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Summary Statement: 13 

Enlargement of the macular nonperfusion area was significantly correlated with 14 
impaired visual acuity and decreased macular sensitivity in patients with central retinal 15 
vein occlusion without macular edema. 16 
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Abstract 1 

PURPOSE: To quantitatively assess macular perfusion status using optical coherence 2 
tomography angiography (OCTA) in eyes with aflibercept-treated central retinal vein 3 
occlusion (CRVO) and resolved macular edema and to investigate the impact of 4 
macular morphology and perfusion status on visual function.  5 

METHODS: This prospective consecutive case series included 23 patients with CRVO. 6 
All patients received intravitreal aflibercept injections prior to analysis. Visual acuity, 7 
macular sensitivity, and the macular nonperfusion area (NPA) were evaluated in eyes 8 
without macular edema. The macular NPA was evaluated by OCTA using 3 × 3 mm 9 
images of the macula. Foveal ellipsoid zone (EZ) disruption was also analyzed. 10 

RESULTS: The superficial macular NPA measured 4.15 ± 0.71 mm2 (95% confidence 11 
interval 3.85–4.46) and the deep macular NPA measured 4.23 ± 0.97 mm2 (95% 12 
confidence interval 3.82–4.56). The logarithm of the minimum angle of resolution 13 
(logMAR) visual acuity (VA) was significantly associated with foveal EZ disruption (P = 14 
0.001), the superficial macular NPA (P = 0.015), and the deep macular NPA (P = 0.018). 15 
Macular sensitivity correlated negatively with logMAR VA (P = 0.007), the superficial 16 
macular NPA (P =0.029), and the deep macular NPA (P = 0.040), but not with the foveal 17 
EZ disruption (P = 0.435).  18 

CONCLUSIONS: OCTA is a novel technique that enables segmented evaluation of the 19 
macular perfusion status in eyes with CRVO and provides visual prognostic information. 20 
Enlargement of the macular NPA in the superficial and deep layers was significantly 21 
correlated with impaired VA and with decreased macular sensitivity in patients with 22 
aflibercept-treated CRVO and resolved macular edema. 23 

 24 

 25 

 26 
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 34 

 35 
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Introduction 1 

In eyes with central retinal vein occlusion (CRVO), a circulatory disturbance in the trunk 2 
of the central retinal vein causes retinal exudates and nonperfusion affecting the entire 3 
retina.1 If these pathologies affect the macular area, visual function is directly and 4 
severely impaired.1 However, the visual prognosis in eyes with CRVO has improved 5 
since the advent of anti-vascular endothelial growth factor (VEGF) agents for the 6 
treatment of macular edema (ME).2-10  7 

The clinical significance of ME in eyes with retinal vein occlusion (RVO) is well 8 
known, but that of macular nonperfusion remains controversial. Finkelstein reported that 9 
the visual prognosis in eyes with incomplete macular perfusion was better than in eyes 10 
with complete macular perfusion.11 In contrast, other researchers have reported a 11 
marked decrease in retinal sensitivity in the macular nonperfusion area (NPA).12, 13 12 
Further, anti-VEGF therapies were reported to prevent enlargement of the NPA and to 13 
promote reperfusion in eyes with RVO.14, 15 14 

In addition to ME and the macular NPA, the integrity of the foveal photoreceptor 15 
layer seen on optical coherence tomography (OCT) is considered to be clinically 16 
important for predicting visual acuity (VA) in eyes with RVO.16-18 Even if the ME is 17 
completely resolved, VA often remains compromised when the foveal photoreceptors 18 
are damaged. 19 

Recent technologic advances in OCT angiography (OCTA) are remarkable, and 20 
enable detailed and quantitative observations of RVO-induced changes, including 21 
capillary dropout as seen as NPA.19-25 Using OCTA, enlargement of the foveal 22 
avascular zone was reported to be correlated with visual function in eyes with diabetic 23 
retinopathy26, 27 and RVO.23, 27 Most recently, Kadomoto et al reported that VA was 24 
more strongly associated with the parafoveal NPA than with the integrity of the foveal 25 
photoreceptor layer in eyes with branch RVO (BRVO).28  26 

However, little relevant information is available on the association between visual 27 
function and macular pathology in eyes with CRVO. The aim of this study was to 28 
quantitatively assess macular morphology and perfusion status using OCT and OCTA in 29 
eyes with CRVO when ME was resolved using a single anti-VEGF agent and to 30 
investigate the impact of these two parameters on visual function.  31 

 32 
Patients 33 
This prospective study was approved by the Institutional Review Board of Kyoto 34 
University Graduate School of Medicine (Kyoto, Japan) and adhered to the tenets of the 35 
Declaration of Helsinki. Written informed consent was obtained from each subject 36 
before performing the study procedures or examinations.  37 

The key inclusion criteria were as follows: treatment-naive acute CRVO with a 38 
duration of symptoms prior to initial examination of less than 1 month, and ME and 39 
serous detachment extending to the fovea. Eyes with BRVO, hemi-CRVO, co-existing 40 
ocular disease (diabetic retinopathy, retinal arterial occlusion, retinal macroaneurysm, 41 
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glaucoma, epiretinal membrane, retinitis pigmentosa, age-related macular 1 
degeneration) were excluded, as were eyes with keratoconus, high myopia (more 2 
severe than -6 diopters), or high astigmatism (more severe than ±3 diopters). Eyes that 3 
had poor-quality images on OCTA (signal strength index <50) due to eye movement or 4 
media opacities were also excluded.  5 

Twenty-three patients with unilateral CRVO who had visited the Department of 6 
Ophthalmology at Kyoto University Hospital between August 2014 and March 2016 met 7 
our eligibility criteria. Retinal perfusion status was assessed in each patient by 8 
fluorescein angiography using an Optos 200Tx imaging system (Optos PLC, 9 
Dunfermline, UK). Eyes with CRVO were classified as ischemic when the NPA was 10 
greater than 10 disc areas in size. Each eye with ME was treated with intravitreal 11 
aflibercept injections prior to OCTA and microperimetry evaluations. The eyes received 12 
no other treatment, such as scatter or grid laser photocoagulation, steroid therapy, 13 
surgical intervention, or anti-VEGF agents, other than aflibercept.  14 

Each patient with resolved CRVO-ME underwent comprehensive ophthalmologic 15 
examinations, including best-corrected VA measurement, slit-lamp biomicroscopy, 16 
indirect fundus ophthalmoscopy, retinal microperimetry, OCT, and OCTA examinations 17 
on the same day. Macular microperimetry was performed using an MP1 instrument 18 
(Nidek, Gamagori, Japan). OCT examination was performed using the Spectralis 19 
HRA+OCT (Heidelberg Engineering, Heidelberg, Germany). Macular OCTA was 20 
performed using an RTVue XR Avanti instrument (Optovue, Fremont, CA, USA). The 21 
OCT sections demonstrated that all eyes achieved complete resolution of ME, macular 22 
detachment, and macular hemorrhages after intravitreal aflibercept therapy.  23 
 24 

Evaluation of macular sensitivity using microperimetry 25 

Fundus-monitored microperimetry was performed in all eyes using the MP1. The MP1 is 26 
equipped with an automatic tracking system that evaluates every acquired frame for 27 
shifts in the horizontal and vertical directions of the fundus based on a reference frame 28 
obtained by an infrared camera at the beginning of the examination. A 4-2-staircase 29 
strategy with a Goldmann III size stimulus was used, and 29 stimulus locations that 30 
covered the central 6 degrees were examined (Figure 1). The white background 31 
illumination was set at 1.27 cd/m2. The differential luminance, defined as the difference 32 
between stimulus luminance and background luminance, was 127 cd/m2 at 0 decibel 33 
(dB) stimulation, and the maximum stimulus attenuation was 20 dB. The duration of the 34 
stimulus was 200 ms, and the fixation target was varied in size according to the 35 
patient’s VA. Light stimuli were presented randomly during the examination, and the 36 
results are reported in dB. The foveal region consisted of 9 stimulus locations that 37 
covered the central 2 degrees. The parafovea outside of the fovea contained 20 38 
stimulus locations. Macular sensitivity was defined as the average values from a total of 39 
29 points (Figure 1).  40 

 41 
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OCT evaluations of foveal and parafoveal thickness and foveal photoreceptor 1 
integrity 2 

To measure the foveal and parafoveal thicknesses, a macular area covering a larger 3 
area (30° x 25°) that corresponded more to the MP1-analyzed and OCTA-analyzed 4 
areas was captured with the Spectralis HRA+OCT. For the volume OCT scan, a whole 5 
retinal thickness map centered on the foveal center was created using the Early 6 
Treatment Diabetic Retinopathy Study grid. The values of the center grid and 4 inner 7 
(1–3 mm) grids corresponding to the MP1 fields were used for the analysis (Figure 1). 8 
Foveal thickness was defined as the average value calculated from the retinal thickness 9 
of the central grid. The parafoveal thickness was defined as the average of the values 10 
calculated from the retinal thickness of the remaining 4 grids outside the center grid. 11 
OCT measurement of the entire retinal thicknesses of each grid was performed using 12 
the manufacturer’s built-in software (Spectralis Acquisition and Viewing Modules, 13 
version 6.0, Heidelberg Engineering).  14 

To assess the integrity of the foveal photoreceptor layer, we measured the 15 
reflectivity of the ellipsoid zone (EZ) band using the plot profile function in ImageJ 16 
(National Institutes of Health, Bethesda, MD, USA) according to previous reports.28, 29 17 
The defect length of the EZ band was defined as the line on the grayscale image along 18 
which EZ reflectivity diminished by 2 standard deviations from the EZ reflectivity of the 19 
opposite eye (see Figure, Supplemental Digital Content 1 that shows how to evaluate 20 
the defect length of the foveal EZ band). We quantified the disruption of the EZ band in 21 
length (µm) within the central 2-mm area on spectral-domain OCT images sectioned 22 
vertically and horizontally through the center of the fovea. The averaged value of the 23 
vertical and horizontal EZ disruptions was used for analysis.   24 

 25 

OCT angiography measurements of macular NPA 26 

Macular OCTA was performed using the RTVue XR Avanti (Figure 2). The scanning 27 
area was captured in 3 × 3 mm sections centered on the fovea, which corresponded to 28 
the central 6 × 6 degrees of the MP1 field. To obtain images of the superficial capillary 29 
layer, the superficial capillary plexus slab was taken from the offset 3 µm (from the 30 
internal limiting membrane) to the offset 15 µm and the deep capillary plexus slab was 31 
taken from the offset 15 µm to the offset 70 µm as described in previous reports.30, 31 32 
The macular NPA was defined as the capillary dropout area within a 3 × 3 mm section 33 
including the foveal avascular zone (Figure 2). In this study, parafoveal NPA of more 34 
than 0.015 mm2 was defined as pathologic. The foveal avascular zone and the 35 
parafoveal capillary dropouts (pathologic parafoveal NPA) were judged independently 36 
by three fully trained retina specialists (RG, YMi, YI), who had no knowledge of the VA 37 
or any other information regarding the study eyes. The OCTA measurements of the 38 
macular NPA were performed using the manufacturer’s built-in software (AngioVue 39 
Clinical Release, v2015.100.0.3, Optovue, Inc.) and then corrected for axial length-40 
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related magnification using the measurements of axial length, the flatter and steeper 1 
meridians, and the spherical equivalent in the modified Littmann formula (Bennett 2 
procedure). 32, 33 3 

 4 
Reproducibility of detection of macular NPA on OCTA 5 
Detection of the macular NPA might be partially based on subjective judgment. To 6 
confirm the validity of measuring the macular NPA in the superficial and deep capillary 7 
plexuses, the intraclass correlation coefficient was calculated based on the 23 8 
measurements from 23 subjects by 3 independent examiners. 9 
 10 
Statistical analysis 11 

The statistical analysis was performed using PASW Statistics version 18.0 software 12 
(SPSS Inc., Chicago, IL, USA). All values are presented as the mean ± standard 13 
deviation. For the statistical analysis, the VA measured with a Landolt chart was 14 
converted to the logarithm of the minimum angle of resolution (logMAR). Longitudinal 15 
changes were analyzed using the paired t-test and bivariate relationships were 16 
analyzed using Pearson’s correlational coefficient. A P-value of <0.05 was considered 17 
to be statistically significant. 18 

 19 

Results 20 

Twenty-three eyes from 23 patients (14 male, 9 female) with CRVO were analyzed. At 21 
the initial visit, all eyes showed ME and visual impairment associated with acute CRVO 22 
(Table 1); the mean logMAR VA was 0.50 ± 0.38 (range in Snellen equivalents: 20/13–23 
20/500) and the mean foveal thickness was 622.0 ± 270.4 µm.  24 

VA examination, macular microperimetry, OCT, and OCTA were performed when 25 
the ME, macular hemorrhage, and macular detachment were completely resolved. 26 
Table 2 shows the clinical parameters at that time. The mean duration of symptoms until 27 
these examinations was 5.7 ± 4.7 months and the mean number of intravitreal 28 
aflibercept injections was 2.9 ± 1.8. The mean logMAR VA improved to 0.39 ± 0.37 29 
(range in Snellen equivalents: 20/17–20/667; P = 0.005) and the mean foveal thickness 30 
decreased to 263.7 ± 45.2 µm (P = 0.026).  31 

The intraclass correlation coefficients for the macular NPA measurements were 32 
0.914 and 0.921 for superficial and deep capillary plexuses, respectively, and were 33 
confirmed to be highly reproducible. The superficial macular NPA measured 4.15 ± 0.71 34 
mm² (95% confidence interval 3.85–4.46) and the deep macular NPA measured 4.32 ± 35 
0.97 mm² (95% confidence interval 3.82–4.56). The macular NPA appeared to be larger 36 
in the deep capillary plexus than in the superficial capillary plexus, although the 37 
difference was not statistically significant (P = 0.741, Table 2).    38 

In eyes that had CRVO without ME, logMAR VA was negatively associated with 39 
macular sensitivity (P = 0.007, Table 3). Although the logMAR VA did not associate with 40 
foveal or parafoveal thickness, it was significantly associated with disruption of the 41 



Macular Ischemia in CRVO. Ghashut R, et al. Page 8 

 

foveal EZ band (P = 0.001), the macular NPA in the superficial capillary plexus (P = 1 
0.015), and the macular NPA in the deep capillary plexus (P = 0.018, Table 3). The 2 
microperimetry-measured macular sensitivity was negatively associated with macular 3 
NPA in the superficial capillary plexus (P = 0.029) and with the macular NPA in the deep 4 
capillary plexus (P = 0.040, Table 3), but did not correlate with disruption of the foveal 5 
EZ band (P = 0.435, Table 3). On resolution of the CRVO-associated ME, patients with 6 
a small macular NPA showed good VA, but the VA in patients with a large macular NPA 7 
remained compromised even when the foveal photoreceptor layers appeared to have 8 
only minor damage (Figures 3 and 4).  9 

 10 

Discussion 11 

This study found that the status of the foveal photoreceptors was associated with VA 12 
and that the OCTA-measured macular NPA was associated with both VA and macular 13 
sensitivity in patients with CRVO who had ME that completely resolved. 14 

The severity of ME has long been believed to be a clinically important factor 15 
associated with visual function in eyes with RVO, including those with CRVO. Indeed, 16 
large randomized trials investigating the efficacy of anti-VEGF agents, e.g., 17 
ranibizumab2-4, 6, 7 and aflibercept,5, 8-10 have shown rapid and sustained visual 18 
improvement in response to reductions in CRVO-associated ME. The present study 19 
performed OCTA and microperimetry at the time when ME, macular hemorrhage, and 20 
detachment were completely resolved to avoid the effect of ME on visual function. The 21 
integrity of the foveal photoreceptor layer as seen on OCT has also been considered to 22 
be clinically useful for assessing VA in eyes with RVO.16-18 Ota et al reported that eyes 23 
with persistent ME after RVO showed good VA when the integrity of the outer aspect of 24 
the foveal photoreceptor layer was preserved.17, 18 In contrast, VA was compromised 25 
when the foveal photoreceptors were damaged, even if complete resolution of ME was 26 
achieved.34 Similar to these retrospective studies, the results of the present study 27 
indicate a strong correlation between disruption of the foveal EZ band and logMAR VA; 28 
however, disruption of the foveal EZ band was not significantly correlated with macular 29 
sensitivity. A possible reason for this lack of association may be that the areas of retinal 30 
sensitivity evaluated included not only the foveal area but also the parafoveal area.  31 

In addition to ME and the integrity of the foveal photoreceptor layer, macular 32 
nonperfusion may also be involved in visual impairment in eyes with RVO. Some 33 
researchers have reported that retinal sensitivity was markedly decreased in the 34 
macular NPA associated with RVO.12, 13 Observational studies using OCTA reported a 35 
negative correlation between the logMAR VA and the overall vascular density in eyes 36 
with RVO.23 Most recently, Kadomoto et al reported that the logMAR VA was more 37 
strongly associated with the size of the parafoveal NPA than with foveal photoreceptor 38 
status in a case series of 30 patients who had BRVO without ME.28 Although their 39 
clinical research included patients with BRVO, the study design was very similar to that 40 
of our study with regard to the OCTA methods used, the microperimetry examinations 41 
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performed, and the unified regimen of anti-VEGF therapy administered. Casselholm de 1 
Salles et al showed a significant correlation between an enlarged foveal avascular zone 2 
and a poorer visual outcome in patients who had CRVO without ME.31 Their study 3 
design was also similar to ours, but differed in its lack of inclusion of microperimetry and 4 
use of different anti-VEGF agents. Further, the authors did not offer an explanation as to 5 
why the enlargement in the foveal avascular zone contributed to visual impairment.  6 

The primate macula shows specific structures where secondary and tertiary 7 
neurons (bipolar cells and ganglion cells, respectively) are displaced centrifugally at the 8 
parafovea and transmit stimuli from the foveal cones.35 Murakami et al reported that 9 
parafoveal thickening correlated with the logMAR VA in a case series of patients with 10 
diabetic ME.36 As well as the exudative changes in the parafoveal region, parafoveal 11 
nonperfusion may cause severe dysfunction in the bipolar and/or ganglion cells and 12 
impair signal transduction from the foveal cones. The present study showed that the 13 
macular NPA was associated with impaired VA and decreased macular sensitivity in 14 
aflibercept-treated eyes that had CRVO with resolved ME. Improvement in the retinal 15 
circulatory status after anti-VEGF therapy may not ameliorate visual function to a 16 
substantial clinical degree, although treatment with anti-VEGF agents has been 17 
reported to prevent enlargement of the NPA and promote reperfusion in eyes with 18 
CRVO.14, 15 In this study, the macular NPA did not show any association with the 19 
number of aflibercept injections or duration of symptoms (data not shown in Tables). 20 
The strong association between foveal photoreceptor status and VA, and that between 21 
macular perfusion status and visual function, may facilitate development of a protocol 22 
for administration of anti-VEGF therapies in patients with CRVO-ME. If the retinal 23 
edema extends to a fovea with accompanying photoreceptor damage or recurs at the 24 
parafovea with accompanying retinal nonperfusion, administration of additional anti-25 
VEGF injections may have little clinically significant benefit. 26 

Thus far, several investigators have studied the correlation between retinal 27 
sensitivity and perfusion status in eyes with resolved RVO-ME using the MP1.12, 13 The 28 
mean retinal sensitivity in the NPA was reported to be markedly reduced, almost to the 29 
level of an absolute scotoma.12, 13 The dynamic range (20 dB) of the MP1 might be too 30 
small to correctly assess retinal sensitivity at the NPA. Nonetheless, our study 31 
demonstrated a significant association between impaired visual function (VA and 32 
macular sensitivity) and the macular NPA. Our study has several strengths, including 33 
quantitative analysis of OCTA data and use of semi-automated algorithms for 34 
measurement of macular NPA areas, which eliminate the interobserver variability seen 35 
with manual measurement methods. In addition, our measurements were corrected for 36 
magnification of axial length.  37 

This study also has several limitations. First, the number of patients included was 38 
small. Second, although we minimized the effect of artifacts by only including patients 39 
without ME and excluding poor-quality images, scan quality can affect measurement of 40 
the macular NPA. Third, eyes with poorer VA may have been more likely to be excluded 41 
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due to inadequate image quality resulting from poor fixation. This would have biased the 1 
study toward eyes with better VA and/or more nonischemic CRVO. Since anti-VEGF 2 
agents were introduced, the visual prognosis for eyes with CRVO has substantially 3 
improved; however, the rubeosis anti-VEGF (RAVE) trial showed that anti-VEGF 4 
therapy does not decrease the risk of neovascular complications via VEGF blockade in 5 
eyes with severe CRVO.37 Therefore, knowing the retinal perfusion status not only in the 6 
macular area but also in the whole retina is still important when managing eyes with 7 
CRVO, even when anti-VEGF agents have been administered.  8 

Our study demonstrates the utility of OCTA in quantification of macular NPA in 9 
eyes with CRVO. Additionally, macular NPA measured by OCTA was found to correlate 10 
strongly with VA and macular sensitivity, which would support our hypothesis that 11 
macular ischemia might be involved in the impaired visual function. Given its 12 
noninvasive and detailed depth-resolved vascular mapping, OCTA may become a tool 13 
for diagnosing macular ischemia and the visual prognosis. Further prospective studies 14 
with longer follow-up periods in larger patient populations are necessary to confirm the 15 
association between macular ischemia and visual function in eyes with CRVO. 16 

 17 
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 7 

Figure Legends 8 

Figure 1. Macular sensitivity measured by microperimetry and foveal and 9 
parafoveal thickness evaluated by optical coherence tomography. (A-D) Fundus-10 
monitored microperimetry and optical coherence tomography (OCT) for the macular 11 
area were performed in all eyes using MP1 and Spectralis HRA+OCT, respectively. In 12 
MP1, 29 stimulus locations that covered the central 6 degrees (enclosed within the blue 13 
square) were examined (A). The foveal region (enclosed within the yellow square) 14 
consisted of 9 stimulus locations that covered the central 2 degrees (C). The parafovea 15 
outside of the fovea contained 20 stimulus locations. Macular sensitivity was defined as 16 
the average values from a total of 29 points (C). A macular area covering a larger area 17 
(30° x 25°) that corresponded more to the MP1-analyzed and OCT angiography-18 
analyzed areas was captured with Spectralis HRA+OCT for each eye (B). For the 19 
volume OCT scan, a whole retinal thickness map centered on the foveal center was 20 
created using the Early Treatment Diabetic Retinopathy Study grid (B). The values of 21 
the center grid and 4 inner (1–3 mm) grids corresponding to the MP1 fields were used 22 
for the analysis (D).  23 

 24 

Figure 2. Optical coherence tomography angiography measurements of macular 25 
nonperfusion area. (A–D) The optical coherence tomography angiography (OCTA) 26 
scanning area was captured in 3 × 3 mm sections centered on the fovea. The macular 27 
nonperfusion area (NPA) was defined as the capillary dropout area within a 3 × 3 mm 28 
section including the foveal avascular zone. In measuring of parafoveal NPA, NPA of 29 
more than 0.015 mm2 was defined as pathologic. The macular NPA was determined in 30 
both the superficial capillary layer (A, B) and the deep capillary layer (C, D). The 31 
macular NPAs are indicated in yellow in the superficial (B) and deep (D) capillary layers.  32 

 33 

Figure 3. Associations between a small macular nonperfusion area, intact foveal 34 
photoreceptor layer, and good visual acuity in central retinal vein occlusion. (A–I) 35 
A representative case of acute central retinal vein occlusion in an 82-year-old woman. 36 
(A, D) Color fundus photographs of the macula. (B, E) Optical coherence tomography 37 
(OCT) images through the fovea. (C, F) OCT thickness maps of the macula. (G, H) OCT 38 
angiograms for the superficial and deep plexuses, respectively. (A–C) At the initial visit, 39 
visual acuity was 20/25 in Snellen equivalents, and the foveal thickness was 512 µm. 40 
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(D–I) After four intravitreal aflibercept injections, the foveal thickness decreased to 322 1 
µm and the visual acuity improved to 20/17. (G, H) The OCT angiograms show that the 2 
innermost ring of the parafoveal capillary network is intact, despite the presence of 3 
small nonperfused areas in the parafovea. (I) Microperimetry shows high macular 4 
sensitivity (18.2 dB). 5 

 6 

Figure 4: Associations between a large macular nonperfusion area, mild foveal 7 
photoreceptor damage, and poor visual acuity in central retinal vein occlusion. 8 
(A-I) A representative case of acute central retinal vein occlusion in an 80-year-old man. 9 
(A, D) Color fundus photographs of the macula. (B, E) Optical coherence tomography 10 
(OCT) images through the fovea. (C, F) OCT thickness maps of the macula. (G, H) OCT 11 
angiograms for the superficial and deep plexuses, respectively. (A-C) At the initial visit, 12 
visual acuity was 20/200 in Snellen equivalents and the foveal thickness was 1006 µm. 13 
(D–I) After six intravitreal aflibercept injections, the foveal thickness decreased to 199 14 
µm but improvement in visual acuity (20/67 in Snellen equivalents) was limited. (G, H) 15 
The OCT angiograms show enlargement in the macular nonperfused areas. (I) 16 
Microperimetry shows decreased macular sensitivity (3.7 dB).  17 

 18 

Supplemental Digital Content 1. Measurement of the defect length of the foveal 19 
ellipsoid zone (EZ) band. (A) An infrared image of the macula. (B) The central 2-mm 20 
area (black line of A) on a spectral-domain optical coherence tomography (OCT) image 21 
that is sectioned through the foveal center. (C) The plot profile showing reflectivity of the 22 
foveal EZ band on ImageJ software. The defect length of the EZ band is defined as the 23 
line on the grayscale image along which the EZ reflectivity diminished by 2 standard 24 
deviations from the EZ reflectivity of the opposite eye. We quantified the disruption of 25 
the EZ band in length (µm) within the central 2-mm area on OCT images that is 26 
sectioned vertically and horizontally through the center of the fovea. The averaged 27 
value of the vertical and horizontal EZ disruptions was used for analysis. Yellow arrows 28 
indicate intact EZ bands and a white arrow indicates a disrupted EZ band. 29 

List of Supplemental Digital Content 30 

Supplemental Digital Content 1. Figure showing measurement of the defect length of 31 
the foveal ellipsoid zone band. TIFF. 32 

 33 



Table 1. Baseline Characteristics of Included Patients with Central Retinal Vein 
Occlusion  

Mean age (years) ± S.D. 75.2 ± 8.4 

Patients (male/female), n 9/14 

Systemic hypertension, n 16 

Diabetes mellitus, n 3 

Mean duration of symptoms (days) ± S.D.  14.8 ± 14.4 

Mean logMAR visual acuity ± S.D. 

(range in Snellen equivalents) 

0.50 ± 0.38 

(20/13-20/500) 

Mean foveal thickness (µm) ± S.D.  622.0 ± 270.4 

Retinal perfusion status (nonischemic/ischemic), n 18/5 

S.D., standard deviation; n, number; logMAR, logarithm of minimal angle of 
resolution.   

 



Table 2. Clinical Parameters at the Time of Complete Resolution of Macular 
Edema, Detachment, and Hemorrhages Associated with Central Retinal Vein 
Occlusion 

Mean duration of symptoms (months) ± S.D.  5.7 ± 4.6 

Mean number of intravitreal aflibercept injections ± S.D. 2.9 ± 1.8 

Mean logMAR visual acuity ± S.D.   

(range in Snellen equivalents) 

0.39 ± 0.37 

(20/17-20/667) 

Mean foveal thickness (µm) ± S.D.   263.9 ± 45.2 

Mean macular sensitivity (dB) ± S.D.  8.4 ± 4.9 

Mean length of defect in foveal ellipsoid zone (µm) ± S.D. 362.7 ± 540.8 

Mean macular NPA in superficial layer (mm²) ± S.D. 4.15 ± 0.71 

Mean macular NPA in deep layer (mm²) ± S.D. 4.23 ± 0.97 

S.D., standard deviation; logMAR, logarithm of the minimum angle of resolution; 
NPA, nonperfusion area; Macular NPA is the area consisting of the foveal 
avascular zone and the parafoveal nonperfusion area examined by optical 
coherence tomography angiography. 

 



 

Table 3. Factors Associated with Visual Function at the Time of Complete Resolution of Macular Edema, Detachment, and 

Hemorrhage Associated with Central Retinal Vein Occlusion: Univariate Analysis 

 LogMAR visual acuity Macular sensitivity 

 R P-value R P-value 

Age -0.187 0.392 0.030 0.893 

Baseline visual acuity 0.561 0.005 -0.152 0.487 

Baseline foveal thickness 0.462 0.026 0.112 0.611 

Macular sensitivity -0.543 0.007 - - 

Foveal thickness  -0.345 0.106 0.320 0.137 

Parafoveal thickness  -0.107 0.626 0.379 0.074 

Length of defect in foveal EZ band 0.637 0.001 -0.171 0.435 

Macular NPA in superficial plexus  0.499 0.015 -0.456 0.029 

Macular NPA in deep plexus 0.488 0.018 -0.431 0.040 

LogMAR, logarithm of the minimum angle of resolution; R, coefficient of correlation; EZ, ellipsoid zone; NPA, nonperfusion area. 
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	Reproducibility of detection of macular NPA on OCTA
	Detection of the macular NPA might be partially based on subjective judgment. To confirm the validity of measuring the macular NPA in the superficial and deep capillary plexuses, the intraclass correlation coefficient was calculated based on the 23 me...



