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Assessment of choroidal
structural changes in patients
with pre- and early-stage
clinical diabetic retinopathy
using wide-field SS-OCTA
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Purpose: To investigate the micro-vascular changes in choroidal structures in
patients with pre- and early-stage clinical diabetic retinopathy (DR) using wide-
field Swept-Source Optical Coherence Tomography Angiography (SS-OCTA).

Method: This observational cross-sectional study included 131 eyes of 68
subjects that were divided into healthy controls (group 1, n = 46), pre-DR
(group 2, n = 43), early-stage DR (group 3, n = 42) cohorts. All participants that
underwent SS-OCTA examination were inpatients in the department of
Ophthalmology and the department of Endocrinology, Qilu Hospital,
Shandong University, and Department of Ophthalmology, Aier Eye Hospital,
Jinan, from July 11, 2021 to March 17, 2022. The choroidal vascularity index
(CVI), choroidal thickness (ChT) and central macular thickness (CMT) in the
whole area (diameter of 12 mm) and concentric rings with different ranges (0—
3,3-6,6-9, and 9-12 mm) were recorded and analyzed from the OCTA image.

Result: Compared with healthy eyes, decreases in CVI and ChT were found in
the eyes of patients with pre-or early-stage DR. The changes were more
significant in the peripheral choroid, with the most prominent abnormalities in
the 9-12mm area (P < 0.001). However, there was no obvious difference in the
average CMT value. Furthermore, CVI and ChT were significantly correlated
with the duration of diabetes in the range of 6-9 and 9-12 mm (Ps < 0.05;
Correlation coefficient = -0.549, -0.395, respectively), with the strongest
correlation (Ps < 0.01; Correlation coefficient = -0.597, -0.413, respectively)
observed at 9-12 mm.
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Conclusion: The CVI and ChT values of diabetic patients are significantly lower
than in healthy controls, especially in patients with early-stage DR. In addition,
the peripheral choroidal capillaries are more susceptible to early DM-induced
injury than in the central area.

KEYWORDS

diabetes mellitus, diabetic retinopathy, wide-field optical coherence tomographic
angiography, choroidal vascular changes, choroidal vascularity index (CVI)

Introduction

Current evidence suggests that the annual prevalence of
diabetes mellitus (DM) has increased in recent years (1, 2).
According to the latest Diabetes Atlas (10™ edition) released by
the International Diabetes Federation (IDF) in 2021, about 537
million adults aged 20-79 suffer from DM worldwide (https://
diabetesatlas.org/). Diabetic retinopathy (DR) is widely
acknowledged as one of DM’s most serious ocular
complications and the most common cause of blindness (3-6).
Given the lack of obvious symptoms in early-stage disease,
patients are often diagnosed in the vision-threatening stage of
DR, when irreversible damage to visual acuity (VA) has already
occurred. Therefore, effective early screening and intervention
are essential to prevent severe vision loss secondary to DR. An
increasing body of evidence suggests that a sustained
hyperglycemic environment can cause vascular endothelial cell
dysfunction and narrowing of the choroidal and retinal
capillaries (7, 8). As the permeability of the inner retinal blood
barrier increases, retinal exudates hemorrhage and edema occur,
leading to irreversible damage to the retinal photoreceptors (9,
10). There are reportedly no retinal capillaries in the fovea within
a diameter of 0.5 mm, and the choroidal circulation is the only
blood supply for this area. In addition, the ellipsoid zone of the
outer retina is supplied by choroidal circulation (11-13).
Accordingly, the assessment of choroidal capillaries parameters
can potentially detect retinal damage in early-stage disease and
reveal the pathological mechanism of DR. Since Saracco and
colleagues first put forward the conception of diabetic
choroidopathy in 1982, clinical studies on choroids have
constantly been emerging, and our understanding of diabetic
choroidopathy has gradually deepened (14-16). As a new
biological measurement tool, the choroidal vascularity index
(CVI) has been documented to provide a more stable and
objective assessment of choroidal conditions by measuring the
ratio of the choroidal vessels to tissue composition (17). Current
evidence suggests that CVI and choroidal thickness (ChT)
enable quantitative analysis of the morphological and
structural changes of choroidal circulation abnormalities and
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can be used as early assessment indicators for many
chorioretinal diseases (8, 18, 19).

Optical coherence tomographic angiography (OCTA) can
effectively assist in investigating the quantitative characteristics
of changes in choroidal microvascular circulation and is the
main imaging modality for the early detection and evaluation of
diabetic choroidopathy (20-22). Given that the traditional
OCTA (3 mm x 3 mm or 6 mm x6 mm) has a limited visual
field, the pathological features of the peripheral retina of DM
patients cannot be obtained (22-24). Wide-field swept source
(SS)-OCTA represents a new non-invasive instrument suitable
for various follow-up applications. Importantly, with a scanning
scope enlarged to 12x12 mm, wide-field SS-OCTA enables more
comprehensive observation of diseases (25, 26). In this study, we
sought to measure CVI and the thickness of the retina and
choroid with wide-field SS-OCTA to better understand vascular
abnormalities in early-stage DM patients and promote the early
detection and treatment of diabetic retinopathy.

Methods

This retrospective observational study was conducted as per the
tenets of the Declaration of Helsinki and approved by the Medical
Research and Ethics Committee of Qilu Hospital and Shierming
Hospital. Written informed consent was obtained from subjects
after explaining the purpose of the study and informing them of the
details and any potential risks involved in the study. The study
included 46 eyes of healthy controls and 85 eyes of patients with
DM. All subjects were treated in the Department of Ophthalmology
and Department of endocrinology, Qilu Hospital, Shandong
University, and Department of Ophthalmology, Aier Eye
Hospital, Jinan, from July 11, 2021 to March 17, 2022.

In this study, we first shortlisted patients with type 2 DM and
the healthy control group subjects were matched for age, gender
and refractive error distribution. Subjects were divided into the
following three groups according to ophthalmoscopy and fundus
photography (Patients were grouped according to the eye with
moreadvanced lesions): Group 1, healthy subjects without diabetes;
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Group 2, pre-DR patients (Diabetes patients without DR); Group 3,
diabetic patients with early-stage DR (DR patients with only
microaneurysm). The exclusion criteria were as follows: (1) age >
18 years old; (2) Subjects with serious systemic diseases (tumor,
stroke, dementia, etc.); (3) Subjects with diabetic macular edema;
(4) History of ocular trauma and other vitreoretinal surgery; (5)
Subjects with glaucoma, high myopia (spherical equivalent >=
—-6.00D), and other ocular conditions that may affect the
choroidal and retinal capillaries; (6) Ocular media opacity; (7)
Images of low quality (quality index < 6).

The three groups of subjects underwent standardized
examinations. Ophthalmic examinations included best-
corrected visual acuity (BCVA) and slit lamp bio-microscopy.
Demographic data of age, gender, and duration were recorded
for all participants. The fasting venous blood samples from all
participants were analyzed for biochemical testing of serum
glycated hemoglobin (HbA1C).

For OCTA examination, all patients were imaged using a
commercial wide-field instrument (VG200, SVision Imaging,
Ltd., Luoyang, China) with a 1,050 nm wavelength sweeping
laser. All examinations were performed by an experienced
ophthalmologist. The SS-OCTA scan was executed with a
scanning speed of 200,000 A-scans per second and a wavelength-
sweeping laser with a central wavelength of 1050nm. The axial
resolution was 5 L, the lateral resolution was 15 pim, and the scan
depth was 3 mm. This equipment possessed eye-tracking
technology involving an integrated confocal scanning laser
ophthalmoscope to reduce eye-motion artifacts. Choroidal and
retinal parameters acquired from wide-field SS-OCTA (including
CVI, CT and CMT) were separately calculated in each annular
region with built-in software of VG200, SVision Imaging (version
1.32.9.). We measured and automatically calculated the total
choroidal area (TCA) and luminal area (LA) of the subjects
under the calibration of a retinal specialist (Jianqiao Li).
Choroidal vascular index (CVI) is defined as the ratio or
proportion of the LA within the TCA (Shown in Figure 1), the
ChT is defined as the vertical distance between the outer margin of
the RPE-Bruch’s complex to the inner border of the choroidoscleral
junction, and the CMT is defined as the mean distance in the central
12000-um diameter area between the vitreoretinal interface and the
outer margin of the RPE-Bruch’s complex. Besides, we also
calculated the differentials of capillaries between different
retinochoroid zones and the whole area (the values were
calculated as Cir(:lex_y - average values, and the mean values of
each group were shown in Table 1). All measurements were
performed by the same ophthalmologist.

Statistical analysis
All statistical analyses in this study were conducted using

SPSS software (version 19.0 SPSS, Inc, Chicago, IL, USA). The
Kolmogorov-Smirnov test was used for normality testing.
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Normally-distributed variables were expressed as the mean
and standard deviation (SD), and non-parametric variables as
the median and interquartile range (IQR). A paired-sample t-test
was used to compare the number of patients enrolled, mean ages,
durations, VA, Glucose, and Hemoglobin A1C between DM
patients and healthy controls. Differences between the healthy
controls, pre-DR, and early-stage DR groups were evaluated by
generalized estimating equations (GEEs) for binocular data. The
correlations between duration and choroidal characteristics were
also calculated. A P-value < 0.05 was statistically significant.

Results
General clinical characteristics

A total of 131 eyes from 68 patients were included in the
study, with no significant difference in age, sex composition or
BCVA among groups (P> 0.05). Significant differences were
found between the pre-and early-stage DR groups in the
duration of DM (9.02 + 6.09 vs. 27.09 + 13.51 (months)),
blood glucose (9.05 + 7.34 vs. 9.61 + 8.47 (mmol/L)), and
glycated hemoglobin (6.31 + 4.25 vs. 8.62 + 3.49 (%) (Table 1).

Characteristics of the choroid

The choroidal parameter values in each zone for the three
groups are shown in Table 2 and Figure 2. Although the mean CVI
was lower in patients with pre- and early-stage DR than in healthy
controls, a significant difference was only found for patients with
early-stage DR (p = 0.013). During subgroup analyses, after
stratifying by region, the differences in CVI values in the 9-12
mm range between the pre-DR group and the early-stage DR group
decreased significantly compared to the control group (p = 0.016, p
< 0.001, respectively). Moreover, ChT values were significantly
reduced in the pre-DR group and the early-stage DR group in the 0-
3 mm (p=0.016, p = 0.002, respectively) and 9-12 mm ranges (p =
0.016, p =0.002, respectively) and the early-stage DR group in the 6-
9 mm range (p = 0.015). In addition, no changes were observed in
any region except for a significant decrease in CMT in the 9-12 mm
region of the early-stage DR group (p = 0.034).

The different parameters in different ranges and the whole area
are shown in Table 3 and Figure 3. Compared to each region of the
control group, the changes in CVI values were significantly
increased in the 0-3 mm, 6-9 mm, and 9-12 mm regions of the
pre-DR patients (p = 0.008, p = 0.027, p = 0.032, respectively), and
the CVI values were significantly increased in early-stage DR
patients in the 0-3 mm and 9-12 mm regions(p = 0.007, p =
0.03, respectively). Besides, the ChT of early-stage DR patients was
significantly decreased compared with healthy subjects in 3-6 mm
and 9-12 mm zones (p = 0.042, p < 0.001, respectively). Finally, only
the CMT in the 9-12 mm zone in the early-stage DR group
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FIGURE 1

Examples of quantitative measurements of CVI using Wide-field OCTA in patients with early-stage DR (C, C)), diabetes mellitus without DR (B, B’)
and normal control subjects (A, A'). The left column consists of en face infrared (12 x12 mm) images. The right column represent the optical
coherence tomography of the retina and choroid across the fovea, yellow marks represent the choroidal lumen, and the blue lines indicate the
upper and lower bounds of the choroid. CVI, choroidal vascularity index; OCTA, optical coherence tomographic angiography.

decreased significantly compared with the healthy control group (p
=0.014).

The results of correlation analysis between the duration of DM
and choroidal parameters are shown in Table 4. The disease duration
in patients with DM was negatively correlated with ChT (p = 0.047,
correlation coefficient= -0.395; p = 0.006, correlation coefficient=
-0.549, respectively) and CVI (p = 0.038, correlation coefficient=
-0.413; p = 0.004, correlation coefficient= -0.597, respectively) in 6-9
mm and 9-12mm ranges. Finally, the mean ChT negatively correlated
with disease duration (p = 0.032, correlation coefficient= -0.420).

Discussion

In this cross-sectional study, wide-field SS-OCTA
examinations were performed on three groups (healthy
subjects and patients with pre and early-stage DR). To
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investigate the early changes of choroidal vascular structure in
the hyperglycemia environment and to clarify the pathological
features of diabetic retinopathy, we assessed CVI, CMT, and
ChT of the retinal and choroidal capillaries based on a 12 x
12 mm field of view, as well as the correlations between DM
duration and retinochoroid parameters. The CVI and ChT
values of DR patients were significantly lower than the healthy
control group, and the CVI and ChT values in peripheral areas
of DM patients decreased more significantly than those in
central regions. However, the CMT outside the 9-12 mm
range did not decrease significantly in most areas in DR patients.

Moreover, there was a significant decrease in CVI between
the two DM groups and the control group (p = 0.035),
suggesting that the choroidal perfusion might decrease in DM
patients even before the onset of macroscopic retinochoroid
lesions. Tan et al. reported that the CVI of the DM group was
significantly lower than the control group, while the CVI of the
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TABLE 1 Comparison of different retinal and choroidal zones' capillaries changes (Circle,., - Average ChT, CVI and CMT) in patients with early-
stage diabetic retinopathy, DM without DR and non-diabetic individuals from the control group.

Location Normal control i p values Early-stage DR P values
ChT Average thickness 287.48 + 73.67 281.49 + 50.65 N/A 270.41 + 86.42 N/A
Circle 0-3 38.16 + 23.16 3521 + 25.18 p=0751 39.05 + 30.05 p = 0862
Circle 3-6 2647 + 25.61 2234 +23.82 p =0.659 3501 + 31.28 p = 0.042*
Circle 6-9 332 +20.45 -3.62 + 22.09 p=0264 -5.68 + 2831 p=0083
Circle 9-12 2021 + 22.08 -26.30 + 28.57 p=0182 -34.89 + 27.65 p < 0.001%
CVI Average CVI 0.292 + 0.068 0271 + 0.064 N/A 0.240 + 0.059 N/A
Circle 0-3 0.052 + 0.064 0.068 + 0.071 p = 0.008* 0.069 + 0.065 p = 0.007*
Circle 3-6 0.028 + 0.055 0.031 + 0.059 p=0530 0.029 + 0.059 p = 0.865
Circle 6-9 -0.007 + 0.061 0.006 + 0.058 p = 0.027* -0.009 + 0.068 p=0721
Circle 9-12 -0.019 + 0.065 -0.031 + 0.074 p =0.032* -0.038 + 0.051 p = 0.003*
CMT Average thickness 26432 + 9.45 261.09 + 13.92 N/A 262.34 + 10.56 N/A
Circle 0-3 57.32 + 11.59 52.08 + 13.87 p=0772 59.66 + 14.94 p=0914
Circle 3-6 32.08 + 12.07 28.04 + 14.84 p = 0.801 26.47 + 13.78 p=0710
Circle 6-9 428 + 11.67 251 +12.76 p =0.482 2.69 + 17.05 p=0517
Circle 9-12 -9.88 + 11.20 -11.29 + 13.27 p = 0207 -18.64 + 19.57 p =0.014*

Values were calculated as Circlex_y - average values and shown as means + SDs (). DM, diabetes mellitus; DR, diabetic retinopathy; ChT, Choroidal thickness; CVI, Choroidal Vascularity
Index; CMT, central macular thickness. Statistical differences were analyzed between the groups of patients with DM and the normal control, p < 0.05 indicates a statistically significant
difference, annotated with *. NA, not applicable.

TABLE 2 Demographic data of DM patients and healthy controls.

Normal control DM without DR p values Early-stage DR P values
Patients (Female) 23 (12) 22 (12) 0.961 23(11) 1.000
Age 55.25 + 9.65 5734 + 10.14 0.812 56.08 + 12.07 0.873
Eyes 46 43 0.818 42 0.780
Duration of DM (months) N/A 9.02 + 6.09 N/A 27.09 + 13,51 N/A
Spherical equivalent (diopters) +0.67 + 0.39 +0.52 + 0.43 0.783 +0.58 + 0.46 0.826
VA (letters) 82.09 + 3.05 82.24 + 2.02 0971 8243 +2.07 0.964
GLU (mmol/L) N/A 9.05 + 7.34 N/A 9.61 + 847 N/A
HbAIc (%) N/A 631 + 4.25 N/A 8.62 + 3.49 N/A

Values are presented as the means + standard deviations at baseline in different groups. DM, diabetes mellitus; DR, diabetic retinopathy; VA, Visual acuity; in Early Treatment Diabetic
Retinopathy Study (ETDRS) units; GLU, Glucose; HbAlc, Hemoglobin A1C. Statistical differences were analyzed between the patients with DM and the normal control, p < 0.05 indicates
statistically significant difference. NA, not applicable.

DR group was lower than the non-DR group, indicating that lower than in healthy controls, suggesting that early diabetic
the choroidal capillaries in diabetic patients decreased choroidal damages could affect larger choroidal capillaries
significantly (27), consistent with the present study findings. much earlier (28). Unlike the past studies, the scanning range
Another study by Foo, V. H. et al. substantiated that the CVI of of wide-field SS-OCTA was expanded to 12 x 12mm with the
Haller’s layer in the eyes of pre-DR patients was significantly fovea of the macula as the center in the present study, which
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FIGURE 2
ChT, CVI and CMT comparison of patients with early-stage DR, diabetes mellitus without ophthalmoscopic signs of DR and normal control
subjects of the control group. * indicates a statistically significant difference (p < 0.05).

enables observation of the microcirculation of the peripheral according to the distance from the fovea. The decreases in
retinochoroid capillaries. CVI values within the 9-12 mm circle region were most

To further explore the structural changes of choroidal significant in four concentric circles of the early-stage DR and
capillaries in different areas, the wide-field OCTA images of pre-DR groups, suggesting that the choroidal circulation of
the three groups were divided into four concentric circles peripheral retinochoroid areas was more sensitive to blood
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TABLE 3 Optical coherence tomographical findings in patients with early-stage diabetic retinopathy, diabetes mellitus without DR and normal
control group.

Location Normal control DM without DR p values Early-stage DR p values

ChT Average thickness 287.48 + 73.67 281.49 + 50.65 p = 0.654 270.41 + 86.42 p=0210
Circle 0-3 324.26 + 92.07 31625 + 71.63 p=0016* 31235 + 120.31 p = 0.002*

Circle 3-6 31327 + 84.78 306.83 + 62.24 p=0.542 31050 + 107.11 p=0784

Circle 6-9 289.05 + 77.48 276.24 + 51.58 p = 0.461 264.28 + 84.03 p=0015*

Circle 9-12 269.88 + 65.64 24537 + 45.65 p = 0.008* 242.76 + 75.93 p < 0.001*

CVI Average CVI 0.292 + 0.068 0.271 + 0.064 p=0.178 0.240 + 0.059 p=0013*
Circle 0-3 0.353 + 0.120 0.334 + 0.100 p =0.097 0.307 + 0.099 p = 0.020*

Circle 3-6 0.319 + 0.081 0.298 + 0.080 p = 0.086 0.261 + 0.075 p = 0.008*

Circle 6-9 0.284 + 0.063 0.275 + 0.062 p=0310 0.230 + 0.056 p = 0.007*

Circle 9-12 0.277 + 0.065 0.238 + 0.062 p=0016* 0.210 + 0.060 p < 0.001*

CMT Average thickness 264.32 £ 9.45 261.09 + 13.92 p =0.863 262.34 + 10.56 p=0.716
Circle 0-3 32403 + 14.26 32001 + 14.56 p =0.841 323.05 + 12.16 p = 0.890

Circle 3-6 28731 + 11.28 283.17 + 15.16 p = 0.806 284.64 + 15.08 p=0773

Circle 6-9 265.95 + 10.16 26247 +12.05 p=0754 261.87 +17.29 p=0681

Circle 9-12 256.64 + 10.08 243.12 + 15.19 p = 0.069 240.08 + 23.57 p = 0.034*

Values are showed as means + SDs. DM, diabetes mellitus; DR, diabetic retinopathy; ChT, Choroidal thickness; CVI, Choroidal Vascularity Index; CMT, central macular thickness.
Statistical differences were analyzed between the groups of patients with DM and the normal control, p < 0.05 indicates statistically significant difference, annotated with *.

glucose changes than the central areas. It is reasonable to
speculate that disease progression may begin in peripheral
areas, and the choroidal capillaries may be the most seriously
affected area. Indeed, the scanning range of OCTA devices was
limited to 6 x 6mm in most previous studies, and the wide-field
OCTA adopted in our study makes up SS-OCTA makes up for
the narrow visual field of traditional OCTA.

An increasing body of evidence suggests that ChT can
quantify the structural changes of the choroid. Nonetheless, no
consensus has been reached on the changes in ChT in DM
patients (29, 30). Querques, G. et al. indicated that ChT of DR
patients might decrease (31); however, Kim, J.T. et al. found that
the choroidal thickness decreased in the early stages of DR but
increased in the stage of severe NPDR or PDR (32). DM is a
metabolic disease affecting the retinal and choroidal vasculature.
Although the principal changes in diabetic eyes occur in the
retinal vasculature, additional changes have been paid more and
more attention in recent years. Histologic studies showed
increased tortuosity, and the formation of sinuslike structures
between the choroidal lobules, what’s more, in some advanced
cases, luminal narrowing of the capillaries, capillary dropout,
and focal scarring were also observed (33). In our study, the ChT
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between the DR group in the range of 0-3/6-9/9-12 mm
decreased significantly (P<0.05) compared with the control
group. In addition, the decrease in ChT was more significant
in the peripheral area. However, there was no significant
difference in CMT between DM patients without DR and
healthy control, while only a slight decrease was observed in
the peripheral areas of early-stage DR patients. However, the
positive result was somewhat accidental in the analysis of CMT.
Although there was no significant change in retinal thickness,
the choroidal thickness decreased significantly. It can be
concluded that CMT is insensitive in the early stage of DR
and poorly reflects early damage to the retinal capillaries.
Accordingly, choroidal parameters may be more sensitive
indicators for patients with pre- and early-stage DR.

In addition, correlation analysis between CVI, ChT and the
duration of DR showed a significant negative correlation
between CVI and ChT at 6-9 mm and 9-12mm (P<0.05), and
a significant correlation was observed at 9-12 mm (P<0.01). A
longer DR duration was associated with lower choroidal CVI
and ChT values. During the early diagnosis of DR, peripheral
CVI and ChT can be used as evaluation indexes, indicating
choroidal damage in DM patients without visible pathological
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FIGURE 3

ChT, CVI and CMT changes in different fundus zones (Circle,., vs. Average density) in patients with early-stage DR, diabetes mellitus without
ophthalmoscopic signs of DR and non-diabetic subjects of the control group. * indicates a statistically significant difference (p < 0.05).

retina changes more sensitively. Therefore, wide-field SS-OCTA
is a more sensitive and effective tool to evaluate disease
progression in DM patients.

Some limitations and shortcomings were present in the
current research. First of all, the sample size was small. Indeed,
a larger sample size is required in future studies to obtain more
reliable and robust results. Besides, patients with proliferative

Frontiers in Endocrinology

DR should be enrolled to study the relationship between CVI
changes and the different stages of DR. Moreover, the cross-section
areas studied in the present study do not enable dynamic evaluation
of the choroid changes with disease progression. Further
longitudinal prospective research is warranted to confirm current
results. Finally, hypertension and functional impairment are
common in patients with diabetes (34, 35), which may have an
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TABLE 4 The correlations between duration and choroidal characteristics in patients with diabetes mellitus.

Characteristic Mean values Correlation coefficient p values

ChT Average thickness 276.32 £ 65.29 -0.420 p = 0.032*
Circle 0-3 313.89 + 92.05 -0.134 p=0236

Circle 3-6 308.06 + 88.04 -0.189 p=0125

Circle 6-9 269.96 + 74.23 -0.395 p = 0.047*

Circle 9-12 243.86 + 61.98 -0.549 p = 0.006*

CVI Average CVI 0.257 + 0.063 -0.178 p=0.146
Circle 0-3 0.321 + 0.097 -0.057 p = 0463

Circle 3-6 0.282 + 0.083 -0.128 p=0216

Circle 6-9 0.254 + 0.057 -0.413 p =0.038*

Circle 9-12 0.225 + 0.063 -0.597 p = 0.004*

Values are shown as means + SDs. ChT, Choroidal thickness; CVI, Choroidal Vascularity Index; p < 0.05 indicates a statistically significant difference, annotated with *.

impact on choroidal blood flow, but we did not make a detailed
analysis due to the lack of relevant data.

In conclusion, we comprehensively used wide-field SS-
OCTA to explore the characteristics of choroidal
microcirculation structure in DM patients. The results showed
that CVI and ChT decreased significantly, especially in the
peripheral area (9-12 mm) in the pre-and early-stage DR
groups, which indicates that monitoring of choroidal
microcirculation parameters is essential for early diagnosis
of DR.
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