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Purpose: To document enlarged neovascularization elsewhere (NVE) quantitatively and morphologically
using wideﬁeld swept-source (SS) OCT angiography (OCTA) with vitreoretinal interface (VRI) slab images.
Design: Retrospective, observational imaging study.
Participants: The study included 46 NVE examples in 25 eyes of 21 consecutive patients who demonstrated
severe proliferative diabetic retinopathy with NVE between March 2018 and June 2020 at Osaka University
Hospital.
Methods: All patients underwent ophthalmologic examination, including ultra-wideﬁeld ﬂuorescein angiography and wideﬁeld SS OCTA scans.
Main Outcome Measures: We evaluated the area and the vascular density (VD) of NVE lesions detected on
ﬁve 12  12-mm2 or two 15  9-mm2 SS OCTA panoramic VRI slab images obtained at the ﬁrst and ﬁnal visits.
Results: At baseline, the mean NVE area on OCTA was 1.85  2.81 mm2, and the VD of the NVE lesions was
73.9  14.6%. At the ﬁnal visit, the mean NVE area on OCTA was 2.14  3.14 mm2, and the mean VD of the NVE
lesions was 65.3  17.1%. The average NVE size change (square millimeters per month) was associated
signiﬁcantly with the ischemic index (P ¼ 0.009). Growth of NVE area was classiﬁed into 2 patterns: round (61.8%)
and ramiﬁed (38.2%). The round group tended to have a larger ischemic index at baseline than the ramiﬁed group
(P ¼ 0.0375).
Conclusions: We quantiﬁed the size and density of NVE lesions over time. The NVE size increase was
associated signiﬁcantly with the severity of ischemic changes. Furthermore, the round growth pattern was
correlated signiﬁcantly with the ischemic index. These ﬁndings suggest that the morphologic features of NVE are
associated with more severe ischemia. Ophthalmology Retina 2021;-:1e8 ª 2021 by the American Academy of
Ophthalmology. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
Supplemental material available at www.ophthalmologyretina.org.

Proliferative diabetic retinopathy (PDR) is a severe
complication of diabetes mellitus, which is the main cause
of vision loss and blindness during working age in developed countries.1,2 The main features of PDR are a large
nonperfused area (NPAs) and neovascularization, the latter
of which is projected on the internal limiting membrane
(ILM). It is important to diagnose PDR in the early stages
to maintain visual acuity and to perform panretinal
photocoagulation (PRP) with or without vitreous injection
of antievascular endothelial growth factor (VEGF) agents
to prevent disease progression.
Fluorescein angiography (FA) is the standard procedure
to evaluate the severity of diabetic retinopathy. Fluorescein
angiography detects NPAs, intraretinal microvascular abnormalities, and neovascularization.3 However, FA is
burdensome, requires intravenous injection, and carries the
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risk of systemic adverse reactions.4 In particular,
neovascularization shows characteristics of irregular vessel
structure and high leakage on FA. Namely, FA provides
limited detailed characterization of neovascularization and
the surrounding retinal microvasculature because the area
is obscured rapidly by the leakage of ﬂuorescein dye, and
only 1 eye can be chosen for characterization in the early
transit stage.5
In contrast, OCT angiography (OCTA) can facilitate the
visualization of the retinal vessel structures noninvasively
and repeatably.6 Unlike FA, OCTA does not involve dye
leakage, and it enables the acquisition of 3-dimensional
information with relatively high axial resolution.7,8
Previous studies using spectral-domain OCTA demonstrated that the morphologic features of neovascularization
depend on the severity of PDR; however, those OCTA scans
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allowed visualization of a limited area.9,10 Furthermore, the
newly developed swept-source (SS) OCTA (PLEX Elite
9000; Carl Zeiss Meditec, Dublin, CA) obtains larger images, which are similar to a montage of wideﬁeld OCTA
images.8 Boundary-speciﬁc segmentation technologies can
depict the speciﬁc vasculature of each retinal layer,
including the superﬁcial and deep plexus mode, outer retina
mode, avascular layer mode, choriocapillaris, or choroid,
using en face angiography. OCT angiography also provides
cross-sectional B-scans that are useful for detecting pathologic lesions of the vitreoretinal interface caused by vitreous
traction.7,8,11,12 Combining these techniques has enabled the
performance of OCTA with installation of vitreoretinal
interface (VRI) slabs to visualize the morphologic features
of retinal neovascularization.5,13 Recently, SS OCTA VRI
slab images were reported to be comparable with those of
FA for detecting neovascularization in PDR.13,14
However, few studies have reported detailed morphologic
ﬁndings or have quantiﬁed the regression or progression
of neovascularization using wideﬁeld OCTA images.
Therefore, in this study, we evaluated and quantiﬁed
enlarged neovascularization elsewhere (NVE) lesions in
eyes with PDR over time using wideﬁeld SS OCTA images.

Methods
Study Population and Data Collection
We retrospectively reviewed patients with PDR who underwent
ultra-wideﬁeld (UWF) FA and wideﬁeld SS OCTA scans between March 2018 and June 2020 at Osaka University Hospital.
This study was performed in accordance with the tenets of the
Declaration of Helsinki, and all patients provided informed
consent. Institutional review board/ethics committee approval
was obtained in Osaka University Hospital.
All patients underwent the following eye examinations: UWF
fundus photography, UWF FA, wideﬁeld SS OCTA, slit-lamp
examination, detailed funduscopy, and hemoglobin A1c (HbA1c)
blood testing. Any medical history of hypertension was noted.
Proliferative diabetic retinopathy with neovascularization was
diagnosed based on a comprehensive ophthalmologic examination
comprising slit-lamp examination, UWF funduscopy, and UWF
FA. The follow-up period in this study was deﬁned as the time
between each patient’s baseline and ﬁnal OCTA scans (Table 1).

Table 1. Demographic and Ocular Characteristics of the Study
Population
Parameter

Data

No. of patients
No. of eyes
No. NVE lesions
Age (yrs), mean  SD
Sex, no. (%)
Male
Female
Type of DM, no. (%)
2
1
HbA1c level (%), mean  SD
Blood pressure (mmHg)
Systolic
Mean  SD
Range
Diastolic
Mean  SD
Range
Duration of follow-up (mos)
Mean  SD
Range
Area of NVE lesions (mm2)
Baseline
Mean  SD
Range
Final
Mean  SD
Range
Vascular density of NVE lesions (%)
Baseline
Mean  SD
Range
Final
Mean  SD
Range

21
25
46
51.0  13.6

P Value

16 (76.2)
5 (23.8)
21 (100)
0 (0)
7.97  1.56
130  20
98e165
75  13
52e108
4.84  3.04
2e13
0.0088
1.85  2.81
0.01e13.5
2.14  3.14
0.07e16.2
0.0002
73.9  14.6
42.0e100.0
65.3  17.1
25.5e100.0

DM ¼ diabetes mellitus; HbA1c ¼ hemoglobin A1c; NVE ¼ neovascularization elsewhere; SD ¼ standard deviation.

eight tenths of the signal strength determined using OCTA
equipment and software was deﬁned as high quality. Those with
less than seven tenths of the signal strength were deﬁned as lowquality images and were excluded from the current analyses.

OCT Angiography Scans
For all patients, OCTA images were acquired during at least 2
visits using the SS OCT PLEX Elite 9000. Either ﬁve 12  12mm2 or two 15  9-mm2 SS-based wideﬁeld OCTA montage
scans were performed. Regarding OCTA scans using the Plex Elite
with an optical resolution limit of 20 mm, the standard 12  12-mm
Angio scan has a sampling of 500  500 A-scans (sample spacing,
24 mm), and the 15  9-mm scan has a sampling of 834  500 Ascans (sample spacing, 18 mm). Areas of NVE were detected in
each VRI slab, although most of the OCTA images included
segmentation errors (Fig 1B, C). All B-scan lines in the OCTA
images were corrected manually, and the NVE lesions were
delineated clearly in each VRI slab (Fig 1D, E). The outline of
NVE lesions was deﬁned by manual delineation (performed by
A.S. and S.S.). The sum of pixels surrounded by the outline of
the NVE lesion was converted from pixels to square millimeters,
which is deﬁned as the area of NVE.13 Image quality exceeding

2

OCT Angiography Image Analysis
Two of the authors (A.S. and S.S.) measured the area and vascular
density (VD) of each NVE lesion based on the OCTA images, and
the nonperfusion area was measured via UWF FA scans. The NVE
images were cropped from the OCTA VRI slab images using
Photoshop (Adobe Systems, Inc., San Jose, CA) after correcting
the segmentation errors as described above. The OCTA images
captured by the Elite system were processed subsequently using
ImageJ software (National Institutes of Health, Bethesda, MD;
http://imagej.nih.gov/ij/) with the same pixel densities. Each NVE
area was measured using Image J software as well. For convenience, each NVE area was converted from pixels to square millimeters based on the original 12  12-mm2 or 15  9-mm2 image
size. The measurement of the VD of the NVE lesion was performed based on a previous report.15 Brieﬂy, we converted OCTA
images into 8 bits and assigned a value of 255 (completely white)
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Figure 1. Quantitative analysis of neovascularization elsewhere (NVE) lesions as shown in en face OCT angiography (OCTA) images. A, B, En face
OCTA images showing the deep and superﬁcial vessels of the retina, but only a partial portion of the NVE lesion because of a segmentation error: (A) en
face OCTA image of the total retina slab and (B) the vitreoretinal interface (VRI) slab based on automated VRI segmentation. C, D, E, Automated VRI
detection showing an incomplete NVE structure resulting from a segmentation error: (C) B-scan image with ﬂow dots showing automated VRI segmentation
(yellow line) and (D) magniﬁed image of the area within the dotted white square in (C). F, G, H, Manual correction of VRI segmentation clariﬁes the
structure of NVE lesions: (F) B-scan image with ﬂow dots showing manual VRI segmentation (yellow line) and (G) magniﬁed image of the area within the
dotted white square in (F). H, I, Identiﬁcation of a targeted NVE lesion: (I) high magniﬁcation of the cropped image of the white square shown in (H). J,
Quantiﬁcation of the area of the NVE with cropped OCTA images. K, Density analysis of the NVE using the binary image shown in (H).

to all pixels with a positive grey level and a value of 0 (completely
black) to the others using the Otsu Auto Local Threshold method
(radius, 75 pixels; parameter, 1 [default]). Using the binary
image, the VD was calculated as the mean of all of the white
pixels of the NVE, and the VD of the NVE lesions (percentage)
was expressed as: VD / NVE area  100. Thus, a decrease in
the number of vessels in the same NVE lesion is reﬂected by a
decrease in the ﬂow signals at an examined area, which can be
interpreted as a decrease in the VD of the area. The NVE lesion

size change or the VD change per month was calculated using
the fraction of the difference between the baseline and ﬁnal
OCTA scans, which was divided subsequently by the follow-up
period. Based on the comparison of the baseline and ﬁnal NVE
areas, expanding NVE lesions were deﬁned as those that had
increased to more than 1.05 times that of the baseline values (ﬁnal
NVE area / baseline NVE area). Shrinking NVE lesions were
deﬁned as those whose ﬁnal areas were less than 0.95 times that of
the baseline values.
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The morphologic types of the NVE lesions were classiﬁed as
predominantly round or ramiﬁed. When an NVE lesion exhibited
characteristics of both types at different parts of the lesion, it was
classiﬁed based on the predominant shape observed. The eyes were
classiﬁed further based on the predominant type of NVE lesions
they contained, with the more obviously round or ramiﬁed NVE
lesions chosen for inclusion in the study. If an eye contained only
round or ramiﬁed NVE lesions, it was classiﬁed as round or
ramiﬁed, respectively. However, if an eye contained both types of
NVE lesions, it was classiﬁed according to the majority type. For
example, if an eye had 1 round and 2 ramiﬁed NVE lesions, the eye
was classiﬁed as predominantly ramiﬁed. If the numbers of each
NVE type were the same in both eyes, the classiﬁcation was based
on whichever NVE lesion was the largest. Classiﬁcation of the
developing NVE lesions was determined by 2 of the authors (A.S.
and S.S.). Any disagreement between the 2 graders was resolved
by another retina specialist (M.E.).

Table 2. Separate Regression Analysis for the Association between Neovascularization Elsewhere Lesion Size and Density
Change
Parameter
Age
NVE size change (mm2/mo)
NVE density change (%/mo)
HbA1c level
NVE size change (mm2/mo)
NVE density change (%/mo)
Ischemic index at baseline
NVE size change (mm2/mo)
NVE density change (%/mo)

R2 Value

P Value

0.008333
0.05213

0.5463
0.127

0.00243
0.02854

0.7449
0.2617

0.09033
0.05312

0.0424
0.1233

HbA1c ¼ hemoglobin A1c; NVE ¼ neovascularization elsewhere.

Wideﬁeld Fluorescein Angiography
Ultra-wideﬁeld FA images were obtained using an Optomap
panoramic 200Tx imaging system (Optos, PLC, Dunfermline,
United Kingdom). All patients underwent FA according to a
standard protocol after intravenous injection of 10% sodium. An
NVE lesion of PDR was diagnosed based on indirect ophthalmoscopy UWF imaging ﬁndings and the presence of ﬂuorescent
leakage from a new vessel in UWF FA. Calculation of the ischemic
index was based on methods published elsewhere.16,17 Brieﬂy, the
NPA and the total UWF imaging area were measured using ImageJ
software. Subsequently, the ischemic index in this study was
calculated as the proportion of the NPA to the total UWF
imaging area.

Statistical Analysis
Data were analyzed using GraphPad Prism (GraphPad Software,
La Jolla, CA). A one-way analysis of variance and univariate
regression were used to investigate the associations among NVE
lesion size, density change, and other parameters such as age,
HbA1c levels, ischemic index at baseline, photocoagulation between examinations, and the presence of adjacent NPAs. The
ManneWhitney U test and paired t test also were performed, as
appropriate. P values of less than 0.05 were considered statistically
signiﬁcant.

Results
Patient Characteristics
In total, we analyzed 46 NVE lesions (25 eyes of 21 patients; 16
men and 5 women). The mean patient age was 51.0  13.6 years
(range, 33e79 years), and the mean duration of the follow-up
perioddnamely, the term between 2 OCTA examinationsdwas
4.84  3.04 months (range, 2e13 months). At baseline, the mean
area of NVE on OCTA was 1.85  2.81 mm2 (range, 0.01e13.5
mm2), and the mean VD of NVE was 73.9  14.6% (range,
42.0e100.0%). At the ﬁnal visit, the mean NVE area on OCTA
was 2.14  3.14 mm2 (range, 0.07e16.2 mm2), and the mean VD
of the NVE lesion was 65.3  17.1% (range, 25.5e100.0%). Of 25
eyes, 3 were treatment naïve and subsequent PRP was initiated
(12.0%); additional photocoagulation was performed in 11 eyes
(44.0%), whereas no additional treatment was needed in 11 eyes
(44.0%).
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Table 2 shows the comparison and separate regression analysis
for the association between NVE lesion size and density change.
We evaluated the correlation between age, HbA1c levels, the
ischemic index, and the following elements: NVE lesion size
change per month and the NVE lesion density change per
month. The ischemic index at baseline showed a signiﬁcant
association with the average NVE lesion size change (square
millimeters per month). Comparison of the baseline and ﬁnal
areas of the 46 NVE lesions revealed that 34 had become more
than 1.05 times larger at the time of the ﬁnal OCTA scan
compared with the baseline OCTA measurements (expanding
NVE lesions). Seven NVE lesions were between 0.95 and 0.105
times larger, and 5 NVE lesions (1 of 5 NVE lesions had
received anti-VEGF treatments via intravitreal injection) were
less than 0.95 times smaller at the ﬁnal OCTA scan relative to the
size at baseline (shrinking NVE lesions).
We subsequently analyzed the 34 expanding NVE lesions that
had grown more than 1.05 times larger and noted that the
enlargement of the NVE lesions could be classiﬁed into 2 patterns: round and ramiﬁed (Fig 2). The 34 expanding NVE lesions
did not receive intravitreal anti-VEGF treatment. In the round
pattern group, the spread centered around the vein; in the ramiﬁed pattern group, it extended straight from the tip of the NVE.
Of the 34 NVE lesions, 21 constituted the round group (61.8%)
and 13 constituted the ramiﬁed group (38.2%; Table 3). The
NVE area at baseline did not differ between the round (1.18 
1.40 mm2) and ramiﬁed (2.10  2.99 mm2; P ¼ 0.2354)
patterns. Similarly, the NVE area at the ﬁnal visit did not differ
between the groups (1.61  1.73 mm2 in the round group and
2.57  3.61 mm2 in the ramiﬁed group; P ¼ 0.3016). Neither
the NVE lesion size change (square millimeters per month) nor
the NVE density change (percentage per month) were different
between the 2 groups (P ¼ 0.7523 and P ¼ 0.3778); however,
the density of NVE lesions (percentage) at baseline and at the
ﬁnal OCTA examination were signiﬁcantly higher in the round
group than in the ramiﬁed group (P ¼ 0.0449 and P ¼ 0.0117,
respectively). The number of round-dominant eyes was 13
(61.9%), and the number of ramiﬁed-dominant eyes was 8
(38.1%). No differences were found between the round and
ramiﬁed groups in terms of age, HbA1c level, or photocoagulation number; however, a signiﬁcant difference was found in the
ischemic index at baseline. The ischemic index at baseline of the
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Figure 2. Two types of neovascularization elsewhere (NVE) lesion progression. A, B, En face OCT angiography (OCTA) images of the round type of NVE
lesion spreading in all directions from the original vein at (A) baseline and (B) the ﬁnal visit. C, D, Neovascularization elsewhere lesions isolated using the
manual vitreoretinal interface (VRI) technique, cropped from (A) and (B), respectively. E, F, High-magniﬁcation images of NVE lesions in (E) and (F),
respectively. Yellow arrowheads indicate spreading vasculature. G, H, En face OCTA images of the ramiﬁed type of NVE lesion extending its tips from the
original vein at (G) baseline and (H) the ﬁnal visit. I, J, Neovascularization elsewhere lesions isolated using the manual VRI technique, cropped from (G)
and (H), respectively. K, L, High magniﬁcation of NVE lesions in (E) and (F), respectively. Yellow arrows indicate dendritically extending vascular tips.

round-dominant eyes was higher than that of the ramiﬁeddominant eyes (86.4  6.4 and 79.3  12.7, respectively;
P ¼ 0.0375).
Supplemental
Table
1
(available
at
www.ophthalmologyretina.org) shows the changes in area
(square millimeters) and VD of each NVE lesion. The mean
NVE area increased overall (P ¼ 0.0088). In the group of eyes
that received photocoagulation, the mean area at the ﬁnal scan
had increased signiﬁcantly from that at baseline (P ¼ 0.0129). In
the group of eyes that did not receive photocoagulation, no
signiﬁcant difference was found between values at baseline and
at the ﬁnal scan (P ¼ 0.2292). The mean VD of NVE lesions
decreased signiﬁcantly overall (P ¼ 0.0002), in the
photocoagulation group (P ¼ 0.0366), and in the
nonphotocoagulation group (P ¼ 0.0018).

Discussion
Pathologic angiogenesis is linked to eye diseases such as
PDR and age-related macular degeneration, as well as to
cancer, psoriasis, and endometriosis.18 We believe our
methods of isolation and quantiﬁcation are key in the
attempt to measure a speed or density change during the
development
of
microvasculature
in
pathologic
angiogenesis. In this study, using VRI imaging techniques
in wideﬁeld OCTA, we succeeded in isolating and
visualizing NVE lesions, and our method enabled us to
quantify the development of NVE lesions in PDR. The
NVE area increased, allowing us to examine the factors
affecting the speed of NVE lesion development. Indeed,

the NVE lesion size change was correlated signiﬁcantly
with a larger NPA. Among these enlarged NVE lesions, a
round, but not a ramiﬁed, morphologic feature was
associated signiﬁcantly with a larger ischemic index of the
retina. These ﬁndings suggest that the morphologic
features of the NVE can predict the degree of ischemia in
PDR. Namely, when NVE lesions in an eye with PDR
grow in a round shape, we refer patients for an internal
medicine consultation and encourage frequent ophthalmic
check-ups.
The OCTA VRI results contained some false-negative
images resulting from segmentation errors at the ILM
level (Fig 1AeC). Segmentation errors have been
recognized as a major source of artifacts in OCTA images
of the eyes of patients with diabetes mellitus.19,20 Manual
correction of the segmentation as performed in this study
is a potential solution to this issue.20 In fact, after
manually correcting the segmentation, the sensitivity of
the VRI slab images for detecting neovascularization
increased from 73% to 84%.13 This shows that the
efﬁcacy of wideﬁeld SS OCTA VRI slab images for
detecting neovascularization in PDR was comparable with
that of FA, which has a sensitivity of 73%. This technique
enabled us to visualize NVE lesions clearly and
subsequently to quantify the size and density of each.
However, the VD of NVE lesions decreased during
follow-up in this study. The reason for the VD decrease was
unclear; however, our results imply that when an NVE becomes larger, its density becomes smaller. Another possible
reason for the VD decrease is that initial or additional
photocoagulation was performed in 56.0% of eyes during
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Table 3. Pattern of Neovascularization Elsewhere Lesion Development and Its Associated Factors
Classiﬁcation

Round

Ramiﬁed

No. of NVE lesions (%)
Area of NVE lesions (mm2)
Baseline
Mean  SD
Range
Final
Mean  SD
Range
NVE size change (mm2/mo)
Mean  SD
Range
Vascular density of NVE lesions (%)
Baseline
Mean  SD
Range
Final
Mean  SD
Range
NVE density change (%/mo)
Mean  SD
Range
Age (yrs), mean  SD
HbA1c level (%), mean  SD
PC received, no. of NVE lesions (%)
Ischemic index at baseline, mean  SD

21 (61.8)

13 (38.2)

1.18  1.40
0.01e4.47

2.10  2.99
0.08e11.3

1.61  1.73
0.07e6.12

2.57  3.61
0.40e14.1

0.10  0.12
0.00e0.413

0.12  0.25
0.00e0.92

78.0  13.8
47.2e100.0

68.3  12.0
49.0e95.7

70.8  14.2
37.4e100.0

56.1  17.8
25.5e80.4

e1.76  6.16
e12.1 to 20.0
54.9  13.6
7.85  1.47
11 (52.4)
86.4  6.4

e3.48  4.03
e10.7 to 3.44
49.0  15.6
8.14  2.06
7 (53.8)
79.3  12.7

P Value

0.2354

0.3016

0.7523

0.0449

0.0117

0.3778

0.4451
0.7346
0.9999
0.0375

HbA1c ¼ hemoglobin A1c; NVE ¼ neovascularization elsewhere; PC ¼ photocoagulation; SD ¼ standard deviation.

follow-up. In a previous report that concluded that PRP
contributed to the regression of NVE lesions, the authors
used the parameter of “ﬂow area,” which is thought to be the
sum of the total pixels of the NVE lesions.9 In a prospective
study, Russell et al5 reported that 53% of patients regressed
after PRP, whereas 47% were judged to have disease
progression according to OCTA and FA results. In the
current study, enlargement of the NVE areas could have
occurred during certain periods, even after PRP, in the
treatment-naïve eyes or after undergoing additional
photocoagulation in the insufﬁciently performing eyes
after PRP. Panretinal photocoagulation induces a
regression of the ﬂow in the NVE, leading to decreased
VD. This simply could be the result of a time lag between
the changes in the area and the VD of NVE lesions after
photocoagulation. In addition, all eyes that had not been
treated with photocoagulation already had undergone PRP;
similar to what is observed during the creeping
enlargement of photocoagulation scars, this previous PRP
treatment could have led to advanced retinal atrophy,
resulting in a decrease in the VD of the NVE lesions.
Further studies are needed to clarify the mechanism.
The area of the UWF FA images in this study was larger
than that of wideﬁeld OCTA images. However, wideﬁeld
OCTA may be sufﬁcient from a clinical standpoint because
most NVE lesions in PDR are observed within the mid
periphery of the retina, which is within the zone covered by
wideﬁeld OCTA images.14,21 Thus, it is rare for NVE
lesions to be detected by UWF FA, but not by wideﬁeld
OCTA.
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This study did have some limitations. First, it was
retrospective with a relatively small sample size. Some of
the eyes received photocoagulation during follow-up
because our study included eyes with severe PDR. It
should be noted that ethical issues will increase when we
design a prospective study to evaluate the natural course of
NVE lesions. Second, it is technically impossible to
distinguish neovascularization outside 300 mm of the ILM.
Because of the machine’s performance, the top of the VRI
slab was set to 300 mm from the ILM surface. When a
posterior vitreous detachment occurs, it is difﬁcult to
recognize all neovascularization because it may exceed the
range of the VRI. Third, the performance of manual segmentation and measurements may limit the usefulness of
these methods in day-to-day clinical settings, and further
studies should include a more automated and objective way
of assessing the correct morphologic features of NVE lesions. For example, Lu et al22 reported that a portion of the
NVE lesions went undetected and that this problem was
associated with automated segmentation errors. Therefore,
although time consuming, manual segmentation was
necessary for most of the OCTA images to highlight the
NVE lesions better.14 Fourth, although we selected high
signal-strength images, we did not perform a repeatability
test in this study. Vessel density measurement especially in
wideﬁeld images should acquire agreement and reliability of
measurements that can be established in a future study.
Further studies are needed to develop a more automated,
clinician-friendly way of quantifying and segmenting NVE
lesions.

Shiraki et al



Wideﬁeld OCTA for Progressive NV

In conclusion, by adopting VRI slab methods, we
detected the size and density changes of NVE lesions.
Furthermore, we classiﬁed NVE lesions based on round and
ramiﬁed growth patterns. Further studies are needed to

examine the relationship between the morphologic features
and the severity of PDR. This study highlighted the
importance of comprehensively evaluating the morphologic
features, area, and VD of NVE lesions.
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