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Abstract

Purpose The term “pachychoroid” refers to a newly described phenotype in which functional and structural choroidal changes
are thought to play a key pathogenic role in a spectrum of related retinal disorders. A more detailed understanding of how the
choroid is involved within this spectrum and a better knowledge of the most relevant clinical signs of the pachychoroid phenotype
are important to differentiate these disorders from other retinal conditions. Our objectives are to provide a literature review of
pachychoroid and the commonalities that may be present across pathologies included in the spectrum, and to provide details on
the examination, monitoring, and management of these disorders.

Methods We searched the PubMed web platform to identify relevant studies using the following keywords: pachychoroid,
pachychoroid pigment epitheliopathy, pachychoroid neovasculopathy, aneurysmal type 1 neovascularization, focal choroidal
excavation, peripapillary pachychoroid syndrome, vasculopathy pachysclera, pachychoroid geographic atrophy, and
pachydrusen. We selected 157 publications and identified the most important features related to pachychoroid.

Results The presence of hypertrophic or congested vessels in the choroid, not thickened choroid per se, under an area of reduced
or absent choriocapillaris in the posterior pole seems to be the most salient feature of pachychoroid. However, other qualitative/
quantitative features are needed to differentiate the uncomplicated pachychoroid from the pathological pachychoroid clinical
spectrum, which may be associated with exudation, neovascularization, and/or retinal pigment epithelium and photoreceptor
atrophy.

Conclusions The most salient feature of pachychoroid appears to be the presence of large vessels under an area of reduced or
absent choriocapillaris. Knowledge of the features and pathogenesis of the different disorders in the pachychoroid spectrum may
assist in the management of patients.
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Key messages

® The term “pachychoroid” literally means “thickened choroid”. However, several choroidal changes other than
increased choroidal thickness are believed to play an important pathogenic role in the development of the clinical
manifestations included in the spectrum of pachychoroid disease

e The presence of hypertrophic or congested vessels in the choroid (pachyvessels), not thickened choroid per se,
under an area of reduced or absent choriocapillaris in the posterior pole, appears to be the most salient feature of
pachychoroid. Other quantitative/qualitative features are indocyanine green angiography hyperfluorescence,
blood-flow signal attenuation within the choriocapillaris and inner choroid by optical coherence tomography
angiography, retinal pigment epithelium layer alterations and thinning of the outer nuclear layer, and the presence

of pachydrusen

® The clinical spectrum of pachychoroid disease may be subdivided as follows: (A) disorders with exudative changes;
(B) disorders with neovascularization; and (C) disorders with atrophic changes

e Knowledge of the features and pathogenesis of the different disorders within the pachychoroid disease spectrum

may assist in the management of patients

Keywords Pachychoroid - Pachychoroid pigment epitheliopathy - Pachychoroid neovasculopathy - Focal choroidal excavation -

Peripapillary pachychoroid syndrome - Pachydrusen

Introduction

The term “pachychoroid” refers to a newly described pheno-
type in which functional and structural choroidal changes are
thought to play a key pathogenic role in a spectrum of related
retinal disorders, the “pachychoroid spectrum” [1]. Advances
in imaging technology over the past decade have led to new
insights and a better understanding of changes within the cho-
roid in disorders previously identified predominantly by their
retinal manifestations [2]. Several disorders, such as central
serous chorioretinopathy (CSC), polypoidal choroidal vascu-
lopathy (PCV), pachychoroid neovasculopathy (PNV), and
pachychoroid pigment epitheliopathy (PPE), overlap within
the pachychoroid spectrum. However, the lack of a consensus
on various phenotypes can lead to these disorders being cate-
gorized together with neovascular age-related macular degen-
eration (nAMD), and in some cases, PCV is included in clin-
ical trials for nAMD, despite having different clinical charac-
teristics, natural history, and response to treatment [3]. In or-
der to avoid such miscategorization, an understanding of how
the choroid is involved within this spectrum and a better
knowledge of the most relevant clinical signs of the
pachychoroid phenotype are important to differentiate these
disorders from other chorioretinal conditions.

The objectives of this review article are to provide a con-
sensus on the definition of pachychoroid and the
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commonalities that may be present within the pathologies in-
cluded in this spectrum, as well as to provide details on the
examination, monitoring, and management of these disorders.

Methods

This article was based on a review of the literature and a
consensus among retinal experts who are members of the
Vision Academy, an international group of retinal physicians
who work together to share existing skills and knowledge and
provide collective recommendations on clinical challenges in
areas where there is a lack of conclusive evidence in the liter-
ature (www.visionacademy.org). The Vision Academy is
fully sponsored by Bayer.

A literature search was performed using the PubMed web
platform to identify relevant publications using the following
keywords: pachychoroid, pachychoroid pigment
epitheliopathy, pachychoroid neovasculopathy, aneurysmal
type 1 neovascularization, focal choroidal excavation,
peripapillary pachychoroid syndrome, vasculopathy
pachysclera, pachychoroid geographic atrophy, and
pachydrusen. More than 150 publications were reviewed to
identify key studies showing important features related to
pachychoroid.


http://www.visionacademy.org
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Epidemiology

Information on the prevalence of pachychoroid spectrum dis-
orders is scarce and the lack of a consensus on their definition
makes it harder to conduct epidemiological studies that en-
compass the whole clinical spectrum. However, some impor-
tant epidemiological differences have been described between
exudative AMD versus PCV or CSC.

Numerous population-based studies and other data on the
epidemiology of AMD have been reported around the world,
with the results of some studies suggesting racial or ethnic
differences in disease prevalence. An analysis of 129,664 in-
dividuals (aged 30-97 years), with 12,727 cases from 39 stud-
ies, showed global prevalence rates of early-, late-, and any-
stage AMD of 8.01% (95% confidence interval [CI] 3.98,
15.49), 0.37% (95% CI 0.18, 0.77), and 8.69% (95% CI
4.26, 17.40), respectively [4]. A higher prevalence of early-
and any-stage AMD in Europeans than in Asians was found
(11.2% vs. 6.8% and 12.3% vs. 7.4%, respectively), and ear-
ly-, late-, and any-stage AMD is more prevalent in Europeans
than Africans, with no difference in prevalence between
Asians and Africans [4].

In contrast to AMD, there are few robust data on the
epidemiology of PCV, and accurate estimates of PCV
prevalence from population-based studies have been dif-
ficult to obtain due to the inherent difficulty of diagnos-
ing the disorder with certainty from fundus photos
alone. As such, PCV prevalence has been estimated
based on hospital- or clinic-based cross-sectional studies
in 22.3-61.6% of Asians and 8-13% of Caucasians who
present with presumed exudative AMD [5]. In the
Hisayama Study, the characteristics of PCV were deter-
mined by fundus examination or based on findings from
indocyanine green angiography (ICGA) and fluorescein
angiography (FA). This study, which was performed in
2663 residents of Hisayama, Japan, aged > 50 years,
demonstrated that the prevalence of PCV was around
30.3% among the study participants with late AMD,
which was higher than in Caucasians in Western coun-
tries [6]. The study also found that male gender and
smoking habits were significant risk factors for develop-
ing PCV. The Beijing Eye Study was the first
population-based study that attempted to estimate the
prevalence of PCV using a combination of clinical and
optical coherence tomography (OCT) diagnostic criteria
[7]. Among 3468 subjects aged > 50 years, PCV was
diagnosed in 18 eyes (prevalence rate, 0.30-1.0%; 95%
CI 0.1%, 0.4%), out of 17 subjects with a mean age of
74.5 £ 7.5 years (range, 59-87 years) and no gender
predominance. The eyes with PCV were compared with
the contralateral unaffected eyes, showing no differences
in refractive error, axial length, or intraocular pressure;
however, subfoveal choroidal thickness was significantly

thicker in the affected eyes than in the contralateral eyes
(275 £ 90 pum vs. 210 = 92 um; p = 0.02) or eyes with
exudative AMD. This may imply that the morphologic
difference between the disorders may be a surrogate for
differences in the pathophysiology, and may explain dif-
ferences in treatment outcomes observed with PCV as
opposed to exudative AMD [7].

The Beijing Eye Study also provides information on CSC
[8], a common retinal disease that has been associated with
numerous risk factors. To date, most of the prevalence data
available on CSC have been obtained from hospital-based
studies, which are limited in terms of patient selection, and
only a few studies have reported the prevalence and incidence
of CSC and associated factors. Kitzmann et al. [9] performed a
population-based, retrospective, cohort and case-control study
to examine the incidence of CSC in Olmsted County, MN,
USA, from 1980 to 2002. They found a mean annual age-
adjusted incidence rate per 100,000 of 9.9 (95% CI 7.4,
12.4) for men and 1.7 (95% CI 0.7, 2.7) for women.
Similarly, the Beijing Eye Study revealed a prevalence of
CSC of 0.31% per subject in patients with a mean age of
55.2 + 4.0 years, with a significantly higher proportion of
men affected. CSC-affected eyes also had thicker choroids
than in an age- and gender-adjusted control population-
based group [8].

Pachychoroid: quantitative and qualitative
features

Comparisons of anatomical differences between PCV,
CSC, and AMD in epidemiological studies have sug-
gested differences in the pathophysiology of the disor-
ders, where increased choroidal thickness appears to be
a prevalent factor [7, 8]. However, several choroidal
changes other than increased choroidal thickness are be-
lieved to play an important pathogenic role in the de-
velopment of the clinical manifestations that reside
within pachychoroid disease (Table 1). The term “un-
complicated pachychoroid” has been used to describe
eyes with choroidal hyperpermeability, focal or diffuse
congestion, or an increase in choroidal thickness and
dilated choroidal vessels (pachyvessels) with reduced
overlying choriocapillaris [10]. The presence of these
features plus other quantitative or qualitative features
of the pachychoroid spectrum may suggest that the
pachychoroid pathogenic process has emerged and that
a disorder falls within the “complicated or pathological”
pachychoroid clinical spectrum, where overlapping fea-
tures [19] and progression from one disorder to another
are frequently observed. Key features seen in the eyes
of patients with CSC are shown in Fig. 1.
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Fig. 1 Images showing the left eye of a patient with CSC with mid-phase
hyperfluorescence on ICGA (a—d). Pachyvessels (e). Increased choroidal
thickening on OCT (f) with choriocapillaris thickness decrease (g) CSC,

Quantitative features
Congestion as manifested by thickening on OCT

Initially, the term “pachychoroid” was used to describe eyes
with increased choroidal thickness compared with normal
eyes (Fig. 1f). However, the normative value of choroidal
thickness is influenced by multiple factors (e.g., age, axial
length, blood pressure), making it difficult to define what is
normal. Some investigators have therefore tried to establish a
quantitative threshold for defining an eye as having a thick
choroid. Previously considered cut-off values for a thick cho-
roid include > 300-um subfoveal thickness, exceeding
subfoveal choroidal thickness by 50 pum, > 347-um subfoveal
thickness, and over 390-um subfoveal thickness; however,
there is no universally accepted threshold value to date
[20-22]. Indeed, the presence of retinal disease increases the
variability of choroidal thickness measurements between
OCT devices [23, 24]. Although choroidal thickness measure-
ments in eyes with pachychoroid disease are comparable be-
tween swept-source OCT and spectral domain OCT with
enhanced-depth imaging (EDI) devices, in some cases, such
as when drusen or subretinal fluid are present, the choroid-
scleral border may be unclear with spectral domain OCT.
Evidence suggests that swept-source OCT may be more suit-
able for observation and follow-up of choroidal structures in
eyes with choroidal thickness > 400 pwm and subfoveal active

@ Springer
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central serous chorioretinopathy; ICGA, indocyanine green angiography;
OCT, optical coherence tomography

lesions [23]. The presence of a larger stroma area in the inner
choroid has been found via EDI-OCT and is thought to be
related to inflammation and edema [25]. Nevertheless, this
feature still needs to be verified to discover whether it is ap-
plicable to the whole pachychoroid spectrum.

Choroidal hyperpermeability

The relative opacity of the retinal pigment epithelium
(RPE) to visible light prevents visualization of the cho-
roid by FA (Fig. la—d). However, the greater transpar-
ency of the RPE to longer wavelengths and the capacity
of indocyanine green to bind to the albumin enable
choroidal vessels to be delineated better by ICGA.
Using ICGA to image disorders included within the
pachychoroid spectrum can reveal delayed choroidal fill-
ing, choroidal venous dilatation, and hyperfluorescence
[26-28]. While the exact mechanism of ICGA
hyperfluorescence remains uncertain, one hypothesis is
that it is a functional consequence of choroidal ische-
mia, which in turn results from congestion and stasis
within a choroidal lobule [26-28].

Ersoz et al. [10] considered choroidal hyperpermeability to
be hyperfluorescent areas with an indistinct margin observed
from 7 to 15 min of ICGA. After comparison of eyes uncom-
plicated by pathological findings such as subretinal fluid, CNV,
and RPE atrophy (“uncomplicated pachychoroid”) to eyes with
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CSC or PPE, Ersoz et al. concluded that choroidal
hyperpermeability is the main difference between complicated
and uncomplicated pachychoroid. Choroidal hyperpermeability
was present in 50% of the patients with uncomplicated
pachychoroid, compared with 92% and 93% of patients with
PPE and CSC, respectively. No differences were found in
subfoveal choroidal thickness and choroidal vessel density [10].

Blood-flow signal attenuation within the choriocapillaris
and inner choroid with OCT angiography

In pachychoroid disease, the spatial distribution of RPE
changes, neurosensory detachment, and neovasculariza-
tion seem to correlate with the localized choroidal thick-
ening attributable to dilatation of Haller’s layer vessels
(Fig. le) and thinning of the choriocapillaris (Fig. 1g )
and Sattler’s layers. However, no significant differences
in choroidal thickness or vessel density with traditional
FA or ICGA have been found between eyes with uncom-
plicated pachychoroid and eyes on the pachychoroid
pathological spectrum [10].

Quantification of choriocapillaris flow characteristics with
OCT angiography (OCT-A) has been addressed by several
investigators. Some have searched for functional changes at
the level of the innermost part of the choriocapillaris, with a
working hypothesis that a reduction in flow signal might be
related anatomically to structural sequelae [14, 29-31]. Gal-
Or et al. [14] found a higher prevalence of inner choroidal
flow signal attenuation zones in pachychoroid eyes than in
normal controls, and most (68%) of these zones were related
anatomically to pachyvessels. Although the mechanisms by
which choriocapillaris flow characteristics can contribute to
structural sequelae remain elusive, and the determination of
whether they are precursors to choriocapillaris thinning would
require longitudinal analysis, it is possible that they represent
zones of inner choroidal ischemia [14]. Similarly, other stud-
ies have suggested the idea of a primary choroidopathy, where
microvascular flow deficits may constitute one of the under-
lying subclinical changes preceding pachychoroid spectrum
disorders [30].

Qualitative features
Pachyvessels or dilated choroidal vessels in Haller’s layer

This can be the most salient sign within the pachychoroid
phenotype. Some investigators have identified these ves-
sels as groups of diagonally orientated hyporeflective
Haller’s layer features, with club-shaped origins at the pos-
terior pole and a large and constant caliber for the entire
length of the vessel [14]. However, the lack of a cut-off
value for defining the large caliber vessels makes their
detection subjective. Pachyvessels or hypertrophic

vascular entities are thought to result in focal or diffuse
increased choroidal thickening and overlying
choriocapillaris, with Sattler’s layer thinning and its asym-
metry, as revealed by en face OCT projection, being a
common finding within the spectrum (Fig. 2c—e) [32, 33].

RPE layer alterations and thinning of outer nuclear layer

RPE alterations in eyes with pachychoroid disease are
associated with ICGA hyperfluorescence (Fig. 2a-b)
and could be colocalized and attributed putatively to foci
of choroidal thickening over pachyvessels directly exter-
nal to the RPE/Bruch’s membrane complex [1, 18].
Focal attenuation of choriocapillaris and Sattler’s layers
overlying pachyvessels brings them closer to the Bruch—
RPE complex. The inward displacement of these conges-
tive pachyvessels and atrophy of the choriocapillaris may
lead to disruption of the RPE and Bruch’s membrane due
to ischemia (seen as delayed arterial filling of the cho-
roid on FA and ICGA or as blood-flow signal attenua-
tion within the choriocapillaris and inner choroid with
OCT-A) [14, 30] and/or chronic trauma caused by in-
creased choroidal pulsation [34]. A thinner outer nuclear
layer has also been described in eyes with pigment
epitheliopathy, possibly related to focal ischemia of the
choriocapillaris, leading to RPE disruption and photore-
ceptor apoptosis (Fig. 2c—e) [18].

Differences between eyes in terms of resistance of the RPE
and Bruch’s membrane to choroidal pressure may lead to the
development of different forms of pachychoroid disease [18].
On fundus autofluorescence, RPE alterations may vary de-
pending on the absence of history of subretinal fluid. In
PPE, hyperautofluorescence and hypoautofluorescence of
the pigmentary lesions, with or without adjacent areas of
granular hypoautofluorescence, have been noted. In patients
with previous subretinal fluid, zonal areas of diffuse
hyperautofluorescence, hypoautofluorescence, or descending
tracts of fundus autofluorescence abnormalities are a common
finding [1].

Choroidal neovascularization

CNV is a proliferative vascular complication encountered
during the natural course of degenerative, dystrophic,
traumatic, inflammatory, and malignant chorioretinal dis-
cases [35]. CNV is commonly classified based on the
anatomical position of the neovascular complex relative
to the RPE, as determined by multimodal in vivo imag-
ing. The mechanism by which pachychoroid might pre-
dispose to type 1 neovascularization (characterized by
the growth of vessels in the sub-RPE compartment above
Bruch’s membrane) or type 2 neovascularization (charac-
terized by the growth of vessels between the RPE and
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Fig. 2 Right eye of a patient with ) .
CSC with mid-phase ICGA N 1ICG2 min HICGE il min
ks 3 ik

M

hyperfluorescence (a, b),
pachyvessels (¢, d), and pigment
epithelium detachment (e).
Multicolor imaging showing
pachydrusen (f). CSC, central
serous chorioretinopathy; ICGA,
indocyanine green angiography

the retina) [36] is as yet undetermined, but relative is-  Pachydrusen

chemia due to choriocapillaris attenuation and/or chronic

mechanical disruption of Bruch’s membrane has been  Pachydrusen is a subtype of drusen that is usually asso-
proposed [35, 37]. ciated with increased choroidal thickness, choroidal
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Fig. 3 Clinical spectrum of the pachychoroid phenotype. Focal choroidal

pachychoroid syndrome (¢)

hyperpermeability, and underlying pachyvessels (Fig. 2f)
[38—41]. Drusen are found in the context of surrounding
pigmentary changes and are distributed throughout the
posterior pole. Pachydrusen are typically > 125 pum in
diameter, present either in isolation or in groups of only
a few yellow-white deposits, and have well-defined outer
borders where the outer border is not necessarily a
smooth convex curve but can demonstrate a jagged mar-
gin around an elevated subretinal pigment epithelial ac-
cumulation [41].

Clinical spectrum of disorders

Pachychoroid constitutes a common pathogenic process,
and within the clinical spectrum, overlapping features
[19] and progression from one disorder to another are
frequently observed. Several disorders are currently in-
cluded within the spectrum and, according to their main
form of presentation, can be subdivided into three sub-
types: (a) those with exudative changes, (b) those that
develop neovascularization, and (c) those with atrophic
changes.

Disorders with exudative changes
Focal choroidal excavation (FCE)

FCE is a structural abnormality with an unknown etiology,
consistent with a localized concavity in the choroid occurring
without posterior staphyloma, trauma, or scleral ectasia (Fig.
3a). Pachychoroid features in eyes with FCE include
hyperfluorescence with localized choriocapillaris thinning on
ICGA [12]. Fundus examination may appear normal or show

excavation (a), central serous chorioretinopathy (b), and peripapillary

nonspecific pigmentary changes or indistinct yellow-whitish
spots in an area of reduced fundus tessellation [42]. FCE has
been divided into two patterns according to OCT findings:
nonconforming FCE, where the photoreceptor tips are sepa-
rated from the RPE, and conforming FCE, where there is no
separation between the photoreceptors and RPE and it is de-
tectable on spectral domain OCT [42].

Central serous chorioretinopathy

CSC is aretinal disorder occurring in otherwise healthy young
or middle-aged patients who develop serous detachment of the
neurosensory retina, often associated with underlying serous
elevation of the RPE (Fig. 3b) [1]. It is believed that choroidal
congestion and choroidal hyperpermeability, which manifest
as increased choroidal thickness and dilated choroidal vessels
on EDI-OCT, play a contributing role in serous pigment epi-
thelial detachment and lead to focal defects of the RPE and
subretinal fluid most commonly located in the macular region
[1]. The chronic presence of subretinal fluid can ultimately
damage the RPE, although in some cases, the underlying mul-
tifocal choroidal vascular dysfunction can directly affect the
RPE without the presence of subretinal fluid [43]. To date, no
consensus has been reached on the classification of CSC, and
with respect to the time course, acute, subacute, and chronic
forms have been described, as well as focal and multifocal
forms with respect to their special distribution [44].

Peripapillary pachychoroid syndrome

Peripapillary pachychoroid syndrome is a newly described
entity in which qualitative and quantitative features of
pachychoroid are located predominantly in the peripapillary
area (Fig. 3c). This disorder presents with peripapillary
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Fig. 4 Clinical spectrum of the pachychoroid phenotype. Those with neovascularization: PNV (a) and PCV (b); and those with atrophy: PPE (c) and
pachychoroid atrophy (d). PCV, polypoidal choroidal vasculopathy; PNV, pachychoroid neovasculopathy; PPE, pachychoroid pigment epitheliopathy

choroidal thickening associated with intraretinal and/or
subretinal fluid extending from the temporal disc margin into
the macula or in the nasal side of the disc, in the absence of
neovascularization. It shares common features with chronic
CSC, such as RPE alterations, similar ICGA findings, and,
in some cases, the presence of serous pigment epithelial de-
tachment, gravitational tracks, evidence of serous retinal de-
tachment outside the peripapillary region with fundus autoflu-
orescence, and outer retinal atrophy. However, the choroidal
thickness profile is significantly different from typical CSC in
that the nasal macular choroid can be thicker and the thickness
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can sharply decrease towards the temporal side. Additionally,
in peripapillary pachychoroid syndrome, the presence of cho-
roidal folds, older age, and a small cup-to-disc ratio, with mild
disc leakage on late FA, are common [11].

Disorders with neovascularization
Pachychoroid neovasculopathy

In PNV (Fig. 4a), patients with no evidence of AMD (i.e., with
no drusen or only hard drusen), myopic degeneration, or other



Graefes Arch Clin Exp Ophthalmol

causes of degeneration develop type 1 neovascular tissue
overlying focal areas of choroidal thickening and ICGA
hyperfluorescence [45].

Polypoidal choroidal vasculopathy

PCV is also known by some investigators as aneurysmal type
1 neovascularization [46] and was first described by Yannuzzi
etal. [47]in 1990. It is a disorder that often presents clinically
as subretinal pigment RPE and/or subretinal hemorrhage and
fluid accumulation, similar to exudative AMD (Fig. 4b).
However, recent studies using EDI-OCT and swept-source
OCT have demonstrated that patients with PCV/aneurysmal
type 1 neovascularization frequently have thick choroids; this
is in contrast to the choroidal thinning often observed in eyes
with typical nAMD [48]. In 2012, the EVEREST study [49]
proposed several diagnostic criteria based on ICGA imaging.
According to the study, PCV was diagnosed based on early
subretinal ICGA hyperfluorescence (appearing within the first
5 min of ICG dye injection) and at least one of the following
diagnostic criteria: (a) nodular appearance of the polypoidal
lesion on stereoscopic viewing, (b) hypofluorescent halo
around the nodule, c) abnormal vascular channel(s) supplying
the polypoidal lesion, (d) pulsatile filling of polypoidal lesion,
(e) orange subretinal nodules corresponding to the
hyperfluorescent area on ICGA, or (f) massive submacular
hemorrhage. Adding multimodal imaging increases the accu-
racy of the diagnosis and it is possible to see PCV as a variant
of type 1 neovascularization, with vascular dilations and a
feeding vascular network underneath the RPE [46].

Disorders with atrophic changes
Pachychoroid pigment epitheliopathy

PPE was described by Warrow et al. [1] in 2013 as involving
the presence of choroidal congestion and choroidal
hyperpermeability. It manifests as increased choroidal thick-
ness and pachyvessels and leads to drusenoid RPE changes
and/or small pigment epithelial detachments in patients with-
out the serous macular detachment typical of classic CSC and
who also had no history of subretinal fluid (Fig. 4c). Those
pigment epithelial detachments can be found directly overly-
ing localized areas of thickened choroid and/or dilated choroi-
dal vessels, and the typical funduscopic appearance of reduced
fundus tessellation and FA abnormalities corresponding to
RPE disturbances can also be found. As part of the
pachychoroid spectrum, subretinal fluid can develop with
PPE, similar to CSC (as a forme fruste of it), as well as sub-
RPE neovascularization with or without polypoidal structures
[1] or retinal or RPE choroidal atrophy (Fig. 4d).

Differential diagnosis

Other diseases involving uveitis (e.g., Vogt—Koyanagi—
Harada disease, posterior scleritis, and choroidal granulomas
secondary to infectious or inflammatory diseases such as tu-
berculosis and sarcoidosis) and infiltrative diseases including
intraocular lymphomas and intraocular tumors (choroidal
hemangioma, choroidal metastases) that also manifest as
thickening of the choroid need to be included in the differen-
tial diagnosis. However, the presence of other pachychoroid
features, in the absence of systemic conditions and signs of
intraocular or scleral inflammation, would support the diagno-
sis of pachychoroid disease.

Management of neovascular complications
of pachychoroid disorders

The EVEREST study was the first to include a set of well-
defined ICGA criteria for PCV diagnosis and to assess the
effects of verteporfin photodynamic therapy (vPDT) com-
bined with intravitreal ranibizumab (IVR) or vPDT alone ver-
sus IVR monotherapy in patients with symptomatic macular
PCV. This multicenter study’s primary endpoint was the pro-
portion of patients with ICGA-assessed complete regression
of polyps at month 6. After evaluating 61 patients, the study
concluded that vPDT combined with IVR or vPDT alone was
superior to [IVR monotherapy in achieving complete regres-
sion of polyps [49]. The EVEREST II study [50], which was
conducted a few years later, compared IVR monotherapy with
IVR plus adjunctive vPDT administered at baseline. It report-
ed rates of complete polypoidal lesion regression of 33.8%
versus 69.7%, respectively, and gains in best-corrected visual
acuity (BCVA) from baseline to week 52 of 5.1 letters versus
8.3 letters (p = 0.01), respectively. This demonstrates that
combining ranibizumab with PDT achieved, on average, sig-
nificantly greater BCVA gains than ranibizumab monothera-
py. The Fujisan study [51] tried to elucidate whether vPDT
should be administered at the beginning of treatment or during
follow-up of IVR therapy. It found that while both initial and
deferred vPDT combined with IVR resulted in similar visual
and anatomical improvements at 12 months, the initial vPDT
combination led to significantly fewer additional treatments.
The LAPTOP study [52] considered as the primary outcome
the proportion of patients gaining or losing more than 0.2
logarithm of the minimal angle of resolution (logMAR) units
from baseline. In the vPDT arm (n = 47), 17.0% achieved
visual acuity (VA) gains, 55.3% had no change, and 27.7%
experienced VA losses, compared with 30.4%, 60.9%, and
8.7%, respectively, in the ranibizumab arm (n = 46). The
better VA in the initial IVR group compared with the vPDT
group at 2 years was retained at the 5-year follow-up [53].
Regarding aflibercept, the PLANET study [39] aimed to
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evaluate the efficacy, safety, and tolerability of intravitreal
aflibercept injection (IAI) monotherapy versus [Al plus rescue
vPDT in the treatment of PCV. Compared with EVEREST II,
this study had methodological differences, such as in the role
of vPDT (adjunct vs. rescue in EVEREST II vs. PLANET),
timing of vPDT administration (from baseline vs. deferred
after 3 months), and anti-vascular endothelial growth factor
(VEGF) dosing (pro re nata vs. fixed). Nevertheless, an im-
provement in visual and/or functional outcomes was achieved
in > 85% of participants treated with IAI monotherapy, with
no signs of leakage from polypoidal lesions in > 80% of par-
ticipants. After week 52, treatment intervals could be extended
beyond 8 weeks at investigators’ discretion, and results at
week 96 showed that IAI monotherapy was noninferior to
IAI plus rescue vPDT in terms of ETDRS letters gained
(+ 10.7 vs. + 9.1; p = 0.48) and the proportions of patients
with complete polyp regression (33.1% vs. 29.1%) or without
active polyps (82.1% vs. 85.6%) [54]. These results may sug-
gest differences in the treatment effects of IAI versus
ranibizumab in individuals with PCV.

There is no large randomized controlled study for the treat-
ment of PNV. Some studies suggest anti-VEGF monotherapy
is generally effective. For example, Matsumoto et al. [55]
have shown that a treat-and-extend regimen of intravitreal
anti-VEGF injection was equally effective in terms of im-
provement in BCVA and exudative changes, both in eyes with
PNV and type 1 nAMD. However, further studies are needed
to investigate whether PDT monotherapy or combination ther-
apy (anti-VEGF plus PDT) is more effective than anti-VEGF
monotherapy.

Management of pachychoroid disorders
with exudative changes

Several treatment strategies have been described for the man-
agement of exudative forms of pachychoroid disease in the
absence of neovascularization.

Traditionally, the treatment of choice for CSC has been
focal continuous-wave thermal laser treatment, typically with
an argon or diode laser. Although thermal laser treatment can
reduce the duration of subretinal fluid, the final BCVA does
not differ significantly compared with no treatment, and its
use should be limited to extrafoveal leakage sites. Other ther-
apies include transpupillary thermotherapy using an 810-nm
pulse diode laser with a treatment duration of 3045 s, a sub-
threshold micropulse laser, and the use of antagonists of min-
eralocorticoid receptors and glucocorticoid receptors, among
other systemic treatments. However, in recent years, vPDT
has emerged to become the treatment of choice for many
retina specialists. vVPDT may be performed using either full-
or half-dose verteporfin, and the light irradiance may be ap-
plied using either half-fluence or one-half the standard
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irradiation time. The PLACE (half-dose photodynamic thera-
py versus high-density subthreshold micropulse laser treat-
ment in patients with chronic central serous
chorioretinopathy) trial, a large, prospective, multicenter,
randomized-controlled treatment trial for the treatment of
chronic CSC, showed superiority in terms of complete reso-
lution of subretinal fluid and functional improvement of half-
dose vPDT versus high-density subthreshold micropulse laser
[56]. This review summarized important options for the treat-
ment of CSC. However, treatment for CSC is still controver-
sial. For interested readers, a recent extensive review is rec-
ommended [43].

Discussion

Initially, pachychoroid was considered only as increased cho-
roidal thickness compared with normal eyes. The wide range
of choroidal thicknesses considered normal is influenced by
multiple factors (age, axial length, blood pressure), and there
is no definitive cut-off value to date. Additionally, while a
thick choroid is frequently seen, choroidal thickness per se is
not the most important criterion for defining the pachychoroid
disease phenotype. Other diseases involving uveitis, such as
Vogt-Koyanagi-Harada disease, and intraocular tumors like
choroidal hemangioma also result in a thickened choroid and
are not considered as being on the pachychoroid spectrum due
to having different etiology. This highlights the idea that the
identification of other choroidal morphological alterations is
critical for the appropriate diagnosis of pachychoroid disease.
Moreover, choroidal thickness may be dependent on the du-
ration (chronicity) of the disease process. With longer patient
follow-up, we may find that pachychoroid spectrum eyes with
initially thick choroids end up with thinner choroids due to
atrophy. Longitudinal studies are therefore needed to investi-
gate whether the decrease in choroidal thickness is due to the
natural history of pachychoroid or is in response to treatment
(intravitreal treatment [57] or vPDT [58]).

Our literature review suggests that the presence of dilated or
congested vessels in the choroid, not thickened choroid per se, is
the most salient feature of pachychoroid. Eyes with
pachychoroid but without exudation, CNV, or RPE atrophy (un-
complicated pachychoroid) have choroidal hyperpermeability,
focal or diffuse congestion, or an increase in choroidal thickness
and pachyvessels [10]. Pachyvessels are thought to result in focal
or diffuse increased choroidal thickening, overlying
choriocapillaris, and Sattler’s layer thinning [32]. The inward
displacement of the pachyvessels and the reduced thickness
and decreased flow of the choriocapillaris may lead to the dis-
ruption of the RPE and Bruch’s membrane due to ischemia [14,
30] and/or chronic trauma caused by increased choroidal pulsa-
tion [34] or mechanical stress. Variable resistance of the RPE to
fluid/hydrostatic pressure imbalance and the different degrees of
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ischemia and inflammation with the consecutive development of
choroidal neovascularization may lead to the distinct disorders of
the pachychoroid spectrum.

Studies by Koizumi et al. [59] and Takahashi et al. [60],
which compared subfoveal choroidal structures among pa-
tients with typical AMD and PCV, have suggested that the
intrachoroidal structures of eyes with typical nAMD and PCV
differ significantly. In eyes with PCV, there seemed to be
greater dilation of the large choroidal vessels compared with
eyes with nAMD; this morphologic difference may be a sur-
rogate for differences in the pathophysiology and may explain
differences in treatment outcomes observed with PCV com-
pared with exudative AMD [7].

Describing the epidemiological, clinical, and morphological
characteristics of each disorder encompassed on the
pachychoroid spectrum is essential to disease monitoring, prog-
nosis, and treatment decisions. For example, in PCV, several
morphological characteristics may influence the prognosis.
Choroidal morphology, including characteristic features of
pachychoroid and high vascularity, can serve as predictive fac-
tors for outcomes after combination PDT [40] or aflibercept
[61-63]. Following IAI, greater improvements in VA at 12
months were significantly associated with greater baseline lu-
minal area and smaller baseline stromal area in PCV [61].
Patients with PCV associated with choroidal hyperpermeability
more frequently demonstrated bilateral CNV, a history of CSC,
a thickened choroid, and poor responses to IVR than those
without choroidal hyperpermeability [64]. Regarding PNV, dis-
tinct aqueous humor cytokine profiles of patients with PNV and
nAMD have been described, suggesting that angiogenic factors
and proinflammatory cytokines may play distinct roles in the
pathogenesis of PNV and nAMD [65].

Conclusion

A consensus on pachychoroid terms is needed. The presence
of focally dilated or congested vessels in the choroid, not
thickened choroid per se, with overlying choriocapillaris thin-
ning in the posterior pole is the most salient feature of
pachychoroid. However, other qualitative and quantitative
features should also be taken into account in order to differ-
entiate the pathological pachychoroid clinical spectrum.
Clinicians should be aware of the different disorders
encompassed on the spectrum and of their main forms of
presentation, which can be subdivided into those with exuda-
tion, those with neovascularization, and those with RPE and
chorioretinal atrophic changes. Choroidal features would be
useful in the management of patients, and in terms of progno-
sis, characteristic features of pachychoroid may serve as a
predictive factor, but these are still to be confirmed in a large
study.
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