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Abstract

Purpose—To report outer retinal structural changes associated with macular capillary non-

perfusion at the level of deep capillary plexus (DCP) in diabetic patients.

Design—Prospective observational cross-sectional study.

Methods—The study included 14 eyes of 10 patients who were diagnosed as having diabetic 

retinopathy. To study the outer retina and localize areas of capillary non-perfusion at the 

superficial (SCP) or DCP, we used the spectral domain optical coherence tomography (SD-OCT) 

device (RTVue-XR Avanti, Optovue Inc, Fremont, California) with split-spectrum amplitude-

decorrelation angiography (SSADA) software for optical coherence tomography angiography 

(OCTA). Two independent masked graders (F.S. and A.A.F.) qualitatively evaluated SD-OCT 

scans as either normal or having outer retina disruption. The angiographic images were examined 

to define the presence and location of capillary non-perfusion.

Results—Eight eyes showed outer retinal disruption on SD-OCT that co-localized to areas of 

enlarged foveal avascular zone, enlarged areas of no flow between capillaries and capillary non-

perfusion of the DCP. Six eyes without outer retinal changes on SD-OCT showed robust perfusion 

of the DCP.

Conclusions—Using OCTA, this study shows that macular photoreceptor disruption on SD-

OCT in patients with diabetic retinopathy corresponds to areas of capillary non-perfusion at the 

level of DCP. This is important in highlighting the contribution of the DCP to the oxygen 

requirements of the photoreceptors as well as the outer retina in diabetic macular ischemia.
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Introduction

The human macular vascular supply is a complex system comprised of three inter-connected 

capillary plexuses; the superficial capillary plexus (SCP), which lies in the retinal nerve fiber 

layer, while the middle (MCP) and deep capillary plexus (DCP) are located at the inner and 

outer borders of the inner nuclear layer, respectively.1, 2 This complex vascular arrangement 

leaves the fovea (foveal avascular zone; FAZ) and the outer retina avascular, with their 

oxygen demand primarily dependent on diffusion from the choroidal circulation.3, 4 

Interestingly, experimental studies have shown that the DCP contributes to photoreceptor 

inner segment oxygen requirements (10–15%), particularly during dark adaptation.5 More 

importantly, recent experimental evidence from our group suggests that during systemic 

hypoxia, the inner retinal vascular contribution to the metabolic needs of the outer retina 

become even more significant, as the choroidal vasculature fails to auto-regulate its blood 

supply in the setting of hypoxia.6

Thus, extrapolating from this finding, it is intriguing to question whether the choroidal 

circulation is able to compensate for retinal capillary ischemia in the setting of diabetic 

retinopathy (DR). In addition, given the potential for underlying diabetic choroidopathy and 

the generalized failure of auto-regulation, it is likely that the photoreceptors are in a state of 

chronic, unmitigated hypoxia during diabetes.7 Supporting this hypothesis, we have recently 

shown that diabetic capillary non-perfusion can be associated with outer retinal disruption 

on Spectral Domain-Optical Coherence Tomography (SD-OCT), and proposed that non-

perfusion of the DCP in these patients could explain these outer retinal structural changes.8 

Innovative software enhancements in SD-OCT have introduced OCT angiography (OCTA)9, 

which allows non-invasive visualization of the three-dimensional blood flow within retinal 

capillaries including the SCP, DCP, as well as the choriocapillaris. A recent study has shown 

that OCTA allows depth resolved visualization of abnormal vascular changes in DR, 

including neovascularization, microaneurysms as well as areas of retinal capillary non-

perfusion, with the added advantage of detailed information regarding the individual layers 

of the retinal capillaries.10

In the current prospective study, using OCTA, we sought to further confirm our hypothesis 

that photoreceptor and outer retinal disruption on SD-OCT in diabetic macular ischemia 

corresponds to areas of capillary non-perfusion at the level of DCP.8 To confirm our 

hypothesis, we examined 15 eyes of 11 diabetic patients, focusing on 9 eyes with outer 

retinal changes on SD-OCT and diabetic macular capillary non-perfusion on OCTA at the 

level of the DCP.

Methods

This study was a prospective consecutive case series of patients examined at the Department 

of Ophthalmology, Northwestern University, Chicago, Illinois between June 12, 2015 and 

October 15, 2015. This study was approved by the Institutional Review Board of 

Northwestern University, followed the tenets of the Declaration of Helsinki and was 

performed in accordance with HIPAA regulations. Written informed consent was obtained 

from all participants.
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Study Sample

Inclusion criteria for this study included diabetic patients diagnosed with different stages of 

DR, ranging from minimal non-proliferative DR (NPDR) to high-risk and treated quiescent 

proliferative DR (PDR). We also included one eye from a healthy, age-matched individual 

with normal DCP perfusion for comparison with our study sample.

Exclusion criteria included patients with significant diabetic macular edema (DME), 

diagnosed either clinically or with SD-OCT, that disrupted the contour of the segmentation 

on OCTA, or if the edema was diffuse and obscured the entire outer retinal changes in areas 

of non-perfusion. We defined DME as central subfield thickening of at least 250 microns (2 

standard deviations above average normal thickness).11 Other exclusion criteria included 

eyes that had undergone surgical retinal repair or laser treatment within the past 5 years 

and/or any laser treatment in the area with outer retinal disruption as revealed on SD-OCT, 

as well as eyes that had received intravitreal anti-vascular endothelial growth factor or 

intravitreal corticosteroids. We also excluded patients with evidence of significant cataracts, 

graded above nuclear opalescence grade three or nuclear color grade three in order to avoid 

optical artifacts that may potentially compromise SD-OCT image quality. We excluded eyes 

with other retinal disease that may contribute to retinal non-perfusion, including arterial 

branch occlusion of the retina. After image acquisition, we excluded eyes where the OCTA 

images had movement or shadow artifacts in the area of interest, OCTA signal strength score 

lower than 50, and eyes with previously undetected cystic changes and macular edema. The 

original study population included 28 eyes of 14 patients and, after applying the exclusion 

criteria, only 14 eyes of 10 patients from the original study population were found eligible 

and are included in the study as well as one healthy (non-diabetic) control eye.

Study Procedures

To localize the level of capillary non-perfusion at the SCP or DCP, we used the XR Avanti 

Optical Coherence Tomography OCTA instrument (Optovue Inc., Fremont, California, 

USA) with split-spectrum amplitude-decorrelation angiography (SSADA) software.9 SD-

OCT images from the same OCTA device, in the same OCT volume were used to study 

outer retinal disruption. This instrument has an A-scan rate of 70,000 scans per second and 

uses a light source centered on 840 nm and a bandwidth of 45 nm. A 3 X 3-mm scanning 

area, centered on the fovea and/or area corresponding to the outer retinal disruption on SD-

OCT was obtained. Two consecutive B-scans (M-B frames), each containing 304 A-scans 

were captured at each sampling location and SSADA was used to extract OCTA 

information. The OCT signal strength score is considered “unacceptable” of the score is less 

than 40, “acceptable” if the score is between 40 and 50, and “good” if the score is greater 

than 50. We only analyzed images with a score greater than 50. En face OCT angiograms 

were segmented to define the SCP, DCP and choriocapillaris, using the segmentation 

algorithm by the builtin software.

Two independent masked graders (F.S. and A.A.F.), masked to any associated information, 

analyzed SD-OCT and angiographic images from the OCTA device. The SD-OCT scans for 

each patient were qualitatively evaluated as normal or as having thinning of the inner retina 

and/or outer retina. Outer retinal changes were defined as focal thinning of the outer nuclear 

SCARINCI et al. Page 3

Am J Ophthalmol. Author manuscript; available in PMC 2017 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



layer (ONL), disruption of the external limiting membrane, disruption of the inner segment-

outer segment (IS/OS) junction, or thinning/absence of the OS-retinal pigment epithelium 

(RPE) junction. Scans, where the presence of macular edema was noted, were not 

considered for the analysis. The OCTA images were examined to define the presence and 

location of capillary non-perfusion areas and/or reduced capillary density either in the SCP 

or DCP, which appeared as areas of capillary non-perfusion (non-flow areas wider than 100 

microns) on the OCTA.

Incidents of disagreement between graders (three cases in SD-OCT and one case in OCTA) 

were resolved by an open discussion and review of the data to reach consensus. Medical 

records were reviewed to gather information about systemic renal and hypertension status, 

visual acuity, data regarding slit lamp biomicroscopy, and any history of retinal laser 

treatment or intravitreal injection or surgery.

Results

This study included a total of 14 eyes of 10 patients aged 34 to 58 years with mean duration 

of diabetes mellitus (DM) of 12.6 years. A healthy control eye from a 42-year-old subject 

(non-diabetic) was included for comparison. Eight eyes with DR showed evidence of 

capillary non-perfusion (non-flow) at the level of the DCP (with or without SCP 

involvement) in the macula. Six additional eyes with DR and normal DCP, with or without 

evidence of SCP changes on OCTA served as controls and did not show any outer retinal 

abnormalities on SD-OCT. The demographic characteristics and ocular findings are 

summarized in the Table.

Imaging Findings

OCTA in eight eyes showed capillary derangements including an irregular and enlarged 

contour of FAZ along with reduced capillary density, appearing as areas of capillary non-

perfusion (non-flow) of either SCP or DCP or both. Point-by-point correlation between areas 

of capillary non-perfusion on OCTA showed exact correspondence to outer retinal disruption 

on B-scan SD-OCT.

Based on OCTA images analysis, the eight eyes were divided in two groups. In the first 

group, four eyes of three patients (Figures 2, 3 and 4) had mild reduced capillary density or 

areas of reduced flow intensity suggestive of low flow within the DCP.12 Group two 

comprised the remaining four eyes (Figures 5 and 6, Supplemental Figure), which had larger 

zones of complete capillary non-flow, at the level of the DCP.

These areas of DCP non-perfusion or reduced flow co-localized tightly with outer retinal 

changes on SD-OCT in all the eyes (Figures 2–6, Supplemental Figure). In these DCP 

ischemia zones, the SD-OCT scans revealed a spectrum of thinning of ONL, decreased 

intensity as well as disruption of IS/OS and hyporeflectivity/loss of the OS/RPE junctions in 

all eight eyes.
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Six eyes with diabetic retinopathy and one healthy eye had normal macular DCP on OCTA 

(with or without capillary non-perfusion in the SCP). These eyes served as controls and did 

not show any outer retinal abnormalities on SD-OCT (Figures 1 and 7).

Discussion

In this study we confirm our hypothesis that diabetic macular ischemia at the level of DCP, 

seen as either focally absent or low intensity flow within the DCP on OCTA, is associated 

with outer retinal disruption on OCT.8 The spectrum of outer retinal changes include 

different degrees of thinning of the ONL, disruption of the photoreceptor lines as well as 

focal photoreceptor layer thinning in this series of eight eyes of six patients diagnosed with 

various stages of DR and diabetic macular ischemia.

In a recent study, using OCT scans co-registered to the corresponding regions on fluorescein 

angiography (FA), our group showed that outer retinal changes on OCT correlated tightly to 

zones of capillary non-perfusion in eyes with DR without DME.8 However, since FA only 

shows the SCP,13 we could not confirm the status of the DCP network. In comparison, using 

OCTA in this series, we confirm that regions of outer retinal changes seen on OCT 

correlated tightly with overlying DCP flow abnormalities. Hence, we have confirmed our 

hypothesis that DCP ischemia contributes to disruption of the outer retina including thinning 

of the outer nuclear layer and photoreceptors in the setting of diabetic macular ischemia. 

Moreover, by confining our analysis to areas without DME, we excluded the possibility that 

either the OCT or OCTA changes could be related to optical artifact from overlying retinal 

cystic changes.

Previous studies have demonstrated the ability of OCTA to visualize retinal capillary non-

perfusion corresponding to those seen on FA, with the added benefit of localizing these 

abnormalities to either the SCP or DCP in DR.10, 14 Furthermore, OCTA was also used to 

evaluate the FAZ in patients with DR.15, 16 Indeed, recent studies demonstrated that FAZ 

diameter is larger in diabetic patients than in healthy eyes, especially in the presence of more 

severe retinopathy.15, 16 Whereas healthy subjects showed a well-defined regular contour of 

the FAZ, patients with different stages of non-proliferative diabetic retinopathy had a larger 

perivascular space as well as an unclear and irregular contour of the FAZ.15 Interestingly, 

vascular abnormalities were more pronounced at the level of the DCP, and areas of capillary 

non-perfusion on FA corresponded to areas of reduced capillary density on OCTA images. 

This finding was observed with a higher prevalence in the DCP layer.15

The OCTA software (SSADA) calculates decorrelation by analyzing the difference in OCT 

signal amplitude between two sequential B-scans taken at the same location to yield a 

decorrelation value between zero and one. The en face projection angiograms are based on 

these decorrelation measurements, whereby decorrelation values and blood flow velocity are 

linearly related within a limited range.17 A study using flow in phantom tubes found that this 

relationship saturates rapidly for higher flow making flow velocity measurements in larger 

vessels impossible. These authors found that SSADA is particularly sensitive to the normal 

capillary flow speeds (between 0.4 and 3 mm/s). At lower and higher speeds the relationship 

reaches a plateau, becoming more sigmoid in appearance.12 Figures 3 and 4 show capillaries 
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with flow that we believe is only slightly above the SSADA threshold, appearing as very 

faint grey pixels (red circles). These areas correspond to hypo-reflectivity and/or focal loss 

of the OS/RPE band (Figures 3 and 4).

Evaluating the OCTA images of our patients, it is important to note that in some of the eyes 

in this series, DCP non-perfusion occurred in regions with relatively intact overlying SCP 

(Left eye of Case 1, data not shown; both eyes of Case 2, figure 3 and 4; Case 3, not shown 

and Case 7, Supplemental Figure), while in others there was co-localization of non-

perfusion in both networks (Right eye of Case 1, figure 1; Case 4, figure 5 and Case 5, figure 

6). Further quantitative studies would be helpful to evaluate the relative consequences of 

these types of interactions, and whether overlapping non-perfusion in both networks could 

lead to more severe derangements in the outer retina. However, our study was not designed 

to measure the areas of capillaries non-perfusion so we cannot provide any data regarding 

the relative size of SCP non-perfusion compared to DCP.

Using intraretinal electrodes to map out the retinal oxygen distribution in primates, Birol et 

al. estimated that under normal conditions, the retinal circulation provides 15% of the 

oxygen needs of the inner segments during dark adaptation and only a little less during light 

adaptation.5 Further, the DCP is critical for supplying the metabolic needs of the highly 

specialized photoreceptor synapses in the outer plexiform layer (OPL).518 However, in the 

setting of diabetic retinopathy or other ischemic retinal disease, these estimations may not be 

directly applicable. Furthermore, while the retinal circulation under normal conditions 

contributes to outer retinal metabolism, during DR, failure of retinal autoregulation may 

further compromise this contribution and jeopardize outer retinal metabolic needs.19 The 

photoreceptors and the OPL residing in the watershed zone, where both the choroidal and 

retinal circulations might provide oxygen support, will be most susceptible to ischemic 

insults affecting the retinal circulation, particularly the DCP, with further decreased oxygen 

tension in this watershed zone, followed by outer retinal disruption. We extrapolate from 

these findings to propose that in diabetic retinopathy, with macular capillary closure and 

decreased perfusion in the DCP, the focal photoreceptor compromise we have demonstrated 

is a result of chronic failure of this compensatory retinal vascular mechanism in the setting 

of DCP ischemia. We will be able to explore these questions in diabetic patients in greater 

detail, with the recent development of visible-OCT for human retinal metabolic imaging.20

We have ruled out a significant contribution of the choriocapillaris to this ischemic 

mechanism, since our cases do not show any focal flow voids in the choriocapillaris (Figures 

2 and 4). While OCTA does not allow for quantitative measurements, the lack of focally 

absent choriocapillaris flow in the areas of outer retinal disruption balanced by the co-

localization of DCP derangements further support our conclusion. Furthermore, the current 

OCTA images of the choriocapillaris are highly subject to artifacts from inner retinal 

changes, including retinal vascular shadows (Case 2, figure 4 and Case 8, figure 7) or 

shadows cast by retinal exudates and hemorrhages (Case 1, figure 2), making it difficult to 

completely evaluate the choriocapillaris in this population. It is plausible that in patients 

with DR and other concomitant diseases including hypertension, hyperlipidemia and kidney 

dysfunction, ischemia of both the SCP and DCP may be further complicated by 
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choriocapillaris ischemia, related to diabetic and/or hypertensive choroidopathy21–25, and 

cause more pronounced outer retinal disruption.

We have previously proposed that acute ischemia of the DCP may play a role in acute 

macular neuroretinopathy, resulting in a cascade of outer retinal changes, which start at the 

outer plexiform/Henle fiber layer and progress over the following days to involve the 

photoreceptors, as visualized on SD-OCT.26, 27 In a recent study we proposed similar 

involvement of the DCP in diabetic patients with chronic macular ischemia, which we have 

further confirmed in this study. 8, 26 Based on the relatively normal appearance of the 

choriocapillaris on OCTA underlying areas of outer retinal OCT changes in this population, 

we believe that the role of choroidal involvement in acute macular neuroretinopathy and 

ischemic diabetic maculopathy remains to be confirmed.

We acknowledge the inherent limitations of our series, including the relatively small 

numbers of eyes, as well as the lack of quantitative data. Excluding eyes with macular 

edema significantly reduced the sample size. In a recent study that included 54 eyes with 

diabetic macular ischemia, only 24 (44.4%) presented with ischemia but without DME, 

which reflects the difficult task of recruiting similar eyes for our current study.28 However, 

by restricting inclusion criteria to limit this study to eyes without significant DME, 

concomitant macular laser or antiVEGF therapy, we were able to recruit a uniform study 

sample and confirm our hypothesis. We also acknowledge that the OCT data from this study 

does not reveal the exact photoreceptor components that are adversely affected due to DCP 

non-perfusion. Future studies using adaptive optics scanning laser ophthalmology and 

quantitative OCT measurements are needed to assess the precise subcellular compartments 

of photoreceptor compromise.

In conclusion, using OCTA, this study confirms that photoreceptor disruption on SD-OCT in 

eyes with DMI corresponds to areas of capillary non-flow at the level of DCP. This 

observation is important in understanding the mechanism of visual compromise in the 

setting of DR, as well as adding further evidence to the previously under-appreciated 

contribution of the DCP to the metabolic oxygen requirements of the outer retina. We 

believe that OCTA provides a novel, non-invasive tool that will contribute to an improved 

understanding of the pathophysiology of diabetic macular ischemia at the microvascular 

level. Future studies to investigate the photoreceptors in greater detail, including 

psychophysical and adaptive optics imaging studies, will be important to further delineate 

the functional and anatomic consequences of DCP compromise in this population. Further, 

recent developments in OCTA, including visible-light OCT6, 20, 29, will greatly improve our 

understanding of the complex metabolic derangements related to decreased blood flow and 

oxygen that ultimately contribute to inner and outer retinal neuronal dysfunction in DR.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1. Control Healthy Eye
Left eye. Optical coherence tomography angiography (OCTA) of the superficial capillary 

plexus (SCP) (top left), deep capillary plexus (DCP) (top middle), and choriocapillaris (top 

right). The SCP and DCP show normal contour of the foveal avascular zone (FAZ) with 

dense, homogenous capillary networks surrounding the FAZ, without visible non-flow areas 

that are larger than 100 microns. Bottom left: enlarged inset of DCP from top middle (green 

box) with location of OCT B-scans (blue lines). Bottom right: OCT B-scans showing DCP 

segmentation boundaries (green lines). Both scans show normal outer retinal layers with 

distinct and continuous inner segment-outer segment and outer segment-retinal pigment 

epithelium junctions.
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FIGURE 2. Diabetic Macular Ischemia with Flow Abnormalities and Mild Decreased Deep 
Capillary Density Around the Foveal Avascular Zone
Case 1, Right eye. Optical coherence tomography angiography (OCTA) of the superficial 

capillary plexus (SCP) (top left), deep capillary plexus (DCP) (top middle), and 

choriocapillaris (top right). A shadow artifact from an overlying retinal exudate is seen in the 

choriocapillaris (yellow arrow). Bottom left: enlarged inset of DCP from top middle (green 

box). Blue lines indicate location of B-scans, and red lines highlight abnormalities in flow. 

OCTA reveals a slightly irregular contour of the FAZ with surrounding areas of deceased 

capillary density in both SCP and DCP, appearing as areas of non-flow significantly larger 

than 100 microns. Bottom right: OCT B-scans showing DCP segmentation boundaries 

(green lines). Top and bottom OCT B-scans show focally reduced reflectivity of the inner 

segment-outer segment and outer segment-retinal pigment epithelium junctions in areas 

corresponding to decreased capillary density (red lines). Bottom B-scan shows the retinal 

exudate causing a shadow artifact on the choriocapillaris (top right) (yellow arrows), but 

note that no artifacts are seen in the DCP angiogram, since this exudate is casting a shadow 

below the DCP segmentation boundaries (green lines).
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FIGURE 3. Reduced Flow Signal at the Level of the Deep Capillary Plexus (DCP) Around the 
Foveal Avascular Zone (FAZ)
Case 2, Right eye. Optical coherence tomography angiography (OCTA) of the superficial 

capillary plexus (SCP) (left) and DCP (middle). Blue lines indicate locations of B-scans, and 

red line highlights abnormalities in flow. OCTA of the DCP reveals an irregular contour of 

the FAZ with non-flow areas around the FAZ, with a relatively intact overlying SCP. 

Furthermore, low pixel intensity of capillaries compared to surround indicate reduced 

capillary flow signal at the level of the DCP (red circles). Right: OCT B-scans (blue boxes) 

showing DCP segmentation boundaries (green lines). Red and green boxes indicate location 

of enlarged insets for top and bottom B-scan, respectively. Top B-scan shows lower 

reflectivity of the inner segment-outer segment and outer segment-retinal pigment 

epithelium junctions (OS/RPE) corresponding to zones of reduced capillary flow signal on 

OCTA (red lines). The bottom B-scan shows healthy photoreceptor lines corresponding to an 

area of normal DCP capillary perfusion on OCTA (bottom blue line). Inset B-scans: Orange 

arrows in enlarged insets point to location of OS/RPE. The top scan (red box) shows 

indistinct (hypo-reflective) OS/RPE junction in an area of reduced capillary flow signal. 

Bottom scan (green box) shows the normally hyper-reflective OS/RPE junction in an area of 

normal DCP perfusion.
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FIGURE 4. Reduced Flow Signal Around the Foveal Avascular Zone (FAZ)
Case 2, Left eye. Optical coherence tomography angiography (OCTA) of the superficial 

capillary plexus (SCP) (top left), deep capillary plexus (DCP) (top middle), and 

choriocapillaris (top right). A large retinal vessel in the SCP produces a shadow artifact in 

the choriocapillaris (yellow arrows). A gap defect artifact related to eye movement produces 

a dark vertical line on the choriocapillaris (green arrow). Bottom left: enlarged inset of DCP 

from top middle (green box). Blue lines indicate location of B-scans, and red line highlights 

abnormalities in flow. Red circles highlight areas of decreased capillary flow signal. OCTA 

reveals an irregular contour of the FAZ, more pronounced in the DCP, with non-flow areas 

around the FAZ. Low pixel intensity of capillaries compared to surround indicate reduced 

capillary flow signal at the level of the DCP (red circles). Bottom right: OCT B-scans 

showing DCP segmentation boundaries (green lines). Red and green boxes indicate location 

of enlarged insets for top and bottom B-scan, respectively. B-scans: Orange arrows in 

enlarged insets point to location of OS/RPE. The top scan (inset in red box) shows hypo-

reflectivity and shortening of the OS/RPE junction, as well as decreased reflectivity of the 

IS/OS in an area of reduced capillary flow signal. Bottom scan (green box) shows the 

normal hyper-reflectivity of the IS/OS and OS/RPE junctions in an area of normal DCP 

perfusion. In addition, comparing the insets, side by-side, shows decreased distance between 

IS/OS and RPE lines, which suggests shortening of the photoreceptors in area of DCP non-

perfusion (red inset box)
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FIGURE 5. Large Zones of Closure of the Capillaries at the Level of the Deep Capillary Plexus 
(DCP)
Case 4, Left eye. Optical coherence tomography angiography (OCTA) of the superficial 

capillary plexus (SCP) (left) and DCP (middle). Blue line indicates location of OCT B-scan, 

and red lines highlight abnormalities in flow. OCTA reveals enlargement of the foveal 

avascular zone (FAZ), more pronounced at the level of the DCP. OCTA also shows reduced 

capillary density in both SCP and DCP, appearing as large areas of non-flow. Right: OCT B-

scan (blue box) showing DCP segmentation boundaries (green lines). Red box indicates 

location of enlarged inset below. B-scan shows reduced reflectivity of the inner segment-

outer segment and outer segment-retinal pigment epithelium junctions in areas of decreased 

capillary density (red lines), with intervening areas of more distinct photoreceptor lines, 

overlying zones with relatively higher capillary density.
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FIGURE 6. Large Zones of Closure of the Capillaries at the Level of the Deep Capillary Plexus 
(DCP)
Case 5, Left eye. Optical coherence tomography angiography (OCTA) of the superficial 

capillary plexus (SCP) (left) and DCP (middle). Blue lines indicate location of B-scans, and 

red lines highlight abnormalities in flow. OCTA reveals enlargement of the FAZ and large 

confluent areas of non-flow nasal, temporal and superotemporal to the fovea. Capillary non-

perfusion is more apparent at the level of the DCP. Right: OCT B-scans showing DCP 

segmentation boundaries (green lines). Red boxes indicate locations of enlarged insets seen 

below. Top scan shows thinning of the outer nuclear layer (ONL) (red bracket), discontinuity 

of the external limiting membrane (red arrows), and decreased reflectivity of the inner 

segment-outer segment (IS/OS) (red arrows) and outer segment-retinal pigment epithelium 

(OS/RPE) junctions in the area of capillary non-flow (red line). Bottom scan shows thinning 

of the ONL (red bracket), with decreased reflectivity of the IS/OS and OS/RPE junctions 

throughout the scan in an area of capillary non-flow (red line).
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FIGURE 7. Normal Perfusion and Flow Signal of the Deep Capillary Plexus (DCP) around a 
Normal Foveal Avascular Zone (FAZ)
Case 8, Right eye. Optical coherence tomography angiography (OCTA) of the superficial 

capillary plexus (SCP) (left) and DCP (middle). A large retinal vessel in the SCP produces a 

shadow artifact in the DCP (yellow arrows). Blue lines indicate location of B-scans on DCP. 

OCTA reveals a regular contour of the superficial and deep FAZ, with dense, homogenous 

DCP with strong flow signal around the FAZ. SCP shows a small area of reduced capillary 

density (red circle) with normal capillary perfusion of the underlying DCP. Right: OCT B-

scans showing DCP segmentation boundaries (green lines). All OCT B-scans show normal 

homogenous hyper-reflective inner segment-outer segment and outer segment-retinal 

pigment epithelium junctions. All outer retinal layers appear normal. OCT shows no 

evidence of outer retinal disruption in the area corresponding to SCP non-flow.
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