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Abstract

Importance—Diabetic retinopathy (DR) is characterized by microaneurysms, capillary

nonperfusion, and ischemia within the retina, ultimately leading to neovascularization and/or

macular edema. Evidence suggests that choroidal angiopathy may coexist with retinal vascular

damage. Recent advances in spectral-domain optical coherence tomography (SD-OCT) permit an

efficient visualization of the choroid.

Objective—To analyze the morphological features and vascular layers of the choroid in patients

with DR using SD-OCT.

Design—A cross-sectional retrospective review identified patients with DR and healthy (control)

subjects who underwent 1-line raster scanning from February 1, 2010, through June 30, 2012.

Patients were classified into the following 3 groups: nonproliferative DR without macular edema

(9 eyes), proliferative DR without macular edema (PDR) (10 eyes), and diabetic macular edema

(DME) (14 eyes). Two independent raters experienced in analyzing OCT images evaluated the

morphological features and vasculature of the choroid.

Setting—New England Eye Center.

Participants—Thirty-three eyes of 33 patients with DR and 24 eyes of 24 controls.

Exposure—Diabetic retinopathy.

Main outcome and measure—Choroidal morphological features and vasculature analysis.

Results—The choroidoscleral interface had an irregular contour in 8 of 9 eyes with

nonproliferative DR (89%), 9 of 10 eyes with PDR (90%), and 13 of 14 eyes with DME (93%)

compared with 0 of 24 controls. The thickest point of the choroid was displaced from under the

fovea, and focal choroidal thinning was observed in eyes with DR. Mean subfoveal choroidal

thickness and mean subfoveal medium choroidal vessel layer and choriocapillaris layer thickness

were significantly reduced in eyes with PDR (P < .05) and DME (P < .05) compared with controls.
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Conclusions and relevance—Choroidal morphological features are altered in patients with

moderate to severe DR. The subfoveal choroidal thickness and the subfoveal medium choroidal

vessel layer and choriocapillaris layer thicknesses are significantly reduced in patients with PDR

and DME. To our knowledge, this is the first study to analyze the morphological features and

vasculature of the choroid in DR using SD-OCT. These findings may be clinically useful in

predicting the progression of DR.

INTRODUCTION

Diabetic retinopathy (DR) is the leading cause of visual impairment in working-age adults

worldwide. The disease is characterized by microaneurysms, capillary nonperfusion, and

ischemia within the retina, ultimately leading to neovascularization and/or macular edema,

both of which can severely compromise visual function (1).

The pathogenesis and clinical features of DR are primarily attributed to retinal vascular

damage; however, evidence suggests that choroidal angiopathy may coexist. Delayed

choroidal vascular filling, which appears as choroidal hypofluorescence on indocyanine

green angiography (2-4), has been demonstrated in the eyes of humans with diabetes

mellitus and shown to correlate with the severity of DR (2,5-8). Laser Doppler flowmetry

studies show a reduction in choroidal blood flow and volume in patients with

nonproliferative (NPDR) and proliferative DR (PDR) (9). In addition, histological studies

reveal choroidal vascular degeneration, choroidal aneurysms, choroidal neovascularization,

choriocapillaris “dropout” (a nonperfusion and/or a complete attenuation of the

choriocapillaris), and increased tortuosity and narrowing of the choroidal vessels in eyes

with DR (6,10).

Recent advances in spectral-domain optical coherence tomography (SD-OCT) permit an

efficient visualization of the choroid up to the choroidoscleral interface. These advances

include better penetration, higher acquisition speed, 3-dimensional imaging, image

averaging, and resolution to a micrometer scale (11,12). Studies using SD-OCT reveal

changes in choroidal thickness in healthy and pathologic states (13-20). Although SD-OCT–

detected changes in choroidal thickness in patients with DR have been described previously

(20), to our knowledge, an analysis of the morphological features and the vascular layers of

the choroid in eyes with DR by using SD-OCT has not been performed to date.

The choroid provides oxygen and nutrients to the outer third of the retina and consists of the

following 3 vascular layers: the choriocapillaris layer, the choroidal layer composed of

medium-sized vessels (Sattler layer), and the large-vessel choroidal layer (Haller layer)

(21-23). Given that the choroid is involved in many diseases of the posterior segment, an

analysis of changes in its morphological features and vasculature in chorioretinal diseases

may be of clinical relevance. In view of the evidence suggesting the presence of choroidal

angiopathy in DR (2-10,13-20), this study aimed to characterize the morphological features

of the choroid and analyze its vasculature in patients with DR by using SD-OCT.
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METHODS

Subjects

We identified retrospectively 33 patients with DR (33 eyes) and 24 healthy subjects (24

eyes) who underwent high-definition 1-line raster scanning at the New England Eye Center

from February 1, 2010, through June 30, 2012.

Diagnostic criteria for DR were based on an ophthalmic history and complete ophthalmic

evaluation, including a dilated fundus examination, fundus photography, OCT imaging, and,

in selected cases, fluorescein angiography. Patients with a myopic refractive error of greater

than 8 diopters (D), concomitant pathological findings in the posterior segment, prior

vitrectomy, and a history of hypertension were excluded. Clinical examination and OCT

findings were used to characterize patients into the following 3 groups: NPDR without

macular edema (9 eyes), PDR without macular edema (10 eyes), and diabetic macular

edema (DME) (14 eyes). The eyes in the NPDR and PDR groups did not have a history of

macular edema. All eyes in the PDR group had previously been treated with panretinal

photocoagulation. In addition, all eyes in the DME group received previous treatment with

focal laser photocoagulation, whereas 8 of 14 DME eyes (57%) received previous treatment

with anti–vascular endothelial growth factor (VEGF) agents. Best-corrected visual acuity

and automated central retinal thickness measurements generated by the macular cube scan

protocol were also collected from the patients’ medical records.

The healthy subjects (control group) had a best-corrected visual acuity of 20/20 OU or

better, underwent fundus examination and OCT imaging, and had no retinal or choroidal

pathological features. Subjects with a myopic refractive error of greater than 8D were

excluded. This study was approved by the institutional review board of Tufts Medical

Center and is adherent to the tenets of the Declaration of Helsinki.

SD-OCT Scanning

We performed SD-OCT using a high-definition 1-line raster scanner (Cirrus; Carl Zeiss

Meditec Inc). This 6-mm line scan consists of 4096 A scans, an imaging speed of 27 000 A-

scans per second, and an axial resolution of approximately 5μm in tissue. The device

acquires 20 frames at the same retinal location that are averaged together to increase the

signal to noise ratio. This process allows for better visualization of the choroid. The images

were not inverted to bring the choroid in closer proximity to the zero-delay line because

image inversion using the SD-OCT software results in a low-resolution, pixilated image.

The enhanced depth imaging protocol was not used because it was not available on the high-

definition SD-OCT device at the time these scans were performed. All scans had an intensity

of 6:10 or greater (ratio of signal to noise) and were taken horizontally, as close to the center

of the fovea as possible, such that the thinnest point of the macula was imaged in both

groups and that any discrepancies in the analysis of the morphological features and vascular

layers of the choroid due to slight differences in positioning could be avoided. A single

operator trained in acquiring OCT images performed all the imaging. One scan per patient

with DR that had a clearly identifiable choroidoscleral interface was used for the purpose of
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analysis. For comparison, 1 scan from each subject in the control group was selected

randomly for analysis.

Morphological Features of the Choroid

Two independent raters (M.A. and E.B.) experienced in analyzing OCT images evaluated

the choroid for morphological features. The clarity of the choroidoscleral interface was

examined throughout the 6-mm line scan owing to its importance in measuring the choroidal

thickness. The contour and shape of the choroidoscleral interface was evaluated and labeled

as being convex (or bowl shaped) or S shaped (having an irregular or concave-convex-

concave shape with >1 inflection point) (Figure 1). We identified the site of the thickest

point of the choroid and compared the location of this point with the overlying retina. The

location was considered subfoveal when the thickest choroidal point was exactly beneath the

foveal center or within 100μm nasal and 100μm temporal to the foveal center. Thus, if the

thickest point of the choroid fell within a 200μm (0.2-mm) region beneath and centered on

the foveal center, it was considered subfoveal (Figure 2). Areas of focal thinning of the

choroid were identified. If abnormal thinning of the choroid was observed, choroidal

thickness was measured (as described below) at that location, and eyes were considered to

have focal thinning if choroidal thickness at the measured location was 50% less than that of

the mean choroidal thickness of normal eyes at the corresponding location. The mean

choroidal thickness measurements in healthy eyes reported previously (24) were used as a

reference to define focal thinning in eyes with DR.

Analysis of Choroidal Vasculature

The mean (SD) luminal diameter of large choroidal vessels, including arteries and veins,

ranges from 28.2 (11.2) to 37.1 (12.5) μm on histological analysis of healthy eyes (23).

However, because histological analysis can lead to alteration of the tissue owing to

postmortem changes and processing artifacts (23), a direct correlative investigation of

histological features and OCT imaging is not possible. For this reason, a pilot study (25) on

OCT images of 42 healthy eyes was performed before choroidal vasculature analysis in this

study. Two independent observers (including M.A.) experienced in analyzing OCT images

measured the diameter of the smallest visible large vessel located near the choroidoscleral

border within the 6-mmregion of the 1-line raster scan. We measured the diameters in the

nasal temporal plane using the linear measurement tool of the OCT scanner and calculated

the mean of the measurements of the 2 observers. The mean diameter of the smallest visible

large choroidal vessels in normal eyes was 100 (range, 86-108) μm (unpublished study

performed by M.A., Lauren A. Branchini, MD, Caio V. Regatieri, MD, PhD, and J.S.D.,

March-May 2011) on OCT (25). This diameter was used as a cutoff for defining a large

choroidal vessel for choroidal vasculature analysis in the present study. Figure 3 depicts the

method used for analysis of the choroidal vascular layers. This method has been described

previously (25). First, choroidal thickness beneath the fovea was measured from the outer

border of the hyperreflective retinal pigment epithelium to the inner border of the

choroidoscleral interface. We selected a large choroidal vessel measuring at least 100μm,

located close to the choroidoscleral interface and in the closest proximity to the fovea, and

drew a perpendicular line from the innermost point of that vessel, intersecting the choroidal

thickness measurement line. We measured the thickness of the subfoveal large choroidal
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vessel layer (the Haller layer) perpendicularly from the inner border of the sclera to the

intersection point on the choroidal thickness measurement line. This thickness measurement

was then subtracted from the total choroidal thickness to obtain the thickness of the medium

choroidal vessel layer (the Sattler layer) and choriocapillaris layer. Two independent raters

(M.A. and E.B.) experienced in analyzing OCT images performed all the measurements, and

the mean measurement of the 2 observers was used for the purpose of analysis. All the

vasculature measurements were performed beneath the fovea.

Statistical Analysis

All data were expressed as mean (SEM). We used 1-way analysis of variance to determine

the differences in the subfoveal choroidal thickness, in the subfoveal large choroidal vessel

layer thickness, and in the combined thickness of the subfoveal medium choroidal vessel

layer and choriocapillaris layer between controls and eyes with DR. We applied the Tukey

multiple comparison test to assess these variables in eyes with NPDR, PDR, and DME

compared with controls. We used the unpaired t test to determine the difference in all the

vasculature measurements in eyes treated with anti-VEGF agents and treatment-naive eyes

within the DME group. Pearson product moment correlation was used to determine the

interobserver agreement for all the measurements and for the association of subfoveal

choroidal vascular measurements with central retinal thickness. A 95%confidence interval

and a 5% level of significance were adopted; therefore, P ≤ .05 was considered significant.

All statistics were performed using commercially available software (Prism 5.0 software for

Macintosh; GraphPad Software, Inc).

RESULTS

The demographic and clinical characteristics of the patients with DR and control group are

depicted in Table 1. We found no significant difference between the mean ages and mean

refractive error of DR patients and controls (P = .80 and P = .62, respectively).

Choroid Findings

The choroidoscleral interface had an irregular contour in 8 of 9 eyes with NPDR (89%), 9 of

10 eyes with PDR (90%), and 13 of 14 eyes with DME(93%) compared with 0 of 24

controls. All the studied morphological features of the choroid and representative images

with illustration of some of the features in eyes with NPDR, PDR, and DME compared with

controls are depicted in Table 2 and Figure 2.

The mean subfoveal choroidal thickness, mean subfoveal large choroidal vessel layer

thickness, and mean combined subfoveal medium choroidal vessel layer and choriocapillaris

layer thickness were significantly reduced in eyes with DR compared with controls (Table

3). As a subgroup, however, eyes with NPDR did not show a significant difference in the

mean subfoveal choroidal thickness, mean subfoveal large choroidal vessel layer thickness,

and mean combined subfoveal medium choroidal vessel layer and choriocapillaris layer

thickness compared with controls (P > .05,P > .05, andP > .05, respectively) (Figure 4 and

Figure 5). In eyes with PDR and DME, we found a significant reduction of the mean

subfoveal choroidal thickness (P < .05) and the mean combined subfoveal medium choroidal
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vessel layer and choriocapillaris layer thickness (P < .05) compared with controls (Figures 4

and 5). All measurements had a strong interobserver correlation (r = 0.73 [P < .001], r =

0.69[P = .001], and r = 0.71 [P < .001]) for subfoveal choroidal thickness, subfoveal large

choroidal vessel layer thickness, and combined subfoveal medium choroidal vessel layer and

choriocapillaris layer thickness, respectively. The maximum choroidal thickness was

subfoveal only in 2 of 9 eyes with NPDR (22%), 2 of 10 eyes with PDR (20%), and 2 of 14

eyes with DME (14%) compared with 23 of 24 controls (96%). Focal thinning of the

choroid with respect to the mean choroidal thickness measurements at the corresponding

locations in healthy eyes (24) was observed in 5 of 9 eyes with NPDR (56%), 4 of 10 eyes

with PDR (40%), and 12 of 14 eyes with DME (86%) compared with 0 of 24 controls. Mean

subfoveal choroidal thickness, mean subfoveal large choroidal vessel layer thickness, and

mean medium choroidal vessel layer and choriocapillaris layer thickness had no correlation

with the central retinal thickness in patients with DR (r = 0.2 [P = .31]; r = 0.15 [P = .12];

and r = 0.18 [P = .27], respectively).

The large choroidal vessel layer thickness was significantly reduced in eyes with DR

compared with controls (P = .04) (Table 3). As a subgroup, however, eyes with NPDR,

PDR, and DME did not have a significant thinning of the large choroidal vessel layer

compared with controls (P > .05) (Figure 5). Within the DME group (14 eyes), eyes that

received anti-VEGF therapy (8 of 14 [57%]) had no significant difference in the choroidal

thickness and vasculature measurements compared with eyes that did not receive anti-VEGF

therapy (6 of 14 [43%]) (P = .67), although the number of patients in each group was small.

DISCUSSION

The present study demonstrates alterations in choroidal morphological features in eyes with

DR. In addition, we show a reduction in the total choroidal thickness and the combined

thickness of the medium choroidal vessel layer and choriocapillaris layer in eyes with PDR

and DME, but not in eyes with less advanced disease (NPDR only), compared with controls.

The reduction in the total choroidal thickness in eyes with PDR and DME is consistent with

a previous study on choroidal thickness in patients with DR (20). To the best of our

knowledge, however, this study is the first to characterize morphological analysis of the

choroid and the evaluation of its vascular layers in eyes with DR by using SD-OCT.

Although indocyanine green angiography and laser Doppler flowmetry are conventionally

used for evaluation of choroidal vessels and choroidal blood flow, respectively, the

advantage of using SD-OCT is its ability to visualize the choroid in vivo with precise

anatomic detail. This study demonstrates significant alterations in choroidal morphological

features in eyes with advanced DR. These alterations included an irregular or an S shape to

the choroidoscleral interface in most DR eyes and a displacement of the thickest point of

choroid from under the foveal center. Focal thinning of the choroid in eyes with DR

compared with the corresponding locations in healthy eyes (24) was also detected and

appeared to correlate with the severity of DR. The choroidoscleral interface was clearly

identifiable throughout the 6-mm line scan in 19 of 24 controls (79%), 7 of 9 eyes with

NPDR (78%), and 7 of 10 eyes with PDR (70%). This finding was consistent with previous

studies on choroidal thickness in healthy and diseased states (19,20,24). However, only 9 of
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14 eyes (64%) with DME had a clearly identifiable choroidoscleral interface throughout the

6-mm line scan. Failure to detect the choroidoscleral interface consistently means that the

measurements of choroidal thickness throughout the 6-mm line scan in this group may be

focally inaccurate. The cause is not clear, but it could be a result of hyperreflectivity of the

incident light from the intraretinal fluid, leading to a shadowing effect of the deeper layers.

Histological studies reveal an increase in thickness of the basement membrane of choroidal

vessels (6) and choriocapillary “dropout”(10) in patients with DR. These changes may

explain the alterations of choroidal morphological features in eyes with DR undergoing

imaging with OCT. Nevertheless, these easily identifiable choroidal morphological features

may have clinical utility in assessing the severity and/or predicting the progression of DR.

Evidence suggests that choroidal angiopathy in patients with DR may be present in

association with retinopathy (9,20,26,27). The present study further enhances the

understanding of choroidal angiopathy in DR by showing a reduction in the medium

choroidal vessel layer and choriocapillaris layer thickness in eyes with PDR and DME

compared with controls, which could be due to closure of the choriocapillaris in eyes with

moderate to severe DR (9,28). In addition, choroidal thickness and vasculature

measurements had no association with central retinal thickness in eyes with DR, suggesting

that choroidal angiopathy may be independent of the retinopathy attributed to diabetes

mellitus.

Although the choriocapillaris layer and the medium choroidal vessel layer could not be

analyzed separately by using high-definition SD-OCT imaging, their distinction as a

complex from the large choroidal vessel layer was achieved in this study with a strong

interobserver correlation. Because the choriocapillaris layer forms only 5% to 10% of the

choroid (29), delineation of this layer individually is difficult using the limited resolution of

currently available SD-OCT devices. An individual delineation of this layer may be

clinically relevant in diseases such as DR. Future imaging technologies using better

resolution, a longer wavelength, and enface visualization of the choroidal vascular layers

should allow for volumetric measurements of the choroid and visualization of its vasculature

in refined detail (30-33), thereby improving our understanding of choroidal angiopathy in

DR.

Limitations to this study include the unavailability of enhanced depth imaging scans.

Enhanced depth imaging can provide a better view of the choroidoscleral interface by

bringing the choroid closer to the zero-delay line (13) and, in this study, might have

increased the percentage of eyes (especially in the DME group) in which the choroidoscleral

interface could be accurately identified throughout the 6-mm line scan. To control for

plausible discrepancies due to an obscure visualization of the choroidoscleral interface in

eyes with DR, in particular those with DME, we used only 1 eye per patient with DR in

which the choroidoscleral interface could be visualized for the morphological observations

and subfoveal choroidal thickness and vasculature measurements that were performed in this

study. Another limitation is the lack of treatment naïve patients in the DME and PDR

groups. Studies suggest that panretinal photocoagulation alters choroidal blood flow in

patients with PDR and that anti-VEGF therapy may affect choroidal thickness (34-37).

Although we detected no effect of anti-VEGF therapy on the choroidal thickness and
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vasculature measurements in eyes with DME in the present study, the number of eyes in this

group was small.

In conclusion, this study demonstrated altered choroidal morphological features in eyes with

DR and a significant thinning of the choroid overall and the combined thickness of the

medium choroidal vessel layer and choriocapillaris layer specifically in eyes with PDR and

DME compared with controls using SD-OCT. Further studies involving prospective

correlation of increasing severity of DR with the morphological alteration of the choroid and

changes in its vasculature may provide a better insight into the choroidal angiopathy

associated with DR and its effect on the progression of disease.
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Figure 1. Representative Optical Coherence Tomography Images Showing the Shape of the
Choroidoscleral Interface
A, A healthy eye has a convex or bowl shape to the choroidoscleral interface (red line). B,

An eye with nonproliferative diabetic retinopathy has an irregular, concave-convex-concave

or S shape to the choroidoscleral interface (red line).
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Figure 2. Morphological Features of the Choroid in Healthy Eyes and Eyes With Diabetic
Retinopathy (DR)
A, Representative optical coherence tomography (OCT) image of a healthy eye with a

thinner choroid nasally, much thicker beneath the fovea (falling within 200μm beneath the

foveal center, green box), and temporal thinning. Red line represents the bowl shaped or

convex contour to the choroidoscleral interface. B, Representative OCT image of an eye

with nonproliferative diabetic retinopathy has an irregular or concave-convex-concave or S

shape to the choroidoscleral interface (red line). The thickest point of the choroid is

subfoveal (green box). Areas of focal choroidal thinning are seen. C, Representative OCT

image of an eye with proliferative DR. An irregular or S shape to the choroidoscleral

interface (red line) is seen. The thickest point of the choroid is temporally located. The nasal

region shows focal thinning. D, Representative OCT image of an eye with diabetic macular

edema. An irregular or S shape to the choroidoscleral interface (red line) is seen. The

thickest point of the choroid is temporally located. The nasal and temporal regions show

focal thinning.
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Figure 3. Illustration of the Method Used to Analyze the Vascular Layers of the Choroid
The optical coherence tomography image of a healthy eye shows analysis of the choroidal

vascular layers beneath the fovea. Blue asterisk represents the large choroidal vessel seen in

the closest proximity to the fovea, and closest to the choroidoscleral interface, which was

used for the large choroidal vessel layer (LCVL) measurements in this case. CT indicates

choroidal thickness.
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Figure 4. Graph of the Mean Subfoveal Total Choroidal Thickness in Healthy Eyes and Eyes
With Nonproliferative Diabetic Retinopathy (NPDR), Proliferative Diabetic Retinopathy (PDR),
and Diabetic Macular Edema (DME)
We found significant thinning of the choroid in eyes with PDR and DME compared with

healthy eyes. Error bars represent the SEM. P values represent the results of the Tukey

multiple comparisons test.
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Figure 5. Graphs of the Mean Subfoveal Choroidal Vessel Layer Thickness in Healthy Eyes and
Eyes With Nonproliferative Diabetic Retinopathy (NPDR), Proliferative Diabetic Retinopathy
(PDR), and Diabetic Macular Edema (DME)
A, Mean (error bars represent SEM) subfoveal large choroidal vessel layer thickness. We

found no significant difference in the mean subfoveal large choroidal vessel layer thickness

between any groups. P values represent the results of the Tukey multiple comparisons test.

B, Mean (error bars represent SEM) combined subfoveal medium choroidal vessel layer and

choriocapillaris layer thickness. A significant thinning of the mean subfoveal medium

choroidal vessel layer and choriocapillaris layer thickness is seen in eyes with PDR and

DME (but not in eyes with NPDR) compared with healthy eyes. P values represent the

results of the Tukey multiple comparisons test.
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Table 1
Characteristics of the Control Subjects and Patients With DR

Abbreviations: CF 4′, counting fingersat 4 feet; DME, diabetic macularedema; DR, diabetic retinopathy;

NA,not applicable; NPDR,nonproliferative DR; PDR,proliferative DR; PRP, panretinalphotocoagulation;

VEGF, vascularendothelial growth factor.

Healthy Subjects NPDR patients PDR patients DME patients

Number of patients
(eyes)

24 (24) 9 (9) 10 (10) 14 (14)

Age (years)
Mean ± SD

45-70
62 ± 5.84

48-74
68 ± 6.73

42-73
68 ± 5.45

39-74
67 ± 6.02

Gender Males – 11 (46%)
Females – 13 (54%)

Males – 5 (55%)
Females – 4 (45%)

Males – 4 (40%)
Females – 6 (60%)

Males – 8 (57%)
Females – 6 (43%)

Best-Corrected
Visual Acuity (BCVA)

20/20 20/20 – 20/200 20/40 - CF 4′ 20/25 - CF 4′

Prior Treatment with
Focal Laser/PRP
(number of eyes)

NA NA Yes (10) Yes (14)

Prior Treatment with
anti-VEGF agents
(number of eyes)

NA NA No Yes (8)
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Table 2
Morphological Features of the Choroid in Control Subjects and Patients With DR

Abbreviations: DME, diabetic macularedema; DR, diabetic retinopathy; NPDR, nonproliferative DR; PDR,

proliferative DR.

CHOROIDAL MORPHOLOGICAL
FEATURE

Percentage
of Healthy
eyes with
Choroidal

Feature
(n=24)

Percentage
of NPDR
eyes with
Choroidal

Feature
(n=9)

Percentage
of PDR

eyes with
Choroidal

Feature
(n=10)

Percentage
of DME
eyes with
Choroidal

Feature
(n=14)

1. “Bowl” shaped contour to the border of the
 choroid and sclera (1 point of inflection)

100% 11% 10% 7%

2. Choroidoscleral interface clearly
 identifiable throughout the 6mm line scan

79% 78% 70% 65%

3. Thickest point of choroid under the fovea 96% 22% 20% 14%

4. Focal of thinning of the choroid 0.0% 56% 40% 86%
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Table 3
Choroidal Vessel Layer Thickness Measurements Relative to the Total Choroidal
Thickness Beneath the Fovea in Control Subjects and Patients With DR

Abbreviations: DME, diabetic macular edema; DR, diabetic retinopathy; NPDR, nonproliferative DR;

PDR,proliferative DR . p values were obtained from the results of 1-way analysis of variance.

MEAN CHOROIDAL VASCULAR MEASUREMENTS BENEATH THE FOVEA

Vascular Parameter Healthy eyes NPDR eyes PDR eyes DME eyes p-value

Choroidal Thickness
(μm)

276.4±13.4 252.9±20.27 209.6±12.42 211.6±17.05 0.007

Large Vessel
Choroidal Layer
Thickness (μm)

224.0±13.5 206.6±18.01 169.2±12.43 173.7±14.63 0.04

Medium Choroidal
Vessel Layer &
Choriocapillaris
Layer Thickness
(μm)

52.5±1.8 46.3±3.6 40.4±2.96 37.93±3.3 <0.001
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