as well as normal physiology[13-17]. 
Although adult choroidal thickness has been well evaluated, 
choroidal thickness studies in ICA patients have been limited. 
SD-OCT enables deep choroidal imaging and can make the 
evaluation of pediatric choroidal thickness and choroidal 
volume easier, more comprehensive, and more objective. Still, 
there have been no prior studies using SD-OCT to measure 
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choroidal thickness and volume in ICA patients. Kang et al[18] 
reported 3 cases of OIS patients who showed lower choroidal 
thickness in the affected eye. 
However, previous research has not revealed any information 
about the effect of internal carotid artery stenosis on retinal 
thickness, subfoveal choroidal thickness, or choroidal volume. 
OIS is one of the most severe clinical illnesses caused by 
carotid artery stenosis. We postulated that ICA stenosis 
may affect the outer layers of retinal and choroidal thickness 
and tried to demonstrate a difference in the retinal and 
choroidal structure changes in ICA with 46 patients with 
ICA.
SUBJECTS AND METHODS
All procedures performed in studies involving human 
participants were in accordance with the ethical standards of 
the local Ethics Committee of Beijing Friendship Hospital. 
The Declaration of Helsinki (2008) was followed in this study. 
In addition, all participants provided written informed consent 
and received a stipend.
Study Design and Participants  A retrospective review 
was conducted of all patients with a diagnosis of ICA 
stenosis greater than 65% on only one side (the opposite ICA 
Stenosis had less than 40% stenosis) were included at Beijing 
Friendship Hospital, Capital Medical University, Beijing, 
China, from June 2015 to June 2016. Our study was performed 
according to the principles of the Declaration of Helsinki. All 
of the participants were combined with amaurosis fugax, and 
all of them with normal vision acuity and vision field. The 
eyes were divided into two groups based on the degree of ICA 
stenosis. The eyes ipsilateral to the ICA with greater stenosis 
(>65%) were recruited as ICA Stenosis group, and the opposite 
eyes (which were ipsilateral to the ICA with less than 40% 
stenosis) were recruited as control group. The two groups were 
compared in terms of the percentage of ICA stenosis, retinal 
thickness, inner layer and outer layer of retinal thickness, 
choroidal thickness, retinal volume and choroidal volume.
The inclusion criteria were: all patients with head and neck 
computed tomography (CT) findings of ICA stenosis greater 
than 65% on only one side (the opposite ICA Stenosis had 
less than 40% stenosis). The exclusion criteria were: 1) a 
refractive error of >±3.00 DS or >±2.00 DC, an intraocular 
pressure (IOP) of >21 mm Hg, choroidal neovascularization 
or other macular diseases that might affect vision, active 
intraocular inflammation and/or infection, or a history of 
any type of intraocular surgery (except cataract surgery), 
and diabetic retinopathy; 2) patients with peripheral vascular 
disease, limb paralysis, serious eye disease and a treatment 
history (corneal disease, glaucoma, macular degeneration, 
ocular trauma, pathological myopia and serious cataract); 3) 
acute myocardial infarction, uncontrolled hypertension, stroke 
within a few weeks prior to this study, infectious inflammatory 

disease; 4) patients with ocular hemodynamics abnormality 
and abnormal fundus in fundus fluorescein angiography; 5) 
patients who were uncooperative for evaluations or test results 
and who underwent carotid endarterectomy before SD-OCT 
examination could not be analyzed. 
Head-and-neck Computed Tomographic Angiography  The 
examinations were performed by the Philips iCT (PHILIPS, 
Netherland). The stenosis ratio was calculated by the North 
American Symptomatic Carotid Endarterectomy Trial 
(NASCET) stenosis grading method and was used for the 
estimated percentage of stenosis and classification. Vascular 
stenosis degree%=normal vessel diameter－narrow vessel 
diameter, divided by the normal vessel diameter ×100%.
Ophthalmic Examinations  All the patients underwent a 
baseline examination including refraction, best-corrected 
Snellen visual acuity, bilateral ophthalmic examination, a 
dilated fundus and slit-lamp examination, and SD-OCT. 
The OCT examinations were performed using a Heidelberg 
Spectralis SD-OCT machine (Heidelberg Engineering, 
Heidelberg, Germany) according to the standard protocols for 
obtaining macular and peripapillary images. The measurement 
of the segmented retinal layers was evaluated by a high-
speed scan protocol, which provided the average retinal and 
choroidal thicknesses and choroidal volumes of 8 quadrants 
according to the Early Treatment Diabetic Retinopathy Study 
(ETDRS) (Figure 1).
Retinal thickness and volume measurement can be measured 
by and the automatic program in the machine. For choroidal 
thickness and volume measurements, we manually moved the 
automatically segmented internal limiting membrane line to the 
choroidoscleral junction. Once we changed the automatically 
segmented line and set a vertical line perpendicular to the 
center of the fovea, the choroidal thickness and volume were 
automatically calculated.
The choroidal and retinal volumes were manually measured 
by two retina specialists (Wang H and Li HY); to make 
the measurements, we moved the automatically segmented 
internal limiting membrane line to the choroidoscleral junction 
manually. Once we changed the automatically segmented line 
and set a vertical line perpendicular to the center of the fovea, 
the choroidal and retinal volume were automatically calculated 
and displayed within the ETDRS grid. We obtained nine 
choroidal volume and retinal volume data points within 3000 µm,
3000-6000 µm in the EDTRS grid (foveal center, superior, 
nasal, inferior, and temporal). We analyzed the differences in 
choroidal volume and retinal volumes between the ICA eye 
and the fellow eye.
Statistical Analysis  Kolmogorov-Smirnov test was used 
to identify the normality of distribution. The independent 
t-test and Mann-Whitney U test were used to compare OCT 
parameters between ICA stenosis eyes and fellow eyes. 
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Spearman rank correlation coefficient was used to evaluate 
associations between the measured variables. SPSS version 
22.0 (SPSS Inc., Chicago, IL, USA) was used to perform all 
analyses, and P<0.05 was considered statistically significant. 
RESULTS
We diagnosed 46 patients with unilateral ICA at Beijing 
Friendship Hospital, Capital Medical University, Beijing, 
China, from June 2015 to June 2016. Table 1 shows the 
clinical characteristics of ICA Stenosis group and control 
group. Because the we selected the ICA Stenosis group and 
the control group from the same patient, so the major clinical 
characteristics (age, sex, BMI, systemic disease situation 
of hypertension, hyperlipidemia and diabetes were same 
between the two groups). The mean age of all, including 
the eyes, was 61.65±10.09y. Of the 46 patients, 31 were 
male. The proportion of carotid stenosis of the ICA eye was 
75.05%±33.63% and the proportion of the fellow eye was 
36.78%±18.96%. The portion of patients with hypertension 
was 78.26%, the portion of hyperlipidemia was 56.52% and 
the portion of diabetes was 50.00%. The baseline BCVA 
of the ICA eye was significantly worse in ICA Stenosis 
group than it was in control group (ICA Stenosis group: 
0.92±0.55 and control group: 0.26±0.47, P=0.003). The 
refractive error (mean spherical equivalent) was -0.86±0.70 D
in ICA Stenosis group versus -0.86±0.67 D in control group. 
The mean IOP was 15.06±2.24 mm Hg in ICA Stenosis group 
versus 15.19±3.31 mm Hg in control group. The mean axial 

length was 23.46±1.04 mm in ICA Stenosis group versus 
23.23±1.08 mm in control group. The refractive error, the mean 
IOP values and axial length were not significantly different 
between the two groups (P=0.946, 0.825, 0.838, respectively) 
(Table 1).
The retinal thickness, the mRNFL thickness, the inner and 
outer retinal thickness were not significantly between the two 
groups. (P=0.834, 0.285, 0.552, 0.733, respectively; Mann-
Whitney U test and independent t-test respectively) (Table 2). 
In the ETDRS mapping of retinal and choroidal volumes, the 
mean central choroidal thickness of ICA Stenosis group was 
significantly lower than that of the control group (ICA Stenosis 
group: 239.70±23.76 µm and control group: 257.46±22.13 µm, 
P<0.001, Independent t-test) (Table 3). However, the mean 
macular choroid thickness values within circles of diameter 3.0 mm 
(temporal, superior, inferior and nasal) were not significantly 
different between the two groups (P=0.367, 0.159, 0.734, 0.758, 
respectively; Mann-Whitney U test). The mean macular choroid 
thickness values within circles of diameter 6.0mm (temporal, 
superior, inferior and nasal) were also not significantly different 
between the two groups (P=0.288, 0.758, 0.405, 0.628; Mann-
Whitney U test and independent t-test respectively) (Table 3).
We also compared retinal and choroidal volume retinal and 
choroidal volumes within circles of diameter 1.0, 3.0, and 6.0 mm. 
The retinal and choroidal volume values in the four inner and 
four outer sectors were not significantly different between two 
groups (Table 4). 

Figure 1 Retinal and subfoveal choroidal thickness, volume measurements.
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There was a statistically significant positive correlation 
between the percentage of ICA stenosis and the following OCT 
parameters: the the central choroidal thickness, the central 
retinal thickness, the foveal center choroidal volume, and the 
foveal center retinal volume (r=0.854, 0.678, 0.729, and 0.785, 
respectively; P<0.001). These data were shown in a scatter plot 
(Figure 2).

A correlation analysis between the the percentage of ICA 
stenosis and the central retinal thickness, the central choroidal 
thickness, the foveal center choroidal volume, and the foveal 
center retinal volume is shown in Table 5.
DISCUSSION
The primary component of the ocular blood flow is the 
choroidal circulation. It alone accounts for 85% of all ocular 

Table 1 Epidemiologic and clinical characteristics of ICA eyes

Characteristics ICAS group Control group P
Number of eyes 46 46
Age (a, mean±SD) 61.65±10.09 61.65±10.09
Sex (M:F) 31:15 31:15
BMI (kg/m2, mean±SD) 24.97±3.12 24.97±3.12
Hypertension, n (%) 36 (78.26) 36 (78.26)
Hyperlipidemia, n (%) 26 (56.52) 26 (56.52)
Diabetes, n (%) 23 (50.00) 23 (50.00)
Carotid stenosis (%) 75.05±33.63 36.78±18.96
Baseline BCVA (logMAR) 0.92±0.55 0.26±0.47 0.003a

Refractive error (SE) -0.75 (-1.25,-0.38) D -0.88 (-1.50,-0.38) D 0.946b

IOP (mm Hg, mean±SD) 15.06±2.24 15.19±3.31 0.825a

Axial length (mm, mean±SD) 23.46±1.04 23.23±1.08 0.838a

ICA: Internal carotid artery; BCVA: Best corrected visual acuity; SE: Spherical equivalent; IOP: Intraocular pressure. aP 
values were calculated using the independent t-test. bP values were calculated using the Mann-Whitney U test.

Table 2 Retinal thickness of unilateral ICA eyes

Retinal OCT parameters ICAS group Control group P

Number of eyes 46 46

Central retinal thickness (µm) 

Total thickness 263.74±22.91 264.83±26.49 0.834a

mRNFL thickness 11.00 (10.00,12.25) 11.00 (10.00,13.00) 0.187b

Inner retinal thickness 174.11±21.37 176.76±21.24 0.552a

Outer retinal thickness 87.50 (84.00,91.00) 88.00 (85.00,90.25) 0.903b

aP values were calculated using the independent t-test. bP values were calculated using the Mann-Whitney U test.

Table 3 Choroidal thickness of unilateral ICA eyes

Choroidal OCT Parameters ICAS group Control group P
Number of eyes 46 46
Choroidal thickness (µm)
Central choroidal thickness 239.70±23.76 257.46±22.13 <0.001a

Inner ring area
Temporal 292.75 (306.00,320.00) 314.50 (294.75,326.50) 0.367b

Superior 327.00 (318.25,346.50) 331.50 (316.75,348.75) 0.159b

Inferior 322.00 (305.75,345.25) 323.00 (308.50,346.50) 0.734b

Nasal 317.50 (297.75,336.00) 326.50 (299.50,342.00) 0.758b

Outer ring area
Temporal 269.17±42.51 275.26±21.34 0.288a

Superior 297.00 (285.00,307.00) 295.50(281.00,312.25) 0.758b

Inferior 280.35±29.40 285.04±19.37 0.405a

Nasal 303.00 (289.00,313.75) 305.00 (292.00,321.25) 0.628b

aP values were calculated using the independent t-test. bP values were calculated using the Mann-Whitney U test.
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Table 4 Retinal volume and choroidal volume of unilateral ICA eyes

ETDRS area ICAS group Control group P

Retinal volume (mm3)

Foveal center 0.21 (0.20,0.22) 0.21 (0.20,0.23) 0.535b

Inner ring area

Temporal 0.50±0.04 0.50±0.04 0.662a

Superior 0.52 (0.51,0.55) 0.53 (0.50,0.56) 0.643b

Inferior 0.51 (0.51,0.55) 0.52 (0.50,0.55) 0.891b

Nasal 0.51 (0.50,0.54) 0.52 (0.49,0.55) 0.523b

Outer ring area

Temporal 1.50 (1.41,1.56) 1.48 (1.41,1.57) 0.778b

Superior 1.56±0.12 1.57±0.10 0.501a

Inferior 1.50±0.12 1.51±0.10 0.606a

Nasal 1.65±0.10 1.65±0.11 0.718a

Choroidal volume (mm3)

Foveal center 0.19 (0.18,0.20) 0.20 (0.19,0.21) 0.063b

Inner ring area

Temporal 0.48 (0.46,0.50) 0.49 (0.46,0.51) 0.152b

Superior 0.52 (0.50,0.55) 0.52 (0.50,0.55) 0.117b

Inferior 0.51 (0.49,0.54) 0.51 (0.48,0.53) 0.987b

Nasal 0.50 (0.47,0.52) 0.51 (0.48,0.54) 0.842b

Outer ring area

Temporal 1.45±0.11 1.42±0.23 0.216a

Superior 1.56 (1.51,1.61) 1.57 (1.49,1.64) 0.830b

Inferior 1.48±0.13 1.50±0.10 0.348a

Nasal 1.61 (1.53,1.64) 1.62 (1.55,1.69) 0.851b

aP values were calculated using the independent t-test. bP values were calculated using the Mann-Whitney U test.

Figure 2 Scatter plot graph showing the relationship percentage of ICA stenosis and OCT parameters  A: Central retinal thickness; B: 
Central choroidal thickness; C: The foveal center choroidal volume; D: The foveal center retinal volume.
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blood flow. The choroid receives more than 70% of the blood 
flow that enters the uveal structures, which can get 95% of 
the eye blood supply[19]. The choroid is a highly vascularized 
tissue, provides oxygen and nourishment to the outer retina 
layers[20].
The ophthalmic artery is the first branch of the ICA, divided to 
form the posterior ciliary artery (PCA), which is responsible 
for the blood supply of the posterior choroid[21]. The PCA 
supply blood to the outer retinal layers and choroid. Stenosis 
or occlusion of the ICA may cause disturbance of the retina 
and choroid circulation, eventually leading to structural and 
function change.
Kim et al[12] reported that the baseline logMAR BCVA was 
significantly worse in OIS eyes than in the fellow eyes. In our 
study, we obtained similar results showing that the baseline 
logMAR BCVA was significantly worse in severe internal 
carotid artery stenosis eyes than in control eyes (0.92±0.55 
vs 0.26±0.47; P=0.003), indicating some aspects of impaired 
vision in patients with severe ICA stenosis.
Stenosis or occlusion of the common or ICA affects not only 
retinal blood flow but also choroidal blood flow. However, it 
is not certain whether the choroidal thickness change occurs 
earlier than the retinal changes with the development of 
ICA stenosis. It is also not possible to know when the retina 
and choroid change occurs, whether the choroidal thinning 
occurred before the retinal changes, or whether the retinal 
changes occurred before the choroidal thinning with the 
progression of ICA stenosis. Thus, in this study, we designed 
methods to measure some choroidal and retinal OCT values 
between patients with ICA stenosis of more than 65% and the 
opposite eye, to evaluate whether severe ICA stenosis has an 
effect on retinal, choroidal thickness and volume compared to 
the opposite eye. We also wanted to ensure the change order 
of change of the choroidal thinning and retinal changes with 
the progression of ICA stenosis. Ahmad et al[22] reported that 
patients with coronary artery disease (CAD) have a thinner 
macular choroid than normal. Kang et al[18] reported that, 
compared with fellow eyes, the choroidal thickness of OIS 
eyes was significantly decreased. Kim et al[12] reported that 
in their study that the choroidal thickness and volume of OIS 
eyes were smaller than those of unaffected fellow eyes. We 

compared some choroidal and retinal OCT values between 
patients (38 males and 17 females) with more than 65% 
carotid artery stenosis on one side and less than 40% stenosis 
on the other side. We have demonstrated that unilateral ICA 
Stenosis eyes have a lower choroidal thickness than the control 
eyes, indicating impaired choroidal circulation in patients with 
severe ICA eyes. On the other hand, our results showed that 
no retina structure changes such as the retinal thinning and 
retinal volume change occurred in severe ICA Stenosis eyes. 
A possible explanation is that the choroidal thinning may have 
occurred before the retinal changes in in patients with severe 
ICA Stenosis. Therefore, future studies that examine a larger 
number of patients are needed to confirm the difference in 
choroidal thickness in severe ICA stenosis eyes, and it will be 
necessary to observe how the retina and choroid change with 
the progression of ocular ischemic changes due to severe ICA 
stenosis.
Some physiological factors may have an effect on choroidal 
thickness[23]. Many studies on choroidal thickness have 
reported that axial length, refractive error, sex, and age can 
influence choroidal thickness[13-14,24]. In addition, other factors 
such as hypercholesterolemia, diurnal variation, axial length, 
refractive factor, intraocular pressure may also influence it. 
Nagasawa et al[25] reported that choroidal thickness correlated 
with age, axial length, refractive error, and body mass index. 
Kim et al[13] reported that pediatric choroidal thickness was 
associated only with axial length. In our study, we chose the 
same group of patients that there was no difference in age, 
sex between the two groups. However, smoking, alcohol 
use, exercising, sleeping conditions, caffeine, gender was not 
investigated in our study. We will control those factors to draw 
a firm conclusion about the choroidal thickness of healthy 
individual’s and the ICA stenosis patients in our future studies.
In the present study, there was a statistically significant positive 
correlation between the percentage of ICA stenosis and the 
central choroidal thickness, the central retinal thickness, the 
foveal center choroidal volume, and the foveal center retinal 
volume (r=0.854, 0.678, 0.729, and 0.785, respectively; 
P<0.001), indicating that these OCT parameters increase as the 
percentage of stenosis increases. This result is similar to that 
of our previous study, in which we found that the subfoveal 
choroidal thickness (SFChT) of ICA eyes was significantly 
lower than that of normal eyes[26].
However, there were several limitations to our study. First, the 
chorio-scleral border is defined manually and the accuracy of 
this process was not evaluated. Second, we measured only ICA 
Stenosis eyes and the control eyes, further studies are needed 
to determine whether the choroidal thickness is correlated with 
the body mass index, diabetes duration, hyperlipidemia course, 
and other factors. This question requires dedicated study.
The choroidal thickness in severe ICA stenosis eyes is 
lower than in fellow eyes, indicating that impaired choroidal 
circulation in patients with severe ICA eyes. The choroidal 

Table 5 Spearman rank correlation analyses between the percentage 
of ICA stenosis and OCT parameters

Parameters
Percentage of ICA stenosis
Spearman rank correlation

r P
Central retinal thickness 0.678 <0.001
Central choroidal thickness 0.854 <0.001
Foveal center retinal volume 0.729 <0.001
Foveal center choroidal volume 0.785 <0.001

ICA: Internal carotid artery. P value of less than 0.05 was considered 
to be significant.
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thinning may occur before the retinal changes in in patients 
with severe ICA stenosis. Knowledge of the choroidal profile 
and thickness in patients’ eyes may help in understanding 
physiological changes and evaluating chorioretinal conditions 
in patients with ocular ischemic changes caused by severe ICA 
stenosis. OCT is a reliable observation index in the clinical 
follow-up of patients with ICA stenosis and ocular ischemic 
syndrome.
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