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Abstract 

Background: To assess and characterize neovascularization of the optic disc (NVD) using optical coherence tomog‑
raphy angiography (OCTA) and different OCTA‑based methods.

Methods: This retrospective, observational study included patients who were suspected of having early PDR with no 
presence of clinically apparent neovascularization (NV) bur were clinically diagnosed with proliferative diabetic retin‑
opathy (PDR), or severe NPDR. Patients underwent standard clinical examinations and OCTA imaging using a 6 × 6 
montage scan. Two trained graders identified NVD using different imaging systems (ultra‑widefield‑colour fundus 
photography (UWF‑CFP), OCT, OCTA and fluorescein angiography (FA)). Moreover, morphological classification of NVD 
was performed. The detection and morphological classification of NVD by different OCTA‑based methods (B‑scan 
OCTA, En‑face OCTA, VRI Angio and VRI Structure) were compared.

Results: A total of 169 eyes (126 eyes with PDR and 43 eyes with severe NPDR) of 123 participants were included in 
this study. The detection rate of NVD was 34.91% by UWF‑CFP compared with 59.76% by OCT, 59.76% by OCTA, and 
62.72% by FA. After excluding 2 cases with epiretinal membranes, the NVD diagnosis detected by OCT was used as 
the standard. Among 99 eyes diagnosed with NVD by OCT, B‑scan OCTA detected NVD with a sensitivity of 97.98%, 
which was higher than that by en face OCTA (80.81%), VRI Angio (65.66%), and VRI Structure (61.62%) (all P < 0.05). 
According to its characteristics on OCTA, NVD was divided into four types (12 cases of type I, 6 cases of type II, 39 
cases of type III, and 42 cases of type IV). For type I, B‑scan OCTA exhibited a higher diagnostic sensitivity than other 
methods (P < 0.05). For types II and IV, there were no statistically significant differences in the sensitivity of various 
methods between the two groups (P > 0.05).

Conclusion: OCTA and different OCTA‑based methods are significant to the diagnosis of NVD, and the diagnostic 
accuracy of different detection methods may be related to different types of NVD.
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Background
Neovascularization of the optic disc (NVD) refers to the 
formation of new blood vessels in the optic disc, which 
frequently occurs among patients with proliferative dia-
betic retinopathy (PDR). It is one of the main causes of 
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severe vision loss. According to previously reported 
findings, patients with PDR and NVD are at a signifi-
cant risk of vision loss. NVD accounts for 85% of PDR 
haemorrhages. Half of PDR patients with untreated NVD 
become blind within 3  years after the initial diagnosis 
[1]. As a result, early identification and timely treatment 
of NVD are essential to decrease the risk of visual loss in 
PDR patients with NVD [2].

Diagnosing PDR is sometimes a major challenge. To 
our knowledge, slit-lamp fundus biomicroscopy has a low 
sensitivity for differentiating neovascularization (NV) 
from intraretinal microvascular abnormalities (IRMAs) 
[3]. Smaller lesions may not be detected by an exam-
iner, especially those that induce mild PDR symptoms. 
Another difficulty is to conduct a comprehensive follow-
up. After panretinal photocoagulation (PRP) or intravit-
real injection therapy, clinical examinations may reveal 
symptoms of a persistent neovascular complex. In addi-
tion, tractional retinal detachment (TRD) and vitreous 
haemorrhage (VH) present challenges related to surgical 
decision-making [4].

Colour fundus photography (CFP) and fluorescein 
angiography (FA) were previously used to assess patients 
at different stages of diabetic retinopathy (DR) and to 
further plan patient treatment. Ultra-widefield (UWF)-
CFP is associated with some deficiencies, such as the 
inability to differentiate pseudo-colours, peripheral dis-
tortion, and reduced resolution. Additionally, CFP can-
not distinguish nonperfusion areas (NPAs) from NV 
areas, and differentiating IRMAs from NV is challenging 
[5–8]. FA is currently the gold standard for the diagnosis 
and staging of DR lesions, because it can accurately iden-
tify vascular lesions, such as micro-aneurysms (MAs), 
the extent of regions of nonperfusion and the foveal 
avascular zone (FAZ), and retinal NV [9]. Although FA 
has a well-known diagnostic capability, it is an invasive, 
time-consuming, and expensive treatment that may 
cause infrequent and severe dye-related side effects. 
These limitations are especially important for diabetic 
patients who have impaired renal function or are preg-
nant, as they are at a higher risk of developing DR. Fur-
thermore, since FA is restricted to two-dimensional 
information, it may be unable to distinguish whether 
leakage is caused by NV and blood vessels breaching 
the internal-limiting membrane (ILM) into the vitreous, 
which is a characteristic of PDR, or by IRMAs inside the 
retina, which is a sign of non-PDR (NPDR) [10].

Optical coherence tomography angiography (OCTA) 
has facilitated non-invasive imaging of retinal and cho-
roidal microvasculature abnormalities associated with 
DR, including MAs [11], NPAs [12], IRMAs [13], NV [14] 
and choriocapillaris flow deficits [15]. The recently devel-
oped widefield swept-source (WF-SS)-OCTA system has 

remarkably extended the field of view (FOV) to 50–80° of 
the retinal surface, which has the potential to change the 
existing DR diagnosis and follow-up based on the CFP 
and FA paradigms.

Several recent studies have proven the effectiveness 
of identifying NV via SS-OCTA vitreoretinal interface 
(VRI) slab images, which capture extraretinal lesions 
extending into the vitreous [16, 17]. Lu et  al. compared 
the sensitivity of the WF-SS-OCTA-VRI Angio slab and 
the SS-OCT-VRI Structure slab in detecting diabetic 
retinal NV. They discovered that the VRI slab might be 
beneficial for diagnosing and monitoring PDR in clinical 
practice [18].

To date, numerous studies have concentrated on the 
categorization of NVD based on OCTA. Khalid H et al. 
[19] classified NVD into four types based on OCTA. An 
OCTA B-mode scan for type 1 NVD reveals a preretinal 
hyperreflective material (PRHM) that connects the physi-
ological cup to a visible flow signal on the superficial slab, 
allowing the signal to engulf the physiological cup. In the 
B-mode scan, Type 2 NVD appears as a tiny bud, which 
may be visible on the VRI slab. In type 3 NVD cases, the 
PRHM may be visible on the surface, and may also be 
identified on the VRI slab. As seen in the B-mode scan, 
the PRHM in type 4 NVD is raised above the surface.

Methods
Data collection
This prospective, observational study was conducted in 
the Department of Ophthalmology at Shanghai Sixth 
People’s Hospital from January 2010 to June 2021. 
Patients who were suspected of having early PDR with 
no presence of clinically apparent NV but were clinically 
diagnosed with PDR (either naïve or previously treated) 
or severe NPDR. Exclusion criteria included eyes with 
concomitant chorioretinal diseases, glaucoma and severe 
media opacities, which interfered with image acquisition; 
poor image quality that prevented the device from auto-
matically creating montage images; or image quality that 
was otherwise determined to be insufficient for clinical 
assessment (e.g., due to poor fixation or image artefacts).

The study was approved by the Institutional Review 
Board of Shanghai Sixth People’s Hospital. All protocols 
were in accordance with the principles of the Helsinki 
Declaration, and written informed consent was obtained 
from the patients prior to their participation in the study.

Study protocol
All included participants underwent ophthalmic exami-
nations, which included obtaining a medical history 
(gender, age, history of diabetes, blood glucose, history 
of previous treatment, etc.) determining visual acu-
ity, slit lamp biomicroscopy of the anterior segment, 
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ophthalmoscopy of the posterior segment, and wide-
field colour fundus imaging using the Optos camera 
(Optos PLC, Dunfermline, UK), FA system (Spectralis 
HRA + OCT; Heidelberg Engineering GmbH, Heidel-
berg, Germany), and OCT/OCTA system (Heidelberg 
Engineering GmbH). UWF-CFP, FA, and OCT/OCTA 
were performed on the same day or within 1 week.

Image acquisition protocol
OCTA scans were conducted out using the OCT/OCTA 
system (Heidelberg Engineering GmbH). A laser with a 
central wavelength of approximately 870 nm was used in 
the OCT/OCTA system (Heidelberg Engineering GmbH) 
at a scan rate of 85,000 A-scans/s.

Regarding the scanning protocol in our clinic, for each 
patient, a high-definition 6-mm line scan and a 6*6-mm 
volume scan that were centred on the optic nerve head 
were acquired (FOV of 20*20°). Each 6*6 mm volume had 
512 A-scans per B-scan (with a space of 24 mm between 
adjacent A-scans) and 512 B-scan positions per volume 
scan (with a space of 11 mm between adjacent B-scans); 
OCTA images were acquired using two replicated 
B-scans at each B-scan spot. It took at least 12 s to obtain 
a single 6*6  mm volume. Professional ophthalmic pho-
tographers performed all OCTA scans, and in necessary 
cases, they replicated the acquired images several times 
to ensure that high-quality photographs of high-intensity 
OCT signals and minimum motion artefacts were cap-
tured. The quality scores of scans were expressed as a 
signal-to-noise ratio (SNR) in decibels (dB) on a scale of 
1 (poor quality) to 40 (excellent quality), and the included 
scans had a score > 20  dB, which was considered good 
quality. The FA photographs were acquired using the 
Heidelberg Spectralis HRA + OCT system (Heidelberg 
Engineering GmbH).

NVD was detected using the following methods: (1) 
biomicroscopy or CFP showed the presence of clearly 
formed NVD; (2) structural OCT displayed the presence 
of PRHM; and (3) with the presence of PRHM on struc-
tural OCT, an OCTA scan was conducted in that loca-
tion. A diagnosis of NV was made if a flow signal was 
evident on the B-scan OCTA or a clear NVE could be 
observed on the en face OCTA; (4) the presence of leak-
age on FA was recorded.

Two qualified ophthalmologists (CX and LTT) inde-
pendently examined the OCT, OCTA, and FA images 
for the presence of NVD, as shown on each imaging 
mode. Thorough examination of individual OCT B-scans 
within the volume for the OCT posterior pole revealed 
the existence of any PRHM. The built-in software of 
OCTA was employed to distinguish each B-scan mode 
in the 6*6 mm scanning area. First, a B-scan with PRHM 
detected an internal blood flow signal, or a clear NVE 

could be observed on en face OCTA. Then, the en face 
OCTA images of the superficial retinal slab and vitreo-
retinal slab were examined for obvious delineation of the 
retinal neovascular network. The VRI slab was defined 
with an inner boundary of 100  µm above the ILM and 
an outer boundary at the ILM. Then, the VRI Structure 
and VRI Angio were utilized to indicate whether any new 
blood vessels could be generated (Fig. 1). Morphological 
classification of NVD, which was previously described by 
Khalid et al., was performed [19].

Statistical analysis
Statistical analyses were performed using version 18.0 
SPSS statistical software (SPSS, Inc., Chicago, IL, USA). 
Normally distributed continuous variables are presented 
as the means ± SD. Differences in NVD detection rates 
among different groups were compared using the McNe-
mar’s test or the exact McNemar’s test. For all tests, a P 
value < 0.05 was considered statistically significant.

Results
Patient demographic features
A total of 123 patients with 169 eyes (126 with PDR, 
43 with severe NPDR) were included. It was estimated 
that each participant had diabetes for an average of 
19.2 ± 8.5 years. The median age of the participants was 
54.36 ± 17.68 years old. In addition, 82% of patients had 
type 2 diabetes mellitus. At the time of imaging, 105 eyes 
(62.13%) were untreated. Twelve eyes with PDR and 17 
eyes with severe NPDR were treated with PRP, 13 eyes 
with PDR and 7 eyes with severe NPDR were treated 
with PRP and intravitreal injection, and 15 eyes with PDR 
were treated with vitrectomy.

Comparing the results of OCTA 
The detection rate of NVD was 34.91% by UWF-CFP 
compared with 59.76% by OCT, 59.76% by OCTA, and 
62.72% by FA. Moreover, 5 NVE lesions were detected on 
UWF-FA. These lesions were not observed to perforate 
the ILM by B-scan and were diagnosed as leaky IRMAs.

Two epiretinal membranes were excised from 101 eyes 
with PRHM, which were identified via structural OCT. 
Among the remaining 99 eyes, 97 eyes were detected with 
a flow signal on the B-scan OCTA and a clear NVD on en 
face OCTA was found in 80 eyes. Additionally, 65 NVD 
eyes were identified through VRI Angio, and 61 NVD 
eyes were identified through VRI Structure. The diagno-
sis of NVD by structural OCT was used as the standard. 
Among the 99 eyes, B-scan OCTA detected NV with a 
sensitivity of 97.98%, which was higher than the detec-
tion rate by en face OCTA (80.81%), VRI Angio (65.66%), 
and VRI Structure (61.62%) (P < 0.05, Table 1). The detec-
tion sensitivity of en face OCTA was higher than that of 
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the VRI Angio and VRI Structure (P < 0.05), and the dif-
ference was not statistically significant (P = 0.349 and 
0.555, respectively).

Among 99 NVD eyes, there were 12 cases of type I, 6 
cases of type II, 39 cases of type III, and 42 cases of type 
IV. In all types, a flow signal could be detected on the 
B-scan OCTA. For type I NVD, B-scan OCTA showed a 

higher detection sensitivity than other methods (P < 0.05). 
For type II NVD, there was no statistically significant dif-
ference in the sensitivity between the different methods 
(all P > 0.05) (Table 2). For type III NVD, B-scan OCTA 
exhibited a higher detection sensitivity than VRI Angio 
and VRI Structure (P < 0.05), and the difference between 
B-scan OCTA and en face OCTA was not statistically 

Fig. 1 Detection of neovascularization of the disc (NVD) in patients with proliferative diabetic retinopathy (PDR). A, CFP showed the presence of a 
clearly formed NVD. B, en face OCTA images of the superficial retinal slab and vitreoretinal slab showed a retinal neovascular network. C, B‑scan with 
PRHM detected internal blood flow signal. D and E, The VRI structure (E) and VRI angio (D) indicated that new blood vessels had developed. F, The 
VRI slab was defined with an inner boundary 100 mm above the ILM and an outer boundary at the ILM

Table 1 Detection rate of NVD using different OCTA‑based methods

NVD Optic disc neovascularization, OCTA  Optical coherence tomography angiography, VRI Vitreoretinal interface

*The difference was of statistical significance (p < 0.05). McNemar test; when one or more expected values are less than 5, Exact McNemar’s test is used

NVD B-scan OCTA En face OCTA VRI angio VRI structure P value, B-scan versus
En face

P value, B-scan versus
VRI angio

P value, B-scan versus
VRI structure

99 97.98(97/99) 80.81%(80/99) 65.66%(65/99) 61.62%(61/99) p < 0.05* p < 0.05* p < 0.05*

Table 2 Different OCTA‑based methods in the diagnosis of different types of NVD

NVD Optic disc neovascularization, OCTA  Optical coherence tomography angiography, VRI Vitreoretinal interface
* The difference was of statistical significance (p < 0.05). McNemar test; when one or more expected values are less than 5, Exact McNemar’s test is used

Type of NVD B-scan OCTA En face OCTA VRI angio VRI structure P value, B-scan 
versus
En face

P value, B-scan 
versus
VRI angio

P value, 
B-scan 
versus
VRI 
structure

Type I 12 5 2 0 p < 0.05* p < 0.05* p < 0.05*

Type II 6 4 3 2 p = 0.455 p = 0.182 p = 0.061

Type III 39 34 22 20 p = 0.055 p < 0.05* p < 0.05*

Type IV 42 37 38 40 p = 0.055 p = 0.116 p = 0.494
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significant (P = 5.342 and 0.055, respectively). For type IV 
NVD, there was no significant difference in the sensitivity 
between methods (all P > 0.05) (Table 2).

Discussion
In the present study, we used OCTA to detect NVD and 
compared its diagnostic capability with that of UWF-
CFP, OCT, and FFA. At the same time, the detection rates 
of different OCTA-based methods were studied, and the 

correlation between different types of OCTA and detec-
tion methods was also discussed.

When the diagnosis of NVD by OCT was used as the 
standard, UWF-CFP detected NVD with a sensitivity 
of 51.3%. Several factors may explain the lower detec-
tion rate of UWF-CFP [4]. First, some vessels may be 
extremely small and cannot be identified without high-
resolution imaging. Second, bleeding may obscure NV. 
Finally, without the use of OCT, determining the exact 

Fig. 2 The diagnosis of type II NVD by different OCTA‑based methods. The tiny buds could not be detected by CFP A. en face OCTA images did not 
show a retinal neovascular network (B top), B‑scan OCTA showed a small PRHM on the surface of the disc (B below). No new blood vessels were 
indicated by VRI Structure or VRI Angio C 

Fig. 3 The diagnosis of type III NVD by different OCTA‑based methods. It may be difficult to find a new blow vessels clearly by CFP A, en face OCTA 
images and B‑scan OCTA C, VRI Structure and VRI Angio D. However, leakage can be seen on FFA B. The structure of new blood vessels can be easily 
found on the VRI Structure and VRI Angio after manually adjusting the vitreous‑retinal interface below the ILM E 
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position of the vessel within the retinal layers and dif-
ferentiating IRMA from NV is challenging. Although 
UWF-CFP was suggested for complete visualization of 
peripheral and central retinal vascular anomalies, pseudo 
colours, peripheral distortion, and reduced resolution 
may cause erroneous detection of NVD.

By injecting fluorescent dye, dynamic images can be 
captured and developing changes in patients with dia-
betes, such as permeable vessels, can be visualized by 
FA, thus resulting in its recognition as the current gold 
standard for evaluating the retinal vasculature. However, 
its invasive screening and monitoring of patients with 
PDR hinders its popularization in clinical practice [20]. 
OCTA is non-invasive and may be used for all patients, 
even those who do not respond well to FA. OCTA is an 
effective technique for detecting NV in PDR patients, and 
it has been shown that OCTA can display the microvas-
cular architecture of new vessels. Anti-vascular endothe-
lial growth factor (VEGF) therapy has been extensively 
utilized as a safe and effective therapy for PDR [21]. 

SS-OCTA can be used to better characterize diabetic 
retinal NV alterations, measure treatment response, and 
make more reliable medical decisions for patients under-
going anti-VEGF therapy.

NVD may be mainly detected on B-scan OCT, fol-
lowed by B-scan OCTA and en-face OCTA. NVD can 
be regarded as hyperreflective tissue sitting or protrud-
ing from the optic disc into the vitreous, whether the 
posterior hyaloid (PH) is attached or detached. It has 
been proven that structural OCT and B-scan OCTA pro-
vides the highest detection rate for NV. More recently, 
OCTA has been shown to identify the vascular structure 
of NVD by the presence of blood flow signals in en-face 
OCT angiograms [22–24].

NVD imaging requires segmentation of the retina. 
To identify NVD, optimized vitreoretinal segmenta-
tion procedures may cause OCTA to become an even 
more successful and non-invasive imaging technique 
[25]. Volumetric data can be segmented, and OCTA 
provides three-dimensional data related to the shape 

Fig. 4 The diagnosis of type IV NVD by different OCTA‑based methods. Type IV NVD can be easily detected by CFP A, FFA C, en face OCTA images 
and B‑scan OCTA B, VRI Structure and VRI Angio D 
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and geographic position of vascular lesions. Similarly, a 
number of studies have recently used the VRI slab imag-
ing protocol to detect active PDR. After reconstruction of 
SS-OCTA-VRI slab images by manual segmentation, the 
sensitivity of VRI slab images for detecting NV increased 
to 84% [26].

Different anatomical subtypes of NVD observed by 
OCT can explain the decreased detection rate by vari-
ous methods. Type I NVD encompasses the physiologi-
cal cup, and it is thus not raised above the disc surface, 
making it difficult to identify clinically. Similarly, type 
II NVD, appearing on the B-scan as tiny buds, may be 
misdiagnosed clinically as dots of haemorrhage. These 
two types are difficult to detect by en face OCTA (Fig. 2). 
To our knowledge, the key to the VRI slab method is to 
identify the vitreous and retinal interface, and the cur-
rent machine built-in software measurement method 
makes it more difficult to identify the vitreous retinal 
interface in the optic disc area (a cup-shaped depres-
sion), making it challenging to detect these two types. 
Similarly, in detecting type III NVD, we found that the 
boundary of the optic disc in some NVD cases would 
be difficult to distinguish from the ILM interface. The 
nonlinear contour of the optic disc or tendency of NVD 
to invade through the posterior wall may aggravate seg-
mentation errors of the ILM in NVD [27]. By manually 
separating or adjusting the vitreous-retinal interface 
below the ILM and then distinguishing the neovascular 
structure, type III NVD can be detected with a higher 
accuracy (Fig.  3). However, manual correction may be 
time-consuming, and a deep learning technique applied 
to screen and diagnose DR may be significantly needed 
[28, 29]. Type IV NVD, as this type protrudes towards 
the vitreous, is easier to identify through fundus photog-
raphy (Fig. 4).

The present study had a number of shortcomings. 
First, this was a retrospective study, in which OCTA 
was compared with clinical examinations. Each patient 
was examined by an experienced ophthalmologist 
who confirmed the diagnosis. In addition, although 
two graders assessed imaging findings, only one sen-
ior clinician made the clinical diagnosis for each case. 
Another shortcoming was that we used the 6*6 scan 
area. Although the scan range was not wide-angle and 
was restricted, this study mainly diagnosed NVDs, and 
the detection of NVE lesions was not performed in 
other surrounding areas.

Finally, the signals on the VRI slabs were evaluated 
subjectively, which may have missed more detailed 
morphological aspects of NV. We also did not distin-
guish between active and inactive NV. Regardless of 
activity, however, NV shape and the presence or lack of 

segmentation faults are more likely to be important for 
VRI identification.

In conclusion, OCTA and different OCTA-based 
methods are important for the diagnosis of NVD, and 
the effectiveness of different detection methods may be 
related to different types of NVD.
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