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Abstract

Background Pachychoroid, or the structural and functional abnormalities of the choroid, is one of the most important causes
of exudative maculopathies. The purpose of this article is to review the current definitions of pachychoroid and their potential
consequences.

Summary of findings Most publications are from Asian countries. Although no consensus diagnosis has been reached,
pachychoroid is defined by thickened choroid and choroidal vascular hyperpermeability, pachyvessels with inner choroidal
attenuation; it is closely linked to pachydrusen. Although some studies suggest choroidal congestion may play a role in its
pathogenesis, the exact causes of this condition are still unknown. Pachychoroid is associated with exudative maculopathies
including central serous chorioretinopathy, pachychoroid neovasculopathy and polypoidal choroidal vasculopathy (PCV). It is
widely accepted that macular neovascular membranes may develop secondary to pachychoroid. Recent clinical observations
illustrate the importance of pachychoroid in the etiology of macular neovascularization including neovascular age-related
macular degeneration (nAMD).

Conclusion Pachychoroid is an important cause of exudative maculopathies. Both drusen and pachychoroid are increasingly
recognized as important causes of macular neovascularization, and eyes formally categorized as typical nAMD or PCV can
be further sub-categorized based on the presence or absence of pachychoroid and drusen. There is a need to develop a con-
sensus definition, which will greatly enhance our understanding of pachychoroid and facilitate the development of individual
interventions in pachychoroid diseases.

Keywords Pachychoroid - Central serous chorioretinopathy - Polypoidal choroidal vasculopathy - Age-related macular
degeneration

Background

Our understanding of the choroid has expended exponen-
tially with the advent of high-resolution imaging modali-
ties. In the 1990s, after the introduction of indocyanine
green angiography (ICGA), researchers immediately noted
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marked abnormalities of the choroid in macular diseases,
especially in exudative maculopathies such as central serous
chorioretinopathy (CSC) [1-3] and neovascular age-related
macular degeneration (nAMD). Choroidal vascular hyper-
permeability (CVH) was first reported in eyes with CSC
and the area of CVH was found to have filling defects in
the early phase of ICGA. ICGA boosted the research of the
choroid; many subsequent studies have confirmed CVH is
highly prevalent not only in CSC but also in polypoidal cho-
roidal vasculopathy (PCV) [4]. Furthermore, in the latter
part of 2000, there was a rapid advance in optical coher-
ence tomography (OCT) imaging technology. Among oth-
ers, enhanced depth imaging (EDI) OCT provided novel
insight into the choroidal structure for the first time [5] and
drastically helped deepen our understanding of exudative
macular diseases [6]. Quantitative studies using EDI-OCT
disclosed that CSC is characterized by thickened choroid
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[7]. Many studies, especially from Asian countries, also
note that the choroid is generally thicker in patients with
PCV as compared to those with typical nAMD [8, 9]. Con-
comitantly, CVH was observed more frequently in eyes with
PCV compared to eyes with typical nAMD. Initially, such
features were thought to represent underlying differences in
the pathogenesis between typical nAMD and PCV. How-
ever, there was a significant overlap in the choroidal thick-
ness of typical nAMD and PCV. Additionally, not only PCV
patients, but also typical nAMD patients, had CVH. Thus,
major exudative maculopathies including CSC, PCV, and
possibly typical nAMD, must share at least partly a com-
mon pathologic process in the choroid. The term, “pachy-
choroid”, was coined to systematically define such choroidal
abnormalities [10]. The concept may also explain why there
is a progression from one condition to another. In the late
2010s, growing appreciation of the structural and functional
abnormalities of pachychoroid led to substantial improve-
ments in our understanding and management of exudative
maculopathies. The idea underlying pachychoroid is not
difficult and the importance of the choroid in the manage-
ment of patients’ eyes is now widely recognized. However,
in spite of an abundance of publications, lack of consensus
on the diagnostic criteria may lead to confusion in this field
[11] and objective and reliable diagnosis of pachychoroid-
related diseases might be difficult to come by. The areas that
need expert consensus include diagnosis of pachyvessels,
pachydrusen, pachychoroid neovasculopathy, pachychoroid
pigment epitheliopathy (PPE), and their relationship with
PCV and nAMD. This article will explain some of the basic
ideas of pachychoroid and elaborate on their impact on our
understanding of neovascular AMD based on an exhaustive
literature review.

Methods

Publications dealing with pachychoroid and pachychoroid
diseases were searched in December 2019 using PubMed.
English-language studies were identified by the keywords:
pachychoroid, pachydrusen and pachyvessel. Non-English-
language studies were also reviewed if English abstracts
were available. We identified 139 publications. Country
name(s) of the publication, as documented in the affiliation,
was determined by inserting the name of the country in the
“affiliation” field in the advanced section of the PubMed
search engine. This verified that most publications were
from Asian countries. There were 28 from Korea, 20 from
Japan, 6 from China, 4 Thailand, 3 from Hong Kong and 2
from Taiwan, whereas 11 were from the US and 4 from the
UK. All were published after 2013. Additional information
relevant to this review was also included using the refer-
ence lists of the publications. Clinical trials were searched
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with ClinicalTrials.gov in December 2019, which disclosed
two completed studies; one dealing with treatment of PCV
in pachychoroid and the other regarding OCT-A and CSC.
All the above information was used to construct the current
review.

Main findings

Pachychoroid is increasingly associated with macular dis-
eases including those without exudative changes such as
pachychoroid pigment epitheliopathy, and those with exu-
dative changes such as CSC, pachychoroid neovasculopathy
and PCV (Fig. 1).

Characteristic clinical features of pachychoroid

Multimodal imaging is used to diagnose pachychoroid. Key
imaging modalities include ICG angiography, OCT and
OCT-angiography (OCT-A). ICG provides detailed choroi-
dal vascular structures including dilation of the choroidal
vessels, as well as CVH. OCT provides information about
the structure of the choroid such as choroidal thickness and
choroidal vessel dilatation. OCT-A visualizes the choroidal
flow. It is generally agreed that pachychoroid is character-
ized by (1) CVH, (2) thick choroid, (3) dilated choroidal
vessels (pachyvessels) with inner choroidal attenuation and
is closely linked to (4) drusen like deposits (pachydrusen).
There is no consensus on the quantitative definition of pach-
ychoroid. Each study uses its own definition and maximum
caution should be exercised when comparing papers that
use quantitative values. A set of the following multimodal
imaging findings is recommended for use in the diagnosis
of pachychoroid.

Choroidal vascular hyperpermeability

ICGA was the first imaging modality used to investigate cho-
roidal abnormalities and implicated functional abnormali-
ties, including CVH, in macular diseases. ICGA still holds
a place in the diagnosis and management of pachychoroid
spectrum diseases, although recent studies are focused more
on the utility of non-invasive imaging devices, such as OCT
and OCT-A, which also clarify structural and morphological
abnormalities. CVH is defined as multifocal areas of hyper-
fluorescence with blurred margins in the late phase of ICGA
[3] (Fig. 2b, d, e—g). This is usually accompanied by dilated
and hyperpermeable choroidal veins. In the early phase
of the ICG angiography, filling defects are also observed
(Fig. 2c). Thus, CVH is still a most salient feature of pachy-
choroid. However, CVH is not always part of pachychoroid
diseases.
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Fig. 1 Pachychoroid diseases. The term pachychoroid diseases
encompasses a disease spectrum characterized by functional and
structural abnormalities of the choroid. Pachychoroid diseases
include, but are not confined to, pachychoroid pigment epitheliopathy,

CVH was first described in CSC [3], and eyes with CSC
were also found to have dilated choroidal veins [12]. There-
after, eyes with PCV were found to have CVH, although
CVH was less frequently observed in eyes with PCV com-
pared to eyes with CSC [4]. In eyes diagnosed as typical
neovascular AMD, a substantial portion (9-38%) had CVH
[4, 9, 13]. Similarly, a study investigating the characteris-
tics of eyes with CN'V accompanied by CVH reports that
type 1 CNV [beneath the retinal pigment epithelium (RPE)]
was more frequent than previously thought, although type 2
CNV (between the sensory retina and RPE) and PCV were
also observed [14]. Previously, type 1 CNV was found to
develop after chronic CSC [15], however, as some studies
conclude, “CNYV secondary to CVH” is more appropriate
than “CNYV secondary to CSC” in describing most of the
nAMD cases with CVH [14, 16], because CNV secondary
to CSC constitutes only a subset of CNV secondary to CVH.
Additionally, observational studies clarify that nAMD with
CVH presents with broad changes in the RPE and choroid,
and may have distinguishing clinical characteristics [14, 16].
Thus, type 1 CNV accompanied by CVH appears to be a dis-
tinct disease entity. This led to the concept of pachychoroid
neovasculopathy. The detailed definition of pachychoroid
neovasculopathy will be discussed later.
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central serous chorioretinopathy, pachychoroid neovasculopathy and
polypoidal choroidal vasculopathy. PCV polypoidal choroidal vascu-
lopathy, PPE pachychoroid pigment epitheliopathy, PNV pachycho-
roid neovasculopathy, CSC central serous chorioretinopathy

Choroidal thickening

As the prefix “pachy” suggests, thickened choroid is the
most prominent feature of pachychoroid (Figs. 3a, b, 4a).
Therefore, cross-sectional OCT images with clearly visual-
ized choroid are most important in the diagnosis of pachy-
choroid. The increase in choroidal thickness suggests that
elevated hydrostatic pressure within the choroid may be a
key pathophysiological factor in pachychoroid diseases.

Earlier studies defined “pachychoroid” as (1) choroidal
thickness in excess of 270 pm and (2) the presence of dilated
choroidal vessels (pachyvessels) [17]. Additionally, cases
with an extrafoveal focus of maximal choroidal thickness
exceeding subfoveal choroidal thickness by at least 60 pm
were included [10]. However, such cut-off values are arbi-
trary and other studies used different cut-off values [18, 19].
When interpreting the choroidal thickness, it is important to
note that there is an age-dependent decrease in the choroi-
dal thickness and that there are also diurnal variations and
gender differences. There are differences in measurement
depending on OCT technology. There is also no consensus
as to whether we should use choroidal thickness or volume
as the measurements’ standard.
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Fig.2 Choroidal vascular hyperpermeability. Choroidal vascular
hyperpermeability can be observed in eyes with pachychoroid. a PCV
eye with no choroidal vascular hyperpermeability. b PCV eye with
choroidal vascular hyperpermeability. Early (¢) and late (d) phase in
ICGA of an eye with choroidal vascular hyperpermeability. Note that
in the early phase, there are areas of choroidal filling delay. In the late
phase of ICGA, the corresponding area becomes hyperfluorescent.
The area of central hyperfluorescence, corresponding to the PCV

It is also important to note that thick choroid is not equiv-
alent to pachychoroid. For example, eyes with Vogt—Koy-
anagi—Harada disease are characterized by thickened choroid
[20], however, these should not be considered as pachycho-
roid, since choroidal thickening is due to inflammation,
and is not characterized by dilated choroidal vessels. As is
already well accepted, CSC is caused by increased choroidal
osmotic pressure, as evidenced by increased choroidal thick-
ness and breakdown of the outer blood retinal barrier, which
leads to serous retinal detachment [3, 21]. As such, rather
than a thickened choroid itself, dilation of the choroidal ves-
sels (pachyvessels) is the important hallmark of pachycho-
roid as discussed in the next section; therefore, qualitative
analysis of OCT is also important.

Although pachychoroid diseases are characterized by
thickened choroid, its thickness is different depending on
the disease type. As is demonstrated in studies using cross-
sectional OCT, when the choroidal thickness was compared
among pachychoroid spectrum diseases, the choroidal thick-
ness was reportedly thickest in CSC, followed by PPE and
then, PCV [22].
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lesion, i.e., branching vascular network and polypoidal lesion, should
not be confused with choroidal vascular hyperpermeability. e-g Eyes
with choroidal vascular hyperpermeability with various degrees. e
Mid phase ICGA showing prominent hyperfluorescence. f, g Late
phase ICGA showing a wide area of hyperfluorescence, illustrating
the importance of wide field ICGA in detecting choroidal vascular
hyperpermeability. Black areas with blurred margins in g are due to
vitreous opacity

Pachyvessels (dilated choroidal vessels) with inner
choroidal attenuation

Dilated choroidal vessels in Haller’s layer are referred to
as pachyvessels (Fig. 3). Most recent studies suggest that
pachyvessels may play a pivotal role in the pathogenesis
of pachychoroid. Pachyvessels can be best visualized by en
face SS-OCT images [23] (Fig. 4). ICGA is also useful in
detecting pachyvessels. Cross sectional OCT can be used to
diagnose pachyvessels. However, the diagnosis of abnor-
mally dilated choroidal vessels is complicated by the great
variability in the shape of these vessels. Not all that appears
as black patches in the choroid on cross sectional OCT are
pachyvessels. It is generally believed that pachyvessels are
associated with inner choroidal attenuation (Figs. 3a, b,
4b—d).

Some studies focus on the morphological features of
pachyvessels. Morphologically, vascular density in the
large choroidal vessel layer and pachyvessel pattern was
similar between CSC and thick choroid PCV and between
AMD and thin choroid PCV [24]. There are several
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Fig.3 Pachyvessels and inner choroidal attenuation on cross sec-
tional OCT. Pachyvessels with thick (a, ¢) and thin (b) choroids. a,
b Note that inner choroid attenuation colocalizes with pachyvessel
(asterisk). Right panels (magnified images) show that the inner cho-
roid overlying pachyvessels is attenuated (arrows). Borders of the
inner and outer choroid are indicated by dashed lines. b Pachyvessels
with thin choroids. Note the relatively large-diameter choroidal vein
occupying most of the stroma. A choroidal vessel (asterisk) is dilated,

extends into the inner choroid, and colocalizes with the area of the
inner choroidal atrophy. The shape of the pachyvessel is non-circular
and irregular, suggestive of the dilatation of the vessel. ¢ There is an
increased “luminal” volume, black patches, in the choroid throughout
the scan, suggestive of diffuse dilatation of the choroidal veins. There
is a shadowing artifact at the central choroid, which partly obscures
pachyvessels

Fig.4 Pachyvessels and inner choroidal attenuation on en face OCT.
En face OCT generated using SS-OCT scans of the case from Fig. 3a.
a Choroidal thickness map shows focally increased choroid. b En face
image at the level of choriocapillaris shows attenuation of choriocap-

attempts to classify choroidal veins, or “macular vortex
veins”, based on their morphology on en face OCT [25,
26]. Asymmetrical watershed zone (or asymmetrical “mac-
ular vortex veins”) or disappearance of horizontal choroi-
dal watershed may be a characteristic finding of the pachy-
choroid spectrum diseases [25]. It is also hypothesized
that anastomosis between the superior and inferior vortex
veins may be a characteristic feature of pachychoroid [26].

illaris as a dark area of reduced reflectivity (arrowhead). The dark
area corresponds to the dilated choroidal vessel(s) at the inner choroi-
dal (c, arrow head) and deep choroidal layers (d, arrows)

Such hypotheses, if proven, may support the presence of
longstanding congestion of choroidal veins in pachycho-
roid, and may facilitate our understanding of the patho-
genesis of pachychoroid diseases; however, there are also
cases without choroidal anastomosis in pachychoroid dis-
eases. Moreover, asymmetry of the watershed zone may
be observed in normal subjects as well [27]. Therefore,
further studies are warranted to assess this idea.
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Several studies try to identify stromal and luminal areas
using cross sectional OCT, and show that the increase of
luminal to total choroidal area was most prominent in eyes
with CSC compared with PPE and pachychoroid neovascu-
lopathy (PNV), suggesting somewhat different predominant
pathogenic processes involving these three conditions [22,
28]. However, other studies found the opposite, showing
that the choroidal stroma and lumen ratio were not differ-
ent among CSC, PPE and uncomplicated pachychoroid [22].
Further studies are needed to clarify whether differences
exist between these three pachychoroid diseases.

Importantly, pachyvessels are typically associated with
inner choroidal attenuation (Figs. 3, 4), although sometimes
it is not explicitly mentioned in papers analyzing pachyves-
sels. Inner choroidal attenuation and ischemia of the cho-
riocapillaris may subsequently upregulate angiogenic fac-
tors such as vascular endothelial growth factor (VEGF).
They may also lead to outer retinal atrophy due to ischemic
changes. Therefore, inner choroidal attenuation may be
directly linked to the progression of pachychoroid diseases.

Several studies identify inner choroidal flow impairment
in eyes with, or fellow eyes of CSC as well as other pachy-
choroid diseases [29-31]. Inner choroidal attenuation overly-
ing pachyvessels can be observed by close inspection of the
cross-sectional OCT scans, and some studies point out that
the pachyvessels colocalized with the area of inner choroidal
attenuation. Flow signal deficit associated with inner cho-
roidal attenuation can also be visualized by OCT-A. Using
OCT-A, choriocapillaris flow deficits, or flow voids, were
observed in eyes with PPE, overlying pachyvessels [30, 31].
Reduced choriocapillaris’ flow appeared to be associated
with increased choroidal thickness and CVH [32]. Even in
eyes with earlier stages of pachychoroid, i.e., pachychoroid
without PPE, the area of choriocapillaris flow impairment
was larger than controls [33]. In eyes with CSC, choriocapil-
laris’ vessel density may be reduced in CSC [34], however,
caution should be paid to its interpretation because there
may be artefacts due to signal attenuation caused by serous
detachment in CSC.

These observations generated the hypothesis that
pachyvessels are compressing the inner choroid and caus-
ing attenuation. However, no studies clarify its underlying
causality. It is also possible that pachyvessels are secondary
to inner choroidal attenuation.

Pachydrusen (drusen-like deposits)

Classifications of drusen and drusenoid deposits are gain-
ing importance. There are differences in the morphology of
drusen between Asians and Caucasians [35] and soft drusen,
especially with an indistinct border, have long been accepted
as arisk for developing late AMD in Caucasian populations.
However, it is not clear which drusen subtypes are at risk
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of late developing AMD in Asians. Recently a new type of
extracellular deposits was recognized as drusen-like depos-
its, or pachydrusen [36-39]. These are supposedly prevalent
in Asian AMD eyes at a relatively high frequency. Pachy-
drusen are traditionally categorized into soft drusen based
on their size, and distinct-type drusen based on their con-
tour. Importantly, they are found in eyes with thick choroids
[36, 40]. Eyes with pachydrusen and soft drusen seem to
have different characteristics when considering their risk for
developing exudative changes. Hence, pachydrusen should
be differentiated from typical soft drusen.

Pachydrusen have the following characteristics: (1) size
> 125 pm (large drusen), (2) irregular outer contours with
better defined outer borders, (3) scattered distribution over
the posterior pole, (4) present in isolation or in groups of
only a few yellow-white deposits and (5) typically associated
with thick choroids (reduced tessellation), especially when
located at the macula (Fig. 5). The distribution pattern of
pachydrusen is different from that of typical soft drusen.
Prevalence and association with pachychoroid features have
been studied intensively over the last few years. There are
significantly more eyes with pachydrusen in Asians than
in Caucasians [36, 41]. Among Asians, the prevalence of
pachydrusen seems to be low in Indians [42, 43].

Fig.5 Pachydrusen. Color fundus photographs showing an eye with
soft drusen (a) and pachydrusen (b—d). Pachydrusen has the follow-
ing characteristics: (1) size > 125 pm (categorized as large drusen),
(2) irregular outer contour with clearly defined outer border, (3) a
scattered distribution over the posterior pole, (4) present in isolation
(c, d) or in groups of only a few yellow-white deposits (b) and (5)
typically associated with thick choroids (reduced tessellation), espe-
cially when located at the macula. There is a great variability in the
location and the number of pachydrusen. Some are located at the
nasal to the optic disc (d)
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Importantly, accumulating evidence supports the idea
that pachydrusen is associated with the pachychoroid. In
Asian cohorts, patients with PCV were more likely to have
thicker choroids and pachydrusen, whereas pseudodrusen
were associated with a thin choroid. In an Asian cohort,
pachydrusen were shown to be prevalent in typical nAMD
(40.4%) and PCV (47.8%) but not in retinal angiomatous
proliferation (RAP), whereas no drusen were found in 24.3%
of typical nAMD, nor in 43.3% of PCV [36]. In eyes with
typical nAMD, the prevalence of CVH was higher in the
pachydrusen group than in other groups. The prevalence of
pachydrusen in PCV was similar in another Korean cohort
where pachydrusen were found in 49.1%, while soft drusen
was found in 12.3% and pseudodrusen in 6.9% [36]. CVH
was noted only in the pachydrusen group. Additionally,
pachydrusen reportedly colocalized with pachyvessels and
attenuated choriocapillaris [39]. Pachydrusen are also pre-
sent in eyes with CSC, and colocalized with choriocapil-
laris filling delay and pachyvessels [38]. CVH was found in
41.1% and pachyvessels were detected in 80.6% of eyes with
pachychoroid [37]. Although further studies are needed to
clarify how specific pachydrusen are for pachychoroid, these
studies show a strong association between pachydrusen and
pachychoroid.

Initially, pachydrusen were considered to confer a risk
of PCV [40]. However, it seems pachydrusen may not be a
high risk factor for developing exudative changes [44, 45].
In a study which investigated the fellow eyes of unilateral
nAMD, soft drusen, pseudodrusen and combination of both
had a higher risk of developing nAMD, but pachydrusen
did not confer significantly higher risk of exudative changes
compared to the non-drusen group [45]. Similarly, in another
retrospective study of a Japanese cohort, eyes with pachy-
drusen were less likely to develop exudative changes com-
pared with soft drusen and pseudodrusen (plus soft drusen)
group [44].

Pachychoroid diseases

Pachychoroid spectrum diseases include diseases character-
ized by the aforementioned choroidal findings (pachycho-
roid). “Uncomplicated pachychoroid (UCP)” refers to pachy-
choroid without epitheliopathy or exudative changes. CSC,
PPE, PNV and PCV share similar morphologic changes in
the choroid; i.e., increased choroidal thickness, dilated outer
choroidal vessels, and disease foci colocalizing with dilated
choroidal vessels.

Pachychoroid pigment epitheliopathy
Pachychoroid pigment epitheliopathy is a condition char-

acterized by pigmentary changes and/or small pigment
epithelial detachments, and pachychoroid features such as

Fig.6 Pachychoroid Pigment Epitheliopathy. Pachychoroid pigment
epitheliopathy is a condition characterized by pigmentary changes (a,
color fundus photo and b: fundus autofluorescent image) and pachy-
choroid features such as CVH and choroidal thickening (¢), with no
prior history of exudative maculopathies and other degenerative dis-
eases

CVH and choroidal thickening (Fig. 6), which likely rep-
resents a “forme fruste” of CSC [10]. Since none of the
eyes with pachychoroid pigment epitheliopathy had clini-
cally evident subretinal fluid in the initial report, CVH and/
or choroidal thickening alone was considered to cause pig-
ment epitheliopathy. This may be partially supported by the
fact CVH was more frequent in eyes with PPE compared to
eyes with UCP [46]. Pachychoroid pigment epitheliopathy
is observed commonly in the fellow eyes of patients with
unilateral CSC [47]. A retrospective study demonstrates that
eyes with pachychoroid pigment epitheliopathy may develop
CSC. The study classified pachychoroid pigment epitheli-
opathy into four patterns; RPE thickening, pigment epithelial
detachment, and RPE elevation with microbreak appearance
and suspects that RPE elevation with microbreak appearance
may be a precursor lesion for pachychoroid disease [48].
Pachychoroid pigment epitheliopathy may precede outer
retinal atrophy (Fig. 1). A study found that outer retinal
atrophy (i.e., thinning of outer nuclear layer and the outer
plexiform layer) in eyes with pachychoroid pigment epithe-
liopathy is more common than in eyes with uncomplicated
pachychoroid and controls, suggesting that the degenerative
process begins with RPE alterations before fluid accumula-
tion [49]. Another study found focal disruption of both the
ellipsoid and interdigitation zones on SD-OCT in eyes with
pachychoroid pigment epitheliopathy, supporting the idea
that pachychoroid pigment epitheliopathy may precede outer
retinal atrophy [50]. Pachychoroid is also found in eyes with
geographic atrophy (GA). Pachychoroid GA is genetically
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and morphologically different from drusen-associated GA
[51].

Pachychoroid pigment epitheliopathy may be complicated
with quiescent pachychoroid-associated neovascularization.
Recent studies also focus on pachychoroid pigment epitheli-
opathy in the fellow eyes of unilateral nAMD. Roughly 20%
eyes with unilateral nAMD and PCV have non-exudative
CNYV, and the presence of pachychoroid pigment epitheli-
opathy was the only factor associated with non-exudative
neovascular membrane [52, 53]. Therefore, the presence
of PPE in the fellow eyes of unilateral nAMD poses a risk
of pachychoroid neovasculopathy and subsequent exuda-
tive changes. It should also be noted that intraretinal fluid
(retinoschisis) may be accompanied with focal RPE atrophy,
even without CNV [54].

Pachychoroid neovasculopathy

Pachychoroid neovasculopathy is macular neovasculariza-
tion in eyes with pachychoroid features, which typically do
not have drusen or other risk factors for neovascularization
[17] (Fig. 7). Pachychoroid neovasculopathy in middle aged
patients may have been diagnosed as CSC, and in elderly
patients it may have been diagnosed as nAMD. Specifi-
cally, eyes with long-standing CSC, and those which had a
known history of CSC were initially found to develop type

1 neovascular membranes over their course of follow up,
probably due to choroidal changes [15]. Later on, the term
pachychoroid neovasculopathy was introduced to describe
the condition characterized by type 1 neovascular membrane
secondary to pachychoroid, not only secondary to CSC. It is
suggested that “pachychoroid neovasculopathy falls within
a spectrum of diseases associated with choroidal thickening
that includes pachychoroid pigment epitheliopathy, CSC,
and PCYV, which should be considered as a possible diagno-
sis for eyes with features of type 1 neovascular membrane
and choroidal thickening in the absence of characteristic
age-related macular degeneration or degenerative changes.”
A thick choroid is not necessarily required for diagnosis,
because pachychoroid neovasculopathy may occur as a focal
abnormality within the macula (Fig. 3c) and it may occur
even in myopic eyes [17], provided that pachychoroid fea-
tures are present.

The peculiar flat irregular morphology of type 1 neo-
vascular membrane in pachychoroid neovasculopathy is
described in various works on pachychoroid-driven neovas-
cularization. In general, type 1 neovascular membrane can
be categorized into (at least) two subtypes; one with high
RPE elevation, typically observed as fibrovascular pigment
epithelial detachment (PED) on fluorescein angiography, and
the other with shallow RPE elevation, typically found in eyes
with late leakage of undetermined source [55]. Among them,

Fig.7 Pachychoroid Neovasculopathy. Pachychoroid neovascu-
lopathy, or macular neovascularization in eyes with pachychoroid
feature(s). a Color fundus photograph showing subretinal fluid.
Note reduced tessellation, suggestive of thick choroid. There are no
drusen or other degenerative changes associated with neovasculariza-
tion (b) OCT showing choroidal thickening, pachyvessels with inner
choroidal attenuation (asterisks). Flat irregular RPE detachment is
indicated by arrows. Early (c¢) and late (d) phase of fluorescein angi-
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ography, showing late leakage of a smoke stack pattern. Neovascular
membrane is not noticeable on fluorescein angiography (e, f). ICGA
shows hypercyanescence in the early (e) and late (f) phase. Note there
are areas of CVH in the late phase ICGA (f, temporal to the fovea),
indicative of pachychoroid. En face OCT images from the outer reti-
nal (g) and choriocapillaris (h) slab, clearly showing the neovascular
membrane. As shown in this case, OCTA is most useful in detecting
neovascular membrane in pachychoroid
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shallow (or flat) irregular RPE detachment was initially con-
sidered as a finding peculiar for PCV and reported as double
layer sign [56, 57]. The RPE detachment corresponds with
branching vascular network in PCV. Thereafter, the shallow
irregular RPE detachment is also reported in occult CNV,
and has become widely accepted as a special form of type 1
neovascular membrane between RPE basement membrane
and Bruch membrane [57]. Type 1 neovascular membrane
presenting as a shallow irregular RPE detachment was also
found to be characteristic for pachychoroid neovasculopathy
[17] (Fig. 7b). Many publications confirm that neovascular
membranes in pachychoroid are characterized by shallow
irregular RPE detachment with moderate reflectivity. The
growth pattern of this type 1 CNV appears to be different
from CNV characterized by higher PED, including fibro-
vascular PED. There is additional evidence to support flat
irregular RPE detachment as specific for pachychoroid neo-
vasculopathy. Eyes with CSC sometimes are known to be
complicated by PED. The two major types of PED are focal
and flat irregular; among these types, flat irregular PED in
CSC could be a form of pachychoroid neovasculopathy [58,
59].

Type 1 neovascular membrane in shallow irregular RPE
detachment can be better diagnosed with OCT-A than with
dye angiography [60]; importantly, OCT-A also detects sub-
stantial proportion of eyes with pachychoroid neovasculopa-
thy at a quiescent stage [61, 62].

Aqueous humor cytokines are important biomarkers that
reflect pathogenesis and/or activity of CNV. Several studies
tried to differentiate aqueous humor cytokines from pachy-
choroid neovasculopathy and other causes (such as nAMD)
in macular neovascularization [63—65]. The results suggest
VEGF concentration and angiogenic factors may be lower
in pachychoroid neovasculopathy compared to CNV due to
AMD.

Eyes with pachychoroid neovasculopathy respond to anti-
VEGF therapy and PDT differently from eyes with nAMD.
These eyes reportedly responded favorably to anti-VEGF
therapy [66—69] as well as photodynamic therapy (PDT)
[70], and a combination of both [71]. Several reports show
that pachychoroid neovasculopathy needed fewer injections
compared to typical nAMD [67, 69, 72]. A retrospective
study compared the efficacy of ranibizumab and aflibercept
reducing the subfoveal choroidal thickness at 3 months, and
aflibercept was reportedly superior to ranibizumab in achiev-
ing dry macula and reducing choroidal thickness at 3 months
[68]. As pachychoroid neovasculopathy may be diagnosed
as CSC with type 1 neovascular membrane, some physicians
also treat the affected eyes with PDT [70]. Choroidal thick-
ness decreased after anti-VEGF injections, which might be
attributable to a reduction in CVH [67, 68, 72] However, one
study shows that CVH was associated with poor response to
intravitreal aflibercept [73]. Large-scale studies are needed

to confirm the treatment efficacy of the various modalities;
there is a lack of reliable evidence and clinical guidance to
support treatment with anti-VEGF therapy, PDT or combi-
nation of both.

Polypoidal choroidal vasculopathy

The concept of PCV is still evolving. For interested read-
ers, a recent extensive review is recommended [74]. This
section details brief historical perspectives. How has PCV
become considered as pachychoroid disease and why is
there an argument of pachychoroid neovasculopathy being
its precursor.

Why is PCV considered pachychoroid-related? First, simi-
larities between CSC and PCV are well documented. CVH
on ICGA was first described in CSC but subsequently also
reported in eyes with PCV. Thus, CVH was not considered
unique to CSC and was also considered as a characteristic
finding in PCV. Other pachychoroid features, including a
focal or diffuse increase in choroidal thickness, CVH, and
dilated choroidal vessels, were first described in eyes with
CSC. A retrospective study clarified that 2.2% of patients
with typical nAMD and 12.3% of patients with PCV had
a history of CSC [75]. As anticipated from the history of
CSC, it has now been found that the choroid is thicker in the
macular region of patients with PCV than in eyes with typi-
cal AMD [9]. Subsequently, in patients with PCV, the sub-
foveal choroid was found to be thicker in eyes with CVH,
compared to those without CVH.

Second, evidence suggests that pachychoroid-associated
neovascularization may be a precursor lesion for PCV. As
has been discussed in previous sections, pachychoroid neo-
vasculopathy is sometimes found at an indolent stage with-
out exudation [52, 62]. Such quiescent pachychoroid neovas-
culopathy may develop flank exudations without developing
polypoidal lesions. However, over a long term, polypoidal
lesions may develop indolently at the terminal of pachycho-
roid neovasculopathy. Such lesions may eventually cause
serosanguinous changes typically found in PCV. Indeed, a
study of the fellow eyes of unilateral typical nAMD and
PCV suggests that “branching vascular network” may pre-
sent in 18.8% of the fellow eyes of unilateral nAMD, and
was the significant risk factor for developing PCV or CNV
[53]. It is possible that such “branching vascular networks”
were actually pachychoroid neovasculopathy and may
develop polypoidal dilatation at the terminal point in some
of the eyes. This is, at least in part supported by the find-
ing that branching vascular networks, and even polypoidal
lesions, are found long before the development of exudative
changes in the fellow eyes of unilateral PCV [76]. Thus,
the recent expansion of our understanding of pachychoroid
has raised fundamental questions as to whether PCV differs
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from pachychoroid neovasculopathy and that these 2 condi-
tions are not distinct diseases but simply represent different
stages of the same spectrum disorder [17]. It is, however,
still unclear whether all PCV cases develop from pachycho-
roid neovasculopathy as discussed in the last section.

Other pachychoroid spectrum diseases

It is likely that pachychoroid is also associated with focal
choroidal excavation [77] peripapillary exudative changes
(peripapillary retinoschisis [78] and peripapillary pachy-
choroid syndrome [79]). For interested readers, an excellent
review published recently is recommended [80].

Asian nAMD and pachychoroid
Asian nAMD

There are both important similarities and differences
between traditional and Asian nAMD. In both Asians and
Caucasians, AMD is classified into early and late, the lat-
ter consisting of geographic atrophy and neovascular AMD
(nAMD) [81]. Traditionally, as the word implies, nAMD is
a condition characterized by the presence of any signs of
AMD (i.e., drusen and pigment abnormalities) [82], and eyes
with no visible drusen or pigmentary abnormalities should
be considered to have no association with AMD. However,
in Asian countries, the diagnosis relies mainly on dye angi-
ography and the presence of drusen is not always required.
Thus, nAMD can manifest with widely diverse clinical fea-
tures and can be categorized into “typical” nAMD, PCV
and type 3 CNV or RAP [83]. Although there is no defi-
nite diagnostic criteria to distinguish between the 3 condi-
tions [84] elderly patients with macular neovascularization
(MNV) are commonly diagnosed as nAMD after exclud-
ing possible other causes, such as degenerative myopia and
uveitis. Diagnostic criteria agreed by Japanese experts state
that the diagnosis of nAMD is certain when one of the fol-
lowing conditions in present: (1) choroidal neovasculariza-
tion, (2) serous retinal pigment epithelial detachment, (3)
hemorrhagic retinal pigment epithelial detachment, or (4)
fibrotic scar in the macula [85]. These clinical criteria are
considered useful because in Asia drusen are rare and PCV
is highly prevalent in eyes with MNV [83].

Diagnosis of typical AMD is made only after exclud-
ing PCV and RAP. PCV has been classified as part of
the late stage of AMD because it meets the late age
related maculopathy (ARM) criteria of the International
ARM Epidemiological Study Group [81]. The diagnosis
of PCV is made if the diagnostic criteria (Japanese or
EVEREST criteria) are met [85, 86]. RAP is diagnosed
by the presence of characteristic intraretinal neovascu-
larization (IRN) [87, 88]. As such, typical nAMD does

@ Springer

not necessarily represent nAMD associated with drusen,
although the term “typical” nAMD (sometimes abbrevi-
ated as tAMD) is used in many AMD papers from Asian
countries often interchangeably with the term “CNV-
AMD?” or “typical AMD” [89].

It is accepted that drusen act as a driver for chronic
inflammation conferring a risk of neovascular AMD and
are considered as an important contributor to the patho-
genesis of AMD [90]. However, in Asians, MNV devel-
opment may differ from the classic, well-documented
drusen-dependent pathways [84, 91] and pachychoroid-
driven pathways may also exist (Fig. 8).

Subclassification of typical nAMD

The diverse pathologic processes involved in “typical
nAMD” make it imperative that we further sub-classify it,
basing the subclassification on pachychoroid and drusen.
Because the evidence suggests MNV characterized by pach-
ychoroid is not necessarily dependent on VEGF, detailed
classification may aid in the development of novel treatment
strategies. Therefore, the choroidal structure may not only
play a role in assessing the risk of developing MNYV, but also
aid in developing individualized treatment. There is, there-
fore, a need to classify typical nAMD into drusen-driven
MNYV and pachychoroid driven MNV; lack of such argu-
ment had been limiting our ability to systematically compare
Asian nAMD and Caucasian nAMD.

More VEGF driven
Drusen-driven

lar neovascularization |-

Pigment epitheliopathy

Pachychoroid drive

Less VEGF driven

Fig.8 Two major pathways in macular neovascularization. The clas-
sical pathway of macular neovascularization (upper side) involves
age-related generation, clinically defined by drusen. Drusen-associ-
ated macular neovascularization in AMD is associated with VEGF.
The pachychoroid pathway (lower panel) is characterized by struc-
tural and functional abnormalities of the choroid. Pachychoroid path-
way starts with pachychoroid pigment epitheliopathy and CSC, and
subsequently triggers neovascular process. Both pathways may lead
to the formation of neovascular membrane, and eventually exudative
and hemorrhagic changes
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How can pachychoroid neovasculopathy be distinguished
from nAMD? The current diagnostic criteria of pachycho-
roid neovasculopathy can be summarized as (1) presence
of pachychoroid features and (2) absence of drusen [17, 19,
63, 64, 66, 80]. This may be predicated on the idea that
MNVs belong to two clearly defined categories, those with
pachychoroid and those with drusen. However, there are
MNYV with pachychoroid features and concomitant drusen
(Fig. 9), as well as cases without pachychoroid features or
drusen. Additionally, most studies were conducted before
the notion of pachydrusen was introduced, and probably
excluded eyes with pachydrusen from pachychoroid neovas-
culopathy, even if the characteristic pachychoroid features
had been observed. However, there is a close link between
pachydrusen and pachychoroid. Therefore, pachychoroid
neovasculopathy in previous reports cannot be associated
with eyes afflicted by pachydrusen and pachychoroid, thus
limiting the applicability of the data in these works to clini-
cal practice. As such, using “pachychoroid” and “non-pach-
ychoroid” classification in typical nAMD is problematic in
patient care; there also remains ambiguity about how best to
diagnose pachydrusen.

How should we classify eyes with typical nAMD? A logi-
cal approach would be to categorize MNVs into 4 groups
(Fig. 10), based on the presence or absence of drusen and
pachychoroid. Eyes with drusen but without pachychoroid

Fig. 9 Pachychoroid driven MNV with multiple soft drusen. Drusen
(a) are considered a typical manifestation of AMD; therefore, the eye
shown is not diagnosed as “pachychoroid neovasculopathy” by the
current definition. While the eye does not meet current definitions
of pachychoroid neovasculopathy, the presence of choroidal vascu-

Pachychoroid

eatures| CSC/PPE features* (+) CSC/PPE features (-)

Drusen

Soft drusen
(>125mm in
diameter)

Mixed NMV Drusen-driven MNV*

Non-Drusen

I +
Small or hard drusen | Pachychoroid-driven MNV non-Pachy CNV

Fig. 10 Proposed classification of “typical nAMD”. *ICGA: choroi-
dal vascular hyperpermeability, dilated choroidal vessels, CSC/PPE-
like RPE abnormalities. "Drusen associated (Caucasian-type) nAMD,
Pachychoroid driven. CNV pachychoroid neovasculopathy, CSC cen-
tral serous chorioretinopathy, PPE pachychoroid pigment epitheliopa-
thy

features can be classified into drusen-associated macular
neovascularization. This type would be the closest to Cau-
casian nAMD. Those with pachychoroid features but without
drusen can be categorized into pachychoroid-driven macular
neovascularization. This subtype represents pachychoroid
neovasculopathy. Those with both drusen and pachycho-
roid can be classified into mixed type MNV. In such cases,
attention should be paid to other clinical features to deter-
mine whether drusen or pachychoroid is the main driver of
the MNV. Specifically, typical MNVs secondary to pachy-
choroid is type 1 CNV, accompanied by serous exudative

R i S U SR

lar hyperpermeability and pachyvessels on ICGA (d) is suggestive of
pachychoroid-driven. In addition, the neovascular membrane, which
is not noticeable on dye angiographies (¢, d), is clearly detected on
OCTA (e). Furthermore, flat irregular RPE detachment on OCT (b) is
also suggestive of pachychoroid driven mechanism
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changes, rather than hemorrhagic changes. Lastly eyes with-
out drusen or pachychoroid may be regarded as “idiopathic”
MNV.

There are several issues that pose challenges to the sub-
classification of typical nAMD into the 4 groups. Most
importantly, there are no standardized diagnostic guide-
lines for pachychoroid. Even among experts in this field, the
interpretation of cases with ambiguous borderline clinical
presentation might be challenging. Nonetheless, for better
treatment strategies and patient care, the 4-group classifi-
cation system proposed in this review would be useful to
complement conventional classification.

Subclassification of PCV

Even before the introduction of the pachychoroid theory,
some investigations suggested that PCV can be classified
into two types, typical (idiopathic) and polypoidal CNV
(secondary polyps associated with nAMD) [92-94]. These
classifications are based on the hypothesis that these two
subtypes differ in their etiology and, therefore, there are
morphological and genetic differences between the two
groups. More recent classification is based on the presence
of pachychoroid, and distinguishes pachychoroid and non-
pachychoroid eyes according to the presence of pachycho-
roid or AMD features and the previously described subtypes
of PCV are shown to be different in terms of angiographic
and tomographic features, as well as visual outcomes [95].

Based on choroidal findings, PCV could be subdivided
into pachychoroid and non-pachychoroid. Such classification
looks rational; recent studies support that pachychoroid PCV
and non-pachychoroid PCV respond differently to photody-
namic therapy (PDT). Pachychoroid PCV responds poorly
to anti-VEGF therapy; PDT is reportedly more effective and
anti-VEGF therapy is less effective in terms of vision com-
pared to non-pachychoroid PCV [18, 71, 96]. Therefore, it
seems rational to divide PCV into these two subtypes. It is
likely that PCV originates, at least in part, in pachychoroid
neovasculopathy.

What is “non-pachychoroid” PCV? Now that we are elu-
cidating the different prognosis of pachychoroid and non-
pachychoroid PCV, we need to focus on its etiology. There
are two possibilities. First, PCV may be a distinct condition
with a single etiology characterized by pachychoroid. In this
regard, it should be noted that pachychoroid features can be
found in PCV eyes even when the choroid is thin [97]. Sec-
ond, PCV may be an etiologically heterogenous condition.
For example, although the prevalence of drusen is low in
PCV, drusen are still sometimes present in eyes with PCV;
PCV can develop in eyes with drusen-driven nAMD. The
question arises whether in eyes with PCV, the MNV had
been initiated by drusen similar to nAMD. Further studies

@ Springer

are needed regarding this pathogenesis using standardized
diagnostic criteria.

Future directions

Pachychoroid is a research field that is advancing at a fast
pace. This article is the result of a comprehensive literature
review conducted in December 2019 that identified more
than 100 publications. However, despite the large number
of publications, due to the lack of expert consensus on the
definition of this condition it is still difficult to diagnose
pachychoroid unambiguously. There is an urgent need to
establish common diagnostic criteria for pachychoroid.

In the future, studies need to include the identification of
the gene(s) involved in this condition, as this review did not
include genetic studies because only a few limited studies in
this field seem to have replicated studies [19, 51, 98—100].
Molecular mechanisms and pathophysiology underlying
pachychoroid are yet to be confirmed too. Although obstruc-
tion of the scleral outflow can cause choroidal vessel dilata-
tion, there is disagreement as to whether congestion of the
choroidal veins can induce changes observed in pachycho-
roid in an animal model.

Modern multimodal imaging technologies and newer
analytic methods are beginning to elucidate common cho-
roidal features among pachychoroid diseases. At the same
time, it has become clear that there is a great variability in
the degree of the choroidal abnormalities in an apparently
homogenous disease entity. For example, although clinical
manifestations of CSC may not be different among patients,
the choroid in CSC looks very heterogenous in terms of the
extent of CVH, diameter of pachyvessels and the degree of
inner choroidal attenuation, and choroidal thickness - to say
nothing of pachychoroid neovasculopathy and PCV. Is the
inner choroidal attenuation the main etiology of pachycho-
roid spectrum diseases? Etiology-based classifications of
exudative maculopathies are needed, as they will facilitate
the development of individual interventions in pachychoroid
diseases. There is also a need to develop a consensus defini-
tion which is essential to our understanding of pachychoroid
diseases.
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