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Abstract

A 76-year-old male presented with a small hyperreflective density in the outer nuclear layer
with subtle retinal pigment epithelium (RPE) elevation and few intraretinal cysts on spectral-
domain optical coherence tomography (SD-OCT). Optical coherence tomography angiography
(OCTA) confirmed the presence of a tuft-shaped intraretinal neovascular lesion. SD-OCT per-
formed 2 months before showed a smaller RPE elevation at the same location without intraret-
inal fluid. A 79-year-old male presented with a small hyperreflective density in the outer retina
surrounded by scant intraretinal fluid on SD-OCT and a bright vessel on OCTA, suggesting
early-stage type 3 neovascularization. SD-OCT performed 2 months before showed a smaller
hyperreflectivity at the same location, without intraretinal fluid. An 84-year-old female pre-
sented with hyperreflective foci in the outer retina overlying a serous pigment epithelium de-
tachment (PED) with focal RPE disruption on SD-OCT. SD-OCT performed 2 months before
showed the same hyperreflective lesion associated with a shallower PED. No neovascular le-
sions were found on OCTA after six injections of bevacizumab. To conclude, careful evaluation
of SD-OCT allows for early detection of type 3 neovascularization at a pre-exudative stage.
OCTA may be useful in confirming the presence of intraretinal neovascular lesion and moni-
toring response to anti-vascular endothelial growth factor agents.
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Introduction

Advanced age-related macular degeneration (AMD) is one of the leading causes of vision
loss in developed countries [1]. Macular neovascularization (MNV) in AMD was initially de-
scribed and classified by Gass in 1994 [2]. The term retinal angiomatous proliferation was
proposed by Yannuzzi and colleagues thereafter [3]. In 2008, Freund et al. [4] observed the
presence of retinal neovascular complex without evidence of underlying occult type 1 neovas-
cularization and introduced the term type 3 MNV to define this form of neovascular AMD that
involves primarily the neurosensory retina.

According to recent literature, type 3 MNV is a subtype of neovascular lesion occurring in
advanced AMD. It seems to originate from deep retinal capillary plexus (DCP), usually in the
perifoveal area, in the setting of choroidal and retinal ischemia [5]. Diagnosis of this type of
neovascular lesion has been based on findings of dye angiography and spectral-domain optical
coherence tomography (SD-OCT) [6]. Detection of small intraretinal vessels in early-stage
type 3 MNV using dye-based angiography alone can be challenging. SD-OCT findings, such as
cystoid macular edema, intraretinal hyperreflective foci, and pigment epithelium detachment
(PED), can aid in the recognition of these lesions. Optical coherence tomography angiography
(OCTA) emerged as a promising non-invasive tool to demonstrate the intraretinal neovascular
complex in the early phase, often too small to be found with conventional angiography [7].

We aim to report three cases that emphasize the role of SD-OCT in identifying early signs
of type 3 neovascularization. Early detection is particularly relevant in this potentially aggres-
sive form of AMD, which commonly affects both eyes over the course of the disease, as prompt
treatment can have a positive impact on disease progression and visual prognosis. We also
intend to show the importance of OCTA imaging not only in diagnosis but also in monitoring
anti-vascular endothelial growth factor agents (anti-VEGF) treatment response in patients
with type 3 MNV.

Case Reports

Case Report 1

A 76-year-old male was diagnosed with neovascular AMD in his left eye (LE) 3 years be-
fore. Best-corrected visual acuity (BCVA) was 20/25 in the right eye (RE). SD-OCT of the RE
showed a small hyperreflective density in the outer nuclear layer, focal retinal pigment epi-
thelium (RPE) elevation, and focal ellipsoid zone disruption in association with few intrareti-
nal cysts in the overlying neurosensory retina (Fig. 1a, b). OCTA was performed and showed
an intraretinal tuft-shaped lesion suggestive of a type 3 MNV lesion (Fig. 1e). The retrospective
analysis of SD-OCT performed 2 months before showed a discrete RPE elevation and photo-
receptor interruption at the same location, without intraretinal fluid (Fig. 1c). The patient
started intravitreal aflibercept treatment on a treat-and-extend regimen in the RE.

Case Report 2

A 79-year-old male with no history of advanced AMD and no visual complaints presented
to routine examination after cataract surgery. Fundus examination of the LE showed a small
retinal hemorrhage. BCVA was 20/25 in the LE. SD-OCT revealed a small intraretinal hyper-
reflective density with focal RPE changes surrounded by scant intraretinal fluid (Fig. 2a, b).
The corresponding OCTA scan showed a bright anomalous vessel suggesting early-stage type
3 MNV at the level of the DCP (Fig. 2e). The retrospective analysis of SD-OCT performed 2
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months before showed a smaller hyperreflectivity in the same location with minimal RPE dis-
tortion but without intraretinal exudation (Fig. 2c). Intravitreal treatment with bevacizumab
was initiated on a treat-and-extend regimen in the LE.

Case Report 3

An 84-year-old female with known bilateral non-neovascular AMD developed an exuda-
tive lesion in her LE. BCVA was 20/63 in the LE. SD-OCT showed typical findings of type 3
MNYV in the affected eye, including hyperreflective foci in the outer retina overlying a serous
PED and RPE disruption (Fig. 3a). The retrospective analysis of SD-OCT performed 2 months
before showed the same lesion associated with a shallower PED (Fig. 3b). Intravitreal bevaci-
zumab therapy was initiated on a treat-and-extend regimen in the LE. After the administration
of six injections, SD-OCT revealed a significant reduction of the PED height, as well as regres-
sion of intraretinal fluid (Fig. 3c). OCTA was also performed at this time of follow-up and no
neovascular lesions were found (Fig. 3e, f).

Discussion and Conclusions

Our study described SD-OCT and OCTA features of early-stage, treatment-naive type 3
MNV.

Some authors attempted to characterize the early SD-OCT findings of type 3 neovascular
lesions. Querques et al. [8] first postulated that a small, localized RPE elevation probably rep-
resented the initial lesion on SD-OCT before the development of type 3 MNV. Later, Nagiel et
al. [9] introduced the term hyperreflective foci to describe punctate hyperreflective density
visualized above the external limiting membrane, defined as the earliest sign of nascent in-
traretinal neovascularization. The hyperreflective foci were thought to consist of intraretinal
neovascularization or migrated RPE cells from an underlying PED [9]. As type 3 MNV evolves,
focal RPE and photoreceptor disruption occur, followed by cystic changes and thickening of
the overlying retina. As they progress, type 3 lesions are usually located between focal RPE
defect and the DCP (inner nuclear/outer plexiform layers junction).

OCTA imaging is a valuable tool in the recognition of type 3 neovascularization not only
allowing flow detection within type 3 lesions but also defining precise anatomical location. En
face OCTA revealed type 3 neovascular lesions originating from DCP [10]. A study by Miere et
al. [11] characterized active type 3 MNV as high-flow tuft-shaped vessels originating from
DCP, frequently associated with a small clew-like lesion in the choriocapillaris layer. Regard-
ing OCTA features preceding the onset of exudative type 3 MNV, Sacconi et al. [12] identified
detectable flow on OCTA at the level of hyperreflective foci in nascent type 3 neovasculariza-
tion followed by progression of the lesion from DCP into the RPE and sub-RPE space (active
stage) or rarely regression without functional impairment. The role of OCTA, both en face and
transverse scans, has not only been studied in the early recognition of the disease but also in
monitoring the response to treatment with anti-VEGF. A work from Miere et al. [13] suggested
that neovascular lesions can become undetectable on OCTA after treatment. Recently, Spaide
et al. [14] proposed an explanation for these findings considering that vascular remodeling
and lesion regression may occur if enough suppression of the neovascular lesion occurs with
anti-VEGF treatment. In a study by Han et al. [15], the disappearance of neovascular lesion on
OCTA was associated with a lower recurrence rate in comparison to persistent high-flow le-
sions. Interestingly, Sacconi et al. [16] demonstrated that reappearance of the neovascular
complex in recurrent type 3 MNV was possible after the lesion became undetectable in OCTA
in response to intravitreal anti-VEGF therapy. The mechanisms involved in the disappearance
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of the neovascular lesion after inhibiting VEGF are not entirely understood. Noteworthy, there
are some issues when using OCTA to detect intraretinal neovascularization, such as projection
and other artifacts that can led to misinterpretation. Differential diagnosis of this entity from
other retinal vascular pathologies is important, in particular from the recently described en-
tity, perifoveal exudative vascular anomalous complex (PEVAC). Type 3 neovascularization
may be confused with PEVAC that usually appears as an isolated perifoveal aneurysmal ab-
normality with flow typically located between superficial and deep retinal plexi on OCTA, typ-
ically with no other vascular changes associated. PEVAC features on SD-OCT are distinguish-
ing as it appears as unilateral, round, hyperreflective isolated lesion, often accompanied by
intraretinal cystic spaces without any sign of neovascularization or progression into the RPE
[17,18].

The findings of our case series are in agreement with previous evidence regarding early-
stage type 3 MNV. In the three presented cases, retrospective analysis of SD-OCT performed
before the development of exudation showed a hyperreflective density located in the outer
retina above disrupted RPE, suggesting a nascent type 3 lesion. At the moment of active type
3 MNV diagnosis, two cases underwent OCTA imaging, where a small intraretinal vascular
complex emanating from DCP was detected. In the third case, OCTA was only performed after
bevacizumab administration. At this stage, after consecutive intravitreal anti-VEGF injections,
OCTA showed no evidence of anomalous intraretinal flow suggesting possible regression of
the neovascular lesion in response to treatment. This finding must be carefully interpreted, as
baseline OCTA is not available and absence of flow in OCTA is different from complete lesion
disappearance. Patient monitoring must be pursued in order to detect regrowth and reap-
pearance of neovascularization in OCTA with possible recurrence of exudation.

In conclusion, careful evaluation of SD-OCT allows identification of early signs of type 3
MNYV at a pre-exudative stage. The identification of any hyperreflective foci on SD-OCT, in par-
ticular in eyes with dry AMD, especially those with thin choroid and subretinal drusenoid de-
posits, should raise the suspicion of nascent type 3 neovascularization and dictate OCTA im-
aging. Appropriate follow-up should be carried out and treatment initiated at an early phase
of the disease process in order to improve functional results. The effectiveness of anti-VEGF
treatment should be monitored with SD-OCT and OCTA imaging.
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Fig. 1. SD-OCT and OCTA (Heidelberg Engineering, Heidelberg, Germany) imaging of the right eye. a, b SD-
OCT shows a perifoveal small hyperreflective lesion in the outer nuclear layer with retinal pigment epithe-
lium (RPE) elevation and ellipsoid zone layer discontinuity, as well as thickening and intraretinal cysts of
the overlying neurosensory retina. ¢ SD-OCT performed 2 months before shows a discrete RPE elevation
in the same location with the focal discontinuity of photoreceptor layers (blue arrow). d OCTA B-scan im-
age. e En face OCTA, after motion and projection artifacts correction, shows a small tuft-shaped vessel in
the deep vascular complex slab (red circle).

Fig. 2. SD-OCT and OCTA (Heidelberg Engineering, Heidelberg, Germany) imaging of the left eye. a, b SD-
OCT shows a juxtafoveal hyperreflective lesion in the outer retina surrounded by intraretinal fluid and
small drusenoid pigment epithelium detachment. ¢ SD-OCT performed 2 months before shows a smaller
hyperreflective density without intraretinal fluid (white arrow). d OCTA B-scan. e En face OCTA, after mo-
tion and projection artifacts correction, shows a small bright vessel in the deep vascular complex slab (yel-
low circle).
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Fig. 3. SD-OCT and OCTA (Heidelberg Engineering, Heidelberg, Germany) imaging of the left eye. a SD-OCT
shows a flat serous pigment epithelium detachment (PED) with focal retinal pigment epithelium (RPE)
disruption and intraretinal hyperreflective foci overlying the PED with the surrounding fluid. b SD-OCT
performed 2 months before shows the same hyperreflective lesion and a shallower PED (orange arrow).
c—f SD-OCT and OCTA imaging performed after treatment with bevacizumab. ¢ SD-OCT shows regression
of PED, resolution of intraretinal fluid, and a smaller hyperreflectivity also visualized on OCTA B-scan (d);
RPE and ellipsoid zone atrophy developed at the level of the previous neovascular lesion. e, f Post-intravi-
treal treatment en face OCTA after motion and projection artifacts correction.
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