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Abstract: The choroid, as an important nutrient tissue supplying the outer retinal layer and macular region, is primarily
vascular in structure. The choroid accounts for approximately 70% of the blood flow to the entire uvea and, as the vascular
system supplying the outer layer of the retina and the macula, it accounts for approximately 2/3 of the blood flow to the entire eye.
Because of its unique structure and function, the choroid plays a pivotal role in ocular disorders. For a long time, the study of the
choroid has been in an exploratory stage due to its deep anatomical location and the limitations of the examination equipment. As
research has progressed, it has become increasingly clear that choroid-related changes are a crucial factor in the pathogenesis of
many ocular diseases. Qualitative changes in the choroid occur when ocular disorders occur, particularly when blood flow status
is altered due to local or systemic disease, resulting in corresponding changes in choroidal blood flow, choroidal thickness, and
choroidal volume. It has been shown that choroidal changes precede retinopathy in some eye diseases, for example, diabetic
fundopathy: diabetic choroidopathy precedes diabetic retinopathy. In ocular disease, then, changes in choroidal structure and
imaging play a prerequisite role in the early detection and treatment of the disease. This article, therefore, reviews the common
clinical imaging modalities of the choroid in ophthalmology and the choroidal changes in related ocular diseases.
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occur early, meaning that the choroidal capillaries are altered
before the retinal vasculature is altered and that such
alterations may be an important mechanism in causing eye
disease, meaning that the choroidal alterations may exist
before the physician observes the retinal changes [3]. If other

1. Introduction

The choroid, a vital nutrient system for the outer layer of
the retina and the central macular sulcus, relies heavily on its
unique and productive blood-flowing vascular structure. A

well-structured and functional choroidal tissue is essential for
retinal function. Specifically, the primary function of the
choroid is to supply nutrients and transport metabolites to the
outer retinal layer, the retinal pigment epithelium, and the
anterior optic nerve of the sieve plate; secondly, it is also the
sole source of metabolic exchange in the central macular
recess [1]. The choroidal vascular system is responsible for
the nutrition and metabolism of the outer third of the retina,
and when choroidal blood flow is abnormal, it leads to
dysfunction and even apoptosis of photoreceptor cells in the
retina [2]. It has been suggested that in diabetic retinopathy
there is a tendency for structural changes in the choroid to

eye diseases are studied in more depth, the sequence of
retinal and choroidal lesions can be explored as a theoretical
basis for the early detection and treatment of clinical disease.
Previous studies of the choroid have been limited for some
time by the deep anatomical and histological location of the
choroid, signal masking by pigment epithelium, signal
absorption by water in the vitreous cavity, and abnormal
signal interference, leading to a stagnation in the qualitative
analysis of the choroid, with angiography and blood flow
observation of the choroid being representative of these
examinations. Technology has now allowed us to move
forward with the quantitative and visual analysis of the
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choroid, including the measurement of Choroidal thickness
and Choroidal volume. With the technical support of the new
optical correlation tomography, clinically standardized values
of choroidal structures are obtained during the quantitative
measurement of the choroid, facilitating cross-referencing of
findings by different investigators. Further findings
summarise the sequence and characteristics of relevant
structural tissue changes in ocular disease, providing new
ideas for the development of clinical imaging and
observational studies of ocular disease.

2. Detection of the Choroid
2.1. Choroidal Blood Flow

The choroid is mainly made up of blood vessels and normal
blood flow in the eye is fed by two sets of non-interfering
vessels: the central retinal vessels and the ciliary vessels. Of
these, the posterior ciliary artery, once inside the eye, gives
rise to two branches: one forms the short posterior ciliary
artery: firstly, the Zinn ring, which supplies the optic papilla;
secondly, it forms the posterior choroidal vessels (the
capillaries of the choroid, the Sattler and Haller layers). The
other branch forms the long posterior ciliary artery: it supplies
the anterior uvea (which includes the iris, ciliary body, and
anterior choroid).

Fundus angiography is the most widely used method for
clinical observation of blood flow in ophthalmology. Fundus
fluorescein angiography (FFA) and indocyanine green
angiography (ICGA) are the two main types of fundus
angiography. After blue light stimulation, the fluorescent
material appears as a yellow-green image, and information
about the time of visualization, the degree of filling of the
vessels, and the presence of leakage can be used to infer the
location, extent, and nature of the lesion in the fundus.
However, observation of the choroid is particularly difficult
due to factors such as rapid choroidal blood flow, retinal and
choroidal pigment occlusion, and the molecular
characteristics of sodium fluorescein, and is therefore now
mainly used to observe the structure and blood flow of the
retinal vascular circulation [4-5].

ICGA, a large-molecule fluorescent dye, was first applied
to the cerebral circulation in dogs in 1969 by Kogure et al
[6-7] and to the choroidal vascular circulation the following
year. Flower [8-9] and others further investigated and
improved indocyanine green angiography, which is a
near-infrared light that is more penetrating and less absorbent
in the blood than FFA, making ICGA more suitable than FFA
in cases of nucleated cataracts, vitreous pooling, retinal
hemorrhages and the appearance of abnormal blood vessels.
Moreover, indocyanine green binds approximately 98% of
plasma proteins (80% of which bind to larger proteins: e.g.
globulins and al-lipoproteins) [10-11] and is less likely to
penetrate choroidal vessels and leaks less in the choroid, thus
providing a clearer and more visual indication of
choroid-related structures and blood flow.

However, both of these methods of visualizing the
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intraocular vasculature are invasive, invasive and can cause a
range of side effects such as nausea, vomiting [12], vagal
reactions [13], and allergic reactions [14]. As a result, a
non-invasive, rapid, and safe procedure has emerged: Optical
Coherence Tomography Angiography (OCTA).

The principle of the OCTA examination is based on the
element of motion in the eye: the blood flow - the movement
of blood cells - and presents different levels of retinal
vascular imaging according to the built-in software in the
device, with different devices and their respective algorithms.
It is also possible to combine the contrast produced by the
moving blood cells with the surrounding static tissue through
multiple B-scan scans of the same position and, after
computer software, to generate the clinically required
three-dimensional imaging graphics [15]; and it is possible to
simultaneously select the retinal vessels to be observed at
different levels, in addition to being able to show the deep
retinal and choroidal vascular structures (analysis of the
superficial vascular plexus, the deep vascular plexus, outer
retinal layer, and choroidal capillaries). OCTA clearly shows
vascular abnormalities such as enlarged central sulcus
avascular areas, retinal avascular areas, microaneurysms,
neovascularization of the retina and choroid, choroidal
branch vessels, and choroidal polypoid lesions. However, the
limitation of OCTA is that it is not yet possible to detect the
filling time of fundus vessels and to observe the filling of
vessels dynamically.

2.2. Choroidal Thickness

Choroidal thickness measurement refers to the thickness
between the outer retinal pigment epithelium (RPE) and the
junction between the choroid and the sclera [16]. The choroid
is mainly composed of blood vessels and its thickness often
varies considerably depending on the filling state of the
vessels. According to a study by Goldenberg et al, the mean
choroidal thickness (subfoveal choroidal thickness (SFCT)) of
the central macular sulcus in healthy adults is 300 pm. Within
3 mm from the central recess, it is thickest above
(approximately 308 um), followed by the central recess (293
um), then temporal (264 um) and inferior (263 pm), and
thinnest on the nasal side (174 pum) [17]. Meanwhile,
choroidal thickness is influenced by various factors, such as
age, gender, refractive error (eye axis), and diurnal pattern;
and whether blood pressure (including diastolic and systolic
blood pressure), intraocular pressure and perfusion pressure
affect choroidal thickness is inconsistent with the findings of
different scholars and needs to be further explored. Age and
SFCT showed a negative correlation with age, i.e., the older
the age, the smaller the choroidal thickness and the SFCT was
significantly thicker in children under 10 years of age [18].
The SFCT is thicker in men than in women [19-20]. In the
myopic refractive range greater than -1.00 D, the SFCT
decreased by 15 um for each 1 D increase in myopic refraction
and by 32 um for each 1 mm increase in the ocular axis [19].
Based on SFCT and 1.5 mm from the central recess, SFCT and
nasal choroidal thickness were thicker in the evening than in
the morning, while no significant difference was seen in
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temporal choroidal thickness [21].

The commonly used techniques such as FFA, ICGA, or
OCTA can qualitatively analyze the choroidal vascular
morphology and blood flow, but they cannot accurately
present the choroidal thickness and its morphological features.
The main tools available to quantify the structural features of
the choroid are spectral-domain optical coherence
tomography (SD-OCT) and swept-source optical coherence
tomography (SS-OCT).

2.2.1. Spectral-domain Optical Coherence Tomography

SD-OCT consists of a broadband light source, a fiber optic
Michelson interferometer, and a spectrometer system that
accepts the interferometric signal [22]. Its imaging principle is
based on coherent light imaging. The interference of coherent
light results in different brightnesses depending on the phase
relationship of the two beams. If the frequencies of the
different light waves are slightly different, a new interference
or beat frequency can be detected. Light interference using
short coherence lengths produces a range of frequencies from
different depths of tissue, depending on the depth of reflection.
If the interference pattern is projected through the grating, the
various frequency components will be dispersed. The closer
the two path lengths match, the lower the frequencies, and the
greater the path length mismatch for deeper structures, thus
generating interference signals consisting of higher
frequencies. These different signals and frequencies can be
detected simultaneously, thus leading to imaging errors, which
is where the limitations of SD-OCT imaging come into play.
When using the Fourier transform, the location and intensity
of the different reflections are determined by coding the
frequencies. sd-OCT detects deep tissue, which produces
higher frequency signals, but its detection method is nonlinear,
so during detection, the higher frequency signals from deep
tissue are mixed, producing more interference signals.
Therefore, the sensitivity of SD-OCT decreases as the signal
frequency increases, and the more the sensitivity decreases,
the darker the imaging will be [23]. To better solve this
problem, enhanced depth imaging optical coherence
tomography (EDI-OCT) has been developed. EDI-OCT is the
conversion of the interferometric signal into two conjugate
images using the Fourier transform, which in practice usually
shows one image, by adjusting the peak sensitivity to image
the image deep in the posterior part of the eye, so that the
choroidal structures appear [24].

2.2.2. Swept-source Optical Coherence Tomography
SS-OCT and SD-OCT use different light sources and
different detection methods. SS-OCT separates different
wavelengths of broad-spectrum light, receives the signal by
using a balanced detector, and then reconstructs the
information to obtain the signal returned at different depths,
with much lower sensitivity attenuation than SD-OCT. The
wavelength of the light wave of SS-OCT is longer than that
of SD-OCT (in the range of 1 um) so that this longer light
wave can penetrate the tissue to a greater extent and achieve
good choroidal tissue imaging. However, wavelengths
beyond 1 um are attenuated by water absorption and imaging

signal-to-noise is reduced [25-26]. In terms of imaging speed
based on SS-OCT, SS-OCT achieves a faster sweep rate by
separating the light source as described above and using a
balanced detector. It has been shown that 3D stereoscopic
imaging of the fundus with a larger field of view
(approximately 80°) can be achieved using SS-OCT at 1.6
MHz [27]. In an analysis of choroidal structures in healthy
eyes using SS-OCT compared to SD-OCT, Adhi [28] noted
that SS-OCT was able to show 100% of the choroidal-scleral
junction, which was a more significant advantage over EDI
SD-OCT (73.6%) and SD-OCT (68.4%).

When measuring choroidal thickness, data from both
measurement modalities showed inconsistencies, and Matsuo
[29] et al. stated that SFCT assays obtained by both SD-OCT
and SS-OCT instruments were reliable in normal subjects,
with good reproducibility of each. However, the choroidal
assay values measured with SS-OCT were somewhat larger
than those measured with both SD-OCT instruments;
therefore, the choroidal thickness should not be compared
between SD-OCT and SS-OCT instruments. However, in the
study by Pinilla [30] et al, the choroidal values measured by
SD-OCT and SS-OCT instruments were also well
reproducible, but the choroidal values obtained by SD-OCT
were statistically higher than the values measured by
SS-OCT. Therefore, based on the different data of choroidal
values measured by SD-OCT and SS-OCT, it is proposed that
the two measurement tools have different detection methods,
that is, in addition to the effect caused by the different
equipment, it is possible that both studies have a small
sample size or whether they pose a certain geographical gap
between different human populations. Therefore, each of
them can be used for choroidal detection with good
consistency and reproducibility of data, but the
cross-referential value between them needs to be further
investigation.

2.3. Choroidal Volume

Choroidal volume 1is the product of the choroidal
thicknesses within a certain area, i.e. the choroidal volume.
Therefore, all factors affecting choroidal thickness may affect
choroidal volume, but the difference is that choroidal
thickness, as a two-dimensional concept, responds to a
longitudinal concept, whereas for choroidal volume, it is a
three-dimensional structural response. As the lower choroidal
boundary is wavy or curved, the use of choroidal thickness to
describe the choroidal structure is a somewhat one-sided
approach, and the choroidal volume within a region provides a
more complete picture of the choroidal structure than the
choroidal thickness value at a particular point or surface.
Therefore, the author believes that in the future, as technology
advances, choroidal volume testing may replace choroidal
thickness testing. Similarly, there are two main methods for
detecting choroidal volume: SD-OCT and SS-OCT, both of
which can automatically analyze specific data on a choroidal
volume using their algorithms and built-in software, enabling
quantitative analysis of the structural characteristics of the
choroid.
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3. Choroidal Changes in Eye Disease

With advances in the anatomy and imaging of the eye,
knowledge of many ocular diseases has increased and many
new ocular diseases have been recognized. The state of the
choroid appears to be a key determinant in the pathogenesis of
certain diseases, such as diabetic choroidopathy, age-related
choroidal atrophy, chorioretinal inflammatory diseases, and
ocular tumors.

3.1. Diabetic Chorioretinopathy

The incidence and prevalence of diabetes mellitus (DM) is
increasing every year, and it is expected that by 2030, the total
number of people aged 20-79 years with DM will be 578
million worldwide [31]. DM affects large and small blood
vessels throughout the body, leading to vascular dysfunction
and ultimately tissue degeneration and damage. In eye disease,
the focus has been on retinopathy; in fact, some studies have
illustrated that changes associated with choroidal vasculature
are present before the retinal vasculature is diseased [3],
known as diabetic choroidopathy (DC). Using scanning
electron microscopy, Fryczkowski et al. showed that increased
choroidal wvascular curvature, focal vasodilation and
narrowing, hypertrophy, vascular ring, and microaneurysm
formation, "shedding" of choroidal capillaries, and the
formation of areas of sinus-like structures between the
equatorial choroidal lobules in patients with DM showed that
changes in the choroidal capillaries resulting in reduced
oxygenation of the outer retinal layers may contribute to
diabetic retinopathy [3]. In addition, early pathological studies
of DC have shown the following changes in the choroid:
choroidal capillary loss, tortuosity, microaneurysms, deposits
on Bruch's membrane choroidal neovascularisation, and have
demonstrated that DC is an inflammatory disease [32]. It has
been reported that the choroid thins in patients with early DR
[33-35], but different studies have shown a trend towards
thinning in the early stages and thickening in the later stages
[36], and there are even some opinions that choroidal
thickness shows a trend towards thickening in patients with
DM [37-38]. The specific reasons for the inconsistent findings
are unclear, and it is speculated that different ethnic
differences, patients' systemic conditions, or medication use
may be more likely to account for these differences.

3.2. Central Serous Chorioretinopathy

Central Serous Chorioretinopathy (CSC) is known to be one of
the leading causes of vision loss in young people, with a
prevalence of approximately 1 in 10,000 and a male to female
ratio of between 72% and 88% [39]. CSC can present as an acute
attack or as a chronic recurrence. In acute attacks, it usually
resolves on its own within 2-3 months, but in about 30%-50% of
patients, it transforms into chronic CSC or recurrent acute CSC
occurs, leading to retinal thinning or the appearance of subcentral
macular fluid, which in turn leads to vision loss [40]. Secondly,
CSC affects choroidal circulation disturbances, increases
choroidal vascular permeability, and causes choroidal
vasodilatation, leading to plasmacytoid pigment epithelial
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detachment and subretinal fluid formation, which is one of the
reasons why it is called "chorioretinopathy" [41]. The increased
choroidal thickness detected on SS-OCT confirms the role of the
choroid in the pathogenesis of CSC [42, 43].

3.3. Pathologic Myopia

Progressive atrophy of the retinal pigment epithelium has
been observed in patients with pathological myopia, and this
change becomes more pronounced with increasing degrees of
myopic macular degeneration (MMD). According to
Ohno-Matsu et al., five types of myopic macular degeneration
are defined: category 0: no myopic retinal degenerative
lesions; category 1: tessellated fundus; category 2: diffuse
retinal choroidal atrophy; category 3: patchy retinal choroidal
atrophy; and category 4: macular atrophy [44]. Significant
obstruction of choroidal capillaries and progressive retinal
degeneration have been observed in eyes with high myopia
[45], with a reduced number of choroidal capillaries visible in
the area of obstruction, and a similar reduction in choroidal
thickness observed on SD-OCT [46]. Several studies have also
found that reduced choroidal thickness correlates closely with
the severity of MMD [47].

3.4. Polypoidal Choroidal Vasculopaty

In patients with polypoidal choroidal vasculopathy (PCV),
SS-OCT-based studies have identified abnormally dilated
choroidal vessels and compression of choroidal capillaries
causing local ischemia, and these pathological changes may
be relevant to the development of PCV [48]. Choroidal
capillary atrophy and ischemia in patients with PCV allow
for increased choroidal extravasation, which leads to

increased choroidal permeability [49] and increased
choroidal thickness. Several studies have shown that the
ischaemic choroidal microenvironment promotes the

expression of vascular endothelial growth factor (VEGF) and
the production of neovascularization [50-51]. Therefore,
changes in the choroid could be applied to the analysis of the
efficacy of anti-VEGF drugs in subsequent studies.

3.5. Age-Related Macular Degeneration

In patients with Age-Related Macular Degeneration
(AMD), the presence of choroidal neovascularization (CNV)
often means that the disease has reached an advanced stage
of AMD. The abnormal CNV breaks through the Bruch's
membrane into the subretinal pigment epithelium (RPE)
(type 1 CNV) or subretinal space (type 2 CNV) and, in some
patients, anastomoses with the choroidal vascular system and
manifests as a proliferating retinal haemangioma (type 3) [52]
[53]. OCTA, based on SS-OCT imaging, can image CNV by
semi-automatic segmentation of the outer retinal Ilayer,
subretinal, or below the RPE from a database, providing
viable theoretical detection support for direct visualization of
neovascular AMD and its microvascular details [54].

3.6. Vogt-Koyanagi-Harada Syndrome
Vogt-Koyanagi-Harada syndrome (VKH) is defined as



International Journal of Ophthalmology & Visual Science 2021; 6(2): 101-107

bilateral chronic granulomatous uveitis with inflammation
mainly involving the choroidal stroma, the RPE layer, and
the outer retinal layer. ICGA showed choroidal vascular
hyperfluorescence and delayed choroidal capillary circulation
in the early stages of choroidal stromal inflammation, with
later presentation as isofluorescence indicating inflammatory
granuloma or persistent hypofluorescence indicating full
choroidal granuloma [55]. On OCT, choroidal granulomas in
VKH show a homogeneous rounded hyporeflective signal
with well-defined margins and obscured signal beneath the
granuloma [56]. SD-OCT and SS-OCT show increased CT in
the acute phase of VKH and better choroidal resolution
images with SS-OCT, especially in severe choroidal lesions
[39, 57].

4. Conclusion

In summary, with continuous innovation in imaging
technology, non-invasive, non-contact visualization of the
choroid is now possible. Choroidal changes have been
observed to play a significant role in the progression of
disease in a growing number of ocular pathologies. It has
been demonstrated that the overall structural features of the
choroid can be observed in SS-OCT, so the changes in
different tissues (mainly retina and choroid) and the
connections between them in ocular diseases can be more
deeply studied and explored. With further interest and
research into the choroid, it is expected that future
developments will allow for precise analysis of the layers of
the choroid and exploration of the structural changes in the
choroid in ocular disease.
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