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Abstract
Purpose  Xephilio OCT-S1 can capture single-acquisition 23 × 20-mm wide-field swept-source optical coherence tomography 
angiography (SS-OCTA) images and high-resolution images using artificial intelligence. We aimed to evaluate the ability of 
wide-field SS-OCTA in the detection of retinal neovascularizations (NVs) in eyes with proliferative diabetic retinopathy (PDR).
Methods  This retrospective study included 64 eyes of 36 patients (age, 57 ± 10 years; 10 female, 26 male) with PDR. All 
patients underwent a comprehensive ophthalmological examination, including fluorescein angiography (FA), as well as 
fovea- and disc-centered 23 × 20-mm OCTA imaging (A-scan/B-scan, 928/807). We compared and examined the number 
of NV sites identified using conventional methods (merging the findings from biomicroscopy/color fundus photography, 
FA) and the number of NV sites identified using vitreoretinal interface and superficial retinal slabs of wide-field SS-OCTA 
images, including the position of NVs (nasal upper, nasal lower, temporal upper, temporal lower, or disc).
Results  We identified 168 NVs (32/40/45/35/16, in the abovementioned order) using the conventional method. Fovea-
centered 23 × 20-mm OCTA images revealed 162 (96%) NVs (27/39/45/35/16). This method tended to miss nasal NV. In 
contrast, disc-centered 23 × 20-mm OCTA images identified nearly all NVs, detecting 166 (99%) NVs (32/40/44/34/16) in 
total. All NVs could be visualized using two wide-field OCTA images: fovea- and disc-centered.
Conclusion  Wide-field (23 × 20 mm) SS-OCTA—especially disc-centered—using Xephilio OCT-S1 identified nearly all 
NVs in eyes with PDR, with a single acquisition, thereby demonstrating its potential clinical application.

Keywords  Artificial intelligence · Diabetic retinopathy · Optical coherence tomography angiography · Proliferative diabetic 
retinopathy · Retinal neovascularization · Swept source

Introduction

Neovascularization (NV) in proliferative diabetic retinopa-
thy (PDR) is attributed to high levels of intraocular vascular 
endothelial growth factor [1, 2] and is commonly observed at 
the optic disc and mid-periphery [3, 4]. Fluorescein angiog-
raphy (FA) is the gold standard for the clinical evaluation of 
retinal vascular alterations, including NV in PDR eyes [5]. 

Even in cases wherein NVs were missed, both methods detected at least one NV. 

All NVs were detected using two wide-field OCTA images: fovea- and disc-centered.

Key messages

Wide-field (23×20 mm) swept-source optical coherence tomography angiography (SS-OCTA) using Xephilio OCT-
S1 identified nearly all retinal neovascularizations (NVs) in eyes with proliferative diabetic retinopathy via a single 
acquisition, particularlydisc-centered.
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Although FA is of great importance in PDR management, it 
requires intravenous dye injection, which may cause nausea 
and, in rare instances, anaphylaxis [6].

In contrast, optical coherence tomography angiography 
(OCTA) is an imaging modality based on motion contrast that 
permits reconstruction of three-dimensional chorioretinal images 
without dye injection, and therefore can be used in the non-inva-
sive assessment of retinal vascular alterations in patients with PDR 
[7–9]. However, it is limited by the small size of the scanning 
area, which is concerning since vascular alterations in PDR extend 
beyond the posterior pole. Nowadays, with recent advances in 
software for automatic montage [10, 11] and swept-source (SS) 
OCTA technology [12, 13], OCTA devices can scan larger fields 
of view. We previously reported that the NV detection efficacy 
of montaged SS-OCTA vitreoretinal interface (VRI) slab images 
acquired by PLEX Elite 9000 (Carl Zeiss Meditec Inc., Dublin, 
CA) in PDR eyes was comparable with that of fovea-centered FA 
in the same area of 15 × 15 mm [12]. A previous study reported 
that 99.4% of treatment-naïve PDR eyes had NVs in the simu-
lated wide-field SS-OCTA field of view, and some NVs elsewhere 
(NVEs) were missed completely within this field of view [14]. 
The abovementioned study suggested that incorporating a simu-
lated SS-OCTA field of view centered on the disc rather than on 
the fovea could have increased the NV detection rate, and previous 
treatment with panretinal photocoagulation (PRP) does not affect 
the detection rate of NVs sites. The Xephilio OCT-S1 (OCT-S1, 
Canon, Tokyo, Japan), launched in 2019, is an SS-OCT device 
that can obtain up to 23 mm of wide-field B-scan images [15]. 
Furthermore, OCT-S1 can capture 23 × 20-mm wide-field SS-
OCTA images in a single acquisition, and produce high-resolution 
images using artificial intelligence (AI).

In this study, we primarily evaluated the ability of fovea- and 
disc-centered wide-field SS-OCTA images using OCT-S1 to 
detect NVs identified using conventional methods, including 
FA, in eyes with PDR. In addition, whether previous treatment 
with PRP affected the results was secondarily examined.

Methods

In this retrospective, observational study, we reviewed 73 
eyes of 42 consecutive patients aged above 20 years with 
PDR, diagnosed based on the International Diabetic Retin-
opathy Severity Scale [16], who visited Shinshu University 
Hospital between September 2019 and December 2021. All 
the patients underwent comprehensive ophthalmological 
examinations, including biomicroscopy/color fundus pho-
tography and FA. Eyes with poor-quality images owing to 
poor fixation, corneal opacity, cataract, preretinal/vitreous 
hemorrhage, tractional retinal detachment, and a history of 
vascular endothelial growth factor therapy or vitrectomy 
were excluded from the study. Data on age, sex, most recent 
hemoglobin A1c (HbA1c) levels, visual acuity, and prior PRP 

treatment were collected from medical records. The study 
was approved by the ethics committee of Shinshu University 
School of Medicine (approval number: 4908) and adhered to 
the tenets set forth in the Declaration of Helsinki. Informed 
consent from patients was obtained by the opt-out method.

The distribution of NVs was first confirmed via conven-
tional methods, i.e., clinical examination and multimodal 
imaging, including wide-field color fundus photography using 
CLARUS 500™ (Carl Zeiss Meditec Inc, CA, USA), FA using 
Heidelberg Retina Angiograph 2 (Heidelberg Engineering, 
Heidelberg, Germany), and spectral-domain OCT B-scan using 
Cirrus OCT (Carl Zeiss Meditec Inc, CA, USA). The number 
of NV sites identified using a VRI slab (from the surface of 
the internal limiting membrane [ILM] to 2000 µm above the 
ILM) and a superficial retinal slab (from the surface of the ILM 
to the posterior of the inner plexiform layer) according to the 
default settings of the manufacturer’s software for both fovea- 
and disc-centered 23 × 20-mm OCTA imaging using OCT-S1 
(Canon Inc., A-scan/B-scan: 928/807, Fig. 1) were compared 
with those confirmed by the conventional method. Similarly, 
for the NV locations (nasal upper, nasal lower, temporal upper, 
temporal lower, or disc), the OCTA findings were compared 
with those of the conventional method. Two experienced retina 
physicians (Y. T. and K. H.), who were blinded to the patient 
clinical status, identified the NVs using both conventional 
methods and wide-field SS-OCTA images. If the NVs could 
not be easily identified using OCTA images of VRI and super-
ficial retinal slabs, the graders were only allowed to extract a 
slab and review the OCT B-scan to see if it perforates the ILM, 
which was acquired simultaneously by OCT S-1. The graders 
considered the NVs to be delineated if the OCTA images dem-
onstrated more than 50% of the size of the NVs identified using 
conventional methods. In case of discrepancy in the identifica-
tion of NVs between the graders, they reviewed the images to 
reach a consensus, and the final grading was used in the analy-
sis. Continuous variables are expressed as mean ± standard 
deviation. Best-corrected visual acuity (BCVA) results were 
converted to the logarithm of the minimum angle of resolution 
(log MAR). A visual acuity of counting fingers was converted 
to 2, as previously reported [17]. All the analyses were per-
formed using SPSS (version 24.0, IBM, Armonk, NY, USA).

Results

Patient characteristics

Of the 73 eyes reviewed for this study, 9 were excluded 
from the final analysis owing to poor quality of the FA or 
OCTA images. Thus, 64 PDR eyes from 36 patients (age: 
57 ± 10 years; male, 26; female: 10) were ultimately included 
in this analysis. All the patients had diabetes mellitus (type 
1, 2; type 2, 34), with a mean HbA1c level of 8.2 ± 1.5%. 
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The mean duration of diabetes mellitus was 4.4 ± 4.7 years. 
The log MAR BCVA was 0.28 (approximate Snellen equiva-
lent 20/38) ± 0.54 (range, − 0.18 to 2, approximate Snellen 
equivalent 20/13 to 20/2000).

Detection of NVs via conventional methods

Conventional methods, such as clinical examination and multi-
modal imaging without OCTA, were used to identify 168 NVs 
(NVEs, 152; NV of the disc [NVD], 16) (Table 1). NVEs were 
detected in the nasal upper, nasal lower, temporal upper, and 
temporal lower quadrants at 32, 40, 45, and 35 sites, respectively.

Detection of the NVs via wide‑field SS‑OCTA images

Fovea-centered 23 × 20-mm OCTA images demonstrated 162 
NVs (NVE, 146; NVD, 16), equivalent to 96% of the NVs 
identified by conventional method. This method tended to miss 
nasal NVs, as NVEs were detected in the nasal upper, nasal 
lower, temporal upper, and temporal lower quadrants at 27, 39, 
45, and 35 sites, respectively. Disc-centered 23 × 20-mm OCTA 
images identified 166 NVEs (NVE, 150; NVD, 16), equiva-
lent to 99% of the NVs identified by conventional method. This 

method was able to visualize nearly all the NVs, as the NVEs 
were detected in the nasal upper, nasal lower, temporal upper, 
and temporal lower quadrants at 32, 40, 44, and 34 sites, respec-
tively. It was possible to detect all the NVs using two wide-field 
OCTA images: fovea- and disc-centered. Figure 2 shows a rep-
resentative case in which a nasal NV that could not be identified 
with fovea-centered 23 × 20-mm OCTA images was visualized 
using disc-centered 23 × 20-mm OCTA images. The percentage 
of eyes in which all the NVs were identified by the conventional 
method was 92% (59/64 eyes) in the disc-centered OCTA and 
97% (62/64 eyes) in the fovea-centered OCTA. The two wide-
field OCTA images were able to identify NVs detected by the 
conventional method in all eyes (64/64 eyes). Both fovea- and 
disc-centered 23 × 20-mm OCTA images demonstrated at least 
one NVE, even in cases where individual NVs were missed.

Comparison of wide‑field SS‑OCTA images 
between patients with and without PRP treatment

In the group (25 eyes of 13 patients) without a history of PRP 
treatment, 61 NVs (nasal upper, nasal lower, temporal upper, 
temporal lower, or disc: 13/17/15/12/4) were identified using 
the conventional method (Supplemental Table 1). Fovea- and 
disc-centered 23 × 20-mm OCTA images showed 59 NVs 

Fig. 1   Wide-field 23 × 20-mm SS-OCTA delineation of NVs identi-
fied by conventional methods. Laser scarring by PRP treatment can 
be observed on wide-field color fundus photography (a). Although 
they are not clearly visible in wide-field color fundus photography, 
six NVs (orange dashed circle; three, two, and one in the nasal upper, 
nasal lower, and temporal lower quadrants, respectively) were easily 
confirmed by dye leakage via montaged FA (b). Combined VRI and 
superficial retinal slabs (from the surface of the ILM to 2000 µm to 
the posterior of the inner plexiform layer) of fovea- and disc-centered 
23 × 20-mm OCTA images depict retinal vascular structures and all 
six NVs (orange dashed circle), respectively (c, d). The VRI slab 

(from the surface of the ILM to 2000 µm above the ILM) of fovea- 
and disc-centered 23 × 20-mm OCTA images more easily depicts 
all six NVs (orange dashed circle) in detail (e, f). Only the superfi-
cial retinal slab (from the surface of the ILM to the posterior of the 
inner plexiform layer) of fovea- and disc-centered 23 × 20-mm OCTA 
images clearly reveal retinal vessels; although NVs are slightly dif-
ficult to identify (g, h). FA, fluorescein angiography; ILM, internal 
limiting membrane; NV, neovascularization; OCT, optical coherence 
tomography; PRP, panretinal photocoagulation; SS-OCTA, swept-
source optical coherence tomography angiography; VRI, vitreoretinal 
interface
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(11/17/15/12/4) and 60 NVs (13/17/15/11/4), respectively. In the 
group (39 eyes of 23 patients) with a history of PRP treatment, 
107 NVs (19/23/30/23/12) were identified using conventional 
methods (Supplemental Table 2). Fovea- and disc-centered 
23 × 20-mm OCTA images showed 103 NVs (16/22/30/23/12) 
and 106 NVs (19/23/29/23/12), respectively. In both groups, it 
was possible to detect all the NVs using two wide-field OCTA 
images: fovea- and disc- centered 23 × 20-mm OCTA images; 
however, both tended to miss nasal NVs.

Discussion

In the present study, we demonstrated that wide-field 
23 × 20-mm SS-OCTA images captured by OCT-S1 can 
reveal nearly all the NVs detected using conventional meth-
ods in eyes with PDR.

The OCT-S1 used in this study has two main features. 
First, it possesses the ability to capture extremely wide OCTA 
images that are 23 × 20-mm in size, which is the widest area 

Table 1   Detection of NV sites by wide-field 23 × 20 mm SS-OCTA as compared with conventional methods

The upper row in each column indicates the number of NV sites, and the lower row indicates the percentage of NVs identified by OCTA​
NV, neovascularization; SS-OCTA​, swept-source optical coherence tomography angiography

Nasal upper Nasal lower Temporal upper Temporal lower Disc Total

NV sites in fovea-centered 23 × 20 mm OCTA images 27
84%

39
98%

45
100%

35
100%

16
100%

162
96%

NV sites in disc-centered 23 × 20 mm OCTA images 32
100%

40
100%

44
99%

34
100%

16
100%

166
99%

Total NV sites in both fovea- and disc-centered 23 × 20 mm OCTA 
images

32
100%

40
100%

45
100%

35
100%

16
100%

168
100%

NV sites identified by clinical examination and multimodal imag-
ing

32 40 45 35 16 168

Fig. 2   A case wherein nasal NV that could not be identified using 
fovea-centered 23 × 20-mm OCTA images was visualized with disc-
centered 23 × 20-mm OCTA images. Laser scarring by PRP treat-
ment can be observed on wide-field color fundus photography (a). 
Although they were not clearly visible in wide-field color fundus pho-
tography, three NVs (orange dashed circle; one and two in the nasal 
upper and nasal lower quadrants, respectively) were easily confirmed 
by dye leakage via montaged FA (b). Combined VRI and superficial 
retinal slabs (from the surface of the ILM to 2000 µm to the posterior 
of the inner plexiform layer) of fovea-centered 23 × 20-mm OCTA 
images (c) identified two NVs (orange dashed circle) but missed one 
NV at the nasal lower quadrant. Combined VRI and superficial retinal 

slabs of disc-centered 23 × 20-mm OCTA images (d) depict all three 
NVs (orange dashed circle). Although the VRI slab of fovea-centered 
23 × 20-mm OCTA images missed the nasal lower NVs, the disc-cen-
tered 23 × 20-mm OCTA images clearly delineated all the three NVs 
(e, f). Only the superficial retinal slab of fovea- and disc-centered 
23 × 20-mm OCTA images clearly visualize the retinal vessels; how-
ever, the NVs are slightly difficult to identify (g, h). FA, fluorescein 
angiography; ILM, internal limiting membrane; NV, neovasculariza-
tion; OCT, optical coherence tomography; PRP, panretinal photoco-
agulation; SS-OCTA, swept-source optical coherence tomography 
angiography; VRI, vitreoretinal interface
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of any currently marketed instrument. Second, it uses Canon’s 
all-new intelligent denoise feature enabled by AI technology. 
This denoise processing by AI rapidly improves the image 
quality of OCTA, and permits a more accurate quantitative 
evaluation [18, 19]. Hence, OCT-S1 can capture 23 × 20-mm 
wide-field SS-OCTA images with a single acquisition; moreo-
ver, it can capture high-resolution images.

We first examined the detection rate of NVs in eyes with 
PDR using fovea-centered 23 × 20-mm SS-OCTA images 
acquired with OCT-S1. Therefore, this method was able to 
delineate 96% (162/168) of the NVs identified using the con-
ventional method. Although 100% (80/80) of the temporal 
NVs could be visualized, 8% (6/72) of the nasal NVs were 
missed. Fovea-centered 23 × 20-mm OCTA images are liter-
ally centered on the fovea; thus, the nasal side of the optic disc 
is inevitably smaller in area than the temporal side. Addition-
ally, a study using color stereo photographs reported that the 
mean distance from the optic disc to the first NVE site in the 
nasal upper and nasal lower quadrants was 4.3 mm and 4.8 mm, 
respectively [3]. These reasons could explain why fovea-cen-
tered 23 × 20-mm OCTA images tended to miss nasal NVs. A 
study using simulated wide-field OCTA images mentioned the 
possible usefulness of disc-centered OCTA images for better 
delineating nasal NVs [14]. Following this concept, we investi-
gated the ability of disc-centered 23 × 20-mm OCTA images to 
detect NVs. As expected, the NV detection rate of disc-centered 
23 × 20-mm OCTA images was high (99%, 166/168). However, 
the NVE detection rate was not 100% for either fovea- or disc-
centered OCTA images, although it was possible to identify all 
the NVEs (100%, 168/168) using both images. Previous reports 
have shown that 15 × 15 mm SS-OCTA images acquired with 
PLEX Elite 9000 detected 80.1% and 80.5% of the NV sites 
identified by ultra-wide-field FA in the treatment-naïve and 
previously treated eyes, respectively [14]. Compared to the 
previous finding, the capability of the 23 × 20-mm wide-field 
OCTA images (whether disc-centered, fovea-centered, or both 
images) to delineate NVs in this current study is remarkably 
high. Further evaluation revealed that even in cases where 
NVEs were missed, both methods detected at least one NVE. 
PDR is defined by the presence of NV or vitreous/preretinal 
hemorrhage [16]. Therefore, wide-field 23 × 20-mm SS-OCTA 
images are useful in the severity-based classification of diabetic 
retinopathy; they can be used to determine (with 100% accu-
racy) the presence of NVs via a single, non-invasive examina-
tion, although not all the NVs are detected.

Our study has certain limitations that should be considered. 
First, 8 eyes were excluded owing to low OCTA image qual-
ity. Although OCT-S1 has shortened the scanning time by 
using SS and AI technology, it still takes approximately 10 s 
to acquire a single image. Patients with PDR with macular 
damage cannot maintain fixation on a target for a long time; 
thus, further reduction in the examination time is expected in 
the future. Second, we previously reported that OCTA images 

of VRI slabs, which extend anteriorly from the automatically 
detected retinal surface, are ideally suited for displaying reti-
nal NVs [12]. In this study, VRI slabs were also used to iden-
tify NVs; nevertheless, in some cases, determining whether 
the target vessels extended beyond the ILM to the vitreous was 
challenging, which required confirmation using OCT B-scan. 
This is probably because the retinal layer segmentation of 
OCT-S1 is incomplete. On a busy day, it is difficult to identify 
NVs by checking both OCTA and OCT B-scan images, and 
improvement in segmentation is required such that NVs can 
be identified using only the VRI slab. Third, since OCT-S1 is 
currently available in Japan and some parts of Europe, Korea, 
Taiwan, and Singapore, the study population comprised Japa-
nese only. Multi-ethnic studies will be needed to evaluate the 
usefulness of OCT-S1 across different regions. Finally, this 
study included eyes that had previously been treated with PRP. 
OCTA studies have shown that PRP can decrease the size 
of retinal NV [20]. We had a concern that the presence or 
absence of PRP would affect our study findings; however, 
additional investigation demonstrated no marked difference 
in the NV detection rate with or without PRP. In this study, 
we examined the presence or absence of NVs, and not the 
form of NVs; thus, we consider that the history of PRP did 
not have a significant impact on the results. Despite these 
limitations, we believe that wide-field 23 × 20-mm SS-OCTA 
is useful in clinical practice for patients with PDR because it 
can identify most NVs and at least one NV in a single acquisi-
tion, compared with the extended field imaging technique [21] 
and montaged OCTA images [10], as previously reported. 
Future studies should be conducted to address this limitation 
by shortening the testing time and increasing the sample size.

In summary, the wide-field (23 × 20 mm) SS-OCTA iden-
tified nearly all the NVs in eyes with PDR via a single acqui-
sition, especially disc-centered. In addition, even in cases 
wherein NVEs were missed, both methods detected at least 
one NVE. All the NVs were detected using two wide-field 
OCTA images: fovea- and disc-centered. Therefore, wide-
field (23 × 20 mm) SS-OCTA images appear to be clinically 
useful in evaluating patients with diabetic retinopathy.
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