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Visualizing lipid behind the retina in aging and age-related
macular degeneration, via indocyanine green angiography
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Age-related macular degeneration (AMD) causes legal blindness in older adults worldwide. Soft drusen are the most extensively
documented intraocular risk factor for progression to advanced AMD. A long-standing paradox in AMD pathophysiology has been
the vulnerability of Asian populations to polypoidal choroidal vasculopathy (PCV) in the presence of relatively few drusen. Age-
related scattered hypofluorescent spots on late phase indocyanine green angiography (ASHS-LIA) was recently proposed as
precursors of PCV. Herein, we offer a resolution to the paradox by reviewing evidence that ASHS-LIA indicates the diffuse form of
lipoprotein-related lipids accumulating in Bruch’s membrane (BrM) throughout adulthood. Deposition of these lipids leads to soft
drusen and basal linear deposit (BLinD), a thin layer of soft drusen material in AMD; Pre-BLinD is the precursor. This evidence
includes: 1. Both ASHS-LIA and pre-BLinD/BLinD accumulate in older adults and start under the macula; 2. ASHS-LIA shares
hypofluorescence with soft drusen, known to be physically continuous with pre-BLinD/BLinD. 3. Model system studies illuminated a
mechanism for indocyanine green uptake by retinal pigment epithelium. 4. Neither ASHS-LIA nor pre-BLinD/ BLinD are visible by
multimodal imaging anchored on current optical coherence tomography, as confirmed with direct clinicopathologic correlation. To
contextualize ASHS-LIA, we also summarize angiographic characteristics of different drusen subtypes in AMD. As possible
precursors for PCV, lipid accumulation in forms beyond soft drusen may contribute to the pathogenesis of this prevalent disease in
Asia. ASHS-LIA also might help identify patients at risk for progression, of value to clinical trials for therapies targeting early or
intermediate AMD.
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INTRODUCTION
Age-related macular degeneration (AMD) is the fourth largest
cause of vision loss globally [1], due to macular neovascularization
(MNV) and atrophy in its advanced forms (geographic atrophy, GA,
for the underlying disease, and macular atrophy, MA, secondary to
neovascularization). Aging is the main risk factor for AMD
progression. Although many details remain to be learned, our
views of AMD have been refined substantially through recent
clinical imaging and anatomic/molecular pathology studies [2–4].
Numerous studies have focused on precursor lesions in the

progression to different subtypes of advanced AMD. Drusen are
the best documented intraocular risk factor for progression to
advanced AMD [5, 6]. Eyes with both large drusen and pigmentary
abnormalities are more likely to develop typical AMD, whereas
pigmentary abnormalities without large drusen were associated
with polypoidal choroidal vasculopathy (PCV), a form of type 1
neovascularization AMD that is highly prevalent in Asian popula-
tions [7, 8]. Where PCV fits in the AMD spectrum has been
controversial, because soft drusen are uncommon in eyes with
PCV, unlike eyes with conventional AMD. Recently, an imaging
feature, age-related scattered hypofluorescent spots on late phase
indocyanine green angiography (ASHS-LIA) was proposed as a

possible precursor of PCV [9], which if proven, represents a major
step forward in understanding the pathogenesis of PCV. Interest-
ingly, based on our findings and previous pathologic insights on
aging and AMD, we infer that the ASHS-LIA represents lipid
accumulation underneath the retinal pigment epithelium (RPE), in
the form of basal linear deposit (BLinD), its precursor, pre-BLinD,
and before that, age-related Bruch’s membrane (BrM) lipidization.
This review will focus on ASHS-LIA and its clinical application

and pathologic significance. We begin with a brief overview of
retinal regions and layers, followed by early descriptions of drusen
and aging eyes visualized with indocyanine green angiography
(ICGA). We will summarize a model of drusen formation. The
principles of ICGA labeling will be introduced. Characteristics and
relevant factors of ASHS-LIA, how is ASHS-LIA formed, what ASHS-
LIA represents, why this is important to know, and an outlook
building on this new knowledge and synthesis will be presented.

AMD BY THE REGIONS AND LAYERS
The retina is a multilayered component of the central nervous
system that lines the internal surface of the ocular fundus. It
converts the energy of environmental light to electric energy for
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transmission to the brain via the optic nerve. Human retina
contains >100 million photoreceptors, including rods that respond
to dim light and cones that response to colors in bright light (20:1
ratio of rods to cones). The fovea is a specialization in many
primate species including humans. In the area between the
vascular arcades, photoreceptors are roughly radially distributed
around the center of the fovea, as captured by the Early Treatment
of Diabetic Retinopathy Study grading grid (Fig. 1). In the center of
the fovea (~1mm diameter) is the all-cone foveola. This in turn
centers a ~3mm diameter macula lutea has abundant xanthophyll
carotenoid pigments that provide a characteristic yellow color.
The inner retinal layers are absent at the fovea and thick in the 6
mm-diameter central area (or macular region) surrounding it. The
central area (containing macula lutea within it) and the optic nerve
together comprise the posterior pole of the eye.
The cells and tissues most prominently affected by AMD

pathology are those of the outer retinal neurovascular unit, i.e.,
photoreceptors and their supporting RPE, Müller cells (in neuro-
sensory retina), choriocapillaris (ChC) endothelium (in the choroidal
vasculature) (Fig. 1), and deep capillary plexus in the retinal
vasculature (not shown). As increasingly visible via optical
coherence tomography (OCT), AMD features nine biologically
distinct layers in <100 µm of vertical space between the external
limiting membrane and the ChC. Between RPE and ChC is BrM,
comprised of inner collagenous, elastic, and outer collagenous

layers (ICL, EL, OCL). BrM functions as a vessel wall in parallel to
vascular lumens of the ChC. On the inner aspect (closer to the front
of the eye) is the basal lamina (BL) of the RPE and on the outer
aspect is the BL of the ChC endothelium. Between the RPE-BL and
the ICL is the sub-RPE-BL space, a potential space that fills with lipid
in aging. In AMD, this space fills with drusen and neovascularization
of choroidal origin, including PCV. Historically BrM was considered
five layers (including the two BL). However, AMD pathology is most
readily understood with a three-layer construct [10, 11].

ICGA OF DRUSEN AND AGING—INITIAL STUDIES
Drusen are extracellular deposits lying between RPE-BL and the
ICL of BrM (Fig. 1). In 1997 Arnold et al. summarized how drusen
appear in ICGA [12]. They classified drusen into four groups:1. hard
drusen, 2. drusen derived from clusters of other drusen, 3.
membranous (soft) drusen, and 4. regressing drusen. Soft drusen
with membranous contents according to their own ultrastructural
studies were hypofluorescent throughout ICGA. In contrast hard
drusen were hyperfluorescent. Regressing drusen may show
hyperfluorescence at early phases of ICGA; associated calcium
deposits within drusen and pigmentation within the retina were
hypofluorescent.
In 1999 Shiraki et al. [13] described hypofluorescent spots in

normal aged fundus using video fundus camera angiograms, and

Fig. 1 Retinal layers, regions, and the role of lipid in AMD progression. Lower left: The schematic shows the posterior pole of the ocular
fundus. Black oval is the optic nerve, with arteries and veins of the retinal circulation shown. The Early Treatment of Diabetic Retinopathy
Study grading grid and its dimensions are shown. The grid consists of the central subfield, inner ring, and outer ring (1, 3, and 6mm in
diameter, respectively). The central subfield is mostly all cones with a few rods around its outer rim. The black stippling represents a central
bouquet of very thin cone photoreceptors and supporting Müller glia. The 3mm-diameter inner ring has prominent xanthophyll carotenoid
pigments, shown as yellow, in the neurosensory retina, representing the macula lutea. The 6mm diameter area is called central area or
macular region. Upper: the trilaminar BrM consists of inner collagenous (ICL), elastic (EL), and outer collagenous (OCL) layers. With aging,
lipoprotein particles (yellow circles) accumulate in the BrM, forming a transport barrier between the ChC and the outer retina. Pre-BLinD, a
thin lipid layer between RPE-BL and the ICL of the BrM forms a cleavage plane. BLinD, continuous with pre-BLinD, contains ultrastructural
evidence for lipid fusion and pooling and peroxidized lipids capable of promoting cytotoxic and proinflammatory response in vivo. Into this
milieu, Type 1 neovascularization invades (mauve up-arrow). Soft drusen, a lump of the same extracellular material as in BLinD, could
contribute to ischemia of the overlying RPE, which may migrate intraretinally (seen as hyperreflective foci). BLamD is stereotypically thickened
basement membrane proteins (green, in middle and right) between the RPE plasma membrane and native RPE-BL, either replacing or
incorporating infoldings of basal RPE. Basal mounds are soft drusen material trapped within BLamD. Between the RPE and photoreceptors are
SDDs (first called reticular pseudodrusen), extracellular material that is directly disruptive to photoreceptors. Eyes with SDDs are at risk for type
3 MNV (mauve down-arrow). The black and gray columns at the right and left represent reflective bands of current optical coherence
tomography. AMD age-related macular degeneration, BLinD basal linear deposit, BLamD basal laminar deposit, ChC choriocapillaris, ChC-BL
ChC basal lamina, OS outer segments of photoreceptors, M melanosome, ML melanolipofuscin, Mt mitochondria.
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in eight eyes of seven patients, using confocal scanning laser
ophthalmoscopy angiograms after 30 min. These authors used the
term age-related scattered hypofluorescent spots on late phase
indocyanine green angiograms, later shortened to ASHS-LIA [14].
The sample of 115 eyes included those with a normal fundus or
dry AMD, suggesting that ASHS-LIA was age-related but not
correlated with dry AMD. ASHS-LIA was mainly distributed in the
posterior pole, especially in the macular region. In 1998 Yoneya
et al. [15] determined that in circulation, ICG binds to lipoprotein
fractions of plasma, especially the phospholipid components of
these multimolecular complexes. In 2001 Ito et al. [16] also using
video technology found hypofluorescent patches in 20 of 23 eyes
over 45 years and 2 of 11 eyes under age 45 years and offered
possible explanations. These included irregular dye filling into the
ChC, loss of arterioles resulting in delayed dye-filling, and
hyperpigmentation of RPE blocking signal.
The requirement for video impeded follow up on these initial

concepts. This would await development and commercialization of
confocal scanning laser ophthalmoscopy with dual excitation and
detection systems for fluorescein and ICG [17], and routine application
of this technology in large clinic populations, as we show below.

SYNOPSIS OF DRUSEN-DRIVEN AMD
Figure 1 shows the role of lipid in AMD progression, based on the
three-layer vascular BrM and the well-known role of lipoproteins in
atherosclerotic vascular disease. Early in adulthood, lipids start
accumulating in BrM, forming a transport barrier between the ChC
and the outer retina due to the hydrophobicity of lipids, especially
esterified cholesterol, the dominant moiety. Then pre-BLinD (initially
called “lipid wall”) is gradually formed, forming a cleavage plane
between the RPE-BL and the ICL of BrM. It is thought that subsequent
degradation of apolipoproteins associated with these lipids causes

particle fusion and the formation of BLinD. BLinD is a thin layer of soft
drusen material that contains peroxidized lipids capable of cytotoxi-
city and promoting a proinflammatory response in vivo, thus playing
an essential role in AMD progression [18]. Soft drusen, a lump of the
same extracellular material, contributes to ischemia of the overlying
RPE by increasing the distance to the ChC, also impacting angiogenic
regulators and promoting angiogenesis. Another new layer is BLamD,
a thickening of native RPE-BL, which is also prominent in the macula
and represents an anatomical risk factor for progression when
abundant [19]. Lipids can be seen crossing BLamD [20].
Ultrastructural and compositional studies together support

lipoprotein particles of intraocular origin as a major mechanism
by which these lipids arrive in BrM (Fig. 2). The principal
component of soft drusen material was termed membranous
debris by Sarks et al. [21], because it resembled coiled membranes
by electron microscopy, signifying lipid-rich material. Lipid
histochemistry of AMD eyes showed unesterified cholesterol in
BrM, drusen and local cellular membranes, as expected, and also
abundant neutral lipids especially esterified cholesterol. The latter,
localizing only to BrM in early adulthood and to drusen later in life,
increases markedly with age in normal eyes. The principal way
esterified cholesterol is released by cells is in lipoprotein particles
like hepatic very low-density lipoprotein, i.e., multimolecular
complexes specialized to transport multiple lipid classes through
aqueous media like plasma. Specialized ultrastructural techniques
revealed that membranous debris was solid, space-filling particles
in aged BrM that floated like lipoproteins and had surface-and-
core morphology. Further, RPE expresses numerous genes known
from lipoprotein biology, and thus has capacity to secrete these
large lipoproteins. Local gene expression also provides a basis for
why sequence variants in lipid/lipoprotein genes (e.g., APOE, LIPC)
[22–24] modulate AMD risk. Cell culture studies showed that RPE
can make drusen constituents including lipid by taking up only

Fig. 2 Molecular circuitry for production of Bruch’s membrane lipoproteins. Left Circles 1–3 are detailed in the right panel. Circle 1 shows
accumulation of Bruch’s membrane lipoproteins, resulting in pro-inflammatory peroxidized lipids. Circle 2 shows generation of a primordial
lipoprotein at the endoplasmic reticulum, with MTTP-mediated transfer of lipid as in liver and intestines. Circle 3 shows that in rough
endoplasmic reticulum at apical RPE, lipid droplets destined for lipoproteins are formed from components originating in diet » outer
segments » endogenous synthesis. Lutein, zeaxanthin, vitamin A, and some unesterified cholesterol (UC) enter RPE via receptor-mediated
uptake of plasma lipoproteins. These are transferred to photoreceptors by mechanisms that may involve interphotoreceptor retinol-binding
protein (IRBP, center), a hypothetical apolipoprotein (apo) E-based small HDL particle (right), or diffusion (not shown). Because lipids in Bruch
membrane lipoproteins are rich in the fatty acid linoleate (and not docosahexaenoate), soft drusen are proposed as consequent to
constitutive dietary delivery of lipophilic essentials to macular cells, and the RPE- mediated recycling of these unneeded lipids and those from
outer segments to plasms via large lipoprotein particles. Lipoproteins accumulate between RPE-basal lamina and inner collagenous layer of
Bruch’s membrane. ABCA1 ATP-binding-cassette A1, apoE apoB, apoA-I, apolipoproteins E, B, A-I; BrM Bruch’s membrane, C cones, CD36
cluster of differentiation 36, CETP cholesteryl ester transfer protein, DHA docosahexaenoate, EC esterified cholesterol, ELM external limiting
membrane, FA fatty acid, HMGCR HMG co-A reductase, target of statins, IS inner segment, LDLR LDL-receptor, M Müller cells, MTTP microsomal
triglyceride transfer protein, ONL outer nuclear layer, OS outer segment, R rods, SR-BI scavenger receptor BI, SR-BII scavenger receptor B2, TG
triglyceride, UC unesterified cholesterol.
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cell culture medium [25, 26]. Thus, we hypothesize that relatively
healthy RPE constitutively releases material to plasma. This
material builds up due to failure of transport across the ChC-
BrM barrier, in an atherosclerotic-like progression, which begins in
aging and exacerbates in AMD.
Remarkably, drusen follow the topography of cone photoreceptors

and their support system. The abundance and progression risk
conferred by soft drusen material is highly concentrated under the
fovea and within the central 3mm diameter [27–29]. It is thus
postulated that the high concentration of soft drusen and AMD
progression risk is a late-life consequence of HDL-mediated delivery of
specialized xanthophyll carotenoid pigments (lutein and zeaxanthin)
to the macula lutea (Fig. 1) throughout life. Therapeutic strategies
based on this “oil spill” biology include lipid scavengers, modulators of
lipoprotein production (e.g., statins), and a balanced diet with
micronutrients or AREDS2 formulation to enrich HDL [30–33].
In sum, a means of visualizing soft drusen material in vivo would

be highly valuable for patient management, treatment planning,
enrollment criteria for clinical trials, and understanding AMD
pathophysiology at a new level, to inspire new treatments. Does
ASHS-LIA meet this challenge?

PRINCIPLES OF ICG ANGIOGRAPHY AND VISUALIZATION OF
OUTER RETINA
ICG is a well-tolerated, tricarbocyanine dye with a molecular
weight of 775 daltons that absorbs light at 790–805 nm and has a

peak emission at 835 nm. ICG dye has been used in medicine since
1956, when it was approved by the Federal Drug Administration
for imaging cardiac and hepatic circulations. Ophthalmology was
introduced to dye-based angiography using sodium fluorescein in
1961 [34], then in 1972, ICG dye was first used for the eye [35].
Since ICG excites and emits at near-infrared wavelengths, imaging
signal penetrates the RPE, blood, and serous fluids allowing
observation of the choroidal circulation behind the RPE [36]. ICGA
is mainly used in the diagnosis of chorioretinal conditions,
especially choroidal neovascularization and PCV, which benefits
from the longer wavelength compared to sodium fluorescein [37].
Previous study reveals that ICG binds intensely to HDL and
moderately to LDL in circulation [15]. This property leads to lower
vascular or tissue permeability than sodium fluorescein, because
HDL and LDL have larger diameters than albumin (11, 22, and 8.5
nm, respectively).
ICG dye localizes within retinal and choroidal vessels in the

early-phase after injection (Fig. 3A). Further, it extravasates into
the choroidal stroma and accumulates within the RPE over time
(Fig. 3B). Homogeneous background fluorescence is observed in
late phase ICGA under normal conditions (Fig. 3C). The phases
visible in humans (Fig. 3) can also be seen in non-human primates
and rats [38, 39], allowing mechanistic investigation of ICG dye
uptake. In histologic sections of aged monkey eyes preserved at
the middle- and late-stages of ICGA, the RPE-BrM complex,
including drusen, was brightly fluorescent [38, 40]. It is not known
whether the animals used in these studies had soft drusen, as not

Fig. 3 Homogeneous background fluorescence in late phase ICGA and the formation of ASHS-LIA. Scale bar in (A) applied to all panels.
A–C Normal fundus fellow eye from a 38-year-old woman whose left eye was diagnosed with idiopathic choroidal neovascularization (not
shown). D–F Normal fundi fellow eye from a 61-year-old man whose left eye was diagnosed with polypoidal choroidal vasculopathy (not
shown). Time after ICG dye injection was indicated in the top right-hand corner. A ICG dye was located within retinal and choroidal vessels in
the early-phase after injection; B ICG dye was extravasated into the choroidal stroma and accumulated within the RPE over time;
C Homogeneous background fluorescence (no ASHS-LIA) was observed in late phase ICGA. D ICG dye was located within retinal and choroidal
vessels in the early-phase after injection; E Scattered hypofluorescent spots (green arrowheads) were appreciable in the mid-phase after
injection. F Hypofluorescent spots were obvious in late phase ICGA (ASHS-LIA) and distributed in the macular region (green arrowheads).

L. Chen et al.

1738

Eye (2022) 36:1735 – 1746



all aged monkeys have them [41, 42]. Thus, the idea that soft
drusen material might exclude ICG could not be tested directly.
Cultured human RPE cells were found to take up ICG dye,

involving an active transport mechanism that could be inhibited
by ouabain administration [43]. These results suggest that
normally functioning RPE cells are required for ICG imaging
in vivo. Using adaptive optics enhanced ICG ophthalmoscopy,
Tam et al. demonstrated that RPE cells in vivo took up ICG dye
following systemic injection and contributed to the fluorescence
signal observed in the late phase of ICGA [39].
In addition to normal functioning RPE, access of ICG dye from

choroidal stroma to RPE through BrM is another prerequisite for
signal in late phase ICGA. ICG dye is water-soluble and may bind
preferentially to polar phospholipids over hydrophobic neutral
lipids [15]. In this situation, deposits in the RPE- BrM complex, such
as drusen, would play an important role in the fluorescence signal
changes in ICGA. ICG dye could bind with phospholipid, but not
with esterified cholesterol, unesterified cholesterol, or triacylgly-
cerol [15], thus uptake by RPE and detection by cameras external
to the eye is prevention. These considerations can explain how
soft drusen could show hypofluorescence in late phase ICGA [12].
A principle of fluorescein angiography is that reduced signal
(hypofluorescence) can be explained by ischemia (loss of blood
flow), blockage of signal transmission by materials in the light
path, or both [44]. Our considerations for AHSH-LIA indicate that
reduced dye access from vasculature to target tissue (RPE) is
another mechanism for hypofluorescence specific to ICGA.
Understanding of distinct ICG patterns may facilitate better
understanding of the disease processes and pathogenesis.

CHARACTERISTICS OF ASHS-LIA
The hypofluorescence of soft drusen throughout ICGA [12] is
suggestive but does not prove that soft drusen exclude ICG dye.
We reasoned that antecedents of soft drusen may also exclude
ICG dye and thus present as hypofluorescence. We present
evidence that ASHS-LIA is a strong candidate for an imaging
correlate of these tissue-level effects.
In 2018, we reported multimodal imaging characteristics and

associations of ASHS-LIA [14]. We used confocal laser scanning
ophthalmoscopy, which provided a clear view and repeatable
findings. Our sample was large, comprising 875 normal fellow eyes
from 875 patients with various chorioretinal diseases seen in a
major clinical center in China. Among those 875 patients ages
6–90 years (mean: 54.2 ± 16.4 years), ASHS-LIA was identified in
233 patients (26.6%) aged 33–87 years (mean: 65.8 ± 8.4 years).
The youngest patient with ASHS-LIA in the cohort was a 33-year-
old man who was diagnosed with PCV.
ASHS-LIA, mainly distributed in the macular region, was

observed as early as about 15 min after ICG dye injection (Fig. 3E)
and was obvious by 30min post-injection (Fig. 3F). The diameter
of the spots in ASHS-LIA ranged from 100 to 500 μm, with the
majority between 200 and 300 μm. According to the region of
involvement, we divided ASHS-LIA into three grades, as follows:
grade 1, ASHS-LIA mainly in the macular region (Fig. 4A); grade 2,
ASHS-LIA in the macular region and around the optic disc (Fig. 4B),
and grade 3, ASHS-LIA throughout the whole posterior pole
(Fig. 4C). In addition, the grade of ASHS-LIA increased with aging,
and ASHS-LIA could be confluent at all grades (Fig. 4D–F).
However, no corresponding abnormalities were observed on other

Fig. 4 The grades of ASHS-LIA based on the involved region. Different grades of ASHS-LIA were shown in late phase ICGA (30min after dye
injection). Scale bar in (A) applied to all panels. A Grade 1: ASHS-LIA distributed in the macular region (green arrowheads); B Grade 2: ASHS-LIA
distributed in the macular region (green arrowhead) and around the optic disc (yellow arrowheads); C ASHS-LIA distributed throughout the
whole posterior pole (Teal arrowheads); D ASHS-LIA distributed in the macular region with partial confluence (green asterisk); E ASHS-LIA
distributed in the macular region and around the optic disc, with partial confluence (green asterisk); F ASHS-LIA distributed throughout the
whole posterior pole, with partial confluence (green asterisks).
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imaging modality, including color fundus photography (CFP,
Fig. 5B), blue fundus autofluorescence (FAF, Fig. 5C), FFA (Fig. 5D)
and optical coherence tomography (OCT, Fig. 5E, F). The incidence
of ASHS-LIA was highest in PCV patients, the second highest in
patients with neovascular AMD, and then patients with dry AMD.
Of note, the hypofluorescent spots noted on late phase ICGA

differed from the hypofluorescent lesions common in patients
with inflammatory conditions involving the choroid such as
multifocal choroiditis and acute posterior multifocal placoid
pigment epitheliopathy (APMPPE) [45, 46], not only in the
distribution characteristics but also in the multimodal imaging
features.

ASHS-LIA REVEALS FUNDUS AGING
Our 2018 study in a large sample confirmed that ASHS-LIA was
age-related [14]. The mean age of patients with ASHS-LIA was 65.8
compared to a mean age of 50 years old for patients without
ASHS-LIA. In a multiple logistic regression analysis, age was most
relevant independent factor for ASHS-LIA frequency. Figure 6
shows that a steady rise of ASHS-LIA frequency starting in early
adulthood.
Since ASHS-LIA was age-related, hypofluorescent on ICGA and

mainly located in the macular region, we examined the association
between ASHS-LIA and drusen, the hallmark lesions of early AMD. Soft
drusen were also age-related, hypofluorescent on ICGA, and mainly
located in the macular region [5]. In this scenario, we inferred that
ASHS-LIA might reveal soft drusen material. Thus, we explored this
association in a cohort of 345 patients [47]. We found that the
frequency of soft drusen increased with the grade of ASHS-LIA.
Further, both soft drusen and ASHS-LIA presented as hypofluores-
cence in late phase ICGA, and soft drusen were located inside the
region with ASHS-LIA (Fig. 7A, B). Hard drusen in contrast presented
as hyperfluorescence in late phase ICGA, outside the region with

ASHS-LIA (Fig. 7C, D). Therefore, we inferred that ASHS-LIA revealed
fundus aging and might show soft drusen material in the sub-RPE- BL
space.
Since the incidence of ASHS-LIA was highest in PCV patients

[14], we wondered if ASHS-LIA was associated with the occurrence
and clinical characteristics of PCV [14]. In 187 patients with PCV,
we found that a large percentage of these patients (62.6%)
showed ASHS-LIA [9]. Compared with PCV patients without ASHS-
LIA, PCV patients with ASHS-LIA were significantly older, more

Fig. 5 ASHS-LIA are invisible on other imaging modalities. Normal fundi fellow eye from a 64-year-old man whose right eye was diagnosed
with neovascular age-related macular degeneration (not shown). Scale bar in (A) applied to (A–D). A ASHS-LIA (green arrowheads) were
distributed in the macular region in late phase ICGA. No corresponding changes were present in the color fundus photography (B), blue
autofluorescence (C), and fluorescein fundus angiography (D). E Spectral-domain optical coherence tomography (SD-OCT) at green arrow in
(A) showed that the retinal structure was generally normal, and the RPE band was intact and smooth, with no intraretinal, subretinal or sub-
RPE visible deposition corresponding to ASHS-LIA. F Magnified SD-OCT image showed the white frame region in (E).

Fig. 6 The frequency of ASHS-LIA increases with age after age 30
years. Patients were divided into seven subgroups by age in
decades. The percentage of eyes with ASHS-LIA increased markedly
with aging. No ASHS-LIA was observed in the age group of ≤30. The
percentage of eyes with ASHS-LIA were 1.4%, 4.8%, 23.1%, 49.3%,
45.1% and 64.7% respectively in the age groups of 31–40, 41–50,
51–60, 61–70, 71–80 and 81–90. Data are replotted from Chen et al.
Clin Exp Ophthalmol 2018 [14].
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frequently had bilateral lesions, and less frequently showed
choroidal vascular hyperpermeability (CVH), another important
imaging feature in patients with PCV [48] or central serous
chorioretinopathy [49]. Previous studies revealed that CVH might
be associated with the occurrence of PCV and the treatment
response to intravitreal injections of anti-VEGF but with incon-
sistent outcomes [48, 50, 51]. Our study indicated that ASHS-LIA
might be an important precursor lesion of PCV and might confer a
risk of bilateral involvement. We speculated that ASHS-LIA might
represent a pathway in PCV pathogenesis differ from CVH [9]. Our
findings shed light on why drusen were not so common in PCV
patients as in typical AMD patients, and why the onset age of PCV
patients were younger than typical AMD patients.

WHAT DOES ASHS-LIA REPRESENT?
Based on our own findings, knowledge from previous pathology
studies, and results of the experimental studies above, we speculate
that ASHS-LIA represents neutral lipid accumulation in all its forms,
i.e., within BrM, pre-BLinD, and BLinD, thus representing the total
burden of lipoprotein accumulation over adulthood that culminates
in soft drusen in AMD. The main reasons are that: 1. Both ASHS-LIA
and lipoproteins rich in esterified cholesterol accumulate in older
adults; 2. Both ASHS-LIA and lipid deposition start under the macula;
3. ASHS-LIA shares hypofluorescence with soft drusen, known to be
physically continuous with pre-BLinD/BLinD. 4. Neither ASHS-LIA nor

pre-BLinD/ BLinD are visible by multimodal imaging anchored on
current OCT.
With sensitive histochemistry lipid may be detectable within

BrM as early as the third decade of life [52–54], close to earliest
age of ASHS-LIA visibility [14]. Lipid deposition in BrM is sevenfold
higher in the macular region than in the periphery [55]. Pre-BLinD
between the RPE-BL and the ICL of BrM forms in normal eyes >60
years of age [18, 54, 56]. BLinD was first described as membranous
debris due to an appearance of coiled membranes by electron
microscopy [10, 21, 57]. However, lipid-preserving ultrastructural
techniques demonstrated BLinD as a thin, tightly packed layer
(0.4–2 µm) of lipoprotein-derived debris containing neutral lipids
[20, 58]. Since the axial resolution of current SD-OCT is about 5 µm,
BLinD cannot be detected clinically. Our recent study [59]
confirmed with direct clinicopathologic correlation that soft
drusen could be detected by OCT-based multimodal imaging,
but BLinD could not (Fig. 8A–C). Accordingly, ASHS-LIA is invisible
on OCT-based multimodal imaging [14]. BLinD and soft drusen are
diffuse and focal deposits, respectively, of the same material,
located in precisely the same plane (Fig. 8D, E). Therefore, BLinD
should share hypofluorescence with soft drusen in ICGA (Fig. 7A).
A model for the evolution of ASHS-LIA is presented in Fig. 9. After

systemic injection, ICG dye is extravasated into the choroidal stroma,
penetrating BrM, and accumulating within RPE over time [38, 40]. ICG
dye is water-soluble and binds preferentially to phospholipid over
hydrophobic neutral lipid such as esterified cholesterol [15]. In healthy

Fig. 7 The distribution relationship of ASHS-LIA and soft & hard drusen. A, B The right eye from a 78-year-old man with PCV in his left eye
(not shown). A Late phase ICGA showed that soft drusen presented as dense hypofluorescence in the macular region (yellow arrowhead), and
ASHS-LIA were present in its surround (green arrowhead). B SD-OCT at green arrow in (A) showed drusenoid pigment epithelium detachment
corresponding to the soft drusen. B1 Magnified SD-OCT image showed the yellow frame region in (B). sd, soft drusen. C, D The right eye from
a 66-year-old woman with PCV in her left eye (not shown). C Late phase ICGA showed ASHS-LIA (green arrowhead) throughout the posterior
pole, with remarkable confluence (asterisk). Hard drusen presented as hyperfluorescent spots (teal arrowhead) and were located outside the
ASHS-LIA. D SD-OCT at green arrow in (C) showed focal high reflective deposits underneath the RPE, corresponding to the hyperfluorescent
spots in (C). D1 Magnified SD-OCT image (the teal frame region in D) showed the high reflective deposits elevated the RPE and the myoid
zone (teal arrowheads).
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young adults, ICG dye passes through BrM and is taken up by the RPE
(Fig. 9A) resulting in a homogeneous background fluorescence in late
phase ICGA (Fig. 9a). With aging, lipids in BrM impede ICG dye
through BrM to reach the RPE (Fig. 9B) and present as hypofluor-
escent spots in late phase ICGA (Fig. 9b). As lipids become confluent
as pre-BLinD and BLinD (Fig. 9C), confluent hypofluorescence is
observed in late phase ICGA (Fig. 9c). Soft drusen are thicker deposits
of the same material as BLinD (Fig. 9D), blocking more ICG passage to
RPE, and presenting as more hypofluorescent than preceding stages
(Fig. 9d).
Differential staining of drusen by angiographic dye was suggested

by Pauliekhoff et al. [60]. Hard drusen were located outside the ASHS-
LIA and presented as hyperfluorescence in late phase ICGA. Hard
drusen also contain lipoproteins but at a much lower concentration
than soft drusen [61]. Thus, hard drusen may manifest as hyperfluor-
escence in late phase ICGA due to either higher proportion of
phospholipids binding more ICG dye, more ICG reaching the RPE due
to lower neutral lipid content, or both. These two effects cannot be
distinguished at this time.

BLIND AND PRE-BLIND—CONFERRING UNDETECTED RISK FOR
AMD PROGRESSION
BLinD is a thin layer of soft drusen material, in the same compartment
as drusen [62]. Previous studies based on histopathology indicated

that together BLinD and soft drusen comprised an “Oil Spill” on aging
BrM [18, 52] and AMD’s specific deposits. Since BLinD was thought to
be undetectable in vivo based on current multimodal imaging
technology, our understanding of its clinical significance is limited.
By high-resolution light-microscopic histology and clinicopatho-

logic correlation, we demonstrated that BLinD covered more
fundus area than soft drusen, invisibly increasing progression risk
[63]. In brief, categories of the sub-RPE-BL lipid including soft
drusen, BLinD, pre-BLinD and no lipid were detected in two eyes
from one patient (Fig. 10A–E). The percentage of BrM covered by
these lipid forms was determined (Fig. 10F). In the right and left
eyes, respectively, Drusen+ BLinD, together comprising high-risk
lesions, accounts for 60–61% of the total area of histologically
detectable lipid. Clinically invisible BLinD+ pre-BLinD account for
65–72% of this area. Drusen account for only 14–21%. Thus, the
area of BLinD was 1.9–3.4 times larger than the drusen area.
Figure 11 shows the continuity of BLinD and soft drusen with

type 1 MNV and exudation [59]. In the sub-RPE-BL space of one
continuous histologic section (Fig. 11A, B), four elements were
seen: BLinD, a small soft druse (Fig. 11C), fluid (Fig. 11D), and MNV
of choroidal origin breaching BrM (Fig. 11E). This is powerful and
direct evidence of the role that soft druse material plays in the
AMD progression. In another clinicopathologic correlation, we
demonstrated that type 1 MNV broke through BrM and invaded
the sub-RPE-BL space containing BLinD and soft drusen [4].

Fig. 8 BLinD and soft drusen are diffuse and focal deposits of the same lipoprotein-derived debris located in the same plane [59].
A–C Soft drusen are visible in OCT-based multimodal imaging (yellow arrowheads), basal linear deposit is not. A Color fundus photograph
shows yellowish drusen in the macular region especially inferior temporal to the fovea. B Red-free image shows drusen clearly. C SD-OCT B-
scan at green arrow in (A) shows several RPE elevations with a medium and homogeneous internal hyperreflectivity representing soft drusen.
D Corresponding histologic image shows soft drusen (yellow arrowheads) that correspond well with the B-scan. Green frame shows a region
magnified in (E). Retina is artifactually detached at the inner segment myoids (bacillary layer detachment). E Three soft drusen with finely
granular, lightly osmophilic contents (d) are continuous with BLinD (red arrowheads) containing the same material, both underneath the RPE.
Sixty-nine-year-old white old man with early age-related macular degeneration.
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Fig. 9 Proposal of correlation between ASHS-LIA and BLinD. A Normal structure of the RPE, BrM, and choroidal capillaries (CC). Five layers of
connective tissue are visible: basal lamina of the RPE (RPE-BL); inner collagenous layer (ICL); elastic layer (EL); outer collagenous layer (OCL);
and basal lamina of the choriocapillaris endothelium (CC-BL). Under normal conditions, ICG dye could extravasate into the choroidal stroma,
pass through BrM and eventually be taken up by the RPE. Therefore, homogeneous background fluorescence is observed in late phase ICGA
(a). B With aging, the BLinD (dark yellow) formed between the ICL of BrM and the RPE basal lamina, containing mainly neutral lipids, could
reduce ICG dye through BrM into the RPE. Hence, hypofluorescence is observed (b). Blue material represents the BLamD. C BLinD could be
confluent and further reduced ICG dye through BrM into the RPE. Therefore, confluent hypofluorescence is observed (c). D Both soft drusen
and the BLinD is located in precisely the same sub-RPE space and contain mainly neutral lipids. Soft drusen could impede ICG dye through
BrM into the RPE to a higher degree than BLinD because of thicker deposits. Hence, soft drusen present as dense hypofluorescence in late
phase ICGA.

Fig. 10 Distribution of sub-RPE-BL lipid in early AMD eye [63]. A A panoramic view of a section showing categories of the sub-RPE-BL lipid.
Black dashed frames are magnified in (B–E). B No sub-RPE-BL lipid. C Pre- BLinD is a flat layer of finely granular material in gray (green
arrowheads). D Basal linear deposit is an undulating layer of the same extracellular material as in soft drusen (yellow arrowheads), usually
continuous with pre-BLinD. E Soft drusen are lump version of the same extracellular material, usually continuous with BLinD. F Sub-RPE-BL
lipid distribution in fellow eyes. AMD age-related macular degeneration, BL basal lamina, BLinD basal linear deposit, BLamD basal laminar
deposit, Ch choroid, ChC choriocapillaris, d drusen, OS outer segment. All lipid, drusen+ BLinD+ pre-BLinD. Scale bar in (B) applies to (B–E).
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Interestingly in the index case, BLinD and soft drusen was either
removed or replaced by the invading type 1 MNV. The neovascular
membrane supported outer retina structure and good vision
during 9 years of follow-up. Type 1 MNV commonly causes
exudation and vision loss in AMD progression [64]. In a significant
minority of patients, however, type 1 MNV is beneficial, as in our
case, and might be detected with OCT angiography [65].

DISCUSSION AND OUTLOOK
To contextualize ASHS-LIA, we summarize in the Table 1 angio-
graphic characteristics of different drusen subtypes in AMD. The
Table shows that drusen with weak or absent ICG signal are also
drusen most clearly associated with AMD progression.
Gaps in our understanding of ASHS-LIA can be addressed by

future research, using standardized imaging conditions and
confocal scanning laser ophthalmoscopy for ICGA. One objective
is to refine the stages of ASHS-LIA using regional distribution, spot
size, degree of confluence, and patient age to determine if ASHS-
LIA reflects the progression sequence of drusen known from
tissue-level studies. Another is to close the conceptual gap
between tissue-level studies in European-descent populations
with imaging studies from Asian populations with high prevalence
of PCV. A third is to investigate the relationship between
pachydrusen (solitary drusen with irregular contours) [66, 67],
also seen in Asian populations, and ASHS-LIA. A fourth objective is
to learn the genetic associations of ASHS-LIA.
To conclude, good evidence supports the hypothesis that ASHS-

LIA represents exclusion of a dye that does not bind the principal
hydrophobic lipids in BrM and does not gain access to the RPE. It
is in the right place and exhibits the right population associations
over time to represent the spectrum of age- and AMD-related

lipoprotein deposition as learned from tissue-level studies. It has
potentially important clinical significance in making it possible to
observe the progression of neutral lipid accumulation in BrM
in vivo. As a possible risk factor for PCV, ASHS-LIA might help
investigations into the pathogenesis of this prevalent disease. Use
of ASHS-LIA to image lipid load in individual patients may help
resolve long-standing questions about the role of drusen in AMD.
While soft drusen material in the form of BLinD could not be
appreciated clinically in populations vulnerable to PCV, drusen
could be downplayed as important for AMD progression. For the
same reason of few apparent drusen, the place of PCV in AMD
spectrum could be questioned; perhaps these patients have
abundant BLinD instead. ASHS-LIA also might help identify
patients at risk for progression, by virtue of having a substantial
lipid load. This information is valuable to clinical trials for therapies
targeting early or intermediate AMD.

Fig. 11 Continuity of basal linear deposit and soft drusen with type 1 neovascularization and exudation [59]. A Panoramic view of a
section that passes through the edge of the foveal floor, judging from the rod-free zone and single row of ganglion cell bodies. Teal frame
shows a region magnified in (B). B One continuous compartment contains BLinD and soft druse (frame C), fluid (frame D), and type 1
neovascularization (frame E), magnified in (C–E), respectively. C Druse continuous with BLinD (yellow arrowheads) and fringe of BLinD persists
at a site of artifactual separation of BLamD from the inner collagenous layer of BrM. Yellow asterisk, basal mound. D Fluid in the same sub-RPE-
basal lamina compartment (fuchsia arrowheads). E Choroidal neovessels with patent lumens (fuchsia asterisks) pass through a break in BrM
(orange arrowheads), accompanied by pericytes (teal arrowheads) and fibrous material. An 81-year-old female donor. INL inner nuclear layer.
Green arrowheads, ELM external limiting membrane. Scale bar in (D) applies to (C and D).

Table 1. Summary of angiographic characteristics of drusen subtypes.

FA ICGA

Hard drusena + +

Soft drusena − −

Cuticular drusenb + +/−

Large drusen associated with cuticularb + −

ASHS-LIA (studies in this review) Undetectable −

FA Fluorescein angiogram, ICGA Indocyanine green angiogram.
+, increased signal; − reduced signal; +/−, weak or fading with time.
aData reported in study by Arnold JJ et al. Am J Ophthalmol 1997 [12] and
Sarks et al. Eye (Lond) 1994 [68].
bBalaratnasingam et al. Ophthalmology 2018 [69].
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