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Abstract
The pachychoroid disease spectrum encompasses seven major retinal conditions including central serous chorioretinopathy
(CSC), polypoidal choroidal vasculopathy (PCV), and pachychoroid neovasculopathy or type I macular neovascularisation
(MNV) secondary to chronic persistent thickening and dysfunction of the choroidal vasculature. Drusen are focal yellow-white
deposits of extracellular debris, which consist of complement proteins, esterified and nonesterified cholesterol, apolipoproteins,
carbohydrates, and trace elements, above the retinal pigment epithelium (RPE) or between the RPE and Bruch’s membrane.
Although drusen are an essential disease precursor of advanced age-related macular degeneration (AMD), a new entity
“pachydrusen” has been identified to be associated with some of the enitites that constitute the pachychoroid spectrum. It remains
to be determined what the exact differences are between soft drusen, pseudodrusen, and pachydrusen in terms of phenotype,
genotype, and pathogenesis. Improving our knowledge in these areas will inevitably improve our understanding of their clinical
significance especially as in disease prediction in AMD and the pachychroid spectrum disorders. It remains controversial
whether PCV is a subtype of AMD. Understanding the pathogenesis of different types of drusen may also help in addressing if
phenotype and/or genotype of type 1 MNV associated with pachychoroid are similar to type 1 MNV related to AMD.
Furthermore, because pachydrusen links two pachychoroid diseases, CSC and PCV, it is also of great interest to investigate if
CSC is an early stage or a predictor of PCV in future research. In this review, we share our experience in clinical practice and the
latest published evidence-based literature to emphasize the differences and similarities in morphology, pathogenesis, and clinical
significance of drusen and pachydrusen, a new member of the pachychoroid spectrum disorders.

Introduction

The association between various drusen characteristics
and the occurrence and progression of age-related macular
degeneration (AMD) has been an area of research atten-
tion over the past three decades. In recent 5 years, the
concept of pachychoroid disease spectrum (PCD) has
been widely accepted since it was first proposed by David
and colleagues in 2013 [1, 2] with the advent of optical
coherence tomography (OCT). Since then, the spectrum

has diversified to include seven major diseases, including
central serous chorioretinopathy (CSC), pachychoroid
pigment epitheliopathy (PPE), pachychoroid neovasculo-
pathy (PNV), polypoidal choroidal vasculopathy (PCV)/
aneurysmal type 1 neovascularization, focal choroidal
excavation, and peripapillary pachychoroid syndrome.
However, it is unclear whether PCD and AMD are the
manifestations of the same condition or whether they are
parallel diseases with some common features.

While drusen is thought to be diagnostic of AMD, the
entity pachydrusen was recently coined by Rick Spaide in
2018 to describe drusenoid lesions, large size of >125 μm and
solitary, in the context of a thickened choroid and distinct
from the typical soft drusen of AMD [3]. Similar lesions have
also been described by Bailey Freund as early as 2014 [4].
Both AMD and PCD are associated with yellow deposits in
the fundus. The presence of reticular pseudodrusen or sub-
retinal drusenoid deposits (SDDs) have added more com-
plexity to the course of AMD and is usually associated with
normal or thin choroid. Typical AMD-related drusen may be
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present in eyes with normal, thick, or thin choroid has been
also observed. Thus, the correlation between drusen and PCD,
especially with PCV and CSC, has become a new area of
clinical and basic research.

In this review, Pubmed/MEDLINE, Springerlink, the
Cochrane Library, Google Scholar, and EMbase Medline
database engines were searched to retrieve English articles
up to December 2019 with the terms “drusen”, “pachy-
drusen”, “pseudodrusen”, “pachychoroid spectrum”. The
search was limited to “epidemiology” or “risk factors” or
“pathogenesis”; or “imaging” or “trial” or “randomized”
in order to mainly focus on the findings of more recent
articles including randomized clinical trials, cohort study,
meta-analyses, and reviews in the past decade.

Discovery, classification, and morphology

Understanding the pathway to discovery, morphology, and
classification of drusen may help to further understand the
clinical significance of different types of drusen (especially
pachydrusen) and their predictive role in the development of
diverse macular diseases (e.g., does the relative presence of
drusen and pachydrusen in the fundus signify different
phenotypes of AMD and PCV).

Discovery of various extracellular deposits

The yellow-white punctate deposits of drusen were first
described and termed as “Colloidkugeln” (colloidal ball)
in 1855 by Donders based on the pathological findings
[5]. Anatomische further defined it “geode” [6] based on
their yellow and shiny appearance under fundus oph-
thalmoscopy (German plural, meaning nodular-like yel-
low crystal extracellular debris inside the cavity; drusen in
English). The Age-Related Eye Disease Study (AREDS)
group classified drusen into three categories: hard, soft,
and calcium according to the morphology and location
based on the stereo color images. Drusen were further
quantified by their location and size from C-0 to C-2
categories: C-0 [1/24 optic disc diameter, optic diameter
(ODD)], C-1 (1/12 ODD), and C-2 (1/6 ODD) (corre-
sponding to 63, 125, and 250 μm, respectively) as the
standard circles. The morphology including the density,
the edge, and/or the thickness of drusen can also be
described on the fundus image.

In the early 20th century, subretinal extracellular dru-
senoid deposits were discovered, originally termed as
“reticular pseudodrusen.” They were first reported in 1990
by Mimoun et al. [7]. It was described as “pseudodrusen
visible en lumière bleue (in French)” to define a new
entity of deposits with diameter >125 μm with enhanced
visibility in blue light [8]. Armold et al. defined these

deposits as “reticular drusen” due to their pattern of
“yellow interlacing network of 125–250 μm wide
appearing first in the superior outer macula and then
extending circumferentially and beyond” [9]. The term
“reticular drusen” or “reticular pseudodrusen” were then
used in several prospective cohort studies, including
Beaver Dam Study [10], Blue Mountains Eye Study, and
Melbourne Collaborative Cohort studies [11, 12]. The
Wisconsin Age-Related Maculopathy Grading System
[13], applied the term “reticular drusen”, which was also
utilized for the Beaver Dam study [14], and AREDS [15–
17] to describe a group of drusen, which were initially
thought to originate external to the retinal pigment epi-
thelium (RPE), resembling typical drusen. In recent years,
based on the evolving multimodal imaging platform,
especially OCT, it was confirmed that these extracelluar
accumulations of material are located internal to the RPE,
that is, subretinal rather than the sub-RPE and so is now
more commonly addressed as SDD [16, 18–21]. They
have been reported in both AMD and PCD [22]. Based on
multimodal imaging [color fundus images, near-infrared
scanning laser ophthalmoscopic image, auto-fluorescence,
and enhanced depth imaging OCT], Spaide and Curcio
confirmed the location of three extracellular lesions, i.e.,
soft drusen, cuticular drusen, and SDDs in keeping with
their histological location [23].

The entity “pachydrusen” was recognized only about 5
years ago. Deep phenotyping of retinal and choroidal
diseases is made possible by the rapid recent innovation of
fundus imaging system, especially OCT (significant
improvements in both hardware and software cap-
abilities). Swept source OCT (SS-OCT), a new generation
OCT with higher speed and longer wavelength sig-
nificantly improved the visualization of the retinal
microvasculature and choriocapillaris and has helped us to
understand the phenotype of PCD. By using multimodal
imaging platform, pachydrusen are confirmed to be loca-
ted in the posterior pole, beneath the RPE and described
as isolated or scattered yellow-white deposits with well-
defined boundary. Pachydrusen are found to be associated
with thick subfoveal choroid by SS-OCT, further con-
firming that pachydrusen are a new entity distinct from
soft drusen [1]. Subsequently the predictive role of
pachydruen in disease progression has been established
from nine publications from 2018 to 2020, confirming that
pachydrusen are a precursor of PCV [24–32] and seven
with CSC [27, 30, 33–36]. Pachydrusen are included as
member of PCD spectrum because they are associated
with common PCD features including reduced choroidal
vascular markings in fundus and small pigment epithe-
lium detachments due to the drusenoid RPE changes. The
diagnostic criteria for PCD are mainly based on the
changes in the structure and function of choroid, including
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(1) increased choroidal thickness; (2) hypertrophy and
dilatation of choroid vessels in the Haller layer; (3)
hyperperfusion choroidal venous (hyperpermeability as
detected by ICGA or dilated choroidal vessels as evi-
denced by en face OCT or OCTA); and (4) choroidal
capillary atrophy and thinning of the vascular layer [37].
These pathological changes are characterized by chronic
persistent choroidal thickening and choroidal dysfunction,
unlike soft drusen, which is presumably a result of pri-
mary RPE-Bruch’s membrane (BrM) abnormality. In
contrast to both these yellow deposits, SDDs are located
internal to the RPE and are associated with thin choroid.
The multimodality imaging of soft drusen, reticular
pseudodrusen, and pachydrusen is shown in Figs. 1–4.

Classification and prevalence of different
extracellular deposits

The incidence of different types of extracellular deposits in
AMD is variable, mainly due to the different techniques
used to define the various subtypes of extracellular material

in the outer retina and the age groups of the populations
enrolled in different cohort studies. The Beaver Dam off-
spring study showed that the incidence of drusen is 63.3%
of eyes in the cohort aged between 21 and 84 years. The
frequency of drusen increased with age. The drusen >125
µm is presented in 0.6% of people aged between 21 and 34
years, but 9.2% in those aged ≥65 years [38]. The occa-
sional drusen detected among young people (age <18 years)
are binocular. In Caucasians aged between 18 and 54 years,
91.48% of all gradable eyes had drusen within the central
macular, drusen sized <31.5 µm presented in 89.7% of eyes,
>31.5 and <63 µm in 45.9% of eyes, and >63 and <125 µm
in 1.7% of eyes [39]. Other large-scale epidemiological
cross-sectional studies based on fundus photography, e.g.,
the Chesapeake Bay study [40] (USA), the Rotterdam study
(USA) [41], the Beaver Dam study [42] (USA), and Blue
Mountain Eye study (Australia) [41] confirmed that the
proportion of one or more drusen found in the fundus was
95.5–98.8% in older population. The hard drusen with a
diameter <63 μm are the most common type in all ages and
gender.

Fig. 1 Fundus imaging
of the drusen subtypes.
A Pseudodrusen, B soft
drusen, C pachydrusen.

Fig. 2 Multimodality imaging
of soft drusen. A A color
fundus photography shows
(black arrows) that the soft
drusen appear as blurred
boundary in the posterior pole
with gradually reduced density
from the center to the periphery
of the retina. B OCT B scan
shows (orange arrows) several
semispherical elevation of
retinal pigment epithelim, the
subfoveal thickness of the
choroid is 141 μm. C Hyper-
autoflorecence spots are detected
correspondence with the
findings of color fundus and
infrared images (D) (orange
arrows). OCT optical coherent
tomography.
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The prevalence of pseudodrusen is reported to be
0.41–1.95% and 3.0–4.0% detected by color fundus pho-
tography, which is much lower than the Rotterdam study
(5%) that utilize both color fundus photography and near-
infrared reflectance to confirm these lesions [43]. The pre-
valence is even higher (13.4–32%) when multimodal ima-
ging platform is used for diagnose [44, 45]. In addition,
there appears to be racial predisposition in the incidence of
pseudodrusen, with these deposit being more prevalent in
older Caucasians and most cases are bilateral [46–48],
compared to Asian populations [46].

The prevalence of pachydrusen is 11.7% in a Cauca-
sians cohort reported by Spaide, the mean subfoveal
choroidal thickness (SFCT) was 419 µm [49], while in an
Indian cohort, the prevalence of pachydrusen is 8.4%
with the mean SFCT 289.66 µm [50]. In 2016, in an
observational study on genotyping of AMD, the authors
categorized 201 individuals into four groups: (1) neo-
vascular AMD with presence of drusen, (2) PNV with
type 1 choroidal neovascularisation, (3) thick choroid
and absence or minimal presence of typical AMD dru-
sen, and (4) absence of pachychoroid, whereas AMD or

A
B

Fig. 3 Reticular pseudodrusen. A Reticular pseudodrusen are
visualized as uniformly round deposits under blue light in the posterior
pole (red cirle). B OCT B scan shows that reticular pseudodrusen, the
extracelluar accumulations of material are located internal to the RPE,

that is, subretinal rather than the sub-RPE and so is now more com-
monly addressed as subretinal drusenoid deposits (orange arrows).
RPE retinal pigment epithelim. OCT optical coherent tomography.

480um

A B

C

D

Fig. 4 Multimodality imaging of pachydrusen. A Color fundus
photo showed yellowish scattered deposits in the posterior pole of the
right eye (red circle and blue arrows). B Hyper-autoflorecence spots
are detected correspondence with the findings of color fundus photo
(red circle and blue arrows) in the same eye. C OCT B scan shows
several high reflective deposits sub-RPE correspondent to the location

with color fundus (blue arrows), the thickness under drusen and
beneath the fovea is much higher than the normal eyes. D Pachydrusen
are showed by en face OCT correspondence the location with color
fundus photo of the same eye (blue arrows). RPE retinal pigment
epithelim, OCT optical coherent tomography.
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neovascularisation that served as the control group. Such
study demonstrated that although individuals with PNV
presented at a younger age compared to typical neovas-
cular AMD, they shared several common risk alleles. On
the contrary, the individuals with pachychoroid without
neovasculopathy were of similar genetic disposition to
the control group [51]. In 2017, with the advancement
and development of OCT, Spaide [49] further investi-
gated this specific group of PCD and observed that these
eyes presented with drusen of size >125 μm in diameter
but were distinctive from soft drusen in appearance,
location, and aggregation; these lesions were termed as
choroid-associated drusen or pachydrusen, which will be
discussed below. The prevalence of pachydrusen in the
treatment-naïve PCV is 70% reported by Lee and Byeon
[24].

Morphology of extracellular deposits

Soft drusen usually appear as blurred boundary with gra-
dually reduced density from the center to the periphery of
the retina. The drusen that are not as solid, thick, nodular
appearance are named hard drusen. Calcified drusen are
defined as such when their surface is covered with white or
shiny substance, which indicates calcium deposition [52].
They are predominantly seen in the posterior pole of the
fundus. Pseudodrusen are yellow-white, uniformly round
and such visibility could be enhanced in blue light.
Pachydrusen often have a uniform appearance, they present
as solitary, clustered, or isolated yellow-white deposits with
a well-defined boundary.

Hard drusen is considered to be part of the normal aging
process. A large number of soft drusen and retinal pigment
abnormalities are well recognized as precursors for
advanced AMD [53]. However, this field of research is
evolving exponentially. For example, by using multimodal
clinical imaging platform, hyporeflective internal reflectiv-
ity of drusen was found to be associated with disease pro-
gression in AMD in a retrospective cohort study (>100
patients), and a mineralomics analysis identified the com-
position in a small number of eyes shown to have this OCT
phenotype [54]. On fundus photography, reticular pseudo-
drusen exist in only about 7–8% of patients with any types
of AMD, but about 21% geography (GA) of AMD eyes
have pseudodrusen [18, 55]. Pseudodrusen and soft drusen
co-exist in patients with AMD and they have an initial
predilection for the superior temporal part of the posterior
pole and they disappear faster than soft drusen and their
disappearance is often associated with outer retinal atrophy
[56]. Despite different phenotypic presentations, both reti-
cular pseudodrusen or SDD and soft drusen share several
non-ocular risk factors e.g., older age [10, 57, 58], female
[57], smoking [10], and higher body index [12], suggesting

a strong correlation between pseudodrusen and AMD [8].
Although there are limited reports on the course of pachy-
drusen, a recent literature showed that pachychoroid is
linked to the development of MNV, especially type 2 and 3
MNV and geographical atrophy [56].

Histopathology

There is comparatively very scanty literature on histo-
pathology of pseudodrusen and pachydrusen compared to
drusen. Therefore, a review of histopathology of drusen
may open up avenues of research comparing these extra-
cellular deposits, which may provide insights into the var-
ious phenotypic presentations.

Age-related dysfunction of the RPE-BrM-choroid com-
plex, together with inflammation, immune reaction,
impaired cholesterol metabolism, and changes in extra-
cellular matrix (ECM) are all considered as risk factors for
the formation drusen and play a major role in its develop-
ment and progression of AMD. Primary dysfunction of the
RPE itself is also a critical primary pathologic feature in
AMD (Fig. 5). RPE secretes proteins that are toxic to the
outer retina and has a regulatory effect on the function of
the BrM [59].

The BrM, the innermost layer of the choroid, is a unique
pentalaminar structure and specific ECM located between
the RPE and the fenestrated choroicapillaris. According to
the classification of Hogan in the 1960s [60], BrM com-
poses of distinct five layers (from inside to outside): the
basement membrane of the RPE, the inner collagenous layer
(ICL), the elastic layer (EL), the outer collagenous layer
(OCL), and the choriocapillaris endothelium basement
membrane. This anatomical compartmentalization is vitally
important for the function of BrM, reinforcing why BrM is
one of the focal points for local and systemic risk factors for
initial stages of AMD [61]. Gass and Sarks both recom-
mended a 3-layer BrM (ICL, EL, OCL) to best understand
AMD pathology [62, 63]. Referred to as an “optical
biopsy,” OCT imaging has good correspondence with the
histological slides. So to a certain extent, the OCT man-
esfications of the outer retina can illustrate the pathogenic
process of drusen formation. Histopathological studies
found that normal photoreceptor cells are organized and
neatly arranged, and the outer segments of photoreceptor
cells are closely attached to the RPE. These are mirrored as
the ellipsoid layer on OCT. BrM present as uniform
thickness and is challenging to be detected easily even
under the highest resolution of OCT because of its tight
binding to RPE. In the early AMD eyes, the photoreceptor
cells are irregularly arranged and disordered, and the RPE
and BrM are distorted due to the presence of drusen. Under
the pathological conditions, such as RPE detachment, BrM
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separates from RPE and is more easily observed on OCT
B scan.

Although extracellular deposits external to the RPE
increases with age, drusen, the extracellular deposits are
typically associated with AMD. These deposits on the
basement membrane can be classified into two broad cate-
gories based on the pathological characteristics. The
deposits on BrM and between BrM and RPE are defined as
a basal linear deposit (BLinD) and basal laminar deposit
(BLamD), respectively. Green and Enger have proposed
that BLamD and BLinD pose two dinstinct characteristics
and positions relative to the RPE basal lamina (RPE-BL)
[64, 65]. BLamD is a critical phenotype in animal models
and commonly used to study dry AMD [64]. BLamD is
located between the RPE and RPE-BL, which contains of

fibrous long-spacing collagen and can also be detected in
the equatorial and peripheral regions of the retina [66]. On
the other hand, BLinD is located between the RPE-BL and
the ICL (i.e., external to the BLinD as encapsulated or
unencapsulated membranous vesicle material localized in
the inner colloidal layer of the BrM) [65, 67]. It consists of
membranous debris, which is also found in soft drusen
[65, 68]. BLinD, BLamD, and drusen contain ECM pro-
teins, complement components, complement regulatory
proteins, and inflammatory cytokines. These ECM proteins
are also found in the deposits in the RPE layer [65]. The
pathogical process of formation of BLinD, BLamD, and
soft drusen is summazied in Figs. 6 and 7.

Most of the published work on drusen composition are
based on drusen seen on color fundus photography that are

A B

C

Fig. 5 The RPE-BrM-choroid complex. A In the normal eye (OCT B
scan of right eye of a 66 years female, Plex Elite Zeiss) the BrM
presented a uniform thickness and could not be detected easily even
under the highest resolution of OCT because of its tight binding to
RPE. B A 65 male complained gradual visual lose on his right eye for
2 years. The visual acuity of the eye is 20/60. On OCT examination,

BrM separated from RPE (RPED) and could be visualized by OCT B
scan (red arrows). C A 35 years male complained gradual visual lose
and distortion on his left eye for 1 month. The visual acuity of the eye
is 20/50. On OCT examination, BrM separated from RPE (RPED) and
could be visualized by OCT B scan (red arrows). BrM Bruch mem-
brane, RPED retinal pigment epithelium detachment.

A B

C D

E

Fig. 6 Dysfunction of the RPE-BrM-choroid complex and forma-
tion of drusen. A The BrM presented a uniform thickness in the
normal eye. B The deposits on the basement membrane can be clas-
sified into two broad categories based on the pathological character-
istics: basal linear deposits (BLimD, the deposits on BrM). C The
deposits within the membrane is defined as basal laminal deposits

(BLamD) (arrows). D Due to the accumulation of pathogenic proteins
in BLmD and BLinD, the functional decompensation of the RPE-
BrM-choroid complex might induce the drusen formation. E Neova-
suclarization as a consequence of drusen formation (arrows). BrM
Bruch membrane, RPE retinal pigment epithelium.
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highly concentrated in the central macula [69, 70]. One
body of work that did focus on macula drusen found high
concentration of lipids and evidence for expression of
lipoprotein- and cholesterol-handling genes. Further, when
considering the role of oxidative stress in AMD, a photo-
toxicity model is ideal although this has never borne out in
epidemiology [71, 72] and does not account for any of the
high-risk AMD biomarkers. In contrast, good evidence
supports that soft drusen and SDDs relate topographically to
cone and rod photoreceptors, respectively, implicating
constitutive local mechanisms such as lipid transfer in
deposit formation. In summary, based on histopathological
findings, AMD is definitely a complex condition with
interplay of multiple mechanisms including inflammation
and immune response, abnormalities in intracellular trans-
port mechanisms, BrM thickening, and dysfunction, as well
as decompensation of the RPE function, and atherosclerosis
of choroidal capillaries. These pathological factors con-
tribute to the formation of BLmD and BLinD (the same
material as soft drusen). Such pathological changes may
cause functional decompensation of the RPE-Bruch mem-
brane-choroid complex in different ways, leading to
development of drusen formation/choroidal neovascular-
ization or polyps [73] (Table 1).

Histopathological studies also revealed that the nodular
drusen present as extracellular eosinophilic dome-shaped
deposit [23]. Drusen material are strongly positive for per-
iodic acid–Schiff staining, which indicates that high pro-
portion of carbohydrate macromolecules (glycogen,
glycoprotein, proteoglycans). The dense reaction of Ta
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Fig. 7 Hypotheses on the pathogenesis and formation of drusen.
Oxidative stress, inflammation, immunity response, cell and cell
interaction, cell and cell-matrix adhesion, trigger the intracellular
transport mechanism, inducing BrM thickening and dysfunction,
decompensation of the RPE function, thickening of BrM, and ather-
osclerosis of choroidal capillaries. These pathological factors led to the
formation of subretinal deposits, BLmD, BLinD, and sub-RPE
deposits. Due to the accumulation of pathogenic proteins in BLamD
and BLinD, the functional decompensation of the RPE-Bruch mem-
brane-choroid complex might induce the drusen formation/choroidal
neovascularization or polyps. RCT reverse cholesterol transport,
BLamD basal laminal deposit, BLinD basal linear deposit RPE-BrM-
choroid complex: retinal pigment epithelium-brunch membrane-chor-
oid complex.
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Periodic acid–Schiff stain in drusen also demonstrate the
presence of mucopolysaccharides.

Furthermore, with increased accumulation of calcium,
the basophilic staining gradually increases in drusen.
Refractile drusen that appear as glistening reflective dots in
the fundus correspond to heterogeneous internal reflectivity
of drusen on OCT, and is positively stained by Von Kossa
stain, indicating calcific granules or calcific stippling in the
calcified drusen [54]. As the accumulation of basal or
substrate linear deposits increases, local RPE detaches, and
soft or large drusen can be found either between the RPE
and its basement or outside the basement membrane of the
RPE [64]. The size and density of drusen may predict dis-
ease progression [74].

Several trace elements are also detected in drusen,
especially zinc [75, 76]. Zinc has a crucial role in normal
retinal homeostasis [76] by regulating enzymes involved in
the oxidative process [77]. Zinc supplements have been
widely accepted as anti-oxidative agents to protect or delay
the progression of AMD [22]. However, controversial opi-
nion believes that the zinc contributes to the development of
AMD. Based on the earlier findings that zinc contributes to
deposit formation in neurodegenerative diseases including
Alzheimer’s and Parkinson’s disease, Lengyel et al.
demonstrated that sub-RPE deposits in postmortem human
eye contain high level of zinc using a fluorescein-base probe
for zinc (Zinpyr-1) [78]. This finding is further confirmed
by detection of increased level of Zinc in the choroid with
age, and in BrM of individuals with AMD especially at the
macula [78]. The localization of zinc in AMD invites the
hypothesis that zinc may be an early and crucial marker for
drusen. Kuijk et al. reported that new and enhanced
fluorescein-based probes for zinc, such as ZPP-1, is more
effective than Zinpy-1 [79], suggesting that development of
more sensitive in-vivo probe could improve our under-
standing of the pathogenesis of drusen formation and
enhance research on the role of zinc in drusen formation and
the early clinical diagnosis of AMD [79].

The source of protein and lipids in drusen remains
unclear and might originate from both the RPE and choroid.
However, systemic contribution cannot be ruled out [78].
The elements of the complement cascade seem to play a
role in the pathogenesis of these extracellular deposits and
provide evidence that immune response is involved in the
occurrence and development of drusen [78]; for instance,
complement factor H, which plays a major role in the
pathogenesis of drusen, can effectively slow the progression
of AMD [78]. Drusen inhibit oxygen and nutrition diffusion
from choroid to RPE and photoreceptors as they are located
between the RPE and the choriocapillaries [80]. Other stu-
dies have also confirmed that drusen and RPE share the
same protein profiles such as ATP synthase subunit beta,
scavenger receptor B2, and retinol dehydrogenase 5, apoE,

apoB, complement component 9, clusterin and vitronectin
in human autopsy eyes [81–84].

The proteins in BrM include collagen I-VI, elastin,
basement membrane protein, glycosidic mucin, and nestin.
In addition to provide structural support, BrM plays an
integral role in maintainace of photoreceptor and chor-
oicapillaries metabolism through signal transduction and
filtration [85]. Recent studies have retained this focus on the
pathological changes in BrM and its role in the pathogenesis
of AMD and PCV [86]. Furthermore, a total of 20 proteins,
including the immune proteins, have been identified, sug-
gesting that the formation of drusen is associated with
inflammation and the immune response of RPE [87–89]. In
animal models, the expression level of EFEMP1, throm-
bospondin 1, milkfat globule-EGF factor 8, and collagen VI
proteins in the BrM was found to be elevated and associated
with the function of the ECM as assessed by the protein
quantification assay [90]. In 2002, it was identified 129
proteins in drusen in human specimens (18 normal eyes and
5 AMD eyes) by proteomics analysis [91]. The differen-
tially expressed proteins are tissue inhibitors of metallo-
proteinase 3, clusterin, vitronectin, serum albumin, and
crystallins as compared to normal human samples. Sixty
proteins were detected in the drusen of cynomolgus mon-
keys, of which, 50% were consistent with the protein in
human drusen [92]. The protein associated with oxidative
damage, carboxymethyllysine (confirmed activation of
downstream VEGF expression [93]), and advanced glyco-
sylation end products is also found in human [91]. To date,
there is no histochemistry and pathological evidence to
show if the component of pachydrusen is same or similar to
that of soft drusen [32].

Marked localized accumulation of neutral lipids that bind
Oil Red O that recognizes unsterifid cholesterol, esterified
cholesterol, trglycerides, and free acids in BrM, with age in
normal eyes, have been reported by several studies [94–97].
This pathological process increases the resistance of the
BrM, further decreasing vital exchange between the RPE
and chorriocapillaries [98, 99]. As a consequence of aging,
impaired cholesterol metabolism accelerates drusen patho-
genesis, this can be explained by multiple mechanisms: (1)
lipids are a major component of drusen, first discovered by
Wedl, Wolter, and Falls [100, 101] and have been con-
firmed by other researchers [95, 102]; (2) variants of
cholesterol-related genes (CETP, ABCA1, ABCG1, LIPC,
and APOE) have been identified to be correlated with the
pathogeneisis of AMD and drusen formation [103]; (3)
impaired cholesterol efflux (reverse cholesterol transport
pathway) due to aging accelerates tissue-specific macro-
phages-mediated inflammation and AMD progression
[82, 83, 104]; (4) dysfunction of RPE (also due to lipofuscin
accumulation and mitochondrial degeneration), thickening
of BrM, and atherosclerosis of choroidal capillaries are all
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the key contributors of drusen formation that are lipid-
mediated [81–83, 103, 105–107]; (5) the mechanism that
underlines macular involvement may also depend on the
neuroglial relations and xanthophyll delivery (together with
cholesterol) that correlate with drusen formation with aging,
as suggested by Curcio et al. [105]; and (6) in a soft drusen/
BLinD formation model, RPE-secreted apoB- or apoE-
containing lipoprotein is retained by a dysfunctional BrM,
forming oily layers on the BrM surface, with oxidation or
other modification to form BLinD [103].

Whilst there is significant evidence of the composition of
drusen, there are less reports on reticular pseudodrusen or
SDD. Zweifel graded these SDD internal to the RPE, based
on SD-OCT, into four stages [108]. SDD and soft drusen
were likely to be found in AMD eyes with normal or thinner
choroid [49, 56, 109, 110]. Querques et al. found that fre-
quency of the stage of SDD changes over time, suggesting
that pseudodrusen are dynamic pathological structures and
associated with the occurrence and development of AMD
and outer retinal atrophy [8, 111]. Unlike traditional drusen,
pseudodrusen is more commonly associated with a
decreased sensitivity in abnormal microperimetry and
decreased dark adaptation [112]. However, the correlation
between pseudodrusen and retinal function needs to be
further evaluated. Several cohort studies have shown that
pseudodrusen are associated with GA and type 2 and 3
MNV, whereas pachydrusen is associated with type I MNV
and PCV [109]. Frameshift mutation in the ARMS2 and the
complement factor H genes can be found in the eye with
and without SDD in AMD [8]. Moreover, SDD has been
shown as a risk factor for MNV (type 2 and 3) and GA.
Therefore, SDD is generally considered to be a predictor for
the occurrence and development of AMD.

The pathogenesis of pachydrusen has not been fully
elucidated, however, recent genetic studies have provided
evidence that PCD is different from drusen-driven AMD.
Some genetic studies showed that the risk frequency of
ARMS2 A69S is significantly lower in AMD patients with
pachychoid drusen than those patients with soft and pseu-
dodrusen [32, 99]. Furthermore, the risk allele in ARMS2
A69S is also found less commonly in AMD patients with
GA, which was diagnosed in 23% of the total study cohort
than in the patients with conventional GA, implying AMD
patients with pachychoid may have different clincial out-
come in comparison with those with normal thickness of
choroid [113]. A recent study has shown that CFH risk
alleles, the established gene associated with development
of the drusen and AMD, protect against pachychoroid
development and pachychorid drusen formation [114].
Pachydrusen is usually found to have RPE abnormalities
around the periphery, while large soft drusen may have
hyperpigmentation on the surface. Pachydrusen is also
found in dry AMD and correlated with thicker choroid and

higher choroidal vascularity index, but the correlation
between this clincial phenotype with the type 1 MNV in
neovascular AMD is not established [50]. Five major
PCDs, including PCV, CSC, PPE, and type 1 MNV, were
enrolled in 36 eyes with pachydrusen from 134 patients.
The morphology of the choroid was analyzed using en face
OCT. The study identified an increased choroidal thickness
under the PCD, due to enlarged choroidal vessels in the
Haller layer with atrophy of the choroidal capillaries [115].
Kang et al. found that soft drusen is closely related to the
development of neovascular AMD, but alterations in the
RPE are associated with PCV. The diameter of pseudo-
drusen is >125 μm due to the altered RPE [116]. In a ret-
rospective case series of 302 eyes of 151 patients with
treatment-naïve CSC, pachydrusen were found localized
within the choriocapillaries geographic filling delay and
over the dilated outer choroidal vessels, indicating that
pachydrusen is an indicator of choroidal impairment and is
a feature of chronic persistent or resolved CSC [33].
Whether pachydrusen is a precursor or a tell-tale sign of
underlying pachychoroid phenotype is a new direction of
research that has to be answered by large-scale population-
based studies. The clinical significance of pseudodrusen,
pachydrusen, and soft drusen in the pathogenesis of neo-
vascular AMD and PCV is summarized in Table 1.

In summary, the interpretation of pachydrusen is reliant on
advances in multimodal imaging. Continuous progress in the
area of pathology and molecular biology is required for a
deeper understanding of the underlying mechanism of
pachydrusen and its association with PCV. PCV is a severe
blinding condition and so it is of great interest to interrogate
whether CSC is an early stage of PCV. The literature in this
topic is being continuously updated based on the under-
standing of the pathogenesis of PCD. Previous study has
suggested that PCV may have two distinct phenotypes, PNV
and drusen-driven PCV based on their different genotypes.
Therefore, genetic viewpoints may also provide the evidence
required to distinguish PCD and drusen-driven AMD. Fur-
thermore, the discovery of pathogenesis of PCD will underlie
the clinical discovery of new molecular biological markers
and targets. There is an unmet need for clinical evidence from
longitudinal cohort studies with large sample size to evaluate
whether the course of pachydrusen influences the develop-
ment of PCV or the spontaneous resolution of CSC.
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