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Abstract
Purpose  To provide a review of the salient histological and imaging features in neovascular age-related macular degeneration 
(AMD) that will be integrated in order to have a better comprehension of the pathogenesis and clinical aspects of this disease.
Methods  A literature review of histology and imaging features in neovascular AMD was conducted.
Results  Histology has granted a detailed characterization of neovascular AMD ex vivo. In details, histological features 
in these eyes have offered important insights into the pathogenesis of neovascular AMD. In addition, histology donated a 
detailed characterization of the different types of macular neovascularization (MNV) that may complicate AMD. The intro-
duction of optical coherence tomography angiography (OCTA) has enormously amplified our knowledge of neovascular 
AMD through in vivo assessment of the anatomical and pathological characteristics of this disease. New insights elucidating 
the morphological features of the choriocapillaris confirmed that this vascular structure plays a crucial role in the pathogenesis 
of neovascular AMD. OCTA also offered a detailed visualization of MNV complicating neovascular AMD.
Conclusions  New imaging technologies offer a remarkable chance to build a bridge between histology and clinical findings 
in neovascular AMD.

Keywords  Age-related macular degeneration · Optical coherence tomography angiography · Optical coherence 
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Introduction

Age-related macular degeneration (AMD) represents a 
predominant cause of reduced visual acuity among older 
subjects in developed countries [1]. A severe vision loss 
may be the result of exudation of macular neovasculariza-
tion (MNV) in most of the AMD cases (85%). However, 
the development of geographic atrophy (GA) is also a 
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recognized causal factor (15% of cases). The late form of 
AMD is characterized by the development of one of these 
complications [1].

AMD may be complicated by the development of a type 
1, type 2, or type 3 MNV. Fluorescein angiography (FA) 
has been historically considered a fundamental imaging 
modality in the identification and follow-up of patients 
with neovascular AMD, showing leakage of the dye on 
late phases of the angiographic sequence. Type 1 MNV 
may be difficult to delineate on FA, associated with some 
hyperfluorescent pinpoints; therefore, the term “occult” 
was applied. In details, FA may display a poorly delineated 
area of stippled hyperfluorescence in presence of type 1 
MNV. Conversely, type 2 MNV typically exhibits a well-
defined or “classic” pattern with FA. On FA images, type 
2 MNV appears as a well-demarcated area of hyperfluores-
cence with leakage in the mid- and late-phase frames. In 
presence of type 3 MNV, FA shows a focal hyperfluores-
cent area in front of the RPE with occult leakage, similarly 
to type 1 MNV.

The detection of type 1 MNV had been significantly 
improved with indocyanine green angiography (ICGA). In 
contrast to FA, ICGA uses an alternative dye that is signifi-
cantly (99%) bound to plasma lipoproteins and employs a 
longer excitation wavelength. As a consequence, this imag-
ing modality grants a better visualization of the choroidal 
vessels and neovascularizations below the RPE. Using 
ICGA, type 1 MNV may be visualized as well-demarcated 
areas of fluorescence, presenting as a hyperfluorescent 
plaque that emerges relatively late in the angiogram. In 
type 3 MNV, ICGA may reveal a hot spot with staining and 
leakage.

Structural optical coherence tomography (OCT) and OCT 
angiography have significantly improved our capability to 
characterize neovascular AMD [2–4]. Since these imaging 
techniques have overcome significant limitations of previ-
ous dye-based techniques for the assessment of the retina 
and choroid, structural OCT and OCTA have assumed the 
role of key technological tools for the evaluation of patients 
with neovascular AMD. In particular, OCTA has granted a 
detailed visualization of different types of MNV and new 
insights into the pathogenesis of neovascular AMD, as 
this imaging modality offers a unique visualization of the 
choriocapillaris (CC), which represents the innermost por-
tion of the choroid. The OCTA technology and analysis of 
CC images is not discussed in detail, since there are recent 
reviews discussing these aspects in-depth [3, 5]. Of note, 
there is a debate on the best strategy that should be employed 
to analyze CC images (e.g., image averaging and/or compen-
sation, threshold to binarized images). Therefore, a correct 
interpretation of OCTA images in neovascular AMD eyes 
should be also weighed with the image analysis employed to 
elaborate images. In this review, we will integrate findings of 

OCTA studies with histologic features previously described 
in neovascular AMD.

Pathologic mechanisms leading to macular 
neovascularization

AMD is a complex disorder with a multifactorial etiology. 
Although its pathogenesis involves many elements, differ-
ent approaches proved that AMD is ultimately featured by a 
damage of the unit comprised by the photoreceptors, RPE, 
Bruch’s membrane, and CC. Dysfunction of this unit may 
lead to the development of drusen with progressive photo-
receptor, RPE, and CC damage.

Histopathological studies displayed that the number of 
CC non-functional capillary vessels (i.e., empty vessels 
without blood flowing inside—also known as ghost vessels) 
is greater in eyes with drusen [6]. Moreover, the CC drop-
out was demonstrated to be dependent on the AMD stage, 
with the late stage featured by the greatest amount of non-
functional capillary vessels [6].

The causative relationship between the CC and RPE 
impairments has been evaluated in a histopathological study 
[7]. In this study, the authors analyzed postmortem eyes 
from 11 subjects, including 5 and 3 patients with GA and 
neovascular AMD, respectively, and 3 age-matched controls 
without ocular disorders. This analysis showed that RPE is 
primarily affected in GA (i.e., there are no regions with 
CC loss and overlying healthy RPE), while a CC impair-
ment may occur in regions with viable RPE in the eyes with 
neovascular AMD. In these regions with vascular dropout, 
the RPE may be relatively hypoxic, causing an increase in 
VEGF secretion by the RPE and resulting stimulation of 
MNV growth. Finally, fractures in Bruch’s membrane allow 
the transit of neovessels from the CC into the sub-RPE or 
subretinal space.

The damage of the unit comprised by the photorecep-
tors, RPE, Bruch’s membrane, and CC as the key factor 
of AMD pathogenesis and MNV development has been 
recently supported by imaging studies. Previous important 
studies employing structural OCT and OCTA demonstrated 
that eyes with early/intermediate AMD are characterized 
by significant impairment of the photoreceptors [8] and CC 
[9–11]. Notably, dysfunction of these two units seems to be 
strictly correlated.[12].

Significant changes in the CC were displayed in eyes with 
exudative neovascular AMD. Using OCTA, the CC was 
studied in eyes with type 1 MNV [13, 14]. These studies 
displayed that many cases were characterized by the pres-
ence of a ring-shaped hypoperfused CC area surrounding 
the MNV (“dark halo”). The latter OCTA feature has been 
suggested to be dependent on a mechanical compression of 
the CC or may be secondary to a “steal” phenomenon [13].
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OCTA was also employed to investigate the CC in eyes 
with type 3 MNV [15, 16], as several pieces of evidence sug-
gested that outer retinal ischemia may be extremely relevant 
in driving the occurrence of this form of MNV [17]. Using 
OCTA analysis, the CC was compared between eyes affected 
by type 3 MNV and fellow eyes without MNV [15]. Further-
more, the latter fellow eyes were compared with the fellow 
eyes of AMD patients with unilateral type 1 or 2 MNV. The 
latter study demonstrated that eyes with type 3 MNV had an 
overall reduction in CC perfusion. Of note, also the fellow 
non-neovascular eyes (with type 3 MNV in the other eye) 
had a greater CC impairment than non-neovascular AMD 
fellow eyes from patients with unilateral type 1 or type 2 
MNV. These OCTA findings corroborate the hypothesis 
that choroidal ischemia may have a fundamental role in the 
occurrence of type 3 MNV. Twenty-six type 3 MNV eyes 
were compared with 26 eyes with intermediate AMD [16]. 
The latter OCTA study demonstrated that eyes with type 3 
MNV are characterized by a significant greater hypoperfu-
sion of the CC.

Non‑exudative neovascular AMD

The presence of an exudative neovascular lesion defines the 
exudative (or wet) neovascular form of AMD. Nonetheless, 
it should be noted that MNV may exist without character-
istics of exudation, an entity referred to as “non-exudative 
neovascular AMD” [18, 19].

Non-exudative (or quiescent) MNV is defined as a treat-
ment-naïve type 1 MNV imaged with dye-based angiogra-
phy or OCTA and without evidence of exudation. Querques 
and Souied [18] first described this entity as a late-speckled 
hyperfluorescent lesion on fluorescein angiography (FA) or 
hyperfluorescent area seen on late-phase ICGA and associ-
ated with the absence of fluid on structural OCT.

Although dye-based angiographies may detect non-
exudative MNV, OCTA represents a fast and non-invasive 
imaging modality with a high sensitivity in identifying non-
exudative MNV lesions [19]. Using OCTA, non-exudative 
MNV may be detected in up to 30% of all subjects with 
intermediate AMD. This result agrees with previous results 
employing ICGA that demonstrated the presence of asymp-
tomatic MNV in approximately 25% of eyes with drusen 
[20].

Using structural OCT and OCTA, eyes with non-exuda-
tive MNV were followed for 1 year after enrollment [21]. 
This study proved that the 1-year incidence of exudation 
was 21.1% and 3.6%, in eyes with and without non-exudative 
MNV, respectively. A subsequent study demonstrated the 
2-year risk of exudation in eyes with non-exudative neo-
vascular AMD was 13.6 times greater in comparison with 
eyes without non-exudative neovessels [22]. These studies 

demonstrated that the progression to frank exudation is sig-
nificantly increased for eyes with documented non-exudative 
MNV [20]. Hence, OCTA may be considered a useful imag-
ing tool to monitor intermediate AMD eyes and to define 
appropriate follow-up intervals.

OCTA analysis may also provide imaging biomarkers 
associated with an increased risk of exudation [23]. Specifi-
cally, non-exudative MNVs with a lower vascular density at 
baseline and slower growth over time were less inclined to 
exudation during follow-up.

Although non-exudative MNV may cause retinal damage 
through exudation, an increasing evidence seems to sug-
gest that choroidal neovessels may compensatorily nourish 
hypoxic and micronutrient-insufficient outer retinal cells. In 
2004, the first histological clues by Grossniklaus and Green 
[24] suggested that type 1 MNV may be favorable for the 
health of the outer retina and RPE. Specifically, they sug-
gested that type 1 MNV supports overlying RPE and outer 
retina by recapitulating the morphology of native CC. Suc-
cessively, a direct clinicopathological correlation (histology 
of eyes imaged during life) corroborated this theory [25]. In 
details, a white woman with treatment-naïve non-exudative 
neovascular AMD in one eye and exudative neovascular 
AMD in the fellow eye was examined postmortem after 
9 years of follow-up visits with multimodal imaging. Multi-
modal imaging displayed that non-exudative MNV remained 
stable within a shallow irregular RPE detachment. Histologi-
cally, MNV invaded half of the macular region and vessels 
were demonstrated to cross twenty-two Bruch’s membrane’s 
fractures. Noteworthy, small non-exudative neovessels were 
morphologically equivalent to native CC. Furthermore, 
these neovessels had fenestrations, presumably secondary to 
VEGF, secreted by hypoxic RPE. Importantly, outer retinal 
cells were conserved over the non-exudative MNV.

Exudative neovascular AMD

Exudative neovascular AMD may be characterized by the 
pathological proliferation and exudation of type 1, type 2, 
or type 3 MNV.

Type 1 and type 2 MNV

Type 1 MNV is characterized by pathologic angiogenesis 
located between the RPE and Bruch’s membrane. This type 
of MNV represents the most common subtype of neovascu-
lar AMD. Conversely, type 2 MNV depicts the least com-
mon phenotype of exudative neovascular AMD, accounting 
for 9–17% of all newly diagnosed cases. Type 2 MNV is 
featured by the growth of pathologic choroidal vessels in the 
subretinal space (Figs. 1 and 2).
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Histopathological studies have provided a detailed char-
acterization of neovascularizations in AMD. In details, type 
1 and type 2 MNVs may appear as a neovascular sprout 
originating from the choroid and located in the sub-RPE 
or subretinal space through breaks in Bruch’s membrane. 
As these neovessels mature, they may progress in a more 
arranged vascular system stemming from a choroidal feeder 
vessel [26]. Noteworthy, the endothelial cells in the arbo-
rizing neovessels lack the barrier function of more mature 
endothelial cells. As a consequence, these neovessels may 
leak fluid into the sub-RPE, subretinal, and intraretinal 
locations. Histopathological data also reported that neoves-
sels occurring in AMD are associated with the presence of 
other components that include fibroblasts, myofibroblasts, 

lymphocytes, and macrophages [27]. Furthermore, proteins 
and lipids may leak with fluid from neovessels and precipi-
tate within the retina [26]. In some eyes, progression of the 
fibrous component may result in the maturation of a macular 
scar, which occurs with regression and/or condensation of 
the vascular component [28].

Thirty-three eyes with type 1 MNV were evaluated using 
OCTA [29]. This study demonstrated that 75% of eyes had 
a highly organized vascular complex on OCTA images. Fur-
thermore, a large main feeder vessel was recognized in 72% 
of these cases. In the end, the authors identified two defined 
patterns: (i) the “medusa” pattern with neovessels branch-
ing outward from the core of the lesion, and (ii) the “sea 
fan” pattern featured by vessels branching from one side of 

Fig. 1   Multimodal imaging of an immature type 1 macular neovascu-
larization associated with age-related macular degeneration. A Multi-
color image shows areas of RPE alteration and mottling in the macula 
associated with a hemorrhage. B Blue fundus autofluorescence shows 
areas of reduced autofluorescence secondary to RPE atrophy. C The 
structural optical coherence tomography B-scan demonstrates the 
presence of a fibrovascular pigment epithelial detachment associated 

with intraretinal and subretinal fluid, and subretinal hyperreflective 
material. D Flow within a neovascular lesion (red arrowheads) is seen 
on the en face OCTA image segmented at the RPE-RPE fit level, as 
visualized on the corresponding E OCTA B-scan. F, G The OCTA 
image segmented at the level of the choriocapillaris demonstrates a 
region of hypoperfusion surrounding the MNV (highlighted with 
green arrowheads)

Fig. 2   Multimodal imaging of type 3 macular neovascularization 
associated with age-related macular degeneration. A Multicolor 
image shows areas of RPE alteration and mottling in the macula. B 
The structural optical coherence tomography B-scan demonstrates 

the presence of a hyperreflective intraretinal lesion connected with 
the RPE/sub-RPE space in a region with RPE detachment (red arrow-
head). C Flow within hyperreflective intraretinal material (green 
arrowheads) is seen on the corresponding OCTA B-scan image

2090 Graefe's Archive for Clinical and Experimental Ophthalmology (2022) 260:2087–2093



1 3

the MNV. OCTA is characterized by high sensitivity in the 
detection of type 1 MNV when structural OCT and OCTA 
data are combined [13].

Using OCTA, type 2 MNV is visualized below the neu-
roretina and above the RPE and may be displayed either as a 
glomerulus- or medusa-shaped complex [30]. OCTA longi-
tudinal analysis of type 2 MNV undergoing anti-VEGF ther-
apy demonstrated a significant reduction in lesion’s vessel 
density and size after treatment [31]. In addition, given that 
subretinal hyperreflective material or SHRM seen on struc-
tural OCT may be the expression of various tissue forms, 
including type 2 MNV, OCTA may be helpful to clarify the 
composition of SHRM [32].

Follow‑up of neovascularization with OCTA​

Since OCTA may provide quantitative and qualitative met-
rics to describe MNV lesions, previous important studies 
have investigated modifications in MNV during anti-VEGF 
treatment [29, 33]. These studies demonstrated that anti-
VEGF therapy decreases the quantity and perfusion of the 
smaller neovessels, with an overall sparing of the larger 
vessels, hence generating a non-significant shrinking of the 
MNV size. The larger vessels may be resistant to the anti-
VEGF therapy owing to the presence of pericytes protecting 
endothelial cells. As a consequence, anti-VEGF drugs may 
shift the balance between angiogenesis and arteriogenesis, 
with consequent “abnormalization” of the MNV [4].

OCTA was also employed to assess MNVs with a pre-
dominant fibrous component (i.e., “fibrocellular pattern”) 
[28]. In details, this study analyzed eyes with previously 
treated neovascular AMD in remission (no subretinal hem-
orrhage, no sign of fluid in or under the retina, and no treat-
ment for at least 6 months). This study cohort was divided 
according to the presence of fibrosis on multicolor (MC) 
images, yielding two distinct phenotypic subgroups: (1) 
fibrocellular group and (2) fibrovascular group. In the lat-
ter group, OCTA images revealed a higher percentage of 
vessels within the neovascularization. Therefore, this study 
suggested that a fibrocellular scar is characterized by RPE 
atrophy and reduced perfusion. Finally, the latter results 
confirmed previous histological findings, as fibrotic MNV 
was demonstrated to have a reduced vascular component, 
although neovessels were still present within its volume.

OCTA studies also supported the hypothesis that type 
1 neovessels may protect from macular atrophy, as it was 
proved that atrophy tends to develop eccentrically to the 
neovascular lesion. Dansingani and colleagues [34] ana-
lyzed 9 eyes from 8 patients who had received more than 
50 anti-VEGF injections during a period of at least 4 years. 
OCTA analysis revealed that the presence of mature, tangled 
neovessels below the RPE seems to be associated with a 

decreased likelihood of developing macular atrophy despite 
the presence of choriocapillaris loss.

Type 3 MNV

Much of our understanding of type 3 lesions has arisen from 
histopathological studies [35, 36]. Histologically, these 
lesions appear as vascular complexes in the outer neurosen-
sory retina, eventually abutting the inner aspect of Bruch’s 
membrane [35, 36]. These neovessels were delimited by the 
presence of an abundant eosinophilic extracellular matrix. 
More importantly, type 3 MNV is composed of different 
branches within the retina, this reflecting a complex organi-
zation of these vascular abnormalities [35]. Furthermore, 
the presence of intraretinal vessels co-localizes with loss of 
outer retina and RPE [36]. Finally, there was no evidence of 
a connection between the sub-RPE space and the CC [36].

Over the last years, various authors have further sought 
to investigate characteristics of type 3 MNV with imaging 
studies. Using structural OCT and OCTA, previous studies 
showed that type 3 MNV originates from the retinal deep 
vascular complex (DVC) and descends toward the RPE 
which is usually detached (because of the presence of an 
associated fibrovascular, drusenoid, or serous PED) lead-
ing to exudation [37]. OCTA was also employed to assess 
the microvascular morphology of type 3 MNV [38]. OCTA 
showed intraretinal vascular lesions characterized by a tuft-
like capillary network. Notably, OCTA imaging also proved 
to be relevant for the identification of precursor lesions (nas-
cent type 3 lesions) as intraretinal hyperreflective foci with 
flow. These lesions may predict the development of mature 
type 3 neovessels associated with significant exudation [39]. 
Importantly, exudation seemed to be associated with these 
lesions reaching the RPE or the sub-RPE space [39].

Type 3 MNVs were also investigated using a volume-
rendered three-dimensional (3D) visualization of OCTA 
[40–42]. In details, Borrelli et  al. [41] retrospectively 
enrolled 13 patients (15 eyes) with AMD and type 3 MNV. 
OCTA volume data were first processed with a volume 
projection removal algorithm, and subsequently, a 3D 
visualization of the analyzed type 3 MNVs was obtained. 
The latter analysis provided a volume rendering represen-
tation of type 3 MNV that was confirmed to correspond to 
retinal-retinal anastomosis originating from the DVC and 
connecting with the RPE/sub-RPE space [41]. Further-
more, 3D visualization was shown to facilitate recognition 
of a higher number of retinal-retinal anastomoses within 
each type 3 MNV, as more vessels emerging from the DVC 
could be distinguished with 3D visualization as compared 
with a 2D assessment (Fig. 3). This is perhaps not surpris-
ing as one might expect that a 3D analysis will not be as 
limited by overlapping anatomy and vessel foreshortening. 
Subsequently, Breazzano and colleagues [42] reported a 
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single case of a patient with type 3 MNV and also dem-
onstrated 3D OCTA visualization with a different analysis 
algorithm which also yielded a volumetric description of 
the type 3 lesion. The distinct vascular branches within 
type 3 MNV is in agreement with histopathological stud-
ies [35, 36] that provided the basis for the term “type 3 
complex” to better describe these branching neovascular 
lesions within the retina.

Conclusion

This review highlights the new insights regarding neo-
vascular AMD as revealed by OCTA imaging. Imaging 
findings seem to support previous histological data that 
a dysfunction of the unit comprised of photoreceptors, 
RPE, and CC is relevant in the pathogenesis of neovascu-
lar AMD. More importantly, OCTA represents a potential 
novel and powerful tool to evaluate and characterize MNV 
in vivo, with characteristics resembling those described 
ex vivo by histology.

In summary, new imaging technologies offer a remark-
able chance to build a bridge between histology and clini-
cal findings in neovascular AMD.
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