
RESEARCH ARTICLE Open Access

Choroidal vascular changes in internal
carotid artery stenosis: a retrospective
cohort study in Chinese population
Shuang Li, Xuqiang Lang, Wei Wang, Yang Yang, Jingjing Wang, Hongyang Li, Yanling Wang* and Kang Wang*

Abstract

Background: To evaluate choroidal vascularity index (CVI) in eyes with internal carotid artery (ICA) stenosis using
binarization tool in enhanced depth images scanned by spectral domain optical coherence tomography.

Methods: A retrospective cohort study was conducted in 142 patients with ICA stenosis, and 20 normal control
subjects matched with the age, sex, etc. According to the diagnostic criteria, the participants are divided into a
normal control group (20 cases), a mild stenosis group (64 cases), a moderate stenosis group (61 cases), and a
severe stenosis group (17 cases). Enhanced depth imaging optical coherence tomography (EDIOCT) was performed
to scan macular fovea, which was separated into a luminal area and a stromal area using image binarization. The
choroidal vascularity index (CVI) is luminal area divided by total choroidal area.

Results: There was no statistical difference in age or sex among groups. Subfoveal choroidal thickness (SFCT) in the
severe stenosis group was significantly lower than that in the normal group (P < 0.05). Moreover, the CVI in
moderate stenosis group and severe stenosis group were significantly lower compared with the normal control
group (P < 0.001). When CVI = 65.16% was set as the cut-off value, all 162 subjects could be divided into two
groups, CVI ≤ 65.16 (n = 83) and CVI > 65.16% (n = 79). The proportions of mild stenosis, moderate stenosis, and
severe stenosis in CVI ≤ 65 .16 group and CVI > 65.16% group were statistically significant (P < 0.001).

Conclusion: CVI may be a useful indicator for early diagnosis and monitoring of choroidal vascular changes in ICA
stenosis.

Keywords: Internal carotid artery, Spectral domain optical coherence tomography, Binarization tool, Choroidal
vascularity index

Background
Internal carotid artery (ICA) stenosis or obstruction
may lead to severe ischemic cerebrovascular disease,
and is also an important cause of ischemic eye disease,
which not only affects the patient’s vision, but even
causes physical disability and sudden death. When ICA
stenosis is greater than 50%, the incidence of ocular
symptoms increases [1, 2]. Hemodynamic changes in
patients with carotid stenosis include retinal vascular
occlusion, normal tension glaucoma, and peripheral
retinal hemorrhage, which were about 1.8-fold, 1.9-fold,
and 2.4-fold higher than normal controls, respectively.

About 5% of patients with severe ICA stenosis develop
ocular hemodynamic abnormalities that can lead to
neovascular glaucoma, optic atrophy, and even per-
manent blindness. As reported, 7.5 out of every 1 mil-
lion people develop ocular ischemic syndrome [3].
However, this proportion may be underestimated be-
cause the correlation between ocular manifestations
and carotid stenosis is often not noticed by doctors and
patients [4, 5]. Previous studies have focused more on
ocular changes and retinal vascular changes in ICA pa-
tients. However, the choroid is the most important part
sustaining for the ocular blood flow. When ICA occurs,
choroidal blood flow is bound to be affected. Therefore,
choroidal blood flow is likely to be the first sensitive in-
dicator of blood flow change [6].
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With the emergence of new optical coherence tomog-
raphy (OCT) techniques, the study of choroidal struc-
ture has made great improvement [3, 6, 7]. Swept-source
optical coherence tomography uses longer wavelengths
and faster scanning speeds for deep imaging and quanti-
tative assessment of the choroid. Choroidal thickness
was used thereafter to represent choroidal blood flow
[8]. Choroidal thickness may be affected by physiological
and pathological changes [9–12]. Moreover, choroidal
thickness does not provide us with information regard-
ing the changes of choroidal structure. The change in
choroidal thickness may be due to vascular system, as
well as stromal tissue. Therefore, more stable and accur-
ate diagnostic indicators are required to assess choroidal
vascular status.
The application of choroidal structure image binari-

zation to investigate the structure of the choroid and
its changes in different disease models have been in-
vestigated in recent years. A number of studies have
demonstrated that choroidal structure image binariza-
tion are rarely affected by physiological variables and
are capable of providing choroidal vascular informa-
tion [13–19]. In our study, we used the choroidal vas-
cular index (CVI) to represent the choroidal vascular
changes, and to determine differences in the propor-
tion of choroidal vasculature in patients with ICA
stenosis and healthy controls.

Methods
Population
This retrospective cohort study was conducted in the
Department of Ophthalmology, Beijing Friendship Hos-
pital from January 2016 to December 2017. A total of
179 patients diagnosed with ICA stenosis/obstruction
were enrolled and divided into four groups according to
the North American Symptomatic Carotid Endarterec-
tomy Trial (NASCET) criteria [20]: a non-stenosis group
(normal control), a mild stenosis group, a moderate
stenosis group, and a severe stenosis group. Fundus pho-
tography and spectral-domain optical coherence tomog-
raphy (SD-OCT) were applied in each patient with the
carotid stenosis.

NASCET stenosis classification method was used to
calculate the degree of stenosis according to the follow-
ing formula: stenosis degree% = (1-diameter of the nar-
rowest vessel lumen/diameter of the normal lumen at
the distal end of the stenosis)*100%. The diameter (N) of
the narrow part and the diameter (D) of the distal nor-
mal vessels were measured. The stenosis rate r = (1-N/
D) × 100%. Stenosis was graded: no stenosis (stenosis
rate 0), mild stenosis (stenosis rate < 29%), moderate
stenosis (stenosis rate 30–69%), severe stenosis (stenosis
rate 70–99%) and complete occlusion.

Inclusion criteria and exclusion criteria
ICA stenosis or plaque formation was confirmed by
head- and neck- CT. The ICA patients with following
ocular characteristics were excluded: diopter > ± 3.0
(may affect visual acuity), active intraocular inflamma-
tion and/or infection, or any type of intraocular surgery
(except cataract surgery) and retinal neovascularization
caused by diabetic retinopathy or other macular disease.
Additionally, the patients with the systemic diseases
were also excluded: patients with peripheral vascular dis-
ease, limb paralysis, severe eye disease history (corneal
disease, glaucoma, macular degeneration, ocular trauma,
pathological myopia and severe cataract); acute myocar-
dial infarction, stroke and infectious inflammatory dis-
ease in the first few weeks of the study; patients with
persistent heart rate abnormalities and chronic heart
failure; pulmonary hypertension and patients with acute
or chronic infectious diseases or malignant tumors; obvi-
ous refractive interstitial opacity or abnormality affecting
OCT measurement, such as obvious cataract, vitreous
opacity, vitreous hemorrhage, vitreous cavity silicone oil
filling state, etc.; patients who have undergone internal
carotid artery surgery.

Data collection
A total of 159 patients and 20 control subjects were
included in the data collection. The data included the
following contents: general information (age, occupation,
marital status, education level, work intensity); health
status (gender, hypertension, diabetes, coronary athero-
sclerotic heart disease, hyperlipidemia, cerebrovascular
disease, malignant tumor, peripheral vascular disease,
etc.); daily life habits (drinking, sleeping, smoking, drink-
ing tea, physical exercise); eating habits (halophilic, fruit,
vegetables and meat); and family history (with hyperten-
sion, diabetes and coronary heart disease).
Ocular data were collected from all enrolled patients,

including best corrected visual acuity (BCVA), non-
contact intraocular pressure measurement, slit-lamp
ophthalmoscopy, color fundus photography, enhanced
depth imaging optical coherence tomography (EDIOCT)
(Heidelberg Spectalis OCT, scan mode 10mm). The
OCT image acquisition time was 9–12 AM daily.

Quality control of image
The artery occlusion was selected on the heavier side.
One eye with clear choroidal image was selected for ana-
lysis in normal subjects and the patients with the similar
occlusion in both sides. All data were collected by the
same technician (Wang Wei). After the EDIOCT, the
best image was displayed on a computer screen and
independently evaluated by three physicians. When two
or more graders determine that the foveal choroid image
was clearly identifiable, the image was considered
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acceptable and used for analysis. For pictures with un-
clear choroidal image, two physicians explored the
boundary. If there were significant discrepancies be-
tween the two, the third physician was inquired. Finally,
17 images were excluded, and the remaining 162 images
were obtained from the four groups, including no ca-
rotid artery stenosis group (20 cases), mild stenosis
group (64 cases), moderate stenosis group (61 cases),
and severe stenosis group (17 cases).

Range of subfoveal choroidal area
Subfoveal choroidal thickness (SFCT) was measured in
the fovea of the macula. It was the distance from the
outer surface of the retinal pigment epithelial layer to
the choroid and sclera interface below the fovea (Fig. 1).
The nasal side is 750 μm with the fovea as the starting
point, and the temporal border is 750 μm with the fovea
as the starting point.

Image binarization
Using the Auto Local Threshold (Niblack Method) and
polygon selection tool, the choroidal region was marked
with bruch membrane as the upper boundary and
choroidal-scleral interface as the lower boundary, with
the central fovea as the center, and the distances be-
tween nasal and temporal sides were 750 μm. The total
choroidal area (TCA) was calculated, and the image
was converted into 8-bit. The Auto Local Threshold
was used to perform image binarization. In the binar-
ized image, dark pixels represented the vascular cavity,
and white pixels represented stromal area. After con-
verting the image into RGB (red, green, blue) color, the
dark pixels were selected using the color threshold tool
to calculate the area of the dark pixels of the luminal
area (LA). Stromal area (SA) was calculated by sub-
tracting LA from the TCA. The ratio of LA to TCA is
defined as CVI (Fig. 2).

Data analysis
The data was analyzed and processed using SPSS 19.0
software. Countable data were analyzed by χ2 test. One-
way ANOVA was used to compare the data among
groups, and the data were expressed as mean ± standard
deviation (SD). The difference was statistically significant
when P values were less than 0.05.

Results
A total of 162 eyes were included in the study, 20 eyes in
the normal control group, and 142 eyes in the ICA sten-
osis groups, including 64 cases in mild stenosis group, 61
cases in moderate stenosis group, and 17 cases in severe
stenosis group. In the control group, there were 12 males
(60%) and 8 females (40%); 43 males (67.2%) and 21 fe-
males (32.8%) in the mild carotid stenosis group; there
were 42 males (68.9%) and 17 females (30.4%) in the mod-
erate stenosis group. There were 10 males (58.8%) and 7
females (41.2%) in the severe stenosis group. The gender
distribution of the four groups was not statistically signifi-
cant (P = 0.734). There was no significant difference in the
mean age among the four groups (P = 0.892). There were
no differences regarding the incidence rates of diabetes,
cerebrovascular disease coronary heart disease in four
groups. Therefore, we ignored the impact of these factors
on the final analysis (Table 1).

SFCT was analyzed in the control group and carotid
stenosis group. The SFCT values in normal control group,
mild stenosis group, moderate stenosis group and severe
stenosis group was 251.86 ± 35.2 μm (95% CI: 235.38–
268.34), 259.25 ± 30.07 μm (95% CI: 253.73–266.76),
252.42 ± 30.78 μm (95% CI: 244.53–260.30), and 230.32 ±
30.80 μm (95% CI: 214.4–246.16), respectively. There was
no significant difference between the ICA mild stenosis
group and the ICA moderate stenosis group compared
with the normal control group (p = 0.355 and p = 0.945).

Fig. 1 Subfoveal choroidal thickness (SFCT) was measured in the fovea of the macula. It was the distance from the outer surface of the retinal
pigment epithelial layer to the choroid and sclera interface below the fovea
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The significant difference was only observed between con-
trol and severe stenosis group (P < 0.05) (Table 2).
The CVI of the normal control group was 66.84 ±

1.45% (95% CI: 66.16–67.51%), 66.39 ± 1.8% (95% CI:
65.94–66.83%) in the ICA mild stenosis group, 64.42 ±
0.9% (95% CI: 64.19–64.65%) in the ICA moderate sten-
osis group and 62.76 ± 1.01% (95% CI: 62.24–63.28%) in
the ICA severe stenosis group (Table 2). The CVI of the

ICA mild stenosis group was lower than that of the nor-
mal control group (Table 2), but the difference was not
statistically significant (P = 0.219). When compared with
normal control group, the values in ICA moderate sten-
osis group and ICA severe stenosis group were statisti-
cally reduced (P < 0.001). The receiver operating
characteristic (ROC) curve was shown in Fig. 3. The area
under the ROC curve of CVI was 0.788. The specificity

Fig. 2 Enhanced depth images obtained using spectral domain OCT of a patient. A) EDIOCT scanning of a patient with ICA. B) Overlay image of
EDIOCT scan with region of interest obtained after image binarization

Table 1 Characteristics of participants

Groups Normal (n = 20) Mild stenosis (n = 64) Moderate stenosis (n = 61) Severe stenosis (n = 17) P

Gender, male (%) 12 (60%) 43 (67.2%) 42 (68.9%) 10 (58.8%) 0.734

Age, yrs 65.15 ± 6.14 64.22 ± 6.61 64.43 ± 6.68 6.682 ± 5.27 0.892

Hypertension (%) 8 (40%) 20 (31.3%) 14 (23%) 8 (47.1%) 0.198

Diabetes (%) 4 (20%) 10 (15.6%) 11 (18%) 4 (23.5%) 0.884

Cerebrovascular disease (%) 2 (10%) 6 (9.3%) 10 (16.4%) 5 (29.4%) 0.173

CHD (%) 2 (10%) 6 (9.3%) 10 (16.4%) 4 (23.5%) 0.387

Hyperlipidaemia (%) 5 (25%) 9 (14.1%) 10 (16.4%) 6 (35.3%) 0.191

Current smoker (%) 5 (25%) 10 (15.6%) 9 (14.8%) 4 (23.5%) 0.638

Alcohol consumption (%) 5 (25%) 11 (17.2%) 11 (18%) 6 (35.3%) 0.361

CHD Coronary artery heart disease
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and sensitivity of CVI were higher than those of SFCT.
The Youden index was 65.16%. Thus, this value was
considered as the critical value of CVI in carotid stenosis
group and normal control group (Fig. 3).
We used CVI = 65.16% as the cut-off value. All 162

participants were divided into two groups, CVI ≤ 65.16%
(n = 83) and CVI > 65.16% (n = 79) (Table 3). In the
CVI ≤ 65.16% group, there were 53 males (63.9%). In the
CVI > 65.16%, there were 55 males (69.6%) (P = 0.912).
There was no significant difference in the mean age be-
tween the two groups (P = 0.604). There was also no sig-
nificant difference in the proportion of hypertension,
diabetes, cerebrovascular disease and coronary heart dis-
ease between the two groups. Therefore, we ignored the
impact of these factors on the final analysis.
CVI ≤ 65.16% group included 1 normal subject, 18

ICA mild stenosis, 47 moderate ICA stenosis and 17 pa-
tients with ICA severe stenosis. CVI > 65.16% group in-
cluded 19 normal subject, 46 patients with ICA mild
stenosis, 14 patients with ICA moderate stenosis, 0

patients with ICA severe stenosis. The distribution of
the patients in two groups had statistical significance
(P < 0.001) (Table 4).

Discussion
In our study, EDIOCT was applied to scan macular
fovea and SFCT was measured. Image binarization tool
was utilized to calculate CVI in patients with ICA sten-
osis. Interestingly, our data implicated CVI as a more ac-
curate parameter to diagnose or monitor choroidal
vascular changes in ICA stenosis.
ICA stenosis can cause changes in ocular

hemodynamics [21]. The choroid blood flow is the most
abundant part of the blood flow in the eye. When ICA
stenosis occurs, the flow of choroidal blood is affected,
which may be the first sensitive indicator of changes of
blooding flow [22]. Due to the limitations of examination
methods, there are few studies on the choroid, and the
qualitative and quantitative observation of the choroid is
extremely difficult using spectral domain optical

Table 2 Choroidal and retinal parameters between healthy controls and stenosis group

Groups Normal (n = 20) Mild stenosis (n = 64) Moderate stenosis (n = 61) Severe stenosis (n = 17) P

SFCT, μm 251.86 ± 35.20 259.25 ± 30.07 252.42 ± 30.78 230.32 ± 30.80 0.01

TCA, mm2 1.06 ± 0.14 1.08 ± 0.12 1.07 ± 0.11 0.94 ± 0.11 0.001

SA, mm2 0.35 ± 0.06 0.36 ± 0.05 0.38 ± 0.04 0.34 ± 0.07 0.013

LA, mm2 0.71 ± 0.09 0.72 ± 0.080 0.69 ± 0.07 0.59 ± 0.06 0.001

CVI (LA/TCA), % 66.84 ± 1.45 66.39 ± 1.8 64.42 ± 0.9 62.76 ± 1.01 0.001

Fig. 3 The receiver operating characteristic (ROC) curve. The area under the ROC curve of CVI was 0.788. The specificity and sensitivity of CVI
were higher than those of SFCT. The Youden index was 65.16%
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coherence tomography or even swept-source OCT [23].
Histologically, the choroid is composed of blood vessels
and stroma (pigment cells, smooth muscles, neurons,
blood vessel walls and connective tissue). Therefore, we
should not only observe changes in choroidal thickness.
Instead, vascular structure may be more sensitive indica-
tor. To determine this, it is necessary to conduct morpho-
metric analysis. However, since the choroid is basically
composed of blood vessels and has no uniform or fine
structure like the retina, it is quite difficult to perform
morphometric analysis.
Branchini et al. [3] firstly described how to analyze

OCT images to determine the choroidal vasculature and
use custom software to calculate the ratio of bright to
dark pixels. Sonoda et al. [13, 14] used binarization tech-
niques to distinguish between the choroidal vascular
luminal area and the choroidal stromal area, further con-
firming that dark regions represent vascular structures,
while bright regions represent stromal portions. Agrawal
et al. [15, 17–19] used the concept of CVI to evaluate
the vascular state of the choroid. Compared with SFCT,
CVI was less affected by other factors. SFCT was the
only factor associated with CVI, and the choroidal stro-
mal area was not significantly associated with SFCT. In
studies of various diseases, measuring the proportion of
choroidal vessels provided more effective information
for clinical work.
In our study, SFCT was significantly lower in the

ICA severe stenosis group, which is consistent with
our previous findings (5), while the SFCT in the mild
stenosis group and the moderate stenosis group was

comparable with the normal group. The CVI of the
severe stenosis group was significantly lower than that
of the normal group, indicating that the choroidal
thickness did not change significantly during moder-
ate stenosis, but the ratio of vascular components in
the choroid had changed greatly. The area of LA was
larger than that of the normal group. However, the
area of SA was significantly lower than that of the
normal group. The blood supply to the eye tissue
mainly comes from the ophthalmic artery. The reduc-
tion of blood supply to the ophthalmic artery will in-
evitably affect the retina and choroid. Choroidal blood
flow accounts for 90% of ocular blood flow, and has
important physiological effects.
We hope to find a diagnostic indicator to detect

changes in ocular blood flow in ICA patients. A CVI of
65.16% was set as a cut-off value after analyzing the
ROC curve and all cases were divided into two groups.
The composition between the two groups was signifi-
cantly different. CVI > 65.16% group mainly included
normal control group, ICA mild stenosis cases and a
small portion of moderate stenosis cases, but without se-
vere stenosis cases. CVI ≤ 65.16% group mainly included
patients with moderate stenosis group and all patients
with severe stenosis group. A small number of patients
with mild stenosis were included in CVI ≤ 65.16% group,
which also confirmed our hypothesis that when the ICA
stenosis is aggravated, the eye presents a chronic ische-
mic state, which not only affects the choroidal capillar-
ies, but also reduces the diameter. It affects the small
blood vessels in the Haller’s layer, and the inner layer of

Table 3 Characteristics of participants

Groups CVI≤ 65.16% (n = 83) CVI > 65.16% (n = 79) P

Gender, male (%) 53 (63.9%) 55 (69.6%) 0.912

Age, yrs 64.34 ± 6.38 64.87 ± 6.5 0.604

Hypertension (%) 25 (30.1%) 25 (31.6%) 0.834

Diabetes (%) 14 (16.9%) 15 (19%) 0.954

Cerebrovascular disease (%) 10 (12%) 13 (16.5%) 0.584

CHD (%) 10 (12%) 11 (13.9%) 0.738

Hyperlipidaemia (%) 12 (14.5%) 18 (22.8%) 0.287

Current smoker (%) 13 (15.7%) 15 (19%) 0.786

Alcohol consumption (%) 16 (19.3%) 17 (21.5%) 0.971

CHD Coronary artery heart disease

Table 4 Choroidal and retinal parameters between healthy controls and stenosis group

Groups CVI≤ 65.16% (n = 83) CVI > 65.16% (n = 79) P

Normal group 1 (1.2%) 19 (24.1%) < 0.001

Mild stenosis group 18 (21.7%) 46 (58.2%)

Moderate stenosis group 47 (56.6%) 14 (17.7%)

Severe stenosis group 17 (20.5%) 0
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the Sattler layer, resulting in a decrease in the propor-
tion of the choroidal vasculature.
Our study has several limitations. Firstly, all the ob-

servers enrolled in this study were from hospital pa-
tients, and the prevalence of various cardiovascular
diseases such as cardiovascular and cerebrovascular dis-
eases was slightly higher than that of the normal popula-
tion, although without significant difference when
compared with controls. In addition, bias might be
caused by the small number of patients in the severe
stenosis group. The future study will expand the enroll-
ment group, especially those in the severe stenosis
group. Secondly, we only measured a single scan of the
1500-μm region centered on the fovea, and a larger re-
gion or macular volume scan may provide us with better
choroidal vascular index information.

Conclusion
In summary, the use of choroidal image binarization to
analyze choroidal structural changes in patients with
ICA stenosis provides us with a possibility to correlate
the choroidal vasculature with the large vascular system
of the body. The patients with CVI ≤ 65% have a greater
possibility of serious occurrence.
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