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Abstract
Background To assess the relationship between drusen characteristics and type 2 macular
neovascularization (MNV) in age-related macular degeneration (AMD). Methods Retrospective data
analysis of eyes previously diagnosed with neovascular AMD in a tertiary eye care center (Medical Retina
Unit, Rudolf Foundation Hospital, Vienna, Austria) between June 2008 and December 2017. Drusen
subtypes, �brosis, atrophy and subfoveal choroidal thickness (SFCT) of both eyes in patients with type 2
MNV lesions were categorized based on multimodal imaging. Results Type 2 MNV was diagnosed in 27
(3.2%) of 835 eyes (749 patients). Drusen characteristics in type 2 MNV were observed as followed:
drusen < 63 m in 2 eyes (7.4%), drusen ≥ 63 mm in 10 eyes (37%), subretinal drusenoid deposits (SDD) in
8 eyes (29.6%), cuticular drusen in 2 eye (7.4%) and no drusen were evident in 10 eyes (37%). Drusen
distribution in 23 fellow eyes was detected as followed: drusen < 63 mm in 2 eyes (8.7%), drusen ≥ 63
mm in 9 eyes (39.1%), SDD in 5 eyes (21.7%), cuticular drusen in 1 eye (4.3%) and no drusen were evident
in 8 eyes (34.8%). Mean SFCT was 140 ± 49 mm in affected eyes and 152 ± 41 mm in the fellow eyes.
Conclusions Type 2 MNV remains a rare entity in AMD. It was frequently seen in the absence of drusen, a
hallmark of AMD. These �ndings suggest other biological pathways related to pure type 2 lesions.

Background
Early and intermediate age-related macular degeneration (AMD) are de�ned by the existence of drusen,
pigmentary abnormalities or extrafoveal atrophy [1, 2]. Various types of drusen such as soft, hard,
cuticular or subretinal drusenoid deposits (SDD) – also referred to as reticular pseudodrusen - con�rm
with the diagnosis of AMD [3]. Drusen are typically located between the retinal pigment epithelium (RPE)
and the Bruch’s membrane, whereas SDD are found in the subretinal space [4–7]. Small drusen (<63 mm)
are considered normal aging changes, while medium (≥63 - <125 mm) to large drusen (≥125 mm) are
associated with an increased risk for the development of late stage disease. Advanced AMD refers to
either neovascular AMD (nAMD) or subfoveal geographic atrophy (GA) [1]. Type 1 MNV originates from
the choroid and remains exclusively underneath the RPE. Polypoidal choroidal vasculopathy has recently
been described as aneurysmal neovascularization type 1 and represents a subtype of this entity [8]. A
mixed type neovascularization is composed of new choroidal vessels growing in more than one layer. A
vascular network only present in the subretinal space is referred to as type 2 MNV. In contrast, type 3
neovascularization - also called retinal angiomatous proliferation (RAP) - re�ects a distinct form of nAMD
with an intraretinal origin and hence different pathophysiology [9]. Spaide suggested the term macular
neovascularization (MNV) more adequate to sum up all neovascular entities in AMD including type 3. 

Therefore, the author proposed a new classi�cation system encompassing extracellular deposits as well
as the subfoveal choroidal thickness (SFCT) to integrate all aspects of the disease.

While type 1 MNV is the most common subtype in nAMD followed by type 3 and mixed type MNV, the
appearance of type 2 MNV is a rare condition [10, 11]. So far, drusen characteristics were mainly
investigated in type 1 MNV based on its preponderance in nAMD [1, 2, 12–14]. Only one study focused on
deposits of type 2 MNV, concluding that it occurred almost exclusively in patients with SDD and thin
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choroids [11]. Accompanying factors of type 2 MNV remain still unclear. The main purpose of this study
was to assess the relationship between drusen characteristics and type 2 MNV in AMD.

Methods
Patient selection

This retrospective observational case series included treatment- naive patients with type 2 MNV,
diagnosed in our tertiary retina center (Medical Retina Unit, Department of Ophthalmology; Rudolf
Foundation Hospital Vienna; Karl Landsteiner Institute for Retinal Research and Imaging) between 2008
and December 2017. The study adhered to the tenets of the Declaration of Helsinki. Ethics committee
declared no requirement of approval due to the study’s retrospective data analysis. Consenting patients
were initially diagnosed and classi�ed into anatomic subtypes of neovascular lesions based on fundus
examination by slit-lamp biomicroscopy (Haag- Streit AG, Bern, Switzerland) and multimodal imaging.
Exclusion criteria were neovascularizations of different entities (p.e. idiopathic, myopic, posttraumatic,
uveitic, dystrophic or secondary to pachychoroid diseases) as well as a subfoveal atrophy or a �brosis at
the time of recruitment. The fellow eye was examined for additional information on the drusen
distribution and also excluded in case of a neovascularization, subfoveal atrophy or �brosis.

 

Image Interpretation

The data records of patients with type 2 MNV were independently analyzed by two medical retina
specialists based on near-infrared fundus re�ectance (IR) images, blue-peak fundus auto�uorescence
(BAF) images, spectral-domain (SD) optical coherence tomography (OCT) scans, high resolution
�uorescein angiography (FA) and indocyanine green angiography (ICGA) by a confocal scanning laser
ophthalmoscope (Spectralis HRA+OCT; Heidelberg engineering, Heidelberg, Germany). Type 2 MNV was
diagnosed in case of an early leakage and the absence of speckled hyper�uoresence in FA. ICGA
differentiated the neovascular lesion as a well-de�ned network with circumscribed halo in early phases
from other types like polypoidal lesions or hot spots mandatory for type 3 MNV. Moreover, ICGA was
helpful to distinguish between neovascularization related to AMD vs. a secondary neovascularization
masquerading AMD. Multiple SD-OCT scans through the lesion area were conducted and investigated to
rule out a sub-RPE neovascularization and hence a mixed type component.

 

Characteristics

Greyscale variations in IR images on high resolution angiography and OCT scans indicated the existence
of soft drusen (Fig.1a). SDD commonly appeared as hypore�ective dots (Fig.1e) or ribbons but could also
occur as hyperre�ective spots surrounding the perifoveal region, termed midperipheral SDD [15].
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In BAF images, soft, hard and cuticular drusen appeared hypoauto�uorescent in the center with an
annulus of increased fundus auto�uorescence [16, 17]. A reticular hypoauto�uorescent pattern was
typical for SDD [18]. Different staining levels in FA depend on the binding of dye to polar lipids with a
higher proportion of �bronectin in contrast to neutral lipids with little adherence [19]. Soft drusen showed
mild hyper�uorescence on FA (Fig.1b, 1f) but hypo�uorescence on ICGA (Fig.1c), while hard drusen were
often hyper�uorescent in both dye applications. SDD were hypo�uorescent or not visible on FA and ICGA
(Fig.1b, 1c, 1f) [6, 7, 20–22].  The hyper�uorescent “starry sky” appearance on FA was considered as
typical for cuticular drusen (Fig.2a, 2c) [23]. OCT images were investigated to locate the layer and
measure the size of retinal debris. Soft drusen (Fig.1d), hard drusen or cuticular drusen (Fig.2b, 2d) were
identi�ed as deposits below or within the RPE, whereas SDD were described as subretinal accumulation
of material overlying the RPE zone, forming sharp, broad or rounded elevations [6]. A horizontal diameter
of less than 63 mm was de�ned as threshold to distinguish small from larger drusen. The Spectralis
software allowed for a correlation of the topography in SD-OCT scans and 30° en-face images. Drusen
phenotypes, SDD, �brosis or atrophy were identi�ed and listed separately if co-existence occurred.
Another senior clinical advisor without a�liation to the study concept was consulted in the case of
grading disagreement.

SFCT was measured manually within SD-OCT scans as the greatest vertical distance between the RPE or
the Bruch’s membrane and the sclerochoroidal interface.

 

Statistics

A univariate logistic regression model was performed for each factor (gender, age, SFCT) potentially
in�uencing the occurrence of drusen or SDD on the affected eye. The same analyses were performed to
investigate the fellow eye. All calculations were executed using R, release 3.3.3. Diagrams were developed
by Microsoft Excel (Microsoft Corporation, Redmond, WA) and �gures composed by Photoshop CC 14.0
(Adobe Systems Incorporated, San Jose, CA).

Results
Data records of 835 eyes in 749 consecutive patients with nAMD were reviewed for MNV distribution.
Type 1 MNV was diagnosed in 658 eyes (78.8%), type 2 MNV in 27 eyes (3.2%), type 3 MNV in 75 eyes
(9%), mixed type MNV in 51 eyes (6.1%) and polypoidal MNV in 24 eyes (2.8%).

27 eyes of 27 patients with type 2 MNV could be enrolled for further analysis. Type 2 MNV was present in
11 (41%) female and 16 (59%) male patients with a mean age of 73.3 ± 7.1 standard deviation (SD) years
(range: 57 – 86 years). Overall, 17 eyes (63%) compromised by type 2 MNV presented drusen or SDD,
leaving 10 eyes (37%) without any extracellular debris (Fig.3). Drusen or SDD were also present in 14 of
23 fellow eyes (60.9%). The distribution of drusen subtypes and their proportions was displayed in Table
1.
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Younger age (mean 70.88 ± 6.85) was a signi�cant parameter associated with the presence of drusen or
SDD in the affected eye (p = 0.04) compared to patients without any deposits (mean 77.40 ± 5.74). Sex
was not signi�cantly associated with the appearance of drusen or SDD.  The mean SFCT was 140 ± 49
mm in affected eyes and 152 ± 41 mm in the fellow eyes.  It had no signi�cant impact on the occurrence
of drusen or SDD. No differences in sex, age or the SFCT were found in the fellow eye.

Extrafoveal atrophy was evident in 1 fellow eye (4.3%). Four fellow eyes were excluded either due to
neovascularization (1 eye) or �brosis (3 eyes).

Discussion
In this cohort analysis of 835 eyes complicated by nAMD, the appearance of treatment- naive MNV
subtypes was retrospectively analyzed.

27 (3.2%) of them were compromised by type 2 MNV and as such is referred to as a rare condition in
nAMD. Type 2 and mixed type MNV with a preponderance towards type 2 – formerly known as classic or
predominantly classic choroidal neovascularization - were observed in 11.5% - 24.6% in the era of FA
alone [24–27]. SD-OCT imaging led to a deeper understanding of the neovascular anatomy as well as the
aggregation of an extracellular debris [9]. A combination of FA and OCT reduced the percentage of type 2
MNV to 0.8% - 9% according to more recent studies [10, 11]. Jung and colleagues diagnosed 24 of 266
eyes (9%) with type 2 MNV based on multimodal imaging. Naysan and his group focused primarily on
clinical characteristics of type 2 lesions in nAMD. 8 of 694 patients expressed this type of
neovascularization with 7 of them (88%) possessing SDD and thin choroids. The authors concluded that
the low incidence of type 2 MNV could be attributed to the strict inclusion criteria. For once, deposits must
have been documented by multimodal imaging before the development of MNV. Central geographic
atrophy was an exclusion criteria at the time of recruitment but not necessarily at the beginning of the
neovascularization. A regression of SDD or a conversion into atrophy over time has recently been
proposed [28]. We were looking for extracellular material at the onset of neovascular changes and initially
excluded eyes with subfoveal atrophy. Another comprehensible theory for the misalignment of SDD
�ndings relies on different imaging devices. Naysan et al. used Topcon’s TRC 50IX amongst other
equipment with a maximum angle of 50 degree to obtain fundus pictures as well as FA. The appearance
of SDD predominantly in the superotemporal extramacular region has been described previously [29]. In
our study, more peripheral SDD could have been missed as the primary focus of interest was the macular
area pictured by Heidelberg’s Spectralis 30° images. To date, Naysan’s retrospective cohort study remains
exclusive for the relationship between type 2 MNV and SDD in a low number of patients. Wilde et al.
found no difference in the occurrence of nAMD subtypes and SDD [30]. Another paper published by
Marsiglia et al. could not correlate SDD with type 2 MNV signi�cantly one year earlier [31]. They
investigated the association between MNV subtypes and clinical �ndings of the non-neovascular fellow
eye in patients with unilateral nAMD. SDD and thin SFCT were more frequently seen in fellow eyes of
patients with type 3 MNV, whereas type 1 MNV was associated with a decreased odds ratio for SDD and
a thin SFCT. We carefully monitored the SFCT of both the affected and the fellow eyes of patients with
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type 2 MNV and compared eyes with drusen and SDD to eyes without retinal deposits. SFCT was not
signi�cantly related to the presence or the absence of extracellular material.

The detection of one third soft or hard drusen, one third SDD, and another third without deposits suggests
a more heterogenic picture of phenotypes. We associated eyes compromised by nAMD and co-existing
drusen or SDD with younger age compared to eyes without debris. Spaide recently proposed a new
classi�cation of AMD based on soft drusen, pachydrusen and SDD with predictive capabilities regarding
a further development to late stage disease [32]. The appearance of soft drusen led to any type of MNV
as well as GA. Eyes with SDD - particularly these with dot SDD - could progress to type 3 MNV, whereas
GA was typically associated with con�uent SDD. We were not able to relate SDD subtypes to type 2 MNV
(Table 1). According to Spaide, pachydrusen evolved preferentially into type 1 MNV or polypoidal
choroidal vasculopathy [33]. Choroidal thickness measured max. 259 µm, as per de�nition pachychoroid-
associated drusen could not be detected in our cohort.

Furthermore, MNV type 2 was commonly detected in elderly patients without deposits in both eyes
(Fig.3). It is considered a typical neovascular subtype in entities such as high myopia, in�ammatory
chorioretinopathies or angioid streaks, and hence implies a possible multilateral treatment regimen
dependent on the underlying disease. Idiopathic macular neovascularization (IMNV) was originally
described as focal or type 2 lesions in patients younger than 50 years by Hu et al. in 1995 [34]. Per
de�nition, IMNV was not related to AMD or other causes with a relatively favorable natural history not
necessarily associated with profound vision loss in the era before anti-vascular endothelial growth factor
(anti-VEGF). Chung et al. investigated 29 patients affected by nAMD without drusen in the fellow eye and
hypothesized an atypical variant [35]. All types of MNV except for type 3 were present in their cohort.
They found no visual improvement but a signi�cant decrease in central retinal thickness after treatment
with a considerable low number of intravitreal anti-VEGF injections. We did not investigate the reaction to
treatment response in our cohort, but we hypothecate a different origin and hence agree with the author’s
suggestion on an alternative therapeutic approach to overcome visual loss in eyes without extracellular
debris.

Limitations of this study include the retrospective evaluation of deposits in previously acquired images
and their available information. Certain questionnaires would be more likely to be answered in a
prospective study design. Other MNV subtypes were not analyzed in detail, which impaired the study’s
comparative nature. Despite its limitations, a large cohort of 835 consecutive patients was evaluated for
MNV anatomy by multimodal imaging. Twenty-seven eyes with type 2 MNV in AMD are considered as
this study’s strengths.

Abbreviations
MNV: Macular neovascularization; AMD: Age-related macular degeneration; SFCT: Subfoveal choroidal
thickness; SDD: Subretinal drusenoid deposits; RPE:

Retinal pigment epithelium; nAMD: Neovascular AMD; GA: Geographic atrophy
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MNV: Macular neovascularization; IR: Infrared fundus re�ectance; BAF: Blue-peak fundus
auto�uorescence; SD: Spectral-domain; OCT: Optical coherence tomography;

FA: Fluorescein angiography; ICGA: Indocyanine green angiography; IMNV: Idiopathic macular
neovascularization
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Tables
Table 1. Distribution of associated findings in type 2 macular neovascularization
   
  Affected Contralateral

No drusen 10 (37%) 9 (39.1%)

Drusen <63 µm 2 (7.4%) 2 (8.7%)

Drusen ≥63 µm 10 (37%) 9 (39.1%)

Cuticular drusen 2 (7.4%) 1 (4.3%)

Subretinal drusenoid deposits (SDD) 8 (29.6%) 5 (21.7%)

Dot SDD 3 (11.1%) 2 (8.7%)

Ribbon SDD 1 (4%) 1 (4.3%)

Dot and ribbon SDD 4 (15%) 2 (8.7%)

Extrafoveal atrophy 0 (0%) 1 (4.3%)

Subfoveal atrophy 0 (0%) 0 (0%)

Fibrosis 0 (0%) 3 (13%)

Total number of eyes 27 23

Figures
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Figure 1

Multimodal imaging of type 2 MNV, Drusen ≥63 µm and SDD (a) Drusen ≥63 µm (arrowheads) displayed
in IR. (b) FA with early MNV leakage and drusen staining (scan line). (c) ICGA revealed a circumscribed
MNV besides choroidal vessels under speckled hypocyansecence. (d) SD-OCT B-scan section through the
lesion illustrated soft drusen (arrowheads) and a thin SFCT (109 µm). (e) Drusen >63 (white arrowhead)
and SDD (black arrowheads) visualized in the patient’s fellow eye as demonstrated in IR and (f) soft
drusen staining in late FA.
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Figure 2

Multimodal imaging of type 2 MNV and cuticular drusen (a) FA with MNV leakage next to a
hyper�uorescent “starry sky” distribution corresponding to the saw tooth con�guration (arrowhead) of (b)
SD-OCT B-scan sections (upper) through the lesion with some hyperre�ective material in the subretinal
space and (lower) through the foveal umbo. (c) FA demonstrated a similarly clustered posterior pole in
the fellow eye with (d) multiple elevated pigment epithelium peaks in OCT B-scans typical for cuticular
drusen (arrowhead).
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Figure 3

Multimodal imaging of type 2 MNV without deposits (a) Central hyperre�ectivity surrounding a
hypore�ective dot induced by the MNV lesion without evidence for drusen or subretinal drusenoid
deposits in IR. (b) Early ICGA of the well-de�ned type 2 MNV. (c) Late FA showing MNV leakage (d) 30°
SD-OCT B-scan through the lesion with subretinal hyperre�ective material next to �uid without outer
retina irregularity. (e) No deposits in the fellow eye as demonstrated in a 30° SD-OCT B-scan, (f) IR
imaging or (g) FA.


