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Abstract
Purpose: To evaluate the integrity of the capillary plexuses, their relationship with each other, and their
association with structural changes in a sectoral manner in diabetic macular edema (DME).

Methods: The vessel density (VD) was measured in inferior, superior, nasal and temporal (İ, S, N, T)
parafovea in the super�cial capillary plexus (SCP) and deep capillary plexus (DCP). The integrity of the
external limiting membrane (ELM) and ellipsoid zone (EZ) were evaluated in B-scan images.

Results: In the SCP, only superior and nasal VD was signi�cantly lower (P: 0.0001 and P: 0.020,
respectively) while in the DCP, only temporal VD was signi�cantly lower in the DME eyes (P: 0.034). There
was no correlation between the VD of SCP and DCP in the corresponding quadrants (all P > 0.05). The
FAZ area was signi�cantly greater (both super�cial and deep) in DME eyes than in control eyes (P > 0.05).
ELM disruptions were not affected by the corresponding VDs in the SCP (all P> 0.05), but nasal and
temporal quadrant ELM disruptions were affected by VDs in the DCP in the corresponding quadrants (P:
0.005 nasal, P: 0.001 temporal). EZ disruptions were not affected by the corresponding VDs in the SCP
and DCP (all P> 0.05).

Conclusions: The SCP was affected in more quadrants than the DCP and probably independently from
each other. There was an association with the ELM and the DCP, especially in nasal and temporal
quadrants, but there was not an association between the EZ and SCP or DCP.

Introduction
Diabetic macular edema (DME) is the most important cause of vision loss in patients with diabetic
retinopathy (DR) [1, 2]. DME is associated with a breakdown of the blood retinal barrier (BRB), and
occlusion of retinal capillaries results in tissue hypoxia and leads to an increase in vascular endothelial
growth factor and in�ammatory factor levels, resulting in DME [3]. The inner retina has three capillary
plexuses (the super�cial capillary plexus (SCP), middle capillary plexus (MCP) and deep capillary plexus
(DCP)), which are connected with anastomosis, but the majority of software for optical coherence
tomography angiography (OCTA) has been limited to analyzing the SCP and DCP [4]. Previous studies
have shown that microvascular alterations in individual capillary plexuses are associated with the
severity of DR and DME [5–7]. Diabetic macular ischemia (DMI) is described as enlargement of the foveal
avascular zone (FAZ) and the presence of capillary nonperfusion in the macular region [3, 8]. DME often
occurs as cystic form. Cystoid spaces mainly settle in the inner nuclear layer (INL) and outer plexiform
layer (OPL) and occur because of intracytoplasmic swelling of Müller cells [9, 10]. The possibility of
macular ischemia increases when the diameter of the cyst increases, and DMI may cause further
deterioration of vision [11]. Cystic spaces that are due to DME may distort the adjacent retinal layers and
disrupt the normal foveal contour [12]. There are many studies that investigated the vascular status of
the macula in DME, but it is unclear whether the change in vascular status is uniform in each parafoveal
quadrant or differs. Some researchers have shown that diabetic capillary nonperfusion can be associated
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with photoreceptors and outer retinal disruption [4, 13, 14]. The authors have implicated the importance
of vascular status and the association of the macular structure, but the sectoral association in this
relationship is still unclear.

OCTA is a relatively new technology that provides a high-resolution en face OCT angiogram of the retinal
vasculature and multiple corresponding OCT B-scans and thus gives simultaneous viewing of both
structural and blood �ow information of the different levels of retina [15]. The vessel density (VD) and
FAZ (foveal avascular zone) area are the OCTA parameters used for quantitative analysis of retinal
microvasculature status [16]. There are many different OCTA devices that investigate the vascular status
of the macula with different scan protocols, but the lack of any consensus and some drawbacks about
the accuracy of measurements can interfere with routine clinical patient evaluations especially in
distorted anatomy, such as DME [17]. Additionally, there are few studies to con�rm the widespread
clinical use of automated analysis built into software in commercially available devices.

Although the exact pathogenesis of DME has not been fully elucidated, we hypothesized that the integrity
of the capillary plexuses in each quadrant changes differently and might be associated with structural
changes in a sectoral manner in DME.

Methods
This was a retrospective cross-sectional single-center study. All patients were recruited at the
Ophthalmology Department of Inonu University between October 2016 and December 2020. Signed
informed consent was obtained from all patients. The study was approved by the local Ethical Committee
and conducted in accordance with the Declaration of Helsinki.

Patients suffering from center-involved DME who had undergone OCTA examination were enrolled. The
patients were > 18 years old and had type II diabetes mellitus. Age- and sex-matched healthy subjects
were included as a control group. Complete ophthalmologic examination of all patients was obtained
from the records. Best-corrected visual acuity (BCVA) was recorded using Snellen charts and then
converted into the logarithm of the minimum angle of resolution (logMAR) for statistical analysis. DME
was de�ned as the presence of retinal thickening, intraretinal cyst, or subretinal �uid on B-scans. Central
foveal thickness (CFT) greater than 270 µm was included in the DME group. We included patients who
received one or consecutive multiple injections with a�ibercept, ranibizumab, bevacizumab or
dexamethasone.

The criteria for exclusion were as follows: signi�cant media opacity limiting the quality of OCTA images,
OCTA images with poor quality (< 60), OCTA images with blinking artifacts or motion artifacts, patients
with choroidal neovascularization (CNV), high myopia, retinal vein occlusion, uveitis, uncontrolled
glaucoma, endophthalmitis, vitreomacular traction, epiretinal membrane, macular hole, macular scar,
previous vitrectomy or any ocular surgery (except uneventful cataract surgery at least 3 months before
the study), and macular grid laser.
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OCT Angiography Imaging and Measurements
All participants underwent OCTA using swept-source OCT (DRI OCT Triton; Topcon Inc, Tokyo, Japan)
with a wavelength of 1050 nm, an acquisition speed of 100 000 A-scans per second, and axial and
transversal resolutions of 8 and 20 mm in tissue, respectively. We used a 6x6 mm volumetric scan
centered at the fovea, each consisting of 512 A-scans per B-scan for a total of 512 B-scans, to obtain
OCTA images. The device has an active eye tracker to reduce motion and blinking artifacts during OCTA.
The OCTA images were obtained with a quality score of 60 and above. Sections of the SCP and DCP were
automated and segmented by the built-in software IMAGEnet6, v1.25 and OCTARA™ (Topcon) software;
the SCP was delineated by 2.6 mm below the internal limiting membrane to 15.6 mm below the junction
between the inner plexiform and the inner nuclear layers; the DCP was delineated by 15.6 mm below the
inner plexiform and the inner nuclear layers to 70.2 mm below them. The accuracy of the automatic
segmentation lines was veri�ed visually and independently by experienced graders (NP). Segmentation
errors were manually corrected by a grader. If not, the subject was excluded from the study. Eyes with
hemorrhage and hard exudates in the measurement area were excluded.

VD was described as the proportion of area occupied by vessels. The VD was measured using the
instrument’s built-in software based on the OCT angiography image intensity, and values were recorded
for four different quadrants: the inferior superior, nasal and temporal (İ, S, N, and T) parafovea (diameter
3 mm) based on the ETDRS grid in both plexuses. The FAZ was de�ned as the area encompassing the
central fovea, where there were no clear and demarcated vessels seen on OCTA. The FAZ area was
manually contoured and measured using a device area measurement tool in both the SCP and DCP (Fig.
1). The presence of cysts was determined with en face OCTA imaging in a sectoral manner in both the
SCP and DCP.

Structural Measurements
Structural measurements were performed on 9 mm width 12 radial scans that cover all sectors and allow
sectoral analysis using swept-source OCT. CFT and sectoral parafoveal retinal thicknesses (RT) (İ, S, N,
and T) were quanti�ed automatically with the instrument’s built-in software in the 3 mm ETDRS grid
macular map. The integrity of the ellipsoid zone (EZ) and external limiting membrane (ELM) were
evaluated in all 12 radial B-scan images. The presence of ellipsoid zone disruption (EZD) and external
limiting membrane disruption (ELMD) were de�ned as any disruption of the integrity of the EZ and ELM
within the 3 mm ETDRS grid in a sectoral manner (İ, S, N, and T). EZ disruption and ELM disruption were
de�ned as any clear discontinuation in related lines within the 3 mm ETDRS grid (Fig. 2). The presence of
cysts in the INL and OPL was recorded regardless of the number and size by examining radial sections in
a sectoral manner (İ, S, N, and T).

Statistical analysis
Study data were analyzed by using SPSS version 22.0 (IBM Corporation, Armonk, New York, USA). The
conformity of univariate data to a normal distribution was evaluated with the Shapiro-Wilk test. Normally
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distributed quantitative variables are shown as the mean ± standard deviation (SD) and median
(minimum and maximum) when nonnormally distributed. The categorical variables are shown as n (%) in
tables. According to the results, the independent-samples t test and Mann-Whitney U test were used to
compare two independent groups. Categorical variables were compared with Pearson’s chi-square test or
Fisher’s exact test. Pearson’s and Spearman’s correlation tests were used to analyze the correlations of
variables with each other. A p-value < 0.05 was accepted as signi�cant.

Results
Twenty-six eyes with DME and 20 eyes of the normal healthy subjects were analyzed. The baseline
characteristics are reported in Table 1. No signi�cant differences were observed between patients with
DME and controls in age, sex, or eye distribution. BCVA was signi�cantly different between the two
groups (p < 0.0001). Of the 26 eyes included in the DME group, 22 (84.6%) eyes had laser
photocoagulation in a panretinal manner, and 23 (88.5%) eyes had at least 1 intravitreal injection with
bevacizumab, a�ibercept, ranibizumab or dexamethasone implants.

 
Table 1

Baseline characteristics of the patients

  Group 1 (n: 26) Group 2 (n: 20) P

Age (mean ± SD, median(min-
max)), years

59.08 ± 6.41,
58.5(47–72)

57.80 ± 7.50, 55(49–74) 0.537

Sex n(%)(male) 16(61.5) 12(60) 0.916 (χ2:
0.11)

Eye distrubitions n(%) (Right) 16(61.5) 12(60) 0.916 (χ2:
0.11)

BCVA (mean ± SD, median(min-
max)), logMar

0.46 ± 0.46,
0.30(0.0-1.3)

0.004 ± 0.013,
0.00(0.00-0.045)

0.0001*

BCVA: Best−corrected visual acuity

OCTA values
Table 2 shows the corresponding OCTA measurements in the super�cial and deep capillary plexuses in
eyes with DME and controls. Sectoral analysis was performed to compare the VD between each group. In
the SCP, there were no signi�cant differences in inferior and temporal VD (P: 0.170 and P: 0.058), but
superior and nasal VD was signi�cantly lower in the DME eyes (P: 0.0001 and P: 0.020, respectively). In
the DCP, there were no signi�cant differences in inferior, superior and nasal VD (P: 0.242, P: 0.070, and P:
0.251, respectively), but temporal VD was signi�cantly lower in the DME eyes (P: 0.034) (Fig. 3). The VD
in the inferior quadrant of the SCP was not correlated with the inferior quadrant of the DCP, and the VD in
the superior quadrant of the SCP was not correlated with the superior quadrant of the DCP, and the VD in
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the nasal quadrant of the SCP was not correlated with the nasal quadrant of the DCP, the VD in the
temporal quadrant of the SCP was not correlated with the temporal quadrant of the DCP (all P > 0.05 in
the Pearson or Spearman correlation test).
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Table 2
OCTA values

  Group 1 Group 2 P

Inferior VD-SCP, mean ± SD (%) 45.57 ± 4.01 47.03 ± 2.76 0.170

Süperior VD-SCP, mean ± SD(%) 43.25 ± 4.34 47.85 ± 2.42 0.0001*

Nasal VD-SCP, mean ± SD(%) 42.13 ± 3.59 44.32 ± 2.14 0.020*

Temporal VD-SCP, mean ± SD,
median(min-max) (%)

43.02 ± 7.66, 43.83
(10.18–51.01)

45.93 ± 1.86, 45.85
(42.81–49.45)

0.058

FAZ area-SCP, median(min-max)
(µm2)

367 (168–805) 240 (125–549) 0.003*

The presence of cyst in inferior
SCP(+ eyes)%

16 (61.5) NA  

The presence of cyst in süperior
SCP(+ eyes)%

18 (69.2) NA  

The presence of cyst in nasal
SCP(+ eyes)%

12 (46.2) NA  

The presence of cyst in temporal
SCP(+ eyes)%

20 (76.9) NA  

Inferior VD-DCP, mean ± SD(%) 23.97 ± 5.47 25.63 ± 3.42 0.242

Süperior VD-DCP, mean ± SD(%) 21.76 ± 8.82 25.59 ± 3.03 0.070

Nasal VD-DCP, mean ± SD(%) 23.82 ± 7.35 25.88 ± 3.22 0.251

Temporal VD-DCP, mean ± SD(%) 19.76 ± 6.92 23.37 ± 2.86 0.034*

FAZ area-DCP, median(min-max)
(µm2)

852 (214–4496) 412 (147–803) 0.0001*

The presence of cyst in inferior
DCP(+ eyes)%

21 (80.8) NA  

The presence of cyst in süperior
DCP(+ eyes)%

24 (92.3) NA  

The presence of cyst in nasal
DCP(+ eyes)%

20 (76.9) NA  

The presence of cyst in temporal
DCP(+ eyes)%

25 (96.2) NA  

VD: Vessel density, SCP: Super�cial capillary plexus, DCP: Deep capillary plexus, FAZ: Foveal avascular zone

The FAZ area was signi�cantly greater (both super�cial and deep) in DME eyes than in control eyes (P:
0.003 and P: 0,0001, respectively) (Fig. 4). There was no correlation between the FAZ area of the SCP and
VD in any quadrant of the SCP (all P > 0.05 in the Pearson or Spearman correlation test), but the FAZ area
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of the DCP was negatively correlated with the nasal and temporal VD of the DCP (Spearman r: -0.467 P:
0. 016 nasal, and r: -0. 742 P: 0.0001 temporal).

The sectoral analysis of the presence of cysts performed with En face OCT revealed that 16 eyes (61.5%)
had inferior, 18 eyes (69.2%) superior, 12 eyes (46.2%) nasal, and 20 eyes (76.9%) temporal cysts in the
area of the SCP. The VD in any of these quadrants was not affected by the presence of cysts in the
corresponding quadrants of the SCP (all P > 0.05 in the Mann-Whitney U test). The FAZ area of the SCP
was not affected by the presence of cysts in any quadrant of the SCP (all P > 0.05 in the Mann-Whitney U
test). The corresponding retinal quadrant thicknesses were affected by the cysts in the SCP, as expected
(all P < 0.05 in the Mann-Whitney U test).

In the area of the DCP, 21 eyes (80.8%) had inferior, 24 eyes (92.3%) had superior, 20 eyes (76.9%) had
nasal, and 25 eyes (96.2%) had temporal cysts in DME eyes. The VD in any of these quadrants was not
affected by the presence of cysts in the corresponding quadrants of the DCP (all P > 0.05 in the Mann-
Whitney U test), but the VD in the nasal and temporal quadrants of the DCP was affected by the cysts in
the corresponding SCP quadrants (P: 0.017 and P: 0.0.004, respectively; Mann-Whitney U test). The FAZ
area of the DCP was not affected by the presence of cysts in any quadrant of the SCP but was affected
by the presence of cysts only in the superior and nasal quadrants of the DCP (P: 0.012 and P: 0.0.028,
respectively; Mann-Whitney U test). The corresponding retinal quadrant thicknesses were affected by
cysts in the DCP-only superior and nasal quadrants (P: 0.025 and P: 0.0.028, respectively; Mann-Whitney
U test).

When considering the presence of cysts in the layers, cysts were detected in the INL in 20 eyes (76.9%),
and cysts were detected in the OPL in 22 eyes (84.6%).

Structural OCT analysis
Structural analysis results are reported in Table 3. The CFT was signi�cantly different between the two
groups, as expected (p < 0.0001). The sectoral analysis of the thicknesses according to the 3 mm ETDRS
grid sectors revealed that inferior, superior, nasal and temporal area thicknesses were signi�cantly greater
in DME eyes (P: 0.0001, P: 0.0001, P: 0.005, and P: 0.0001, respectively). When considering correlations
between the VD in quadrants and sectoral retinal thicknesses in DME eyes, only the nasal quadrant VD in
the SCP was positively correlated with nasal thickness (Spearman r: 0.413, P: 0.036). All VDs in the DCP
were negatively correlated with thickness when the corresponding quadrants were evaluated (Spearman r:
-0.113 P: 0. 583 inferior, r: -0.534 P: 0.005 superior, r: -0.470 P: 0.015 nasal, r: -0.667 P: 0.0001 temporal).
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Table 3
Structural OCT analysis

  Group 1 Group 2 P

CFT median(min-max) (µm) 341 (273–679) 251 (216–269) 0.0001*

Inferior RT median(min-max) (µm) 346 (289–564) 308 (278–337) 0.0001*

Süperior RT median(min-max) (µm) 354 (293–594) 318 (278–342) 0.0001*

Nasal RT median(min-max) (µm) 346 (291–529) 315 (275–344) 0.005*

Temporal RT (median(min-max) µm) 378 (309–592) 301 (262–326) 0.0001*

ELM disruption in inferior (+ eyes)% 6 (23.1) NA  

ELM disruption in süperior (+ eyes)% 5 (19.2) NA  

ELM disruption in nasal (+ eyes)% 5 (19.2) NA  

ELM disruption in temporal (+ eyes)% 7 (26.9) NA  

EZ disruption in inferior (+ eyes)% 11 (42.3) NA  

EZ disruption in süperior (+ eyes)% 11 (42.3) NA  

EZ disruption in nasal (+ eyes)% 10 (38.5) NA  

EZ disruption in temporal (+ eyes)% 13 (50) NA  

CFT: Central foveal thickness, RT: Parafoveal retinal thickness, ELM: External limitan membrane, EZ: Ellipsoid zone

ELM disruptions detected in each quadrant were 6 eyes (23.1%) inferior, 5 eyes (19.2%) superior, 5 eyes
(19.2%) nasal and 7 eyes (26.9%) in temporal scans. ELM disruptions were not affected by corresponding
VDs in the SCP (all P > 0.05), but nasal and temporal quadrant ELM disruptions were affected by VDs in
the DCP in the corresponding quadrants (P: 0.005 nasal, P: 0.001 temporal; Mann-Whitney U test). ELM
disruptions in each quadrant were not affected by the FAZ area in the SCP (all P > 0.05) but were affected
by the FAZ area in the DCP (all P < 0.05; Mann-Whitney U test). ELM disruptions were affected by macular
thicknesses in each corresponding quadrant (all P < 0.05; Mann-Whitney U test).

EZ disruptions detected in each quadrant were 11 eyes (42.3%) inferior, 11 eyes (42.3%) superior, 10 eyes
(38.5%) nasal and 13 eyes (50%) in temporal scans in DME eyes. EZ disruptions were not affected by the
corresponding VDs in the SCP and DCP (all P > 0.05; Mann-Whitney U test). EZ disruptions in each
quadrant were not affected by the FAZ area in the SCP and DCP (all P > 0.05). EZ disruptions were not
affected by macular thicknesses in the inferior, superior and nasal corresponding quadrants (all P > 0.05)
but were affected in the temporal quadrants (P: 0.034).

Discussion
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The VD and FAZ area are OCTA parameters used for quantitative analysis of retinal microvasculature
status [16]. The importance of the VD and FAZ on DME in the SCP and DCP has been con�rmed in many
studies [14, 18, 19]. Al of these studies investigated the macula globally. In the present study, we
investigated vascular status and the association with structural morphology of the macula in a sectoral
manner. A 3 mm ETDRS macular grid evaluation of our study revealed that the VD was signi�cantly lower
in the superior and nasal quadrants in the SCP and the temporal quadrant of the DCP in DME eyes
compared to the corresponding quadrants in healthy eyes. The FAZ area was signi�cantly greater (both
super�cial and deep) in DME eyes than in control eyes. The sectoral analysis of the thicknesses
according to 3 mm ETDRS grid sectors revealed that inferior, superior, nasal and temporal quadrant
thicknesses were signi�cantly greater in DME eyes. ELM disruptions detected in each quadrant were 6
eyes (23.1%) inferior, 5 eyes (19.2%) superior, 5 eyes (19.2%) nasal and 7 eyes (26.9%) in temporal scans.
EZ disruptions detected in each quadrant were 11 eyes (42.3%) inferior, 11 eyes (42.3%) superior, 10 eyes
(38.5%) nasal and 13 eyes (50%) in temporal scans in DME eyes.

In diabetic eyes without clinically detectable DR, the VD of both super�cial and deep capillary plexuses
was lower than that in healthy controls, and eyes with a worse DR stage showed larger FAZ areas and
lower VD values [20, 21]. Moreover, the risk of DR progression was found to be associated with a larger
FAZ area and lower VD on the DCP, whereas the risk of DME development was found to be associated
with lower VD on the SCP [18, 22]. There is growing evidence that the DCP is affected earlier than the SCP
in DR because of the terminal architecture of the deep capillaries [19, 23]. However, the rationality and
priority of the SCP or DCP on the formation of the DME remain unclear [18, 19]. To contribute to
understanding the pathogenesis of DME, we conducted sectoral analysis and found that the VD was
signi�cantly lower in the superior and nasal quadrants in the SCP and temporal quadrant of the DCP in
DME eyes. The VDs in the SCP appeared to be affected in more quadrants, although the decrease in the
temporal quadrant of the SCP did not reach signi�cance because of the small sample size (P: 0.058). The
importance of our results may be that the SCP was affected more in advanced DR with DME. The SCP
includes larger vessels (arterioles and venules) beside the capillaries. Additionally, it was found that the
diameter of large vessels steadily increased from diabetes without retinopathy to more severe stages of
diabetic retinopathy in SCP [24]. Vessel length and vessel caliber affect vessel density [25]. This outcome
may result in a limited decrease in the VD, although capillary dropout occurs in the SCP. We assumed that
our DME eyes had advanced DR because almost all had a history of lfk and intravitreal injection. Our
correlation analysis between the VD of the SCP and DCP revealed that there were no correlations in the
corresponding quadrants. This result may indicate that the SCP and DCP are affected independently from
each other. On the other hand, there is probably a compensatory relationship between the SCP and DCP;
thus, there may be dependence [26]. We suggest that in DR, the DCP may �rst be affected but
compensated by a relatively normal SCP to prevent the formation of macular edema. However, if the
decrease in the VD in the SCP exceeded the compensation of the DCP in advanced DR (involvement in
more quadrants, such as our results), DME occurred. To the best of our knowledge, such a �nding has not
been mentioned before in the literature. Longitudinal studies are needed to con�rm these results.
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By the automated quantitative approach, VD calculations may confound because of cystoid spaces in
the regions counted as nonperfused areas [27]. Many researchers have excluded these areas in the
images to calculate the VD, but according to the results of the present study, we suggest that cystoid
spaces actually occur in vascular rarefaction areas. Moreover, some studies on VD measurements found
that the VD did not change after treatment, although anatomical relief was observed [6, 28]. That �nding
supports our consideration. Nevertheless, pushed capillaries (vessel displacement) that are due to cystoid
spaces may affect the calculation of the VD [29, 30]. In our DME eyes, the VD in any of the SCP quadrants
was not affected by the presence of cysts in the corresponding quadrants of the SCP or DCP. The VD in
any of the DCP quadrants was not affected by the presence of cysts in the corresponding quadrants of
the DCP, but the presence of cysts in the nasal and temporal quadrants of the SCP affected the VD in the
corresponding quadrants of the DCP. This result may be due to the distortion effect of cysts in the SCP on
the capillaries of the DCP. We did not measure the actual area of the cysts because it requires different
image processing, and we only evaluated the presence of the cysts in the corresponding quadrants.
Future studies that include the measurement of the actual area of cysts may provide a better explanation
for this effect. Mané et al. found that cystoid spaces were often located within areas of nonperfusion,
and cysts were more visible and more numerous in the deeper retina [7]. Consistent with that �nding, the
majority of our patients had cysts in the DCP, especially in the temporal quadrant, where there was a
signi�cant decrease in the VD, but the association could not be proven statistically. The actual area
occupied by cysts may be meaningful for that association.

When considering correlations between the VD in quadrants and sectoral retinal thicknesses in DME eyes,
all VDs in the DCP were negatively correlated with thicknesses, but only the nasal quadrant VD in the SCP
was positively correlated with nasal thickness when the corresponding quadrants were evaluated. These
�ndings may re�ect that edematous thickening is especially linked with a decrease in the VD of the DCP,
but we cannot say that there is the same link between the VD of the SCP and thickening because of the
possible compensatory changes in the SCP, as mentioned above.

Enlargement of FAZ areas at the level of both the SCP and DCP in DR and diabetic maculopathy has been
proven in many studies, consistent with our study [5, 21]. In terms of the correlation between the FAZ area
and sectoral VDs, there were no associations in the SCP, but the nasal and temporal quadrants of the DCP
VDs were negatively correlated with the FAZ area of the DCP in the present study. A possible explanation
for this �nding may be that the FAZ area of the SCP increases because of edematous distortion. However,
the increase in the FAZ area of the DCP may be due to capillary dropout, especially in the nasal and
temporal quadrants of the DCP, in our patients. It is supposed that the accumulation of �uid in the
macula causes distortion and enlargement of the FAZ area [23, 31]. Normally, in the inner retinal layers,
interstitial �uid is strictly controlled by the retinal capillary plexus and Müller cells. When �uid production
exceeds �uid reabsorption, macular edema forms [29]. Excessive extravasation of �uid from the vascular
bed to the interstitial space may cause the formation of cystoid spaces and tissue distortion [32]. We
could not �nd any association between sectoral thicknesses and the FAZ area of the SCP, but the FAZ
area of the DCP was correlated positively with both quadrants and central thicknesses. In our DME eyes,
the FAZ area of the SCP was not affected by the presence of cysts in any quadrants of the SCP or DCP.
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The FAZ area of the DCP was not affected by the presence of cysts in any quadrant of the SCP but was
affected by the presence of cysts only in the superior and nasal quadrants of the DCP. Again, this result
may be due to the distortion effect of cysts on the capillaries in the DCP but nevertheless probably
because of capillary dropout. We observed that the cysts in the DCP had greater dimensions, so a
distortion effect of the cysts may be evident in the DCP. The expansion of the cystoid spaces may cause
disruption of the wall of the cysts that contain Müller cells. Müller cells have important structural and
functional duties. Müller cells that span from the internal limiting membrane (ILM) to the ELM provide the
scaffold of the retinal layers. Müller cells wrap the retinal capillaries and have a tight relationship with the
vascular bed functionally and morphologically. Therefore, it seems that the association between the
presence of cysts and vascular status is a vicious circle.

Moon et al. showed the importance of the VD and FAZ areas of the DCP on the ELM and EZ [33].
Consistent with these �ndings, we found that ELM disruptions were not affected by the corresponding
VDs in the SCP, but nasal and temporal quadrant ELM disruptions were affected by VDs in the DCP in the
corresponding quadrants. ELM disruptions in each quadrant were not affected by the FAZ area in the SCP
but were affected by the FAZ area in the DCP. In our sectoral analysis, we could not �nd any association
between EZ disruptions and the VD of either the SCP or DCP when the corresponding quadrants were
evaluated. Again, we did not �nd any association between EZ disruptions and the FAZ area of either the
SCP or DCP. All these results may con�rm that ELM is primarily affected by the DCP, especially in the
nasal and temporal quadrants, but that cannot be said for EZ. The presence of EZ disruption was
approximately two times more frequent according to ELM disruption in our subjects. In a recent study, Lei
et al. reported that EZ disruptions were found in 40% of diabetic eyes [24]. Our sectoral results were
comparable, but their subjects had 57% DME, while all of eyes in our study group had DME. Therefore,
their results are relatively higher according to ours. That may be due to devices used. They used SD-OCT;
however, we used SS-OCT, which was con�rmed to have better deep resolution. Some researchers
suggested that outer retinal disruptions were correlated with SCP changes, while some reported DCP
partially contributed [13, 14, 24]. DCP provides approximately 15% of the oxygen supply of the
photoreceptors, while the outer one-third of the retina is mainly supplied by the choriocapillaris [34]. On
the other hand, Borrelli et al. reported an association between the EZ and the choriocapillaris [35].
Therefore, the EZ may be mainly dependent on the choriocapillaris rather than inner retinal capillary
plexuses. Evaluation of the choriocapillaris was not within the scope of this study, and further studies are
warranted to obtain more detailed information about the association between the EZ and choriocapillaris.

There are some limitations in this study. 1) This was a retrospective cross-sectional study, which may
have caused ascertainment bias. 2) The small sample size was due to the strict inclusion and exclusion
criteria; poor quality of the images and the presence of epiretinal membrane were the most common
exclusion reasons. 3) The inclusion of both patients with differing previous treatments and treatment-
naive DME patients with different durations. 4) We performed all measurements on 6x6 mm scans
because we imaged all patients in a standard manner with a 6x6 mm scan due to automated sectoral
calculations in our clinical settings. If the 3x3 mm scans give automated sectoral analysis, they may
provide better measurements [36]. On the other hand, the suspended scattering particles in motion
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(SSPiM) may cause an overestimation of DCP vessel density in eyes with DME when 3-mm OCTA scans
are used for analysis, but that effect may be less when 6-mm scans are used [37]. For these reasons, we
used a 6 mm scan as the standard in all our patients, even for 3 mm area calculations. 5) The
quanti�cation structural analysis and the area of the FAZ may be affected by subjective judgment. For
these reasons, all image processing was performed by the same person to reduce the interrater bias. It
was stated previously that age and sex were correlated with both FAZ and VD of the SCP and DCP layer
in both diabetic and healthy subjects [20]. We created the control group with the same age and sex
distribution to eliminate these effects.

In conclusion, The VDs in the SCP appeared to be affected in different quadrants according to the DCP in
advanced DR with DME. There were no correlations in the corresponding quadrants between the SCP and
DCP in terms of VD. This result may indicate that the SCP was affected in more quadrants than the DCP
and probably independently from each other. There was no correlation between the FAZ area and sectoral
VDs in the SCP, but the nasal and temporal quadrants of the DCP VDs were negatively correlated with the
FAZ area of the DCP. The presence of cysts may not be related to the vascular status of the SCP, probably
due to large vessels in the SCP, but may be partially related to the vascular status of the DCP. ELM
disruptions were associated with the vascular status of DCP but not SCP. EZ disruptions were not
associated with the vascular status of the SCP and DCP. These results may con�rm that the ELM is
primarily affected by DCP, especially in the nasal and temporal quadrants, but that cannot be said for the
EZ. Longitudinal studies are needed.
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Figures

Figure 1

Quanti�cation of retinal microvasculature from 6×6 mm OCT angiography (OCTA) images of the
super�cial capillary plexus (SCP) and deep capillary plexus (DCP). Sectoral Vascular density (VD)
measurement. The fovea was considered the central 1 mm diameter circle, and the parafovea was
considered the area between the central circle and outer 3 mm diameter of the ETDRS circle. The VD of
the parafoveal 3-mm zone was automatically measured by the software in inferior, superior, nasal and
temporal quadrants (bottom row middle image). Foveal avascular zone (FAZ) area measurement. The
FAZ area was manually contoured and measured using a device area measurement tool in both the SCP
and DCP (top row left image) ETDRS: Early treatment of diabetic retinopathy study,
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Figure 2

Sectoral retinal thicknesses (bottom left image). The integrity of the ellipsoid zone (EZ) and external
limitan membrane (ELM) were evaluated in all 12 radial B-scan images (right images)
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Figure 3

Sectoral Vascular density (VD) results of two groups
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Figure 4

The FAZ areas of SCP and DCP in both groups


