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ABSTRACT
Background/Objectives

Abnormal retinal neovascularization caused by ischemic retinal vein occlusion (RVO)
is a frequent cause of visually significant vitreous hemorrhage. The early detection of
new vessels may be challenging and often requires the use of invasive tests such as
fundus fluorescein angiography (FA). We demonstrate the use of wide-field optical
coherence tomography angiography (WF-OCTA) in the detection and
characterization of neovascularization secondary to ischemic RVO.

Subjects/Methods

We conducted a retrospective observational case series of patients diagnosed with
ischemic RVO between August 2018 and March 2019, who underwent WF-SS-
OCTA imaging (PLEX Elite 9000, Carl Zeiss Meditec). We performed real-life
montage imaging, covering the involved area and compared the findings of WF-SS-
OCTA to standard clinical examination and when available, ultrawide-field

fluorescein angiography (UWF-FA, Optos 200TX).
Results

In the included 39 eyes with ischemic RVO, neovascularization elsewhere (NVE)
was encountered in 16 of 39 eyes (41%) on WF-OCTA and were characterized as
sea-fan type vessels and nodular type vessels, based on their appearance and
localization. NVE was identified in 4/39 eyes on standard clinical examination,
equating to a detection rate of 10.3%. All were of a sea-fan morphology. In one case,
NVE found on WF-OCTA was not observed on UWF-FA, which was a nodular type.

Neovascularization of the disc (NVD) was detected in one eye.

Conclusions



WEF-OCTA may become a useful non-invasive tool in the detection of
neovascularization in patients with ischemic RVO. Furthermore, the characterization
of different morphologies of neovascularization detected by WF-OCTA could be of

clinical relevance.
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INTRODUCTION

Retinal vein occlusion (RVO) is a common retinal vascular disease and cause for
sight loss.! To evaluate the severity of the disease, including classification by
location, amount of ischemia or macular edema, retinal examination and imaging are
mandatory. Traditionally, fluorescein angiography (FA) was used to evaluate the
degree of ischemia and capillary dropout, as well to detect neovascularization.?
Optical coherence tomography (OCT) has become a crucial imaging modality
providing for structural analysis of the retina.® OCT angiography (OCTA) has also
emerged as a novel modality to visualize the retinal vasculature detecting differences
in amplitude, intensity or phase variance between sequential B-scans. However, its
small field has been a limiting factor.*

OCTA detects macular ischemia and, with the development of wide-field
OCTA, more peripheral areas of non perfusion (ANP) in the distribution of the
occluded vein can also be evaluated.>® Similarly, wide-field OCTA has been shown
to be valuable for analysis of the retinal vasculature and early detection of
neovascularization (NV) in proliferative diabetic retinopathy (PDR).”8 This is of
particular clinical interest as OCTA is a non invasive and safely repeatable test
compared to FA, which is frequently accompanied by nausea and rarely potential
anaphylactic responses to the dye.® Panretinal photocoagulation (PRP) is the
mainstay of treatment to prevent complications secondary to the development of
abnormal blood vessels and vitreous hemorrhage by inducing vessel regression.
Early detection of neovascularization is paramount, as it has been shown in two
landmark studies that scatter laser treatment should only be applied after the
occurence of neovascularization.%! This is further complicated by the fact that non

ischemic RVO can convert into ischemic RVO, hence repeated clinical observation is
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essential in order to prevent complications.%12.13 With the development of high
speed wide field swept source OCTA (WF-OCTA) capturing 12x12 mm or 15x9 mm
scans with eye tracking and montage of five images, ischemic retinal areas can be
directly imaged. The aim of this study is to demonstrate the use of WF-OCTA in

phenotyping and hence, the early detection of neovascularization after ischemic

RVO.
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MATERIALS AND METHODS

Data Collection:

This study is a retrospective observational case series including patients diagnosed
with branch retinal vein occlusion (BRVO) hemiretinal vein occlusion (HRVO) or
central retinal vein occlusion (CRVO), clinically suspected to be ischemic, who
underwent WF-OCTA imaging (PLEX Elite 9000, Carl Zeiss Meditec, AG) as a part
of routine clinical care between August 2018 and March 2019. CRVO is defined as a
thrombotic event that affects the central retinal vein as it passes the lamina, with disc
swelling, venous tortuosity and hemorrhages in four quadrants cribrosa, HRVO affect
either the superior or inferior hemisphere with nearly equally distributed
hemorrhages in two altitudinal quadrants, a BRVO occurs at an arterio-venous
crossing affecting the area drained by the affected vein.'# Clinical signs of ischemia
documented in the medical records included poor visual acuity, multiple deep
intraretinal hemorrhages, cotton wool spots, the degree of venous dilation and
tortuosity, the presence of a relative afferent pupillary defect in cases with CRVO
and the amount of non perfused areas on FA if available, at presentation.* The
initial clinical diagnosis (used in this study) was made prior to OCTA acquisition and
was documented in the patient clinical notes. Following the diagnosis, and based on
clinical suspicion, OCTA was requested and its results are documented in the study.
We excluded patients with severe media opacities limiting a clear scan, if the
obtained OCTA scan did not image cover the affected area, if the ANP was less than
5 DA or when insufficient image quality precluded its assessment. Demographic and
clinical data were collected for all patients. Clinical data included best-corrected
visual acuity (BCVA), ultrawide-field color fundus photography (UWF-CFP), B-scan

(structural) OCT, and FA in selected cases. Approval for data collection and analysis
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was obtained from the Institutional Review Board at Moorfields (ROAD17/031). The

study adhered to the tenets set forth in the Declaration of Helsinki.

Image Acquisition Protocol:

OCTA scans were obtained using a PLEX Elite 9000, Carl Zeiss Meditec. Briefly, a
swept-source tunable laser with a wavelength of 1040 nm and a scanning rate of
100,000 A-scans per second provided a transverse resolution of 20 ym and an
optical axial resolution of 6.3 uym (in tissue) with a digital axial resolution of 1.95 ym
(in tissue). The instrument has an A-scan depth of 3.0 mm in tissue (1536 pixels).
The 12x12mm scans apply 500 A-scans per B-scan at 500 B-scan positions,
resulting in an A-scan and B-scan separation of 24 ym. Two sequential B-scans are
performed at each fixed position before proceeding to the next transverse location on
the retina.

The scanning protocol used was 12x12 OCTA Montage, in which five 12x12
mm OCTA data cubes positioned at different locations (superotemporal,
superonasal, inferotemporal and inferotemporal) were acquired. WF-OCTA en face
montage was automatically generated with a total field of view up to 80°. Figure 1
shows an example of the 12x12 OCTA Montage in a patient with BRVO. In some
patients 12x12, 15x9 or 9x9 were applied. A given scanning protocol was selected to
cover almost all the area affected by the occluded vein.

The en face SS-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 NV, 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 300um above the ILM and an outer boundary at the
ILM. Where available, FA photographs, when available, were acquired using the

widefield (WF) Optos 200TX (Optos Plc, Dunfermline, Scotland).

Image Grading:

Two masked, trained retina specialists (H.K., J.H.) independently reviewed the
structural B-scans with overlaid flow signal, and the en face OCTA images of the
superficial capillary plexus and VRI in each cube of the OCTA as well as the UWF-

FA images when available.

Areas of Non-perfusion: ANP were graded on the en face full retinal
thickness slab OCTA similar to the clinical interpretation of FA respecting the amount
of non perfusion in correlation to the disc areas on the image, as it was shown
recently that OCTA can be used for quantification of retinal nonperfusion in BRVO.®
The disc areas were measured from the individual using a circle adjusted manually
according to the disc size. The threshold for ischemic branch retinal vein occlusions
(BRVO) was five disc areas and ten disc areas for central retinal vein occlusions
(CRVO0).1%15 Therefore, we categorized our cohort into two groups: limited ischemia
with five to ten disc areas involved, and the extensive type with ten or more disc
areas of ANP.

Neovascularization at the Disc and Elsewhere: Neovascularization at the
disc (NVD) and neovascularization elsewhere (NVE) were identified as preretinal
hyperreflective material in the OCT B-scan (PRHM) which was detected by careful
assessment of each individual OCT B-scan within the volume; the flow signals within

the PRHM were interpreted qualitatively as a sign suggesting activity of the new
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vessels.1® This was correlated with en face OCTA images to delineate any abnormal
vascular network at the level of the corresponding B-scan where the PRHM were
detected.

Furthermore NVE were sub stratified into sea-fan type vessels (Figure 2), a
neovascular network growing along the posterior hyaloid and nodular vessels
(Figure 3), which presented as small buds arising from large retinal vessels. The
appearance of the neovascularization in relationship with the ANP was analysed and
compared to the UWF-FA, if available.

For FA grading, dye leakage in areas suspected to be neovascularization by
clinical examination and OCT was recorded. The findings from the WF-OCTA were
compared to the standard clinical examination and the available data collected from
UWF-CFP and UWF-FA. Disagreements between graders were adjudicated by a

senior retina specialist (P.A.K.).

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.’ Statistical analyses were performed using MedCalc® version 19.0.5

(MedCalc Inc., Mariakerke, Belgium).
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RESULTS

A total of 60 eyes of 58 patients with retinal vein occlusion who have attended
medical retina clinics in Moorfields Eye Hospital August 2018 and March 2019 and
were imaged using WF-OCTA. Of these, 42 eyes of 40 patients were diagnosed
clinically with ischemic RVO. Two eyes were excluded because of poor image quality
secondary to poor fixation. One eye was excluded because the OCTA did not cover
the ANP. Therefore, 39 eyes of 37 patients with ischemic RVO were included in the
study. Of these, nine patients were diagnosed with CRVO, three patients with
HRVO, and25 patients with BRVO, of which five eyes of three patients were
secondary to systemic inflammatory disorders. The inter-rater agreement was 0.89
for neovascularization detection on OCTA, 1.0 for structural OCT, and 1.0 for UWF-

FA.

Detection of Neovascularization:

WF-OCTA detected NVE in 16 of 39 eyes (41%), while the clinical examination only
identified four eyes with NVE (10.3%). The flow signals were detected in the OCTA
B-scan in 15 eyes (38.5%). Among the eyes with NVE observed on OCTA, fifteen
eyes demonstrated extensive ANP (ten disc areas or more) and one eye limited ANP
where ischemia involved five to ten disc areas. Of the 16 eyes with NVE, three had
CRVO (18.75%), 13 eyes had BRVO (81.25%), of which,three BRVO were
secondary to systemic inflammatory disorders (18.75%). Eight of these 16 eyes were
previously treated - five of them with PRP two with anti-vascular endothelial growth
factor (VEGF), and one with both PRP and anti-VEGF. NVD was detected in only

one eye. (Table 1)



Type of Neovascularization Elsewhere Detected

Twelve eyes (75%) showed NVE of a nodular type. Figure 3 displays an example of
a nodular type vessels in the superior temporal arcade after BRVO. This was
compared to four eyes (25%) with both nodular type vessels and sea-fan type
vessels. A representative case is shown in Figure 2. Interestingly, the four eyes with
clinically detectable NVE consisted of sea-fan type vessels. Four patients had
simultaneous UWF-FA. In all of them the NVs were detectable on OCTA. However,
in one of four eyes where OCTA detected NVE, FA could not provide evidence of
NVE despite the detection with OCTA; the neovascularization detected was of a
nodular type vessel. Figure 4 shows the UWF-FA image with no signs of NVE
whereas the corresponding en face OCTA provides evidence of PHRM with flow

signal.

Detection of areas of non-perfusion

Extensive ANP were detected in 32 eyes while limited ANP were found in seven
eyes; of these seven, we found four eyes where approximately five disc areas were
involved, three with macular BRVO and one with RVO secondary to systemic
inflammatory disorders. Three eyes had scattered ANP between five and ten disc
areas. Among the ten patients, who additionally had UWF-FA, there was 100%

agreement on the ANP distribution within the fields visualised on both modalities.

DISCUSSION

Whereas FA has traditionally been the gold standard modality to detect ANP and the
development of neovascularization, WF-OCTA may provide a safe alternative to

diagnose and monitor the complications of ischemic RVO. When the affected areas



can be adequately visualized, clinicians may detect new vessels at earlier stages,
monitor them without the potential risks of an invasive dye test.

In our study, we could demonstrate NVE in 41 % of involved eyes, 19% of
these with CRVO and 62.5% with BRVO with the use of WF-OCTA. To our
knowledge, OCTA has not been used to describe neovascularization caused by
ischemic RVO. Nevertheless, different groups have shown that neovascularization
caused by proliferative diabetic retinopathy can be detected by OCTA.*81° In
ischemic RVO, NVE are more likely to be found in BRVO, occurring at the border of
non perfusion to perfusion areas; only occasionally are they found in the periphery.
20,21

Using WF-OCTA, we could identify two different types of new vessels: sea-fan
type vessels and nodular vessels. Interestingly, all four cases of sea-fan type vessels
were detected in a standard clinical examination, whereas the nodular type vessels
were detected with advanced imaging only. In regards to the location of these
vessels, the sea-fan type vessels in our study were located close to the edge of
ischemia, growing along the scaffolding of the posterior hyaloid. Nodular type
vessels, on the other hand, were found originating from first and second degree
veins and varied in their relationship to the borders of ischemic areas. This is, to our
knowledge, the first time, these distinct forms of neovascularization in RVO have
been described. Because of the nodular appearance and the unusual location, in our
cohort, they were frequently misdiagnosed as retinal hemorrhage in clinical
examination. Of interest is that we were able to describe one case, where on FA
nodular type neovessels did not present with leakage, whereas the OCTA showed
obvious NVE with evident flow signals suggesting their activity.(Figure 4) We would

like to point out that this could be a false positive finding on OCTA. However, the
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ability of OCTA to detect all retinal layers in detail, the particular shape of the NVE
on the B-scan with its location and the flow signal within the lesion though, was of
similar structure as NVE described in the literature.”® Owing to its presence
predominantly alongside first and second degree vessels, these subtle neovascular
changes could be misdiagnosed as perivenous staining in FA which is a common
finding in RVO.22 In our cohort, we observed one case with NVD where the flow
signal of the PHRM determined clinical activity. Although CRVO are more likely to
develop NVD,? in the eye with NVD detected the underlying pathology was a BRVO
secondary to systemic inflammation.

We were able to detect NVE undetectable clinically, most of them of the
nodular type. Our study raises the question of whether all types of new vessels
detected after RVO should be treated, or if, in selected cases, careful clinical
observation with the use of OCTA could be feasible. Natural history studies on RVO
suggest that approximately 20% of patients with BRVO develop NV, of which 60-
90% develop a vitreous hemorrhage.?*2°> The BVOS landmark trial concluded that
sectoral PRP in ischemic BRVO did not prevent the development of NV, but
significantly reduced the risk of vitreous bleeding.'? All these studies share the fact
that they were conducted prior to the OCTA era, relying entirely on FA and careful
clinical examination. With this novel insights, WF-OCTA can potentially detect more
NV and might particularly be useful for clinical judgement of these cases, preventing
further complications.

With the help of WF-OCTA, we were able to detect persistent
neovascularization in eight eyes previously treated with either sectoral PRP or
intravitreal anti-VEGF for macular edema, seven of them showing flow signals. This

sheds light on the role of WF-OCTA as a clinical follow up modality for patients with
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treated ischemic RVO. Although, there is currently no conclusive definition for the
activity of neovascularization on all imaging modalities, it is currently based on the
assumption that the existence of blood flow within a neovascular complex designates
it as active. It is possible that blood flow may remain in stable, mature complexes.
One might argue that these nodular type NVE may or may not be malformations
rather than NVE. When comparing these formations with other neovascularizations,
the common feature is that all these NVs are to be found above the ILM, growing
towards the vitreous space, which is a key element of neovascularizations in other
ischemic retinal diseases. Malformations like collateral vessels tend to establish in a
horizontal fashion unlike NVE and are therefore to be found intraretinal. Moreover,
modern OCTA machines use eye tracking devices and are more suitable for
repeated examinations, comparing the blood flow and potential regression in due
course. However, longitudinal studies to evaluate this will be necessary.

In our study, we show that WF-OCTA is able to identify ANP and analyse the
amount of ischemia. We found extensive ANP with more than ten disc areas in 82 %
of our cases on WF-OCTA and limited ANP of five to ten disc areas in 18% of eyes.
Clinical distinction between ischemic and non ischemic RVO is of importance due to
the potential development of NV.28 Historically, the CVOS landmark trial defined the
ischemic threshold as ten disc areas in CRVO, whereas the BVOS trial referred to an
affected area of 5 disc diameters in BRVO as an ischemic threshold.%1®> The
SCORE study however suggested that eyes with CRVO or BRVO and an ANP
greater than 5.5 disc areas should be labeled as ischemic, as in CRVO 16.6 % of
eyes developed neovascular glaucoma (NVG) versus 4.0% with ANP less than 5.5
disc areas after 36 months, and 14.6% vs 2.4% of BRVO eyes developed NVD/NVE

respectively.?” When comparing ten cases of our cohort with both FA and WF-OCTA,
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we could show 100% agreement between the two modalities. Interestingly, the
underestimation of capillary density in FA has been shown to be less than 50%
compared to histologically based assessments.?® OCTA on the other hand has
higher rates of detecting areas of non perfusion as it can detect both the superficial
and deep plexus, while FA can only display the superficial plexus.?® Additionally, WF-
OCTA has the advantage of visualising a wider field of view, while commercially
available OCTA are hindered by the limited scan area. Recently, stratification of the
distribution of ischemia in CRVO has shown, that ischemia at the posterior pole is of
significantly higher risk for developing NV than in the periphery.® This underpins the
newly found significance of WF-OCTA in the assessment of RVO, especially at the
posterior pole.

Limitations to our study include the small number of cases and the
retrospective analysis. Furthermore, we cannot provide FA for all patients. Two
patients had motion artefacts on their OCTA images despite the eye-tracking
function. Additionally, there is a controversy about the definition of ischemic RVO.
While an image based grading is widely used due to feasibility, some advocate a
more extensive examination, including Goldmann visual fields or ERG to confirm the
diagnosis.? No standardised clinical observation protocol was in place. Due to the
retrospective design of our study, a number of our patients had been treated
previously with intravitreal anti-VEGF injections or laser, hence neovascularizations
might have regressed after treatment. Duration was calculated as the first visit to
Moorfields to the time of NVE detection and might not represent the actual disease
duration. Longitudinal studies to detect complications from early detected vessels
would provide more insight into the natural history of RVO. It is still unclear whether

the ability of OCTA to detect small neovascularisation not visible on conventional
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examination has clinical significance as this is not a part of current routine practice.
Little is known about the risk of vitreous hemorrhage from nodular type vessels, as
most of the research in this field has been undertaken prior to the area of modern
imaging. Furthermore, the effect of PRP on the activity of NV could be analysed, as
until now this is firstly a matter of clinical experience and secondly dependent on the
amount of repeated dye tests.

Our retrospective study demonstrates the value of WF-OCTA in RVO to
detect early vessel development and describe different types of NV. We show that
OCTA as a non invasive, repeatable imaging modality has the potential to monitor

patients with early proliferative disease and provide more patient centered care.
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TITLES AND LEGENDS TO FIGURES

Figure 1: Wide-field en face optical coherence tomography angiography (WF-OCTA)

En face full retinal thickness OCTA from the ILM to the retinal pigment epithelium
using 12x12 Montage scan, covering most of the area involved by the occluded vein

demonstrating the extent of area of non perfusion (white stars).

Figure 2: Sea fan type vessel

En face optical coherence tomography angiography (OCTA) of the superficial retinal
plexus slab at the superonasal quadrant of 12x12 OCTA montage (a) demonstrating
area of non perfusion secondary to ischemic branch retinal vein occlusion with
evident hyperreflective sea-fan like lesion at the edge of the ischemic area which is
clearly seen also in the vitreoretinal interface slab (arrow) (b) and corresponds to the
preretinal hyperreflective material scaffolding the posterior hyaloid with evident flow

signals in the OCTA B-scan (arrow) (c)

Figure 3: Nodular type vessels

Central 12x12 en face optical coherence tomography angiography(OCTA) of the
superficial plexus (a) demonstrating area of non perfusion and perivascular
hyperreflective lesions (arrow) which could be seen also in the vitreoretinal interface
slab (arrow) (b) and corresponds to the nodular preretinal hyperreflective material

seen in B-scan OCTA with overlaid flow signals (arrow) (c).

Figure 4: Nodular type vessels

Ultrawide-field fluorescein angiography (UWF-FA) centered at the area involved with

branch retinal vein occlusion demonstrating massive areas of non perfusion (ANP)



(a). En face optical coherence tomography angiography (OCTA) of the superficial
retinal plexus slab at the superotemporal quadrant of 12x12 OCTA montage (b),
covering the area involved by the occluded vein showing more evident ANP
compared to fluorescein angiography(FA) and demonstrating perivascular Nodular
type of neovascularization which could be detected in B-scan as preretinal
hyperreflective material with overlaid flow signals (c ) and hardly could be detected in

FA (arrow).



Table 1: Summary of ischemic RVO cases with detectable neovascularization in comparison

with other modalities.

Patient OCTA Standard FFA if Type of NVE | Type of RVO Treatment
ID examination available
1 Detected Equivocal NA Nodular, CRVO PRP for NVG
(Active) Sea-fan
2 Detected Not detected Not detected Nodular BRVO Naive
(Active)
3 Detected Detected Detected Nodular BRVO PRP for NVE
(Active)
4 Detected Not detected NA Nodular BRVO PRP and Anti-VEGF
(Active) secondary to NVI, NVA
systemic
vasculitis.
5 Detected Detected Detected Nodular, BRVO PRP for NVE
(Active) Sea-fan secondary to
systemic
vasculitis
6 Detected Not detected NA Nodular, BRVO Naive
(Active) NVD secondary to
systemic
vasculitis
7 Detected Not detected NA Nodular BRVO Naive
(Active)
8 Detected detected NA Nodular, BRVO Naive
(Active) Sea-fan
9 Detected Not detected NA Nodular CRVO Naive
(Active)
10 Detected Not detected NA Nodular BRVO PRP for NVE
Inactive
11 Detected Not detected NA Nodular BRVO Anti-VEGF for CMO
(Active)
12 Detected Not detected NA Nodular BRVO Naive
(Active)
13 Detected Detected NA Nodular, BRVO PRP for NVE
(Active) Sea-fan




14

Detected Not detected NA Nodular BRVO Naive
(Active)

15 Detected Not detected Detected Nodular CRVO Anti-VEGF for CMO
(Active)

16 Detected Not detected NA Nodular BRVO Naive
(Active)

OCTA: optical coherence tomography angiography
FFA: fundus fluorescein angiography

CRVO: central retinal vein occlusion
BRVO: branch retinal vein occlusion
NVE: neovascularization elsewhere
NVD: neovascularization at the disc
NA: not available
PRP: panretinal photocoagulation
NVG: neovascular glaucoma
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