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ABSTRACT

Introduction: To describe subclinical angioid
streaks (AS) as a frequent, peculiar age-related
macular degeneration (AMD) phenotype, com-
paring features of eyes with subclinical AS with
those of eyes with AMD without AS.

Methods: This was a retrospective, observa-
tional study. Among a patient cohort with
AMD, we selected patients without known
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causes for AS whose eyes showed signs of
angioid streaks (AS) on structural optical
coherence tomography (OCT) but not on fun-
dus examination. Selected OCT features of AS
were Bruch’s membrane (BM) breaks and large
BM dehiscences.

Results: Among 543 eyes of 274 patients with
AMD (mean + standard deviation:
82 + 7years), 73 eyes of 46 patients
(81 £ 7 years; p = 0.432) showed AS features on
OCT (OCT AS) that were not visible on fundus
examination. Estimated prevalence of subclini-
cal age-related AS was 13.4% (95% confidence
interval 10.3-16.3%) in this AMD population.
Fifty-three eyes (73%) with AS features were
affected by peripapillary atrophy, often with a
“petaloid-like” pattern, similar to typical fea-
tures of AS disease. Almost all cases (97%) pre-
sented reticular pseudodrusen (RPD), with
(41%) or without (59%) drusen showing a sig-
nificant difference in RPD prevalence in OCT AS
eyes in comparison to AMD eyes without sub-
clinical AS using generalized estimating equa-
tions (P < 0.001). Among the 73 subclinical AS
cases, 71 were affected by late AMD (57 with
macular neovascularization, 14 with geographic
atrophy), showing a more advanced AMD stage
in comparison with AMD eyes without sub-
clinical AS (P < 0.001). The following OCT fea-
tures were disclosed: BM breaks in 100% of cases
and BM dehiscences in 37%.

Conclusions: Subclinical AS in eyes with AMD
is a peculiar phenotype of the disease, with
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features suggesting a primary involvement of
Bruch’s membrane and clinical similarities with
mild, late-onset pseudoxanthoma elasticum.

Keywords: Age-related macular degeneration;
Angioid  streaks; Biomarker; Multimodal
imaging; OCT; Reticular pseudodrusen;
Subclinical angioid streaks

Key Summary Points

Why carry out this study

Age-related macular degeneration (AMD)
is characterized by several phenotypes,
each with a different pathogenesis and
involved pathway(s).

The aim of this study was to describe
subclinical angioid streaks (AS) as a
frequent, peculiar phenotype of age-
related macular degeneration.

What was learned from the study

Observing features of eyes with signs of AS
on optical coherence tomography but no
visible AS using fundus examination, we
reported a new phenotype of AMD,
namely subclinical AS in AMD.

Since Bruch’s membrane likely plays a
significant role in subclinical AS etiology,
therapeutical approaches can be different
from those of typical AMD, particularly
with respect to possible new therapies for
geographic atrophy.

INTRODUCTION

Age-related macular degeneration (AMD) is a
multifactorial disease characterized by a genetic
and environmental background. AMD is classi-
fied into three different stages (i.e. early, inter-
mediate, and late disease) based on different

findings [1, 2]. In the early and intermediate
stages of the disease, the macular area is char-
acterized by the presence of drusen, reticular
pseudodrusen (RPD), and AMD pigmentation
abnormalities [2, 3]. Even if drusen are peculiar
findings of AMD, the presence of RPD may also
be associated with diseases characterized by
primary alteration of Bruch’s membrane (BM),
such as Sorsby fundus dystrophy or pseudox-
anthoma elasticum (PXE) with angioid streaks
(AS) [4-6]. The pathogenesis of AMD is not
completely understood. Histological and in vivo
imaging studies indicate that important struc-
tural changes include the retinal pigment
epithelium (RPE) cells, BM, and/or the chorio-
capillaris [7-12].

Angioid streaks (AS) are characterized by
breaks in BM, as firstly proposed by Kofler in
1917 and subsequently demonstrated by histo-
logical studies [13-15]. BM breaks are not ini-
tially associated with alterations of RPE and
choriocapillaris [16]. The pathogenesis of AS is
complex but usually related to alterations in
calcium homeostasis. The most frequent sys-
temic disease associated with AS is PXE, an
inherited disease related to ABCC6 gene muta-
tion [17]. Patients with PXE have lower plasma
levels of inorganic pyrophosphate, a factor
thought to inhibit calcification of elastic fibers
[18, 19]. The systemic alterations in calcium
homeostasis promote extracellular matrix min-
eralization, including in BM [20, 21]. While the
diagnosis of AS may be based on fundus exam-
ination, more in-depth information is available
due to findings from structural optical coher-
ence tomography (OCT) [21, 22]. The usual
finding on OCT imaging associated with AS is a
break in BM with variable dehiscence
(16, 22, 23].

The aim of this study was to characterize
demographic, clinical, and multimodal imaging
features of patients diagnosed with AMD who
presented with AS visible on OCT but not on
fundus examination. For this reason, we named
this phenotype subclinical AS in AMD. We
compared features of subclinical AS in AMD
eyes with AMD eyes without AS.
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METHODS

Study Population

This is a retrospective, observational, and
monocentric study conducted at the Medical
Retina and Imaging Unit, Department of Oph-
thalmology, IRCCS San Raffaele Hospital,
University Vita-Salute San Raffaele in Milan,
Italy. From among all consecutive patients
referred to the Unit between September and
November 2021, we selected and reviewed
medical records of patients aged > 50 years with
a diagnosis of AMD in at least one eye. At the
time of first diagnosis of AMD, all patients
underwent a complete examination, including
structural OCT scans; when available, fluores-
cein (FA) and indocyanine green angiographies
(ICGA) were also collected. Exclusion criteria
were: the presence of other retinal disorders
potentially confounding the clinical assessment
(e.g., diabetic retinopathy, retinal vein/artery
occlusion, myopia > 6 D); previous ocular sur-
gery in the study eye in the past 6 months; the
presence of significant media opacities; prior
diagnosis of AS based on fundus examination
and/or pictures, infrared reflectance (IR), fundus
autofluorescence (FAF) [19]; the known pres-
ence of systemic diseases related to AS, includ-
ing PXE, Paget’s disease, and
hemoglobinopathies (sickle cell trait disease
and thalassemia).

All patients signed a written general consent
approved by the Ethics Committee for inclusion
in this retrospective study. The study was con-
ducted in accordance with the Declaration of
Helsinki for research involving human subjects.
Due to the retrospective nature of the study, the
study does not require a specific Ethics Com-
mittee Approval according to Italian laws.

Study Protocol

All subjects underwent a comprehensive oph-
thalmic evaluation, including assessment of
distance best-corrected visual acuity (BCVA)
using Snellen charts and converted to LogMAR
for statistical evaluation, Goldmann applana-
tion tonometry, slit lamp biomicroscopy,

dilated fundus examination, multicolor imag-
ing, and spectral-domain structural OCT with
enhanced depth imaging (EDI) (Heidelberg
Spectralis HR2 + OCT; Heidelberg Engineering,
Heidelberg, Germany) of the macular and peri-
papillary area. FA and ICGA using the Heidel-
berg Spectralis OCT system (HRA2 4+ OCT;
Heidelberg Engineering) and/or Swept Source
OCT-angiography (SS-OCT-A) using the PLEX-
Elite 9000 system (Carl Zeiss, Meditec Inc.,
Dublin, CA, USA) were performed to detect the
presence of macular neovascularization (MNV)
at baseline.

Grading Process

Two independent and experienced retinal
readers (RS, I1Z) analyzed all images. The aim of
the grading process was to detect subclinical
age-related AS based on structural OCT findings.
Since there is no established consensus on sub-
clinical AS expected to become a new clinical
entity, the two graders employed OCT criteria
previously described for AS [19-22]: BM undu-
lations; BM breaks (i.e., interruption of BM
detected by structural OCT); and large dehis-
cences of BM (i.e., interruption of BM > 250 um,
not contiguous with AS) (Fig.1). However, a
diagnosis of subclinical AS was made if the fol-
lowing criteria were confirmed: (1) the presence
of AS evidenced by OCT signs (AS OCT), such as
BM breaks and/or large dehiscences of BM; (2)
the absence of AS based on fundus
photography.

The two retinal readers performed grading in
an independent and blinded fashion, following
which they met to compare the level of agree-
ment; disagreements were resolved by further
discussion and open adjudication to yield a
single assessment for each case. In cases in
which the two graders did not agree on a single
consensus result, the final decision was made by
a third expert in retinal disorders (GQ). Finally,
a single grader (BT) evaluated OCT images at
baseline for qualitative and quantitative fea-
tures, including central macular thickness
(CMT), subfoveal choroidal thickness (ChT),
and type of MNV. CMT was automatically
assessed within a 1-mm Farly Treatment
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«Fig. 1 Structural optical coherence tomography (OCT) of
a patient affected by neovascular age-related macular
degeneration (AMD) with subclinical angioid streaks
(AS) in the left eye. a-d Combined infrared reflectance
and structural OCT B-scans passing through the fovea
showing Bruch’s membrane (BM) dehiscences (a; red line),
BM breaks (b, c; yellow triangles), and BM undulations (a,
b, d; yellow asterisks)

Diabetic Retinopathy Study (ETDRS) circle cen-
tered on the fovea by using the mapping pro-
tocol of the OCT software. Subfoveal ChT was
measured in structural EDI OCT with the built-
in caliper in the foveal location as the vertical
distance between the hyper-reflective line of BM
and hyporeflective line, corresponding to the
sclero-choroidal interface, perpendicular to the
RPE.

Statistical Analyses

Statistical calculations were carried out using
the Statistical Package for the Social Sciences
(SPSS) version 28.0.1.0 software package (SPSS
IBM Corp., Armonk, NY, USA). The P-value
cutoff point for statistical significance was set at
0.05. All continuous variables were tested for
normal distributions using Shapiro-Wilk’s nor-
mality test. Descriptive statistics of continuous
variables were expressed as the mean =+ stan-
dard deviation (SD). Categorical variables were
reported as frequency and percentage propor-
tions. Differences in the mean (+ SD) between
two normally distributed quantitative variables
at the patient level were analyzed using a Stu-
dent t-test for independent samples. The sig-
nificance of the difference between the
proportions of independent categorical vari-
ables at the patient level was analyzed with
Pearson’s Chi-square test. Because outcomes
were collected for each eye, for all analyses at
the eye level the generalized estimation equa-
tion (GEE) was used to correct the intra-ocular
dependence of the patients. Inter-rater reliabil-
ity between two graders (RS, IZ) was assessed by
Cohen’s kappa coefficient (x), and considered to
be poor, moderate, good, or excellent at x <

0.50, k > 0.50 and < 0.75, k > 0.75 and < 0.90, or
k > 0.90, respectively.

RESULTS

All 274 screened patients affected by AMD were
Caucasian. Of the 543 screened eyes of these
274 patients with AMD(188 females, 86 males;
mean [+ SD] age 81 + 7 years), 73 eyes of 46
patients (34 females, 12 males; mean age
82 + 7 years) showed sub-clinical AS features
using structural OCT and were included in the
analysis (Figs. 2, 3, 4, 5). Therefore, estimated
prevalence of subclinical age-related AS in our
study cohort was 13.4% (95% confidence
interval [CI] 10.3-16.3%). Absence of AS was
confirmed by two graders (RS, 1Z) on fundus
examination, multicolor imaging, IR, and fun-
dus autofluorescence [19]. No statistically sig-
nificant difference in age and sex was found
between patients with other phenotypes of
AMD and subclinical AS (P =0.432 and
P =0.231, respectively) (Table 1). Among the 46
patients included in the study, the fellow eyes
of 19 patients were not included for absence of
AS breaks/dehiscence (15 patients), the presence
of macular hole (2 patients), presence of low-
quality images (1 patient), and presence of only
one eye (1 patient was monocle due to a child-
hood trauma).

Mean (+ SD) BCVA was about 20/63 Snellen
equivalent (0.57 £+ 0.44 LogMAR), mean CMT
was 330 + 125 ym, and mean subfoveal ChT
was 162 + 64 pm. Of the 73 eyes with AMD and
subclinical AS, 55 (73%) showed peripapillary
atrophy, which in several cases (36%) was
characterized by a “petaloid-like” pattern of
atrophy, characterized by a multilobular
hypoautofluorescence around the peripapillary
area.

Of the 73 eyes with AMD and features of
subclinical AS, 57 (78%) were affected by MNV
(Figs. 4, 5), 14 eyes (19%) were affected by GA
(Fig. 2), and two eyes (3%) were not affected by
either MNV or GA (diagnosed as intermediate
AMD) (Fig. 3). Interestingly, the distribution
among these three stages was significantly dif-
ferent in comparison with eyes with AMD but
without OCT features of subclinical AS
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«Fig. 2 Multimodal imaging evaluation of a patient
affected by geographic atrophy (GA) with reticular
pseudodrusen (RPD) and a subclinical AS phenotype in
the left eye. a, b Pseudocolor imaging (a) and fundus
autofluorescence (b) showing GA lesion in the macular
arca, peripapillary atrophy, and absence of visible AS. ¢
Structural OCT B-scan passing through the fovea showing
area of outer retina and retinal pigment epithelium
atrophy (ie., complete retinal pigment epithelium and
outer retinal atrophy [cCRORA]) (yellow arrows) and RPD
(yellow circle). d Horizontal structural OCT passing in the
peripapillary area showing a pigment epithelium detach-
ment with a large peripapillary BM dehiscence (yellow
asterisks)

(Exp(B) = 0.204; P < 0.001) (Table 1); eyes with
subclinical AS were usually characterized by a
more advanced stage of AMD (i.e., presence of
MNV or GA) (P <0.001). Among the 57 eyes
with subclinical AS and MNV, 70% (38/54) dis-
played a type 1 MNV, 24% (13 eyes) displayed a
type 2 MNV, 9% (5 eyes) displayed a mixed type
1 and 2 MNV, and 2% (1 eyes) displayed a type 3
MNV. Furthermore, 49 of the MNVs (86%) were
located in the macular area, whereas eight
MNVs (14%) were located in the peripapillary
area.

Analyzing the phenotype (presence of dru-
sen, RPD, or both), almost all cases of subclini-
cal AS (71/73 cases, 97%) were affected by RPD,
in combination with drusen (29/71 cases, 41%)

Fig. 3 Multimodal imaging evaluation of a patient
affected by intermediate AMD with RPD and a subclinical
AS phenotype in the left eye. a, b Fundus autofluorescence
(a) and pseudocolor imaging (b) showing peripapillary
atrophy with a “petaloid-like” pattern characterized by a
around the

multilobular ~ hypoautofluorescence

peripapillary area, and absence of visible AS. ¢ Combined
IR and structural OCT B-scan passing through optic nerve
showing a BM break (yellow triangles). d Structural OCT
passing through the fovea showing the presence of RPD
(yellow circle)
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Fig. 4 Multimodal imaging evaluation of a patient
affected by ncovascular AMD and a subclinical AS
phenotype in the left eye. a, b Fundus autofluorescence
(a) and pseudocolor imaging (b) showing macular atrophy,
peripapillary atrophy, and absence of visible AS. ¢
Combined IR and structural OCT B-scan passing through

or without drusen (42/71 cases, 59%); the
remaining two cases (3%) displayed only drusen
without RPD. The distribution of RPD and dru-
sen was significantly different in eyes with AMD
and features of subclinical AS compared to eyes
with AMD but without OCT features of sub-
clinical AS (P < 0.001) (Table 1). In particular,
the presence of RPD was significantly higher in
patients with subclinical AS in eyes with AMD
(Exp(B) = 2.589, P < 0.001).

Structural OCT Features of Subclinical AS

Based on their analysis of structural EDI-OCT
scans, the two expert graders (RS and IZ) iden-
tified the presence of structural OCT features of

optic nerve showing a BM break (yellow triangles). d
Structural OCT passing through the fovea showing the
presence of neovascular AMD and macular atrophy

AS. The agreement between the two readers was
excellent (Cohen’s k: 0.91). All 73 eyes showed
BM breaks and/or dehiscences and were diag-
nosed as subclinical AS in AMD. All 73 eyes also
showed the concomitant presence of BM
undulations. We did identify an additional 22
eyes in our cohort of 543 AMD eyes showing
only BM undulations but without BM breaks
and/or dehiscences; these 22 eyes were not
included in the series of subclinical AS in AMD.

BM breaks were identified in 73 of 73 eyes
(100%) (Figs. 3, 4, 5). In 47 of the 73 cases
(64%), BM breaks were observed only in the
macular area; in eight of 73 cases (11%) BM
breaks were identified only in the peripapillary
area; and in 18 of 73 cases (25%), BM breaks
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Fig. 5 Multimodal imaging evaluation of a patient
affected by necovascular AMD and a subclinical AS
phenotype in the right eye. a, b Pseudocolor imaging
(a) and fundus autofluorescence (b) showing macular
atrophy, peripapillary atrophy with a “petaloid-like”
pattern characterized by a multilobular hypoautofluores-
cence around the peripapillary area, and absence of visible

were identified in both the macular and peri-
papillary areas (Table 2). Analyzing the distri-
bution of BM breaks among the different groups
(eyes with MNV, eyes with GA, and eyes with
intermediate AMD), there was no association
between the location of breaks in the peripap-
illary area and AMD stage.

AS. ¢ Combined IR and structural OCT B-scan passing
through optic nerve showing a Bruch’s membrane break
(yellow triangle). d Structural OCT passing through the
fovea showing the presence of neovascular AMD and
macular atrophy

BM dehiscences were identified in 27 of 73
eyes (37%) (Fig. 2); of these 27 eyes, in 23 eyes
(85%) BM dehiscences were observed only in
the macular area, in three eyes (11%) BM
dehiscences were observed only in the peripap-
illary area, and in only one eye (4%) were BM
dehiscences observed in both the macular and
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Table 1 Demographics and main clinical features of the study population

Patient demographics and main clinical AMD Subgroups
features population  \yrn e AMD without P value
subclinical AS subclinical AS
Patients, n 274 46 228
Eyes, n 543 73 470
Age, years (mean + SD) 81+ 7 82+ 7 81+ 8 0.432
Sex, n (%)
Males 86 (31) 12 (26) 74 (32) 0.231
Females 188 (69) 34 (74) 154 (68)
AMD stage (eyes), n (%)
Intermediate AMD 120 (22) 2 (3) 118 (25) < 0.001
Neovascular AMD 336 (62) 57 (78) 279 (59)
Geographic atrophy 87 (16) 14 (19) 73 (16)
AMD phenotype (eyes), n (%)
Only drusen 175 (32) 2 (3) 173 (37) < 0.001
Only RPD 129 (24) 42 (57) 87 (18)
Drusen 4+ RPD 239 (44) 29 (40) 210 (45)

AMD Age-related macular degeneration, AS angioid streaks, SD standard deviation, RPD reticular pseudodrusen

peripapillary areas. Analyzing the presence and
distribution of BM dehiscences among the dif-
ferent groups (eyes with MNV, eyes with GA,
and eyes with intermediate AMD), BM dehis-
cences were not present in eyes with interme-
diate AMD, whereas they were more frequent in
eyes with MNV (44% of cases) in comparison
with eyes without MNV (Exp(B) = 5.469,
P =0.033) (Table 2).

DISCUSSION

In this study, we report a specific phenotype of
AMD with subclinical angioid streaks and
describe associated demographic, clinical, and
structural OCT features. Even though AS are not
visible using fundus examination/photography
(for this reason the name is “subclinical”), AMD
patients with this phenotype displayed the OCT
findings typically seen in eyes with AS [16, 22].

Another common feature between AS seen in
patients with, for example, PXE and those with
subclinical AS in AMD is the frequent involve-
ment of the peripapillary area as the location of
the BM alterations and atrophy development
[23]. Indeed, peripapillary atrophy developed in
73% of subclinical AS in AMD cases in our ser-
ies, and in > 50% in a previously reported series
of AS secondary to PXE [24]. Interestingly, 36%
of cases in our series showed a peculiar “peta-
loid-like” pattern of atrophy. This pattern was
previously described by Marchese et al. [24] as a
typical pattern of atrophy in AS patients sec-
ondary to PXE (affecting 34% of patients in that
series). Finally, AS and subclinical AS in AMD
showed a high prevalence of choroidal neovas-
cularization (CNV) development. CNV is a well-
known and frequent complication of AS, with a
predominance of type 2 CNV [25]. In the pre-
sent study, we found a similar rate of MNV
prevalence (70%), with no predilection for the
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Table 2 Distribution of angioid streaks on optical coherence tomography in the eyes included in the study
Subclinical AS OCT features Intermediate AMD MNV GA Total P-value
(n=2) (n =57) (n = 14) (2 =73)
BM breaks, 7 (%)
Yes 2 (100) 57 (100) 14 (100) 73 (100) na
Macular 1 40 6 47
Peripapillary 1 4 3 8
Both 0 13 5 18
No 0 (0) 0 (0) 0 (0) 0 (0)
BM large dehiscence (> 250 mm), 7 (%)
Yes 0 (0) 25 (44) 2 (14) 27 (37) 0.020
Macular 0 22 1 23
Peripapillary 0 2 1 3
Both 0 1 0 1
No 2 (100) 32 (56) 12 (86) 46 (63)

AS OCT angioid streaks as evidence by optical coherence tomography, BM Bruch’s membrane, GA geographic atrophy,

MNYV macular neovascularization, #z4 not available

type of neovascularization. These above-men-
tioned aspects might suggest a partial common
pathophysiological mechanism of onset, which
could mainly be related more to BM alterations
than to dysfunction of RPE and choriocapillaris.
This assumption proposes BM pathology as the
key factor for the development of RPE atrophy
development and consequent choriocapillaris
thinning and ingrowth of fibrous tissue through
BM ruptures. The involvement of the BM with
its conversion from an elastic structure to a
calcified and brittle one is a well-known feature
predisposing to developing AS. Due to its
reduced elasticity, a brittle BM may be more
vulnerable to mechanical stresses and thus to
ruptures, even after physiological tension. This
process is often located in the peripapillary area,
which is a “locus minoris resistentiae” due to
the interruption of BM in the papillary area.
Due to the similar BM alterations and peripap-
illary involvement of subclinical AS in AMD, we
suggest the predominant involvement of BM as
a driving factor of this phenotype.
Interestingly, several differences characterize
subclinical AS in AMD in comparison to AS.

First, we excluded from our series all patients
with systemic AS-related disease (e.g., PXE).
Secondary, subclinical AS occurred in AMD
patients who were older (mean =+ SD:
82 + 7 years in our series) than patients with
conventional AS reported in a previous series
(65.8 £+ 13.9 years old) [22]. On the other hand,
several features were shared between patients
with subclinical AS and those with AMD. Even if
patients with subclinical AS showed a higher
prevalence of RPD (almost all cases), 42% of
cases also showed drusen, the hallmark of AMD.
Furthermore, our series did not provide signifi-
cant differences in terms of median age between
patients with the subclinical AS phenotype and
other phenotypes of AMD (82 + 7 years vs.
81 + 8years; P =0.432). For these reasons, we
speculate that subclinical AS could be the result
of abnormal aging involving mainly the BM. In
this scenario, this phenotype may represent an
alternative form of chorioretinal aging with
predominant involvement of BM, in contrast to
supposed choriocapillaris loss (“vascular”
hypothesis) or RPE cell death (“toxic” hypoth-
esis) in AMD etiology [7, 26]. This speculation is
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supported mainly by the OCT findings and by
the higher occurrence of RPD (97%) compared
to drusen (42%) in these patients. To date, there
is some evidence of lesions resembling RPD in
PXE-associated AS, suggesting a possible role of
the BM in the pathophysiology of RPD [S]. The
frequency of RPD in patients with AMD is esti-
mated to be approximately 30-50% depending
on the phenotypes included in the analysis and
the sensitivity of the imaging modalities used
[4, 27]. Thus, the different ages at the onset of
RPD in patients with AMD and AS might reflect
a continuum of BM pathologic changes, with a
minimal late-onset phenotype due to aging and
pronounced early alterations associated with AS
[5].

Due to the possible differences in the
pathogenesis of subclinical AS and AMD, it can
be speculated that subclinical age-related AS
may be considered as a separate clinical entity.
However, based on the common features
between typical AMD and subclinical AS and
the high prevalence of this phenotype in the
AMD population (the estimated prevalence has
been assessed at approximately 13.4% in our
series), we propose that subclinical AS should be
considered as a peculiar phenotype in the AMD
spectrum. Interestingly, in an earlier study by
Ellabban et al. [28], OCT undulations in
patients with AMD were estimated to occur at a
frequency similar to that of subclinical AS
prevalence in our cohort of AMD patients. To
explain this result, we could hypothesize that
subclinical AS was misdiagnosed as “classic”
AMD. In our case series, we excluded patients
with only BM undulations because they did not
show AS-related OCT findings (BM breaks and/
or dehiscences). However, we did determine
that 22 eyes in our AMD cohort had only BM
undulations. This finding could represent a
precursor of subclinical AS, as a sign of the first
BM alteration. On the other hand, BM undula-
tions may only be a sign of decreased elasticity
of the BM-choroid complex associated with
aging, as previously reported by Ugarte et al.
[29]

It is possible to speculate that BM breaks are
due to the passage of MNV from the choroidal
circulation to the RPE/sub-RPE space; however,
we reported BM breaks also in patients with

intermediate AMD and in those with GA with-
out MNV. Furthermore, also in eyes affected by
neovascular AMD, the number of BM breaks was
higher than those expected to be caused by the
MNV passage through the BM.

Interestingly, patients with monoallelic
ABCC6 mutations or with frequent hypomor-
phic variants in combination with a null variant
in trans may show retinal changes overlapping
certain phenotypic features of AMD (i.e., RPD,
GA, and MNYV), similar to the cohort in the
present study with subclinical age-related AS
[30, 31]. Hence, with an estimated carrier fre-
quency in the general population of 1:30-1:200
[32], we can speculate that at least in some
patients, the retinal disease is driven by
increased soft tissue calcification due to ABCC6
dysfunction. Furthermore, some patients with
hemochromatosis were previously reported
with angioid-like streaks [33, 34]. For this rea-
son, we cannot exclude the possibility that
some of the patients in our series were affected
by subclinical hemochromatosis.

We suggest that subclinical AS should be
considered to be a different phenotype in the
AMD population, particularly with respect to
possible new therapies. Indeed, since BM likely
plays a significant role in subclinical AS etiol-
ogy, therapeutical approaches can be different
from those for AMD. In particular, anti-com-
plement treatments may not be as effective in
this group of patients as in other drusen-driven
“classic” AMD phenotypes. An important future
target is to identify which structure is predom-
inantly involved in chorioretinal aging, since
this as yet unidentified structure could variably
affect different anatomical sites.

The present study has several limitations,
mainly due to the relatively small number of
included eyes, its retrospective design, and the
short interval of recruitment. However, our
analysis is the first characterization of this novel
age-related BM degeneration phenotype in the
context of AMD. Of note, the prevalence of
advanced stages of AMD (i.e., neovascular AMD
and GA) could be overestimated in our popu-
lation because our center is a tertiary referral
center for macular diseases. Prospective studies
with larger sample sizes are needed to reach
more concrete conclusions and possibly gather
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more insights into their pathogenesis and pro-
gression. Furthermore, longitudinal studies are
needed to understand if the response to the
treatment in case of MNV is comparable to that
of other phenotypes of AMD. Finally, dye
angiographies (FA and ICGA) were not available
for all included eyes; however, the absence of AS
was based on fundus examination and different
imaging analyses (multicolor, IR, and FAF) by
two retinal experts.

CONCLUSIONS

In conclusion, we described the characteristics
of subclinical AS in AMD by multimodal imag-
ing approach, defining its prevalence in a
cohort of AMD patients. We highlighted that
patients with AS in AMD are characterized by
different clinical presentation, imaging features,
and pathogenesis, in comparison to eyes with
AMD but without AS, and thus these eyes could
represent a distinct group of the AMD
population.
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