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QUANTITATIVE ANALYSIS OF 
CHORIOCAPILLARIS ALTERATIONS IN SWEPT-
SOURCE OPTICAL COHERENCE TOMOGRAPHY 

ANGIOGRAPHY IN DIABETIC PATIENTS
Loria, Olivier MD*; Kodjikian, Laurent MD, PhD*,†; Denis, Philippe MD, PhD*; Vartin, Christine MD*; 

Dimassi, Sarra MD‡; Gervolino, Lucas§; Maignan, Antoine§; Kermarrec, Ronan§; Chambard, Claudine*,§; 
Pradat, Pierre PhD¶; Mathis, Thibaud MD, PhD*,†

D
iabetic retinopathy (DR) is the first cause of blind-

ness in patients younger than 75 years in indus-

trialized countries.1 Visual acuity loss is mainly

attributed to retinal lesions,2 but choroidal lesions

could have their own role in the alteration of visual

function. The term “diabetic choroidopathy” was

introduced by Hidayat and Fine3 to describe histolog-

ical lesions found in the choroids of diabetic patients.

Typical lesions include degeneration of the capillary

endothelium, thinning and rarefaction of choroidal

capillaries, laminar deposits, tortuous and beaded ves-

sels, and even choroidal neovessels.4,5 In more

advanced stages, some have described choroidal mi-

croaneurysms and dilated choroidal vessels.3

In vivo, decreased choriocapillaris perfusion was

measured by Laser Doppler Flowmetry.6,7 Spectral-

domain optical coherence tomography angiography

(OCT-A) allows noninvasive imaging of retinal capil-

lary plexus and choriocapillaris.8,9 In diabetic patients,
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Purpose: To evaluate quantitative alterations of the choriocapillaris in swept-source optical coherence tomography 
angiography in diabetic patients. Methods: We included normal patients and diabetic patients with and without diabetic 
retinopathy (DR), excluding patients with macular edema. Angiograms in 3 · 3 mm were acquired with Plexelite 9000 
swept-source optical coherence tomography angiography. Choroidal flow voids were analyzed after removal of 
projection artifacts. The main evaluation was the correlation between choroidal flow voids area (FVA-CC) and DR stage. 
Results: A total of 120 eyes of 72 patients were analyzed. There were 17 eyes from healthy subjects, 30 eyes without 
DR, 22 eyes with minimal nonproliferative DR, 30 eyes with moderate nonproliferative DR, 16 eyes with severe 
nonproliferative DR, and 5 eyes with proliferative DR (PDR). The percentage of FVA-CC for each group was, 
respectively, 10.9 ± 3.4%, 14.6 ± 4.8%, 17.6 ± 3.5%, 20.7 ± 5.9%, 19.9 ± 2.9%, and 26.6 ± 4.4%. FVACC and DR stage 
significantly correlated (P , 0.0001). FVA-CC was significantly increased in diabetic patients without DR compared with 
healthy subjects (P = 0.008). Conclusion: Diabetes is associated with quantifiable choriocapillaris alterations in swept-
source optical coherence tomography angiography. These alterations precede clinical signs of DR and are correlated with 
DR stage.
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it shows nonperfusion areas and irregular capillaries

and microaneurysms in the superficial and deep retinal

plexus.10,11 At the choroidal level, there is a decrease

in the choriocapillaris density12,13 and an increase in

the number of non-flow areas, commonly referred to as

« flow voids ».12,14 Some studies show a correlation

between choriocapillary alterations and the stage of

DR.13,14 However, they tend to regroup stages of ret-

inopathy or include patients with diabetic macular

edema (DME), which can hinder the interpretation of

flow at the choriocapillaris level.

Swept-source (SS) OCT uses a longer wavelength

and faster A-scan rate, allowing better penetration in

the choroid and increased signal-to-noise ratio.15 Cho-

roidal alterations have been described in SS-OCT-A in

diabetic patients, both qualitatively16 and quantita-

tively,17 even in the absence of DR.16,18,19 Further

quantitative studies, using standardized and reproduc-

ible artifact removal and flow void quantification

methods, are needed to correlate SS-OCT-A alter-

ations of the choriocapillaris and DR stage.

The main objective of our study is to quantify

microvascular changes in the choriocapillaris of

diabetic patients using SS-OCT-A and to correlate

them to the stage of DR as defined by the international

classification.20 Secondary objectives are to evaluate

the correlation between choriocapillaris changes and

other retinal microvascular changes, glycemic control,

duration of diabetes, and renal disease.

Materials and Methods

Study Population

We performed a prospective study including con-

secutive diabetic patients and healthy subjects, con-

sulting in our department of ophthalmology at the

Croix Rousse University Hospital between July 2018

and July 2019 in Lyon, France. Two patient groups

were defined: diabetic patients and healthy subjects.

The protocol was approved by an international review

board (Ethics Committee of the French Society of

Ophthalmology, IRB 00008855 Société Française

d’Ophtalmologie IRB#1). Informed consent to partic-

ipate in the study was obtained from all patients.

Diabetic subjects were classified according to DR

stage: no DR, minimal, moderate or severe non-

proliferative DR (NPDR), or proliferative DR (PDR)

in the eye studied. Healthy subjects were defined as

patients with no history of ophthalmologic abnormal-

ity in the eye studied and comparable in age to the

diabetic patients recruited in the study.

Eyes presenting other ophthalmologic conditions that

could alter retinal vascularization or alter the OCT-A

signal were excluded: eyes with DME, dry exudates at

the posterior pole, a history of panretinal photocoagula-

tion, macular grid or focal laser, or complications of DR

(retinal detachment, neovascular glaucoma, vitreous

hemorrhage). We also excluded eyes treated by intra-

vitreal injections of anti–vascular endothelial growth

factor, dexamethasone, or subconjunctival triamcinolone.

Eyes with epiretinal membrane, disorganized retinal

internal layers, retinal pigmentary epithelium (RPE)

atrophy, or retinal vitrectomy surgery were also excluded

because of possible artifacts in the layer segmentation or

window effects that could hinder OCT-A signal analysis.

Eyes with a refractive error greater than 6 spherical diop-

ters or 3 cylindrical diopters, with a crystalline lens opal-

escence or coloration superior to Grade 3 or patients with

an OCT-A signal strength inferior to 8/10 were excluded.

Whenever possible, both eyes were included in the

study. When the contralateral eye had exclusion criteria,

only one eye was included.

Data Collection

Demographic data obtained from medical records

and questionnaires included: history of hypertension,

renal disease and its stage, the level of glycated

hemoglobin, and the duration of diabetes. The Snellen

best-corrected visual acuity was measured and con-

verted to logarithm of the minimum angle of

resolution.

Diabetic retinopathy stage was determined by

double reading according to the Diabetic Retinopathy

Disease Severity Scale20 on confocal color fundus

photographs covering at least the 7 ETDRS fields

(Centervue Eidon, Centervue, Padova, Italy). In case

of disagreement between the two readers, the photo-

graphs were evaluated by a third retinal specialist.

Optical Coherence Tomography Angiography

Image Acquisition

Optical coherence tomography-A images were ob-

tained using the swept-source OCT Plexelite 9000 (Carl

Zeiss Meditech AG, Germany). Each patient had a 3 mm

· 3 mm angiogram centered on the fovea, composed of

300 A-scans at 300 positions, with 4 scans per position,

using the eye tracking system (FastTrac, Carl Zeiss Med-

itech, Inc.). This scan size has the best sensitivity for

microvascular changes in diabetes.21 All acquisitions

were performed by the same operator. Decorrelation sig-

nal was analyzed using the native Plexelite 9000 algo-

rithm (Optical MicroAngiography). Eyes presenting

DME, exudates, epiretinal membrane, RPE atrophy, or

disorganized retinal internal layers on the OCT B-scan or

motion or blinking artifacts on the angiogram were

excluded. En-face angiograms were segmented
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automatically using the Plexelite software, with manual

correction of segmentation to isolate the superficial cap-

illary plexus, located between the internal limiting mem-

brane and the internal plexiform layer; the deep capillary

plexus, located between the internal plexiform layer and

the outer plexiform layer; and the choriocapillaris,

located between the outer part of the Bruch membrane

and a parallel line 20-mm deeper (Figure 1D).

Outcome Measures

Choroidal nonperfusion analysis. Choriocapillaris

angiograms were imported into ImageJ in 8-bit format

(256 gray levels) (Figure 1A). To reduce projection

artifacts from retinal capillary plexus, we used a pre-

viously described algorithm,22 and choroidal pixels

directly under areas of retinal plexus flow signal were

excluded from the analysis (Figure 1B).

The local thresholding algorithm was applied by

selecting Image.Adjust.Auto Local Threshold. We

chose the Phansalkar method,23 with a radius set to

6 pixels, as most appropriate for 3 mm · 3 mm angio-

grams and based on an estimated intercapillary dis-

tance of 25 mm as described by Chu et al24 and by

selecting « white objects on black background ». The

colors were then inverted to quantify the flow voids

(Figure 1C) using Analyse.Analyse Particles.

The flow voids area at the choriocapillaris level

(FVA-CC) was calculated as a percentage according to

the following formula:

We also studied the choriocapillaris perfusion using

the method described by Nesper et al13 by measuring

the percentage area of nonperfusion (PAN) at the cho-

riocapillaris level (PAN-CC), after choosing a thresh-

old in the foveal avascular zone of the superficial

capillary plexus (Figure 1, E and H).

Reproducibility of the Measure at the

Choriocapillaris Level. Reproducibility of the two

methods described above was evaluated by comparing

the FVA-CC and the PAN-CC of the left and right eyes

with the same stage of DR, when both eyes were

imaged, using a Pearson correlation coefficient.

Analysis of Retinal Capillary Plexus Nonperfusion.

Superficial and deep retinal capillary plexus angio-

grams were imported into ImageJ. A threshold was

defined for each angiogram, as previously described,13

as the mean signal of the FAZ, taken on three different

circles of 30-mm radius. Pixels with a flow signal

above threshold were considered as flow, and pixels

with a signal below threshold were considered as hav-

ing no flow. The percent area of nonperfusion for each

level of segmentation was defined as the percentage of

pixels with a signal below threshold (Figure 1, F–H).

Geometric Properties of the Foveal Avascular Zone.

The FAZ was manually delimited by two independent

and masked retinal specialists for each angiogram at

the superficial capillary plexus level using ImageJ. Its

perimeter was measured in pixels, and the surface area

was converted to square millimeter. The regularity of

the perifoveal anastomosis was quantified using the

index of circularity (IC = 4pA/P2).25

Statistical Analysis

Normal distribution of initial patient characteristics

was verified using a Shapiro–Wilk test. Group com-

parability was analyzed using Student T-test and

analysis of variance test for continuous variables, and

Pearson chi-squared or Kruskal–Wallis test depending

on the distribution. The association between OCT-A

parameters and the stage of retinopathy was tested

using a linear mixed-effects model taking into account

dependence of measurements within subjects. Results

are expressed as estimate with its 95% confidence

interval and P value. The estimate gives the increase

or decrease in the OCT-A parameter per each addi-

tional retinopathy stage. Correlation between flow

voids and clinical or other quantitative parameters

was analyzed using Pearson correlation coefficient.

The significance threshold was defined as a P value

less than 0.05. The interobserver agreement for FAZ

area, FAZ perimeter, and FAZ index of circularity was

assessed by calculating the intraclass correlation coef-

ficients. To get rid of the possible eye effect (intro-

duced by having sometimes both eyes of a same

subject), we performed a simulation study by ran-

domly choosing one of both eyes (when both were

present). This analysis was thus conducted on all 72

patients (not on all eyes) and was repeated 1,000

times. For each run that included only one eye per

Flow voids area ¼
Total area of flow voids2Masked flow voids

Total area of angiogram 2All masked pixels
:
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patient, the intraclass correlation coefficient was cal-

culated using a 2-way mixed model measuring abso-

lute agreement between raters (Package “irr” of the R

software). The mean intraclass correlation coefficient

summarizing all runs was then calculated and is now

presented together with Min and Max values. Statisti-

cal analysis was performed in GraphPad Prism Ver-

sion 8.2.1 for Mac OS (GraphPad Software, La Jolla,

CA, www.graphpad.com).

Results

A total of 162 eyes from 81 patients were screened.

Both eyes were excluded for 9 patients (18 eyes) and 1

eye was excluded for 24 patients (24 eyes) because of

exclusion criteria, insufficient image quality, or pres-

ence of artifacts. Of the remaining 120 eyes of 72

patients, there were 17 eyes from healthy subjects, 30

eyes from diabetic patients without DR, 22 eyes with

minimal NPDR, 30 eyes with moderate NPDR, 16

eyes with severe NPDR, and 5 eyes with PDR. Initial

patient characteristics are summarized in Table 1. The

only significant differences between groups concerned

the duration of diabetes, the level of glycated hemo-

globin, and the lens status.

Correlation Between Quantitative Optical

Coherence Tomography Angiography Parameters

and Retinal Changes

The FVA-CC, the PAN of the superficial plexus

(PAN-Sup), deep plexus (PAN-deep), and PAN-CC,

as well as the FAZ area, FAZ perimeter, and FAZ

index of circularity are presented in Table 2. The inter-

observer agreement for FAZ area, FAZ perimeter, and

FAZ index of circularity gave intraclass correlation

coefficient values (Min–Max) of 0.993 (0.989–

0.997), 0.984 (0.976–0.990), and 0.940 (0.909–

0.957), respectively. At the choriocapillaris level, in

the mixed-effects model, the increase in FVA-CC

(Figure 2) and PAN significantly correlated with the

stage of DR (P , 0.0001 and P = 0.0001, respec-

tively). At the retinal level, the perimeter (P =

0.0003) and area of the FAZ (P = 0.029), its index

of circularity (P , 0.0001), the PAN of the superficial

plexus (P , 0.0001), and the deep plexus (P ,

0.0001) all significantly correlated with the stage of

DR. Superficial retinal plexus and choriocapillaris

angiograms with corresponding PAN-Sup and FVA-

CC of representative patients are shown in Figure 3.

Correlation Between FVA-CC, Clinical

Parameters, and Other Optical Coherence

Tomography Angiography Parameters

The FVA-CC significantly correlated with the

duration of diabetes (P = 0.01), but not to age, level

of glycated hemoglobin, stage of renal disease, or sex.

In the group of healthy patients, the FVA-CC signifi-

cantly correlated with age (P = 0.03). Concerning

other quantitative parameters, the FVA-CC signifi-

cantly correlated with the index of circularity of the

ZAC (P = 0.04), the PAN of the superficial plexus (P

, 0.0001) the PAN of the deep plexus (P , 0.0001),

and the PAN of the choriocapillaris (P , 0.0001).

However, it was not correlated to the FAZ perimeter

or FAZ surface. The strongest correlation was found

for the FVA-CC and the PAN of the choriocapillaris

(R2 = 0.37) (Figure 4).

Fig. 1. Measure of choroidal
flow voids area (FVA-CC) and
PAN in a 65-year-old patient
with moderate NPDR. A. Cho-
riocapillaris angiogram. B. Pro-
jection mask (red pixels) derived
from the superficial and deep
angiograms superimposed on the
choriocapillaris angiogram. C.

Binarization of the whole retina
angiogram using Phansalkar
algorithm, after excluding the
projection mask in (B) (red pix-
els) from the analysis projection
mask in (B). D. Optical coher-
ence tomography B-scan from
the same patient showing
absence of macular edema. E.

Measure of flow threshold on the
foveal avascular zone at the
superficial retinal capillary
plexus level F. Measure of the PAN at the superficial retinal capillary level (PAN-Sup). G.Measure of the PAN at the deep retinal capillary plexus level
(PAN-deep). H. Measure of the PAN at the choriocapillaris level (PAN-CC).
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Retinal and Choroidal Changes in Diabetic

Patients without Diabetic Retinopathy

There was a significant difference in FAZ area (P ,

0.001), FAZ perimeter (P , 0.001), PAN-CC (P =

0.01), and FVA-CC (P = 0.01) between healthy sub-

jects and diabetic patients without DR (Figure 5).

However, the difference was not significant for the

PAN-Sup, PAN-Deep, and FAZ circularity.

Reproducibility of Optical Coherence Tomography

Angiography Quantitative Measures

The FVA-CC and the PAN-CC for contralateral

eyes with the same DR stage are represented in Figure

6. The correlation between both eyes was significant

only for the FVA-CC.

Discussion

Our study shows quantifiable choriocapillaris alter-

ations on SS-OCT-A that significantly correlated with

the stage of DR. The strongest association is found for

the FVA-CC. In addition, this OCT-A parameter

shows that early choriocapillaris alterations are signif-

icantly increased in diabetic patients without DR.

Those results are in agreement with previous studies

showing the importance of early choriocapillaris

alterations in spectral-domain OCT-A in diabetic

patients.13,14,19 We also show a correlation between

the FVA-CC and the duration of diabetes, reinforcing

the hypothesis of a pathophysiological link between

choroidal and retinal alterations in diabetes. We have

also quantified changes using the PAN of the chorio-

capillaris, and this OCT-A parameter also correlated

with the stage of DR. A previous study found a sig-

nificant and positive, albeit weak, correlation between

PAN of the choriocapillaris and DR stage.13 However,

this study included patients with DME, which may

hinder choriocapillaris OCT-A analysis. In fact,

patients with more advanced DR stages are more

likely to have DME, which would increase the mea-

sured PAN by masking effect.26 Nonetheless, the PAN

of the choriocapillaris seems to be sensitive to early

changes because it is significantly increased in diabetic

patients without DR. For stages higher than minimal

DR, however, there is little increase in the PAN of the

choriocapillaris. It seems therefore as a sensitive

marker of diabetic alterations, but not specific to the

stage of DR. Conversely, FVA-CC seems to reflect

changes at more advanced stages of DR because it

keeps increasing up to the PDR stage. This shows

the interest of combining those two measures in eval-

uating choriocapillaris anomalies.

The reproducibility of the two methods, assessed by

comparing the values of the left and right eyes with the

same stage of DR, found a much better correlation

with the FVA-CC than with the PAN of the

Table 1. Patient Characteristics

Controls Diab w/o DR min NPDR mod NPDR Sev NPDR PDR P

Eyes/patients 17/13 30/18 22/13 30/19 16/11 5/3
Gender, M/F 7/6 4/14 8/5 10/9 5/6 3/0 0.1
Age, years ± SD 56.1 ± 15.5 58.9 ± 10.1 67.4 ± 7.4 64 ± 11.3 60.1 ± 10.2 56.6 ± 7.7 0.9
Type of DM, n (%)
Type 1 0 (0%) 0 (0%) 1 (5.3%) 1 (9.1%) 0 (0%)
Type 2 18 (100%) 13 (100%) 18 (94.7%) 10 (90.9%) 3 (100%)

Duration of DM, years ± SD 10.13 ± 3 10.3 ± 1.7 15.36 ± 5.5 12.13 ± 2.9 17 ± 5 ,0.01
HbA1c, % ± SD 7.3 ± 3 7.5 ± 0.9 7.6 ± 0.8 8.3 ± 1.3 8.45 ± 0.6 0.01
HBP (Yes/no/unknown) 3/10/0 10/8/0 10/3/0 11/7/1 8/3/0 2/1/0 0.23
Renal disease, n (%) 0.8
Stage 1 13 (100%) 7 (38%) 5 (38%) 8 (42%) 3 (27%) 1 (33%)
Stage 2 0 (0%) 2 (11%) 2 (15%) 2 (10%) 1 (9%) 1 (33%)
Stage 3 0 (0%) 0 (0%) 0 (0%) 1 (5%) 1 (9%) 0 (0%)
Stage 4 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Unknown 0 (0%) 9 (50%) 5 (38%) 8 (42%) 6 (54%) 1 (33%)

BCVA
mean ± SD (LogMAR) 0 ± 0 0.05 ± 0.10 0.05 ± 0.1 0.17 ± 0.27 0.05 ± 0.09 0 ± 0 0.17
mean (Snellen) 20/20 20/16 20/16 20/32 20/16 20/20

Lens status, n (%) 0.0158
Clear 15 (88%) 18 (60%) 13 (59%) 14 (47%) 11 (68%) 5 (100%)
Grade 1 or 2 cataract 2 (12%) 10 (33%) 7 (32%) 7 (23%) 1 (6%) 0 (0%)
Pseudophakia 0 (0%) 2 (7%) 2 (9%) 9 (30%) 4 (25%) 0 (0%)

DM, diabetes melitus; min, minimal; mod, moderate; sev, severe; prolif, proliferative; M, Male; F, female, HBP, high blood pressure;
LogMAR, logarithm of the minimum angle of resolution; BCVA, best-corrected visual acuity.
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choriocapillaris. Percentage area of nonperfusion val-

ues were much smaller than FVA-CC, leaving out a lot

of areas that seemed nonperfused. This is probably

because of the choice of threshold, which is taken at

the superficial capillary plexus and may not be adapted

to analysis of the choriocapillaris layer, which has a

higher average decorrelation signal. The use of an

internal control would be ideal, but unfortunately,

there is no avascular zone in the choriocapillaris. This

is why the use of a local thresholding algorithm seems

more appropriate. Spaide27 proposed using the Phan-

salkar algorithm, allowing the analysis of dark areas in

low-contrasted images, such as choriocapillaris angio-

grams, and which we used in this study.

To this day, there are few SS-OCT-A studies that

quantitatively evaluate diabetic choroidopathy.17,28

Using similar methods, Mastropasqua et al were able

to show a decrease in flow density at the choriocapil-

laris level but only in patients with PDR. They were

not able to show alteration in diabetic patients without

DR. This study presents limits in the analysis of the

choriocapillaris: The inclusion of patients with DME

(50% of patients in the PDR group) may introduce a

measuring bias as explained above. Wide-field acqui-

sition of 15 mm · 9 mm angiograms divides the num-

ber of A scan per location by two, which causes a

decrease in the lateral resolution and the signal-to-

noise ratio.15 This can be responsible for decreased

sensitivity to microvascular alterations at the chorio-

capillaris level and may explain why differences were

not significant for patients without DR. Finally, some

DR stages in that study regroup moderate and severe

DR. The risk of progression between those two groups

Table 2. Optical coherence tomography-A Parameters Measured at the Retinal and Choroidal Level Depending on the
Stage of Retinopathy

Control
DM w/o

DR
min

NPDR
mod
NPDR

Sev
NPDR PDR Estimate (95% CI) P

Eyes, n n = 17 n = 30 n = 22 n = 30 n = 16 n = 5
Average FAZ area, mm2 ±
SD,
Sup 0.23 ±

0.11
0.40 ±
0.10

0.26 ±
0.14

0.34 ±
0.20

0.44 ±
0.13

0.40 ±
0.06

0.027 (0.003 to 0.050) 0.029

Average FAZ perimeter,
pixels ± SD
Sup 633 ±

163
844 ±
111

693 ±
206

823 ±
262

1,047 ±
213

985 ±
37

62.1 (30.6 to 93.6) 0.0003

Average FAZ IC ± SD
Sup 0.77 ±

0.05
0.77 ±
0.07

0.7 ±
0.13

0.67 ±
0.12

0.59 ±
0.10

0.62 ±
0.12

20.04 (20.05 to 20.03) ,0.0001

Average PAN, % ± SD
Sup 18.5 ±

4.46
19.3 ±
4.06

20.5 ±
3.67

25.4 ±
4.12

27.2 ±
5.8

28.7 ±
3.6

2.26 (1.62 to 2.90) ,0.0001

Deep 16.9 ±
4.8

19.1 ±
4.12

22.2 ±
3.5

24.5 ±
3.8

28.9 ±
6.8

25.8 ±
3.7

2.51 (1.83 to 3.18) ,0.0001

CC 0.17 ±
0.18

1.37 ±
1.8

3.46 ±
2.59

3.35 ±
1.99

2.97 ±
2.11

3.67 ±
2.52

0.67 (0.36 to 0.98) 0.0001

Total FVA, % ± SD
CC 10.9 ±

3.4
14.6 ±
4.8

17.6 ±
3.5

20.7 ±
5.9

19.9 ±
2.9

26.6 ±
4.4

2.55 (1.86 to 3.24) ,0.0001

CC, choriocapillaris; CI, confidence interval; DM, diabetes mellitus; Deep, deep plexus; FVA, flow voids area; FAZ, foveal avascular
zone; IC, index of circularity; min, minimal; mod, moderate; sev, severe; Sup, superficial plexus.

Fig. 2. Choroidal flow voids area (FVA-CC) according to the stage of
retinopathy. Spearman correlation test was used by considering reti-
nopathy stage as a discontinuous variable. Estimate and 95% confidence
interval for mixed model correlation: 2.55 [1.86–3.24]. CTRL, non
diabetic patients; DM, Diabetes melitus; min, minimal; mod, moderate;
sev, severe.
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is quite different, and common DR classifications

make a clear distinction between those stages.20,29

Gendelman et al showed that quantitative choriocapil-

laris alterations correlated with DR stage but did not

include healthy patients to show alterations in diabetic

patients without DR. They also included patients with

DME and anti–vascular endothelial growth factor

injections. Regarding the angiogram analysis method,

they used a global threshold that can be sensitive to

varying contrast across the angiogram27,30 and did not

describe their artifact removal method.

In our study, the analysis of other OCT-A parameters

found a significant correlation between DR stage and

FAZ area, perimeter and index of circularity, PAN of the

superficial plexus, deep plexus, and choriocapillaris.

Those results agree with several studies on OCT-A

retinal changes during diabetes.13,14,19,31 Additionally,

we have found a significant correlation between FVA-

CC and some retinal parameters, namely, FAZ index of

circularity, PAN of superficial plexus, and PAN of the

deep plexus. This suggests that the pathophysiological

mechanisms implied in the early retinal changes also

have early consequences on the choroid.

In our study, we have taken special care to reduce

potential OCT-A artifacts that could introduce a bias in

the measure of parameters. Motion artifacts were

reduced by including only exams with the EyeTracker,

and after careful review of the angiograms we

excluded eyes who still exhibited artifacts. The

masking effects that could arise from DME, hard

Fig. 3. Percentage area of non-
perfusion in superficial plexus
(PAN-Sup, A–D), choroidal
flow voids area (E–H), and cor-
responding OCT B-scans (I–L)
in representative patients. A, E,
I. healthy subjects, (B and F)
diabetic patient without DR, (C
and G) moderate DR. D and H.

Proliferative DR. Red pixels
have a signal below threshold
(A–D). White pixels represent
flow voids (E–H). Red pixels on
choriocapillaris angiogram in
(E–H) represent retinal flow
projection mask and were
excluded from the analysis.
Optical coherence tomography
B-scans show absence of macu-
lar edema (I–L).

Fig. 4. Correlation between choroidal flow voids area and other clinical (A–D) and angiographic (E–H) parameters. The solid line represents the linear
regression, the dotted line represents the 95% confidence interval of the regression. The correlation was considered significant for a P , 0.05. The
correlation between age and choroidal flow voids is shown for all patients (A) and for healthy patients (B).
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exudates or drusen were also avoided by excluding

patients with such alterations. Projection artifacts,

mainly because of the retinal plexus were reduced by

an exclusion algorithm. The integrated Plexelite

software can correct those artifacts using a compen-

sation method, by decreasing the decorrelation signal

that is projected from the retinal plexus onto the

choriocapillaris. The problem with this method is that

it implies extrapolation. The decorrelation signal given

by the algorithm at the choriocapillaris level may be

higher or lower than the actual flow would give. This

is why we decided to exclude the zones subject to

projection artifact altogether. Some authors even pro-

pose to exclude more zones using the C-scan at the

level of the RPE from the en face OCT.32 This scan

level is a good reflection of masking effects from the

whole retina,26 particularly from drusen or exudates.

Because we excluded eyes presenting such masking

elements, this correction had little interest in our study.

On a pathophysiological level, the probable reasons

for a decrease in choriocapillaris flow are still under

investigation. Systemic factors, hypertension, and

hyperglycemia probably play a role in the alterations

of choroidal capillaries. Vascular endothelial growth

factor originating from the retina or RPE33 may also

play a role on the choroid. There are probably conse-

quences of choriocapillaris hypoperfusion on photore-

ceptors, which are mainly vascularized by the choroid.

One study has shown that flow voids found in OCT-A

were colocalized with alterations in the ellipsoid zone.14

The main limit of our study is its observational

nature, which implies that a number of missing data

among which glycemic control, duration of diabetes,

and stage of renal disease are not always known by the

patient. We were not able to show a significant

correlation between choroidal flow voids area and

stage of renal disease, probably by lack of statistical

power but also because there was no association, in

our study population, between DR stage and renal

disease stage. There was significant correlation

between choroidal flow voids and age only when

looking at the healthy patients. When looking at the

whole population, the influence of DR stage may

explain why this correlation is lost. Patient number is

relatively low especially in the PDR group, whereas

DR is a frequent abnormality, and many patients with

PDR are followed in our department. This is certainly

because of the exclusion of patients with DME, which

is frequent in this subgroup. In addition, patients with

PDR are often referred because of a complication

limiting OCT-A imaging (intravitreal hemorrhage,

retinal detachment) or have already had pan retinal

photocoagulation or anti–vascular endothelial growth

factor injection, which excludes them from our study.

Another limitation of our study is the choriocapillaris

slab used for the flow voids quantification. We used

Fig. 5. Comparison of retinal
and choroidal OCT-A parame-
ters in nondiabetic subjects and
diabetic patients without reti-
nopathy. Student t test on non-
paired values was used with a
significance threshold set to P,

0.05.

Fig. 6. Correlation between
right and left eye measures of
flow voids area (FVA-CC) and
percent area of nonperfusion at
the level of the choriocapillaris
(PAN-CC) for patients with the
same DR stage in both eyes.
There is a significant correlation
for flow voids area (A) but not
for the percentage area of non-
perfusion in choriocapillaris
level (PAN-CC) (B). OS, Left
eye; OD, right eye; R, Pearson
correlation coefficient.
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the automated choriocapillaris slab selection algorithm

in the Plexelite 9000 software, which corresponds to a

20-mm-thick slab at a depth of 29 mm below the RPE.

This slab is deeper and thicker than the slab used by

Chu et al24 in their flow void quantification study (15-

mm-thick slab at 16-mm depth). Although slab depth

changes greater than 6-mm can significantly increase

the number of flow deficits, thickness changes less

than 8 mm have no significant effect on flow deficits.34

Moreover, although this certainly limits interstudy

comparison of flow deficit values, it should still allow

for intrastudy comparison between patients.

There are also limits in the method used to evaluate

the reproducibility of FVA-CC and PAN-CC mea-

surement. It was assessed by comparing both eyes of

the same subject when DR stages were identical.

Ideally, the reproducibility should be assessed on

replicated images of the same eye, but such images

were not obtained at inclusion.

The results we obtained show a strong association

between DR and choroidopathy. This encourages us to

study the potential influence of the choriocapillaris

alterations on DR and visual function. This would

require integrating OCT-A in the routine examination

of diabetic patients and eventually to design follow-up

studies showing the evolution of these alterations in time

and to compare them to the evolution of retinal changes.
Key words: diabetes mellitus, OCT angiography,

choriocapillaris, flow voids, diabetic retinopathy.
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