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SYNOPSIS:

Using wide-field optical coherence tomography angiography (OCTA) resulted 
in higher detection rate of proliferative diabetic retinopathy than clinically. 
Phenotypic characterization of neovascularization at the disc on OCTA is also 
provided.

ABSTRACT
Purpose: To evaluate the utility of wide field optical coherence tomography 
angiography (WF-OCTA) compared to clinical examination in grading diabetic 
retinopathy in patients suspected clinically to have proliferative diabetic 
retinopathy (PDR).
Design: This retrospective observational case series included patients 
diagnosed clinically with PDR or severe non-proliferative diabetic retinopathy 
(NPDR). Patients underwent standard clinical examination and wide-field 
OCTA Imaging (PLEX Elite 9000, Carl Zeiss Meditec, AG) using 12x12 
montage scans between August 2018 and January 2019.Two trained graders 
identified neovascularisation at the disc (NVD) and elsewhere (NVE) on 
OCTA which were compared to the clinical examination, and to ultrawide-field 
fluorescein angiography (UWF-FFA) when available.
Results: Seventy-nine eyes of 46 patients were evaluated. Of those, 57 eyes 
were diagnosed clinically with PDR, and 22 with severe NPDR. NVD was 
detected on OCTA-B scan as PRHM in 39 eyes (100%) with evident flow 
signals in 79.5% compared to 51.3% detected clinically. We further classified 
NVD on OCTA into four subtypes and found that subtypes 1 and 2 could not 
be seen on clinical examination alone. OCTA detected NVE in 81% of the 
cases compared to 55.7% detected clinically. Using WF-OCTA resulted in a 
higher percentage of PDR grading (88.6%) than on clinical examination 
(72.2%). When available, FFA confirmed the OCTA diagnosis in the majority 
of cases.
Conclusion: This study demonstrates that WF-OCTA may be a more 
sensitive tool in diagnosing PDR than clinical examination, while providing the 
same rate of diagnosis as FFA or more. This suggests that this modality has 
the potential to replace FFA non-invasively for the purpose of detection and 
characterisation of neovascularisation.
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INTRODUCTION

Proliferative diabetic retinopathy (PDR) is the advanced stage of 
diabetic retinopathy (DR) and is characterized by the development of 
abnormal blood vessels (neovascularisation), which may be of the disc (NVD) 
or elsewhere (NVE), secondary to retinal ischaemia.(1) If left untreated, 
neovascularisation may lead to haemorrhagic and tractional complications 
which may be vision-threatening.(1),(2) Therefore, early detection of PDR is 
essential to facilitate early intervention 

The Early Treatment Diabetic Retinopathy Study (ETDRS) established 
the current standard method of assessing the severity of DR. It is based on 
seven standard retinal fields seen on stereoscopic color fundus photographs 
(CFPs).(3) However, the small retinal field covered and its dependence on 
CFP limits its ongoing application in patients with DR. Recent advances in 
retinal vascular imaging provide more details on diabetic retinal changes 
compared to standard CFPs.(4),(5) Conventional fundus cameras cover a wider 
field of 45 to 60 degrees in one exposure. Furthermore, new generations of 
high-resolution ultrawide field (UWF) cameras can capture 130 degrees or 
even 200 degrees in a single image, permitting evaluation of peripheral retinal 
lesions that are only observed to a limited extent or missed completely in the 
area typically encompassed by seven standard fields.(6) Similarly, UWF 
fundus fluorescein angiography (UWF-FFA) can acquire high-resolution, wide-
field angiographic data in a single 100- or 200-degree frame which improves 
visualisation of key peripheral retinal pathology.(6),(7) This may result in a more 
severe grading of DR, and thus affect patient management.(8)-(11)

Recently, The ability to clearly visualize microvascular changes in DR 
in a noninvasive, safe and easily repeatable manner has become possible 
with the introduction of OCT angiography (OCTA), which allows for the 
assessment of retinal ischaemia and neovascularisation.(4),(12) OCTA may 
potentially facilitate staging of DR or even detection of early DR changes prior 
to clinically detectable retinopathy.(13) Thus, it shows promise in 
supplementing clinical examination by potentially replacing FFA for the 
diagnosis and monitoring of DR. Until recently, this was not achievable due to 
the limited field of view of earlier devices. However, a swept-source OCTA 
(SS-OCTA) device has become available, allowing for montaging of several 
scans in real-time, thus providing almost 80 degrees field of view in a single 
scan..(2),(14),(15)

The purpose of this study is to compare clinical examination and UWF-
FFA, when available, with WF-OCTA in grading DR in patients suspected to 
have PDR by clinical examination 

METHODS

Data Collection:

This was a retrospective observational case series. It included patients 
diagnosed clinically with PDR (either naïve or previously treated), or severe 
non-proliferative DR in whom early PDR was suspected without clinically 
evident neovascularization (due to unexplained vitreous haemorrhage, PDR in 
the other eye, or inconclusive differentiation between intraretinal 
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microvascular abnormalities (IRMA) and NVE). Patients underwent SS-OCTA 
Imaging (PLEX Elite 9000, Carl Zeiss Meditec,AG) as part of routine clinical 
care between August 2018 and January 2019. 

PDR was diagnosed clinically by the detection of presumed retinal 
neovascularisation, and/or preretinal or vitreous haemorrhage. Stable PDR 
was defined when preretinal fibrosis and peripheral scatter laser could be 
detected. Severe NPDR was diagnosed if there were diffuse intraretinal 
hemorrhages and microaneurysms in four quadrants, venous beading in two 
quadrants, or IRMA in one quadrant, based on the ETDRS classification.(16) 
Eyes were excluded if they had severe media opacities preventing a clear 
scan, or if the image quality was otherwise judged insufficient to allow clinical 
assessment. 

Demographic and clinical data were collected for all patients.
Approval for data collection and analysis was obtained from the Institutional 
Review Board at Moorfields (ROAD17/034). The study adhered to the tenets 
set forth in the Declaration of Helsinki.

Image Acquisition Protocol:
OCTA scans were obtained using the PLEX Elite 9000. It uses a swept-
source tunable laser with wavelength of 1060 nm and with a scanning rate of 
100,000 A-scans per second, providing a transverse resolution of 20Jm and 
an in-depth resolution (digital) of 1.95Jm. This instrument has an A-scan 
depth of 3.0mm in tissue (1536 pixels). The 12x12mm scans used 500 A-
scans per B-scan at 500 B-scan positions, resulting in an A-scan and B-scan 
separation of 24 Jm. Two sequential B-scans were performed at each fixed 
position before proceeding to the next transverse location on the retina.

The scanning protocol used was a 12x12 mm OCTA Montage, in which 
five 12x12 mm OCTA data cubes positioned at predefined locations (central, 
superotemporal, superonasal, inferotemporal, and inferonasal) were acquired. 
WF-OCTA en face montage was automatically generated with a total field of 
view up to 80º (Figure 1).

The en face OCTA images visualized the flow that was detectable 
within a volume defined by selected boundaries. Each of these segmented 
volumes is referred to as a slab. To detect neovascularization, the vitreoretinal 
interface (VRI) segmentation and superficial retinal segmentation were used. 
The superficial retinal slab was defined as the volume between the internal 
limiting membrane (ILM) and the outer boundary of the inner plexiform layer 
(IPL). The vitreoretinal interface (VRI) slab was defined with an inner 
boundary 200 Jm above the ILM and an outer boundary positioned on the 
ILM. Some VRI slabs were corrected manually to ensure that the entire 
neovascular complex was contained within the slab, especially in cases of 
extensive neovascularisation 

FFA photographs were acquired using the ultra-widefield Optos 200TX 
(Optos Plc, Dunfermline, Scotland) in selected cases. 
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Image Grading:
Two masked, trained retina specialists (H.K., L.N.) independently reviewed 
structural OCT B-scans with overlay flow signal, and the en face OCTA 
images of the superficial capillary plexus and VRI in each cube of the OCTA 
montage, as well as on FFA. Each grader assessed the degree of DR based 
on OCTA scans, and on FFA images when available. This evaluation was 
then compared with the clinical grading given at the time of clinical 
examination.

Neovascularization of the disc (NVD) and elsewhere (NVE) were 
identified as preretinal hyperreflective material (PRHM) on OCT B-scans. The 
finding of a flow signal within the PRHM was recorded, designating activity of 
the neovascularisation. This was correlated with OCTA en face images, 
where the finding of any abnormal vascular network at the level of the 
corresponding B-scan with PRHM was recorded (Figure 2).

In order to further distinguish between clinical examination and OCTA 
we sub classified NVD into four types according to its configuration on OCTA: 
Type 1 - in which NVD “bridges” the physiological cup, and which could be 
considered the earliest stage; Type 2 - in which NVD is seen as small buds; 
Type 3 - where the NVD is seen flat over the ILM; and Type 4 - in which the 
NVD is elevated into the vitreous (Figure 3).

IRMA were differentiated from NVE based on penetration of the ILM by 
the latter (figure 4).

In selected cases where UWF-FFA was done, the finding of leakage in 
areas suspected to be neovascularisation by clinical examination and OCT 
was recorded.
Disagreements between graders were adjudicated by a senior retina 
specialist (R.R.).

Statistical analysis

Inter-rater agreement was calculated using kappa statistics, wherein a Kappa 
(K) value of less than 0.2 means poor agreement, 0.21-0.40 fair agreement, 
0.41-0.60 moderate agreement, 0.61-0.80 good agreement, and 0.81-1.00 
very good agreement.(17) Statistical analyses were performed using MedCalc 
version 19.0.5 (MedCalc Inc., Mariakerke, Belgium). 

RESULTS

A total of 79 eyes of 46 patients were included in the study. Of those, 57 eyes 
were diagnosed clinically as PDR (43 eyes with active PDR and 14 eyes with 
stable PDR), and 22 eyes were suspected to have early PDR without evident 
neovascularisation clinically. Of PDR cases 32 eyes were naïve and 47 were 
previously treated. The inter-rater agreement was 0.83 for NVD detection on 
OCTA, 0.89 for NVE detection on OCTA, 1.0 for structural OCT, and 1.0 for 
FFA.
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Detection of Retinal NVD 

Preretinal hyperreflective material (PRHM) was detected in 39 eyes of 28 
patients (100%) on B-scan OCT, with a flow signal detected in 31/39 eyes 
(79.5%). En face OCTA detected neovascularisation in 28 (71.8%) eyes, all of 
them with a flow signal on the B-scan. Of undetectable cases on en face 
OCTA, eight did not have flow signals on the B-scan and in three eyes the 
flow was minimal. On clinical examination NVD was detected in 20 eyes 
(51.3%). Eleven eyes had same-visit fluorescein angiography which could 
confirm the presence of NVD in five eyes (45.5%), was inconclusive in two 
eyes, and could not detect NVD in the remaining four eyes (Table 1).

Classification of NVD according to OCTA characteristics 
To further elucidate the discrepancy between the clinical exam and OCTA in 
diagnosis of NVD, we classified NVDs into four types and compared the rate 
of detection by each modality. In some cases, more than one type could be 
detected in each eye. Twenty-six eyes had a Type 1 NVD, six eyes Type 2, 
19 eyes Type 3, and ten eyes Type 4 (Table 1). 

Type 1 NVDs were usually detected in the superficial retinal plexus 
slab, which encompasses the physiological cup in the segmentation. Other 
types were best detected in the VRI segmentation slab. All eyes with a Type 4 
NVD were detected clinically, while Type 1 or Type 2 could not be detected 
clinically, and Type 3 could be detected in some cases (Figure 3).

Detection of Retinal NVE

For the purpose of NVE detection, 383 OCT cubes of 79 eyes were analysed. 
NVE were detected on B-scan OCT in 64/79 eyes (81%). A flow signal was 
detected in 62/79 eyes (78.5%). Similarly, en face OCTA was able to detect 
NVE in 62/79 eyes (78.5%) ranging from only one cube involved to widely 
distributed NVEs in all five cubes. On examination, NVE was detected in 
44/79 (55.7%) eyes. 

Of clinically diagnosed stable cases, where preretinal fibrosis and peripheral 
scatter laser could be detected, NVE with evident flow in OCTA B-scan still 
could be seen in 10/14 eyes (71.4%).Twenty-four eyes had UWF-FFA which 
confirmed the presence of NVE in nine eyes (37.5 %) and was inconclusive in 
one eye, compared with 15 of 24 eyes (62.5%) where NVE was detected by 
OCTA (Table 1). Of the five undetectable cases on FFA, one case did not 
show flow signals on B-scan OCTA and the others were small with a mean 
elevation of 103.5 microns (range:70-127 microns) and mean horizontal 
diameter 313.75 microns (range: 162-521), as measured using the built-in 
caliper in the OCT device. Additionally, all of the four undetectable NVEs 
originated from large retinal vessels (Figure 5). In two eyes, FFA detected 
more NVEs, which were beyond the field of view of the OCTA scan. 
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Grading of Diabetic Retinopathy

Analysis of OCTA scans resulted in a diagnosis of PDR in 70 eyes in 
comparison with 57 eyes when the diagnosis was based on clinical 
examination. NPDR was diagnosed in in nine eyes by OCTA vs. 22 on clinical 
examination. (Table 1). Amongst clinically diagnosed PDR, evidence of 
neovascularisation could be detected on OCTA in all cases (100%). Of the 22 
eyes diagnosed clinically with severe NPDR,13 eyes (59%) showed 
neovascularisation on OCTA. Of those 13 eyes, nine had an NVE that was 
very fine and was overlooked or possibly misdiagnosed as a retinal 
haemorrhage. In seven eyes NVDs were missed on clinical examination 
alone. 

Of the 24 patients who had both WF-OCTA and UWF-FFA, there was 
an agreement in diabetic retinopathy grading in 21 eyes (87.5%) (six eyes 
with severe NPDR and 15 eyes with PDR) In three eyes neovascularization 
could be detected on OCTA but not on FFA. As previously mentioned, in two 
eyes, FFA detected more NVEs than OCTA, which were beyond the field of 
view of the OCTA scan. However, this did not result in a change in the 
grading of diabetic retinopathy.

DISCUSSION:

In this study we attempted to compare the detection of neovascularisation, 
and thereby grading of DR, on OCTA versus clinical examination carried out 
in real world clinics in patients diagnosed or suspected to have PDR clinically. 
We found that WF-OCTA detected more neovascularisation than was 
clinically obvious, resulting in a higher percentage of PDR detection. For the 
detection of NVD, we found that certain OCTA subtypes (Type 1 and Type 2) 
could not be seen on clinical examination alone. When available, FFA 
confirmed the OCTA diagnosis in the majority of cases (87.5%), implying that 
the findings on OCTA were accurate. These findings suggest that WF-OCTA 
could be considered in the daily management of DR, particularly in those 
patients with severe non-proliferative DR on clinical examination or retinal 
photography.

The highest rate of detection of NVDs was on OCT (100%), as 
expected given its highest detection rate, as we have previously shown.(18) 
This was followed by B-scan OCTA (79.5%), en face OCTA (71,8%), and 
clinical examination (51.3%). Interestingly, the different NVD anatomical 
subtypes detected on OCTA can explain the lower detection rate on 
fundoscopy, as we found that most of the clinically undetectable NVD resulted 
from subtypes 1 and 2. A possible explanation is that type 1 NVDs 
encompass the physiological cup and are therefore not elevated above the 
disc surface, making it hard to detect them clinically. Similarly, type 2 NVDs, 
which appear on the B-scan as tiny buds, may be misdiagnosed clinically as 
dots of haemorrhage. To the best of our knowledge, this is the first 
observation of different configurations of NVD on OCTA with a clinical 
implication. All cases identified using en face OCTA were also positive on B-
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scan OCTA, but the opposite was not true. En face OCTA is prone to various 
artifacts, which accounted for some of the misdetections of neovascularisation 
in our cohort, which signifies the need to inspect the accompanying B-scan 
flow signal. 

NVEs were mostly detected on B-scan OCT, with a detection rate of 
81%, followed by B-scan OCTA and en face OCTA (78.5%), and a detection 
rate of only 55.7% on clinical examination. Different factors may explain the 
lower detection rate on clinical examination alone. First, the presence of 
haemorrhage may mask details of neovascularisation and small NVEs could 
be misdiagnosed as preretinal haemorrhages. Second, some vessels may be 
too fine to detect, particularly against the background of a normal retinal 
vessel, without the use of high-resolution imaging. Additionally, the distinction 
between an IRMA and neovascularization, which is a common clinical 
dilemma, may be difficult without the assistance of OCT B-scan to show the 
exact location of the vessel in relation to the ILM. 

Few studies described the detection and characteristics of NVE by 
OCTA, and to a lesser extent the detection of NVD.(1),(19)-(21). Schaal et al 
assessed the detection of vascular features in diabetic patients using WF-
OCTA in comparison with CFPs. Similar to our findings on clinical 
examination, they found that OCTA was more sensitive in the detection of 
neovascularisation, as it could detect neovascularisation not seen on CFP in 
12% of cases. In a study by You et al. utilising a different WF-OCTA protocol, 
which included only patients diagnosed clinically with NPDR, any flow signal 
on the VRI slab was considered to be neovascularisation, which was detected 
by OCTA in four eyes of the 27 included participants. According to the 
authors, clinical examination may have missed these vessels due to previous 
treatment with anti-VEGF, which may have altered their visibility.(13) In our 
cohort, none of the patients diagnosed clinically with NPDR were previously 
treated with anti-VEGF. It is still unclear whether the sensitivity of OCTA in 
detecting small neovascularisation not visible on clinical examination has 
clinical significance and if this neovascularization should be treated. Further 
longitudinal studies are required to compare the complication rates of PDR 
based on treatment decisions made on multimodal imaging versus current 
practice 

In terms of DR grading, we found that detection of neovascularisation 
based on WF-OCTA resulted in 88.6% of cases diagnosed with PDR in 
comparison with only 72.2% on clinical examination. Our results are similar to 
the previously mentioned study by Schaal et al, in which an additional 12% of 
participants were found to have PDR when SS-OCTA was used in 
comparison with CFP alone.(4)

Of eyes that had both WF-OCTA and WF-FFA on the same visit, all 
neovascularisations that were detected on OCTA could be detected on FFA. 
In two cases FFA detected more NVEs than OCTA. However, they were 
outside the field of view of the WF-OCTA. This is consistent with prior studies 
that have shown the majority of neovascularisation in PDR were located in the 
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posterior pole.(22)-(24) Meanwhile, FFA could not detect neovascularisation that 
was detected in WF-OCTA in 12.5% of the eyes. This could be explained by 
the ability of OCTA to detect subtle flow within the vessels and better 
characterization of the neovascularization in OCTA as there is no vascular 
leakage obscuring the vascular details. Additionally, it could be explained by 
the size of neovascularization. There may be a threshold for the detection of 
neovascularisation by FFA, wherein below a certain size neovascularization 
might not leak or could be misdiagnosed as a microaneurysm or a different 
existing vascular structure. In our cohort, the mean elevation of undetected 
neovascularisation was 103.5 microns and the mean diameter was 313.75 
microns.  More studies are needed to differentiate the detection rate of 
neovascularisation by FFA based on size in comparison with OCTA. 

Our study has several limitations. First, the retrospective nature of the 
study. Second, FFA was not done for every patient, as is customary in real-
world clinic setting. This necessitated OCTA to be compared with clinical 
examination, which may be subjective. However, each of the cases was seen 
by an experienced retinal physician who confirmed the diagnosis. Finally, as 
discussed, although the OCTA device used in this study provides wide-field 
images, the field of view is still smaller than that provided by UWF-FFA. 
However, based on previous studies (22)-(24)and our findings, most of the 
neovascularization in PDR are mid peripheral, and in our cohort this did not 
result in a misdiagnosis of the DR grade 

In summary, our findings suggest that OCTA may be a more sensitive 
tool in the diagnosis of proliferative DR than clinical examination, while 
providing the same rate of detection as FFA or more. Furthermore, OCTA 
highlighted that detailed phenotypic characterisation of neovascularisation is 
possible, and this may have prognostic implications impacting upon clinical 
practice in the future
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FIGURE LEGENDS

Figure 1  

a)  UltraWide field fluorescein angiography (UWF-FFA) with overlying dotted 
blue square of the corresponding wide-field optical coherence tomography 
angiography (WF-OCTA) field, illustrating that despite the wider field of UWF-
FFA, most of clinically significant data was detected within the WF-OCTA field. 
Additionally, the peripheral field in UWF-FFA shows artifacts that affect image 
interpretation. b) widefield OCTA montage with overlaid squares demonstrating 
the different retinal sectors imaged by the 5 (12x12) data cubes; Central, 
superonasal, superotemporal, inferonasal, and inferotemporal cubes.

Figure 2 
Wide-field en face optical coherence tomography angiography (WF-OCTA) 
montage at the level of the superficial capillary plexus slab showing multiple 
neovascularisation elsewhere (NVEs) mid peripherally (red arrow) at the edge 
of the ischaemic areas (star). Neovascularization of the disc (NVD) could also 
be detected (yellow arrow)

Figure 3

En face optical coherence tomography angiography (OCTA) at the superficial 
and vitreoretinal interface (VRI) slabs and the corresponding OCTA B-scans 
to illustrate the different types of neovascularization of the disc (NVD): a) Type 
1 NVD: OCTA B-scan demonstrating demonstrating a preretinal 
hyperreflective material (PRHM) bridging the physiological cup with evident 
flow signal which could be seen at the superficial slab as it encompasses the 
physiological cup within. b) Type 2 NVD: which appear as small buds in the B- 
scan which could be seen at the VRI slab. c)Type 3 NVD: where the PRHM 
can be seen in the B-scan flat over the surface. This type could be detected in 
the VRI slab. d)Type 4 NVD: which is elevated above the surface as seen in 
the B-scan. This type is detectable at the VRI slab.

Figure 4:

Central 12x12 enface optical coherence tomography Angiography (OCTA) at 
the superficial (A) and vitreoretinal interface (VRI) (B) slabs with multiple 
OCTA B-scans at different levels illustrating various diabetic retinopathy 
signs.

C) Neovascularisation elsewhere (NVE) could be prominently seen as a 
preretinal hyperreflective material (PRHM) in the B-scan with evident flow 
signals which could be detected as network at the VRI level (yellow star), 
while intraretinal microvascular abnormalities (IRMA) (white arrow head) could 
be seen on the enface OCTA at the superficial slab as abnormal dilated blood 
vessels without any evident PRHM on the B-scan (E). OCTA may be helpful 
in differentiating PRHM that is secondary to preretinal haemorrhage (red 
arrow head) from an NVE (yellow star). Preretinal haemorrhage characterised 
by the absence of flow signals on OCTA B-scan along with backshadowing 
(D) OCTA can detect vascular loops as well (blue arrow) (F)

Figure 5:
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a) Late phase fluorescein angiography of the Inferotemporal quadrant 
showing small hyperfluorescent lesion (red arrow) that were diagnosed as 
microaneurysms. However, the corresponding enface OCTA (b) illustrated the 
presence of a small NVE (red arrow) over the infero-temporal arcade 
corresponding to preretinal hyperreflective material (PRHM) with a flow signal 
on OCTA B-scan (with vertical diameter of 127�m and horizontal diameter of 
203�m) 
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Table 1: NVD and NVE detection rate using different image modalities

NVD detection in different image modalities

Total            
N=24

 Detected by 
OCTA

 Detected by FFA  Inconclusive on 
FFA

 Not detected 
on FFA

 
NVD

 
11

 
5

 
2

 
4

 
NVE

 
15

 
9 

 
1

 
5

NVD subtypes detection rate on OCTA and clinically

Total eyes (n=79) Type N Clinically detected Detected by OCTA

Type 1 7 0 7

Type 2 2 0 2

Type 3 6 2 6

Type 4 3 3 3

NVD (n=39)

Mixed 21 15 21

NVE 79 44 64

Grading of DR clinically and using WF-OCTA

          Clinical exam

OCTA

 Severe NPDR (n=22)  PDR (n=57) Total

 Severe NPDR (n=9)  9  0  9

 PDR  (n=70) 13  57 70

Total 22  57  79

NVD: Neovascularisation of the disc        NVE: Neovascularisation Elsewhere 
OCTA: optical coherence tomography angiography 
WF-OCTA: Wide-field optical coherence tomography angiography
FFA: fundus fluorescein angiography 

          NPDR: non proliferative diabetic retinopathy   PDR: proliferative diabetic retinopathy 
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Figure 1: a)  UltraWide field fluorescein angiography (UWF-FFA) with overlying dotted blue square of the 
corresponding wide-field optical coherence tomography angiography (WF-OCTA) field, illustrating that 

despite the wider field of UWF-FFA, most of clinically significant data was detected within the WF-OCTA field. 
Additionally, the peripheral field in UWF-FFA shows artifacts that affect image interpretation. b) widefield 
OCTA montage with overlaid squares demonstrating the different retinal sectors imaged by the 5 (12x12) 

data cubes; Central, superonasal, superotemporal, inferonasal, and inferotemporal cubes. 
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Figure 2: Wide-field en face optical coherence tomography angiography (WF-OCTA) montage at the level of 
the superficial capillary plexus slab showing multiple neovascularisation elsewhere (NVEs) mid peripherally 
(red arrow) at the edge of the ischaemic areas (star). Neovascularization of the disc (NVD) could also be 

detected (yellow arrow). 
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Figure 3: En face optical coherence tomography angiography (OCTA) at the superficial and vitreoretinal 
interface (VRI) slabs and the corresponding OCTA B-scans to illustrate the different types of 

neovascularization of the disc (NVD): a) Type 1 NVD: OCTA B-scan demonstrating demonstrating a 
preretinal hyperreflective material (PRHM) bridging the physiological cup with evident flow signal which 

could be seen at the superficial slab as it encompasses the physiological cup within. b) Type 2 NVD: which 
appear as small buds in the B- scan which could be seen at the VRI slab. c)Type 3 NVD: where the PRHM 

can be seen in the B-scan flat over the surface. This type could be detected in the VRI slab. d)Type 4 NVD: 
which is elevated above the surface as seen in the B-scan. This type is detectable at the VRI slab. 
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Figure 4: Central 12x12 enface optical coherence tomography Angiography (OCTA) at the superficial (A) and 
vitreoretinal interface (VRI) (B) slabs with multiple OCTA B-scans at different levels illustrating various 

diabetic retinopathy signs.C) Neovascularisation elsewhere (NVE) could be prominently seen as a preretinal 
hyperreflective material (PRHM) in the B-scan with evident flow signals which could be detected as network 

at the VRI level (yellow star), while intraretinal microvascular abnormalities (IRMA) (white arrow head) 
could be seen on the enface OCTA at the superficial slab as abnormal dilated blood vessels without any 

evident PRHM on the B-scan (E). OCTA may be helpful in differentiating PRHM that is secondary to preretinal 
haemorrhage (red arrow head) from an NVE (yellow star). Preretinal haemorrhage characterised by the 

absence of flow signals on OCTA B-scan along with backshadowing (D) OCTA can detect vascular loops as 
well (blue arrow) (F). 
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Figure 5: a) Late phase fluorescein angiography of the Inferotemporal quadrant showing small 
hyperfluorescent lesion (red arrow) that were diagnosed as microaneurysms. However, the corresponding 

enface OCTA (b) illustrated the presence of a small NVE (red arrow) over the infero-temporal arcade 
corresponding to preretinal hyperreflective material (PRHM) with a flow signal on OCTA B-scan (with vertical 

diameter of 1271m and horizontal diameter of 2031m). 
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