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Abstract 

Background: To compare widefield swept-source optical coherence tomography angiography (SS-OCTA) with ultra-
widefield fundus fluorescein angiography (UWF-FA) for detecting retinal vein occlusion (RVO) lesions.

Methods: Thirty-four eyes of 32 patients with treatment-naïve RVO were enrolled at Peking University People’s Hos-
pital from September 2021 to March 2022. Patients were imaged with a UWF-FA (200°) and a widefield SS-OCTA using 
24 × 20 mm scan single capture. Quantitative assessments of RVO lesions such as foveal avascular zone (FAZ) area and 
perimeter, non-perfusion areas (NPA), number of microaneurysms (MAs), capillary changes and collateral vessels were 
performed.

Results: The measurement of FAZ area and perimeter were comparable between SS-OCTA and UWF-FA (0.373 
(range, 0.277–0.48)  mm2 vs. 0.370 (range, 0.277–0.48)  mm2, P = 0.818 and 2.480 (range, 2.011–2.998) vs. 2.330 (range, 
2.027–2.807) mm, P = 0.536, respectively). Intraclass correlation coefficients (ICCs) of FAZ area and perimeter between 
SS-OCTA and UWF-FA was high (0.999, [0.997–0.999] and 0.996 [0.991–0.996], respectively), suggesting good agree-
ment. The mean NPA area was larger on SS-OCTA than that on UWF-FA (89.977 ± 78.805  mm2vs. 87.944 ± 77.444  mm2, 
P = 0.037). The ICC of NPA area was also high (0.999, [0.999–1.000]). The median of total MA count was less on SS-OCTA 
than on UWF-FA (7 (range, 0–19) vs.12 (range, 0–23), P < 0.001). Agreement in detecting MAs between SS-OCTA and 
UWF-FA was found to be good (ICC = 0.920, [0.555–0.974]).The total capillary changes and collateral vessels count 
were less on UWF-FA than SS-OCTA (11 ± 9 vs 6 ± 7, P < 0.001 and 4 (range, 0–6) vs 0 (range, 0–0), P < 0.001, respec-
tively). Agreement in detecting capillary changes and collateral vessels between OCTA and UWF-FA was found to be 
fair (ICC = 0.733, [0.081–0.905] and 0.564, [0.039–0.805], respectively).
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Background
Retinal vein occlusion (RVO) is the second most com-
mon retinal vascular disorder next to diabetic retin-
opathy [1]. Its common complications include macula 
edema, retinal ischemia, neovascularization, etc., which 
are significant causes of severe vision loss [2]. Therefore, 
reliable identification and adequate measurement of the 
abnormalities promotes early intervention and helps to 
avoid visual impairment.

Fluorescein angiography (FA) has been critically signif-
icant in determining whether RVO is ischemic and decid-
ing the necessity of laser photocoagulation treatment [3]. 
However, it is an invasive, time-consuming and relatively 
expensive procedure that can cause nausea, vomiting, 
and even anaphylaxis. Moreover, it cannot be performed 
neither in pregnant women, patients with allergy to flu-
orescein, renal failure, severe asthma or cardiac disease 
nor on the same day [4].

Optical coherence tomography angiography (OCTA) 
is a non-invasive, time-saving, high-resolution method 
which can clearly depict and quantitatively analyze the 
microvascular abnormalities of different layers of retina 
and choroid [5]. Previous OCTA platforms were mainly 
focused on the macular area which restricts their applica-
tion in retinal vascular disease since many of them have 
lesions beyond macular area. Recently, a novel widefield 
SS-OCTA device BM400K is available from TowardPi 
Medical Technology in China. With the combination of 
long wavelength(1060  nm)full range swept source and 
400 kHz A-scan rate, the device has capability to acquire 
as deep as 6  mm scan depth and a wide scan area as 
24mmx20mm (81° × 68°) in a single capture, which may 
potentially change the paradigm of FA-based diagnosis, 
grading and follow-up of RVO.

In this observational cross-sectional study, we com-
pared widefield SS-OCTA with ultra-widefield angi-
ography (UWF-FA) to detect RVO lesions such as 
foveal avascular zone (FAZ) area and perimeter, non-
perfusion areas (NPA), number of microaneurysms 
(MAs), capillary changes, collateral vessels and retinal 
neovascularization.

Methods
Patients
This cross-sectional investigation enrolled consecutively 
patients with central retinal vein occlusion (CRVO) or 

branch retinal vein occlusion (BRVO) who visited the 
outpatient clinic of Peking University People’s Hospital 
between September 2021 and March 2022. The inclu-
sion criteria were diagnosis of RVO (central or branch of 
the retinal vein) based on clinical evaluation and fundus 
retinal exam performed by at least two retina special-
ists. Exclusion criteria were as follows: 1) The eyes with 
any history of ocular injury, ocular surgery, retinal laser 
photocoagulation, and other retinal, optic nerve, and 
choroidal diseases that may confound the results; 2) Par-
ticipants with severe media opacities and refractive error 
(more than 6 diopters of sphere or more than 3 diopters 
of cylinder) that may interfere images acquisition were 
also excluded; 3) Besides, SS-OCTA images with signal 
strength index < 7 or severe artifacts preventing accurate 
analysis were excluded.

This study was approved by the institutional review 
board of Peking University People’s Hospital, and 
informed consent was obtained from all subjects. All the 
procedures adhered to the tenets of the Declaration of 
Helsinki.

Study protocol
Data on baseline demographics and systematic condi-
tions like course of disease and arterial hypertension 
were recorded. All enrolled patients underwent a full 
ophthalmic examination, including automatic refrac-
tometry, measurement of best corrected distance visual 
acuity (BCVA), intraocular pressure (IOP), slit lamp 
examination, indirect ophthalmoscopy, color fundus 
photography, UWF-FFA using Optos 200Tx (Optos plc, 
Dunfermline, United Kingdom) and a single capture of 
24 × 20  mm widefield SS-OCTA scan using BM400K 
(BMizar, TowardPi Medical Technology Co., Ltd, Beijing, 
China) on the same day. We compared the en-face OCTA 
images of superficial capillary plexus (SCP) slab, which 
is between the inner limiting membrane and 9 µm above 
the inner plexiform layer with venous-phase images of 
UWF-FFA.

Image processing and analysis
Two masked ophthalmologists (Li Siying and Zeng 
Qiaozhu) independently evaluated CFP, FA and SS-
OCTA images. A third well-trained ophthalmologist (Qu 
Jinfeng) adjudicated cases with discrepancies. OCTA 
images were segmented automatically using the built-in 

Conclusion: Compared with UWF-FA, widefield SS-OCTA was found comparable or even superior in detecting FAZ, 
NPA, capillary changes and collateral vessels except MAs in RVO. Widefield SS-OCTA may offer a more efficient alterna-
tive to FA for diagnosis and monitoring RVO.

Keywords: Widefield SS-OCTA , Ultra-widefield FA, Retinal vein occlusion lesions, Diagnosis and monitoring



Page 3 of 8Siying et al. BMC Ophthalmology          (2022) 22:422  

software and the segmentation errors were corrected 
manually if necessary.

En face SS-OCTA images of SCP slab and representa-
tive UWF-FFA images were exported in TIF formats 
and registrated -using Image J software (version 1.4.3.67, 
2016) and the Landmark Correspondences plug-in 
(http:// imagej. net/ Landm ark_ Corre spond ences). Spe-
cifically, we manually chose several landmarks on the 
two images that definitely corresponded with each other 
(e.g., vessel bifurcation or arteriovenous crossings), and 
performed the non-linear image transformation of the 
OCTA image by matching the corresponding landmarks 
on UWF-FA image as the reference described [6]. A rep-
resentative example of registration is presented in Fig. 1. 
The registered SS-OCTA images and the corresponding 
same area of UWF-FA images were exported and then 

imported into Image J for the following quantitative anal-
ysis and comparison.

The FAZ area, FAZ perimeter and NPAs on UWF-
FA was traced manually and measured by using built-in 
OptosAdvance® software of Optos 200Tx.The FAZ area 
and FAZ perimeter on SS-OCTA were measured by man-
ually outlining the FAZ margin using Image J (Fig. 2A-B). 
NPAs which appeared as an area of the fundus devoid 
of retinal arterioles, venules, and capillaries, with a 
pruned appearance of adjacent vessels on FFA, and as the 
absence of capillary bed between a terminal arteriole and 
a proximal venule or larger vessels on SS-OCTA were 
manually traced and measured in each image by using 
Image J (Fig.  2C-D) [7]. Considering the effect of axial 
length-related magnification, we used formula t = p. q. s 
to make an axial length correction as described by pre-
vious publication for SS-OCTA measurement [8]. In this 
formula, t is the actual fundus dimension, s is the meas-
urement on OCTA, p is a constant in a telecentric system 
which can be calculated as 3.382, and q is the magnifi-
cation factor related to the eye which can be calculated 
as q = 0.01306 (x-1.82), where x is the axial length [9].The 
number of microaneurysms (MAs),capillary changes, 
collateral vessels and retinal neovascularizations (NVs) in 
each eye were counted in both modalities (Fig. 2E-L).

Statistical analysis
All statistical analyses were performed with Stata/SE 
15.0 (V.15.0; Stata, College Station, TX, USA). Nor-
mally distributed continuous variables were presented 
as mean ± SD. Nonnormally distributed continuous 
variables were presented as median and range. Student’s 
t test (t test) was performed to compare normally dis-
tributed quantitative variables, while the nonparametric 

Fig. 1 A representative example of registered images with multiple 
red corresponding points

Fig. 2 Comparison of representative lesions on SS-OCTA and corresponding UWF-FA images of RVO patients. Foveal avascular zone (FAZ) and 
non-perfusion area (NPA) were outlined on OCTA (A and C) and UWF-FA images (B and D). E and F showed cluster of microaneurysms (MAs) around 
central fovea (red arrows) on OCTA and FA. Capillary changes were displayed in G and H. Collateral vessels (blue arrows) were shown in I and J. A 
clump of neo-vascularization was shown on K and L 

http://imagej.net/Landmark_Correspondences
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Wilcoxon signed rank test was used for abnormally dis-
tributed quantitative variables. The intraclass correlation 
coefficient (ICC) and its 95% confidence interval (CI) 
were used to assess the agreement between SS-OCTA 
and UWF-FA pairwise for continuous variables. The ICC 
(range, 0–1) of 0.75 to 1 was accepted as good agree-
ment, 0.5 to 0.75 as fair agreement, and below 0.5 as poor 
agreement [10]. The agreement between the two imaging 
modalities was also assessed by Bland–Altman plots. A P 
value of 0.05 was considered to be statistically significant.

Results
Demographics
Thirty-four eyes of 32 patients were enrolled in this 
study, including 17 (53%) males and 15 (47%) females. All 
patients were Han nationality from Chinese mainland. 
Demographics and clinical characteristics are provided 
in Table 1. There were 12 (35%) eyes with CRVO and 22 
(65%) eyes with BRVO. Mean age was 56.3 ± 14.4 years. 
Twenty-five (78%) patients had hypertension. The mean 
duration of the symptoms of RVO was 2.1 ± 1.4 months. 
The mean BCVA in logarithm of minimum angle of reso-
lution (log MAR) was 0.39 ± 0.22, and the mean IOP was 
17.3 ± 2.9 mmHg.

Quantitative assessment of lesions
Foveal avascular zone
The median FAZ area was 0.373 (range, 0.277–0.48) 
 mm2 on SS-OCTA and 0.370 (range, 0.277–0.48)  mm2 
on UWF-FA, while the median FAZ perimeter was 2.480 
(range, 2.011–2.998) and 2.330 (range, 2.027–2.807) mm 
on SS-OCTA and UWF-FA images respectively. No sig-
nificant difference was found in FAZ area and perim-
eter between SS-OCTA and UWF-FA images (P = 0.818 
and 0.536, respectively) (Table 2). ICCs of FAZ area and 
perimeter between SS-OCTA and UWF-FA was high 
(0.999, [0.997–0.999] and 0.996 [0.991–0.996], respec-
tively), suggesting good agreement between the two 
imaging modalities (Table 3). The good consistency was 
also demonstrated using Bland–Altman plots (Fig. 3A-B).

Nonperfusion area
The mean NPA area was larger on SS-OCTA than that 
on UWF-FA (89.977 ± 78.805 vs. 87.944 ± 77.444  mm2, 
P = 0.037) as presented in Table 2. The ICC of NPA area 
was also high (0.999, [0.999–1.000]) (Table 3). A Bland–
Altman plot comparing the measurement of NPA area 
on SS-OCTA and UWF-FA showed good consistency 
(Fig. 3C).

Table 1 Demographic and clinical characteristics of included 
patients

Parameters Value

Demographic characteristics

 Age, years, mean (±SD) 56.3 (14.4)

 Sex (male: female) 17:15

 Disease duration, months, mean (±SD) 2.1 (1.4)

 Hypertension, n (%) 25 (78.1)

Ocular profile

 Eyes involved, n (%)

    Unilateral 30 (93.75)

    Bilateral 2 (6.25)

Table 2 Detection of RVO lesions on SS-OCTA versus UWF-FA

RVO retinal venous occlusion, SS-OCTA  swept-source optical coherence tomography, UWF-FA ultra-widefield fluorescein angiography, FAZ foveal avascular zone, 
NPA nonperfusion area, MA microaneurysm, IQR interquartile range, SD standard deviation

Lesions SS-OCTA UWF-FA P-value

FAZ area,  mm2, median (IQR) 0.373 (0.277–0.48) 0.370 (0.277, 0.48) 0.818

FAZ perimeter, mm, median (IQR) 2.480 (2.011–2.998) 2.330 (2.027, 2.807) 0.536

NPA,  mm2, mean (± SD) 89.977 (78.805) 87.944 (77.444) 0.037*

MA, n, median (IQR) 7 (0, 19) 12 (0, 23)  < 0.001**

Capillary changes, n, mean (± SD) 11 (9) 6 (7)  < 0.001**

Collateral vessel, n, median (IQR) 4 (0, 6) 0 (0, 0)  < 0.001**

Table 3 The ICCs of RVO lesions between SS-OCTA and UWF-FA

RVO retinal venous occlusion, SS-OCTA  swept-source optical coherence 
tomography, UWF-FA ultra-widefield fluorescein angiography, FAZ foveal 
avascular zone, NPA nonperfusion area, MA microaneurysm, ICC intraclass 
correlation coefficient, CI confidence interval

Lesions ICC 95%CI P-value

FAZ area 0.999 0.997–0.999  < 0.001

FAZ perimeter 0.996 0.991–0.996  < 0.001

NPA 0.999 0.999–1.000  < 0.001

MA count 0.920 0.555–0.974  < 0.001

capillary changes count 0.733 0.081–0.905  < 0.001

collateral vessel count 0.564 0.039–0.805  < 0.001
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Counts of MA, capillary changes, collateral vessels and NVs
The median of MA count in each eye was 7 (range, 0–19) 
on SS-OCTA compared with 12 (range, 0–23) on UWF-
FA. UWF-FA showed better performance in detect-
ing MAs (P < 0.001) (Table  2). Agreement in detecting 
MAs between widefield SS-OCTA and UWF-FA was 
good (ICC = 0.920, [0.555–0.974]) (Table  3). Three eyes 
showed the value beyond the 95% confidence interval of 
mean difference of MAs count on SS-OCTA and UWF-
FA in Bland–Altman plot (Fig. 3D).

The mean count of capillary changes in each eye was 
11 ± 9 on SS-OCTA compared to 6 ± 7 on UWF-FA. 
SS-OCTA showed better performance in detecting cap-
illary changes (P < 0.001) (Table 2). Agreement in detect-
ing capillary changes between widefield SS-OCTA and 
UWF-FA was found to be fair (ICC = 0.733, [0.081–
0.905]) (Table  3). Three eyes showed value beyond the 
95% confidence interval of mean difference of capillary 
changes count on SS-OCTA and UWF-FA in Bland–Alt-
man plot (Fig. 3E).

The median count of collateral vessels in each eye was 4 
(range, 0–6) on SS-OCTA compared with 0 on UWF-FA. 
SS-OCTA performed better in detecting collateral vessels 
(P < 0.001) (Table  2). Agreement in detecting collateral 
vessels between widefield SS-OCTA and UWF-FA was 
found to be fair (ICC = 0.564, [0.039–0.805]) (Table  3). 
Two eyes showed value beyond the 95% confidence inter-
val of mean difference of collateral vessels count on SS-
OCTA and UWF-FA in Bland–Altman plot (Fig. 3F).

Both SS-OCTA and UWF-FA detected 6 retinal NVs in 
4 eyes. Agreement in detecting NV between OCTA and 
FA was found to be excellent (ICC = 1).

Discussion
In this study, we compared the differences in detect-
ing microvascular lesions, including FAZ, NPAs, MAs, 
capillary changes, collateral vessels and NVs, between 
widefield SS-OCTA (24 × 20  mm) and UWF-FA in 
treatment-naïve RVO eyes and found that compared 
with UWF FA, widefield SS-OCTA was comparable or 
even superior in detecting FAZ, NPA, capillary changes 
and collateral vessels except MAs in RVO.

The FAZ is the macular capillary-free zone sur-
rounded by interconnected capillary vessels. Previ-
ous studies have proposed a mean physiological FAZ 
area of 200 to  400mm2in healthy subjects [11]. As is 
well known that FAZ enlargement indicate macular 
ischemia and poor visual acuity. Coscas et al. found that 
when the arcade was intact on OCTA, FA never showed 
peripheral ischemia [12]. Therefore, measurements of 
the FAZ could help to objectively evaluate degree of 
disease and prognosis. Previous studies have come up 
with results that there was good consistency between 
FA and OCTA for FAZ grading, although their study 
did not quantitate this observation [13, 14]. Differed 
from them, we quantified the areas and perimeters of 
FAZ in order to get more precise measurement data 
and reliable statistical results. Similar methods have 
been reported in other studies [15, 16]. After quanti-
fication, we reached similar conclusion that the mean 
sizes and perimeters of the FAZ in the same eye were 
equal between OCTA and FA measurements. There-
fore, it was assumed that widefield SS OCTA may be an 
alternative to FA to evaluate FAZ in RVO patients.

Fig. 3 Bland–Altman analysis of RVO lesions. FAZ area (A), FAZ perimeter (B), NPA (C), counts of MA (D), counts of capillary changes (E) and counts 
of collateral vessels (F) in SS-OCTA and FA
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Retinal vein occlusion is a precipitating event that leads 
to baseline ischemia and release of the vascular endothe-
lial growth factor (VEGF), which then contributes to 
progression of NPA and thus worsening of ischemia [17].
Nonperfused areas (NPAs) form in relation with retinal 
artery or vein occlusion, which is a significant sign for 
ischemia. We generally consider that NPAs > 5 discs areas 
in branch retinal vein occlusion (BRVO) and NPAs > 10 
discs areas in central retinal vein occlusion (CRVO) as 
ischemia types, which means high risk of neovasculari-
zation progression and severe vision deterioration [18]. 
Several studies have confirmed that large or progres-
sive NPAs were closely related to NV. In other words, 
NPA may be seen as a biomarker for the assessment of 
disease progression or regression [19, 20]. Therefore, 
identification of retinal NPA can not only influence the 
management and treatment of RVO but also indicate the 
prognosis after treatment. Previous literatures found that 
OCTA has similar or better sensitivity to detect NPA 
compared with FA [14, 21], but the quantification of NPA 
was not described in their studies. In our study, areas of 
NPAs were manually sketched and quantified on Image J. 
Our results suggested that the NPA on SS-OCTA images 
were slightly larger than that on UWF-FA, which was 
consistent with previous investigations. This difference 
can be explained by no interference of fluorescence leak-
age on OCTA due to a high resolution of vascular net-
work in macular images on OCTA. Moreover, blockages 
of fluorescence due to retinal hemorrhage on FA can be 
avoided on OCTA images due to its long wavelength. But 
it should be cautious that the void of vessels on OCTA 
may be caused not only by the nonperfusion but also 
very slow or turbulence of blood flow which was under 
device’s detection threshold.

Differed from diabetic retinopathy (DR), MAs in RVO 
usually occurs in the chronic stage which usually form 
at the border of NPAs or around collateral vessels [22, 
23]. A study showed that the microaneurysms appeared 
6 months after disease onset [24]. In our study, MA count 
was significantly less on SS-OCTA than on UWF-FA. It 
mainly resulted from the fact that in FA the dye remains 
in the abnormally dilated blood vessel, leading to the 
brightly and exaggerate hyperfluorescent appearances 
[25]. However, high-speed SS-OCTA could limit the 
identification of low-flow lesions such as MAs and can’t 
show dye leakage.

In eyes with RVO, venous obstruction resulted in tur-
bulent blood flow, elevated venous pressure and over-
load of drainage capacity that may make small vessels 
and capillaries dilated, tortuous and frizzy. Capillary 
changes present as dilated vessels or capillary telangi-
ectasia usually arose between the affected and healthy 

venules, which were more common in eyes with major 
RVO or the ischemic type than those with macular 
BRVO or the nonischemic type [26, 27]. In accordance 
with previous studies, we found more capillary changes 
in SS-OCTA than UWF-FA. Widefield SS-OCTA can 
visualize microvascular abnormalities better than 
UWF-FA in RVO eyes due to its high image resolution 
and low obscuration [14, 21, 28]. The collateral ves-
sels were presented as a long vessel traversing the area 
with blocked perfusion, or as a bunch of tortuous ves-
sels in the vicinity of the area with blocked perfusion 
[29]. Its formation was speculated to assist in draining 
the obstructed venous flow into the non-obstructed 
area, tending to decrease the retinal venous pressure in 
the occluded segment. Suzuki et al. found that macular 
edema in eyes with collateral vessels were more quickly 
and frequently resolved than that in eyes without col-
lateral vessels. Moreover, the mean CRT reduction 
at 6  months after treatments was significantly greater 
than in eyes without collaterals [26]. In our study, more 
collateral vessels were found in SS-OCTA than UWF-
FA, which was similar to previous study [21, 26].This 
phenomenon was also due to high resolution on OCTA 
and no interference of fluorescence blockage or leakage.

Kadomoto and associates also reported the compari-
son between widefield OCTA and Optos FA measur-
ing NPA and number of retinal neovascularization 
in BRVO cases and they found that for patients with 
accompanying neovascularization, the retinal NPAs 
were larger than those without neovascularization [19]. 
FA is a useful and important tool to confirm NV by 
dye diffusion, but the structure of NV is limited to two 
dimensions. In this study, a scan size of 24 × 20  mm 
was obtained which was the largest scan range among 
all the commercially available SS-OCTA devices. It 
provides us not only a 3-dimensional non-invasive view 
of microvascular structure but also 2.4 times enlarge-
ment of the single-center OCTA FOV. This advantage 
may potentially change the paradigm of diagnosis and 
follow-up of RVO based on FA.

There are several limitations in our study. First, we 
included only a small number of eyes, and larger pro-
spective series are needed to further confirm these 
results. Second, the manual segmentation and annota-
tion methods could cause measurement bias. Third, as 
it was only a cross-sectional study with imaging cap-
tured at a single time point, a follow-up study with 
longitudinal data would be even more helpful for deter-
mining the role of SS-OCTA for RVO. Fourth, this was 
a study carried out in Chinese patients only, whether 
similar results can be found in other ethnics still need 
further investigation.
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Conclusions
Compared with UWF-FA, widefield SS-OCTA 
(24 × 20  mm) was found comparable or even superior 
in detecting FAZ, NPA, capillary changes and collateral 
vessels except MAs in RVO. Since OCTA is a noninva-
sive, time-saving, easy-to-use and quantitative imaging 
technique, widefield SS-OCTA may offer a more efficient 
alternative to FA for diagnosis and monitoring of RVO.

Abbreviations
SS-OCTA : Swept-source optical coherence tomography angiography; UWF FA: 
Ultra-widefield fundus fluorescein angiography; RVO: Retinal vein occlusion; 
FAZ: Foveal avascular zone; NPA: Non-perfusion areas; MAs: Microaneurysms; 
ICC: Intraclass correlation coefficient; BCVA: Best corrected distance visual acu-
ity; IOP: Intraocular pressure; CFP: Color fundus photography; SCP: Superficial 
capillary plexus; CRVO: Central retinal vein occlusion; BRVO: Branch retinal vein 
occlusion; NV: Neovascularization; CI: Confidence interval; Log MAR: Logarithm 
of minimum angle of resolution.

Acknowledgements
Not applicable.

Authors’ contributions
Conceptualization: [Li Siying]; Data collection: [Zhang Linqi]; Formal analysis 
and investigation: [Zeng Qiaozhu]; Methodology: [Li Siying]; Prepare figures: 
[Han Xinyao]; Project administration: [Zhao Mingwei]; Software: [Zeng 
Qiaozhu]; Supervision: [Qu Jinfeng]; Funding acquisition: [Qu Jinfeng]; Visuali-
zation: [Li Siying]; Writing—original draft [Li Siying]; Writing—review & editing 
[Qu Jinfeng]. The author(s) read and approved the final manuscript.

Funding
National Key R&D Program of China, No.2020YFC2008200.

Availability of data and materials
The data are available with the corresponding author.

Declarations

Ethics approval and consent to participate
This study was approved by the Human Ethics Committee/Institutional 
Review Board at Peking University People’s Hospital. Informed written consent 
was obtained from all patients. All patients voluntarily agreed to take part 
in this study and have the right to withdraw at any time. All the procedures 
adhered to the tenets of the Declaration of Helsinki.

Consent for publication
Not Applicable.

Competing interests
The authors declare that they have no conflict of interest.

Received: 7 May 2022   Accepted: 25 October 2022

References
 1. Rogers SBM. McIntosh RLBGDJ, Cheung NM, Lim LMF, Wang JJP, Mitchell 

PMDP, Kowalski JWP, Nguyen HMPH, Wong TYMDP, International Eye 
Disease C: The Prevalence of Retinal Vein Occlusion: Pooled Data from 
Population Studies from the United States, Europe, Asia, and Australia. 
Ophthalmology (Rochester, Minn). 2010;117(2):313-319.e311.

 2. Glacet-Bernard A, Miere A, Houmane B, Tilleul J, Souied E. NONPERFUSION 
ASSESSMENT IN RETINAL VEIN OCCLUSION: Comparison Between Ultra-
widefield Fluorescein Angiography and Widefield Optical Coherence 
Tomography Angiography. Retina (Philadelphia, Pa). 2021;41(6):1202–9.

 3. Iijima H. Reduced light sensitivity due to impaired retinal perfusion in 
branch retinal vein occlusion. Jpn J Ophthalmol. 2017;62(2):151–7.

 4. Spaide RF, Klancnik JM, Cooney MJ. Retinal Vascular Layers Imaged by 
Fluorescein Angiography and Optical Coherence Tomography Angiogra-
phy. JAMA Ophthalmol. 2015;133(1):45–50.

 5. Ang M, Cai Y, Shahipasand S, Sim DA, Keane PA, Sng CCA, Egan CA, Tufail 
A, Wilkins MR. En face optical coherence tomography angiography for 
corneal neovascularisation. Br J Ophthalmol. 2016;100(5):616–21.

 6. Kadomoto S, Uji A, Muraoka Y, Akagi T, Miyata M, Tsujikawa A: A novel 
strategy for quantification of panoramic en face optical coherence 
tomography angiography scan field. Graefe’s archive for clinical and 
experimental ophthalmology = Albrecht von Graefes Archiv fur klinische 
und experimentelle Ophthalmologie 2019, 257(6):1199–1206.

 7. Couturier A, Rey P-A, Erginay A, Lavia C, Bonnin S, Dupas B, Gaudric A, 
Tadayoni R. Widefield OCT-Angiography and Fluorescein Angiography 
Assessments of Nonperfusion in Diabetic Retinopathy and Edema 
Treated with Anti-Vascular Endothelial Growth Factor. Ophthalmology 
(Rochester, Minn). 2019;126(12):1685–94.

 8. Littmann H. Determination of the real size of an object on the fundus of 
the living eye. Klin Monatsbl Augenheilkd. 1982;180(4):286–9.

 9. Bennett AG, Rudnicka AR, Edgar DF: Improvements on Littmann’s 
method of determining the size of retinal features by fundus photog-
raphy. Graefe’s archive for clinical and experimental ophthalmology = 
Albrecht von Graefes Archiv fur klinische und experimentelle Ophthal-
mologie 1994, 232(6):361–367.

 10. Portney LG, Watkins MP: Foundations of Clinical Research: Applications to 
Practice. Harlow: Pearson Education UK; 2013.

 11. Carpineto P, Mastropasqua R, Marchini G, Toto L, Di Nicola M, Di Antonio 
L. Reproducibility and repeatability of foveal avascular zone measure-
ments in healthy subjects by optical coherence tomography angiogra-
phy. Br J Ophthalmol. 2016;100(5):671–6.

 12. Coscas F, Glacet-Bernard A, Miere A, Caillaux V, Uzzan J, Lupidi M, Coscas 
G, Souied EH. Optical Coherence Tomography Angiography in Retinal 
Vein Occlusion: Evaluation of Superficial and Deep Capillary Plexa. Am J 
Ophthalmol. 2016;161:160-171.e162.

 13. Werner JU, Böhm F, Lang GE, Dreyhaupt J, Lang GK, Enders C. Comparison 
of foveal avascular zone between optical coherence tomography angiog-
raphy and fluorescein angiography in patients with retinal vein occlusion. 
PLoS ONE. 2019;14(6):e0217849–e0217849.

 14. Nobre Cardoso J, Keane PA, Sim DA, Bradley P, Agrawal R, Addison PK, 
Egan C, Tufail A. Systematic Evaluation of Optical Coherence Tomography 
Angiography in Retinal Vein Occlusion. Am J Ophthalmol. 2016;163:93-
107.e106.

 15. Wang QMD, Chan SMD, Yang JYMD, You BMD, Wang YXMD, Jonas JBMD, 
Wei WBMD. Vascular Density in Retina and Choriocapillaris As Measured 
by Optical Coherence Tomography Angiography. Am J Ophthalmol. 
2016;168:95–109.

 16. Wang Q, Chan SY, Yan Y, Yang J, Zhou W, Jonas JB, Wei WB. Optical coher-
ence tomography angiography in retinal vein occlusions. Graefes Arch 
Clin Exp Ophthalmol. 2018;256(9):1615–22.

 17. Campochiaro PAMD. Bhisitkul RBMDP, Shapiro HP, Rubio RGMD: Vascular 
Endothelial Growth Factor Promotes Progressive Retinal Nonperfusion in 
Patients with Retinal Vein Occlusion. Ophthalmology (Rochester, Minn). 
2013;120(4):795–802.

 18. Nicholson L, Vazquez-Alfageme C, Patrao NV, Triantafyllopolou I, Bain-
bridge JW, Hykin PG, Sivaprasad S. Retinal Nonperfusion in the Posterior 
Pole Is Associated With Increased Risk of Neovascularization in Central 
Retinal Vein Occlusion. Am J Ophthalmol. 2017;182:118–25.

 19. Kadomoto S, Muraoka Y, Uji A, Tamiya R, Oritani Y, Kawai K, Ooto S, 
Murakami T, Iida-Miwa Y, Tsujikawa A. NONPERFUSION AREA QUANTI-
FICATION IN BRANCH RETINAL VEIN OCCLUSION: A Widefield Optical 
Coherence Tomography Angiography Study. Retina (Philadelphia, Pa). 
2021;41(6):1210–8.

 20. Garg I, Uwakwe C, Le R, Lu ES, Cui Y, Wai KM, Katz R, Zhu Y, Moon JY, Li 
CY et al: Nonperfusion Area and Other Vascular Metrics by Wider Field 
Swept-Source OCT Angiography as Biomarkers of Diabetic Retinopathy 
Severity. Ophthalmol Sci. 2022, 2(2).

 21. Suzuki N, Hirano Y, Yoshida M, Tomiyasu T, Uemura A, Yasukawa T, Ogura Y. 
Microvascular Abnormalities on Optical Coherence Tomography Angiog-
raphy in Macular Edema Associated With Branch Retinal Vein Occlusion. 
Am J Ophthalmol. 2016;161:126-132.e121.



Page 8 of 8Siying et al. BMC Ophthalmology          (2022) 22:422 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 22. Moore J, Bagley S, Ireland G, McLeod D, Boulton ME. Three dimen-
sional analysis of microaneurysms in the human diabetic retina. J Anat. 
1999;194(1):89–100.

 23. Browning DJ: Pathophysiology of Retinal Vein Occlusions. In: Retinal Vein 
Occlusions. edn. New York, NY: Springer New York; 2012: 33–72.

 24. Tomiyasu T, Hirano Y, Yoshida M, Suzuki N, Nishiyama T, Uemura A, 
Yasukawa T, Ogura Y. Microaneurysms cause refractory macular edema in 
branch retinal vein occlusion. Sci Rep. 2016;6(1):29445–29445.

 25. Salz DA, de Carlo TE, Adhi M, Moult E, Choi W, Baumal CR, Witkin AJ, Duker 
JS, Fujimoto JG, Waheed NK. Select Features of Diabetic Retinopathy on 
Swept-Source Optical Coherence Tomographic Angiography Compared 
With Fluorescein Angiography and Normal Eyes. JAMA Ophthalmol. 
2016;134(6):644–50.

 26. Suzuki N, Hirano Y, Tomiyasu T, Kurobe R, Yasuda Y, Esaki Y, Yasukawa T, 
Yoshida M, Ogura Y. Collateral vessels on optical coherence tomography 
angiography in eyes with branch retinal vein occlusion. Br J Ophthalmol. 
2019;103(10):1373–9.

 27. Tsuboi K, Sasajima H, Kamei M. Collateral Vessels in Branch Retinal Vein 
Occlusion: Anatomic and Functional Analyses by OCT Angiography. 
Ophthalmol Retina. 2019;3(9):767–76.

 28. Suzuki N, Hirano Y, Tomiyasu T, Esaki Y, Uemura A, Yasukawa T, Yoshida M, 
Ogura Y. Retinal hemodynamics seen on optical coherence tomography 
angiography before and after treatment of retinal vein occlusion. Invest 
Ophthalmol Vis Sci. 2016;57(13):5681–7.

 29. Kashani AH, Lee SY, Moshfeghi A, Durbin MK, Puliafito CA. OPTICAL 
COHERENCE TOMOGRAPHY ANGIOGRAPHY OF RETINAL VENOUS OCCLU-
SION. Retina (Philadelphia, Pa). 2015;35(11):2323–31.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Comparison of widefield swept-source optical coherence tomography angiography with ultra-widefield fluorescein angiography for the evaluation of lesions in retinal vein occlusion
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Patients
	Study protocol
	Image processing and analysis
	Statistical analysis

	Results
	Demographics
	Quantitative assessment of lesions
	Foveal avascular zone

	Nonperfusion area
	Counts of MA, capillary changes, collateral vessels and NVs

	Discussion
	Conclusions
	Acknowledgements
	References


