DOI: 10.14744/eer.2023.70783
Eur Eye Res 2023;3(2):79-90

EUROPEAN

EYE

RESEARCH

REVIEW

Current concepts in pachychoroid spectrum diseases:
insights into the pathophysiology

Sibel Demirel,! (5 Ozge Yanik,!

Gokegen Ozcan,

2

Figen Batioglu,’ ¢© Emin Ozmert!

TDepartment of Ophthalmology, Ankara University School of Medicine, Ankara, Tiirkiye
2pepartment of Ophthalmology, Polatli Duatepe State Hospital, Ankara, Tiirkiye

Abstract

The pachychoroid spectrum defines a group of diseases in which focal or diffuse thickness increase in the choroid layer
is accompanied by dilated outer choroidal vessels and structural changes in the inner choroidal layers associated with it.
This spectrum of diseases includes pachychoroid pigment epitheliopathy, central serous chorioretinopathy, pachychoroid
neovasculopathy, polypoidal choroidal vasculopathy, focal choroidal excavation, peripapillary pachychoroid syndrome, and
pachydrusen. Although these diseases have similar pachychoroid features, they have different clinical prognosis, ranging
from a completely asymptomatic course to a very resistant clinical situation. The aim of this review is to summarize the cur-
rent definition, underlying etiopathogenesis, examination findings, imaging features, differential diagnoses, and treatment

approaches in light of current literature.
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he word “pachy” in Greek refers to “thick” and there-

fore “pachychoroid” literally means thick choroid. The
choroid is a primarily vascular tissue with 3 layers found be-
tween the sclera and the retina, responsible for blood sup-
ply to the outer retina. These layers according to its proxim-
ity to Bruch’s membrane are, the choriocapillaris layer, the
Sattler layer, which is observed as small oval vascular struc-
tures, and the Haller layer, which is the outermost large vas-
cular structure.

The term “pachychoroid” was introduced by Warrow et al.
in 2013, describing a group of macular diseases that pre-
sented a thick choroid.['! The definition of pachychoroid

and pachychoroid disease was introduced to describe a
group of diseases characterized by a focal or diffuse in-
crease in choroidal thickness and increased permeability of
the choroidal vessels. It is a relatively new definition that
refers to diseases with common phenotypic features such
as thinning of the choriocapillaris and Sattler's layer above
these pachyvessels (dilated choroidal vessels) in the Haller
layer, also associated retinal pigment epithelium (RPE)
abnormalities and choroidal neovascularizations (CNVs).
This spectrum of diseases includes pachychoroid pigment
epitheliopathy (PPE), central serous chorioretinopathy
(CSC), pachychoroid neovasculopathy (PNV), polypoidal
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choroidal vasculopathy (PCV), focal choroidal excavation
(FCE), peripapillary pachychoroid syndrome (PPS), and
pachydrusen.['-6]

The mechanism of development of pachychoroid disorders
has not yet been clearly elucidated. The most commonly
proposed mechanism is dilatation of the large choroidal
vessels and increased choroidal permeability.l’] Later, at-
rophy occurs in the overlying choriocapillaris and Sattler
layers due to increased choroidal hydrostatic pressure. The
increased sympathetic activity was also proposed as a pos-
sible mechanism of CSC.[85]

AMD-susceptibility genes were evaluated for their associ-
ations with PNV development, and found most risk alleles
for AMD in ARMS2 and CFH genes also contributed to the
development of PNV. The risk allele frequencies of CFH and
ARMS2/HTRA1 were highest in neovascular AMD, slightly
lower in PNV, and significantly lower in normal controls,
which suggests that the genetic characteristics of PNV
stand between AMD and normal controls.[10.11]

Recent technical improvements in ophthalmic imaging es-
pecially the optical coherence tomography (OCT) have led
to the identification and understanding of etiopathogene-
sis of many chorioretinal diseases. With the discovery of en-
hanced depth imaging (EDI) and subsequent use of swept
source OCT, the choroid has become more clearly visual-
ized and these developments have allowed for qualitative
and quantitative measurements of choroid. With the man-
ual ruler of OCT devices, the thickness of the choroidal layer
in the center of the macula and at different distances can
be measured. More recently, software based on binarized
OCT has been developed to quantify the ratio between
the choroidal vascular luminal area to total choroidal area
(choroidal vasculature index [CVI]), potentially represent-
ing a useful imaging biomarker for choroidal diseases.['2! In
pachychoroid disorders, CVI is found high both in diseased
eyes and fellow eyes.['3:14]

With the introduction of ultra-wide-field indocyanine
green angiography (ICGA) into clinical use, vortex vessels
have become better visualized. Recent publications sug-
gest that intervortex congestion and anastomosis may be
the keystones in the pathophysiology of poststroke de-
pression (PSD) and the frequency of veno-venous intervor-
tex anastomoses is increased in PSD.[%]

The choroidal blood empties through the vortex vein sys-
tems in a quadratic fashion. In each quadrant, the vortex
veins course toward the vortex vein ampulla and exit the
eye near the equator independently and there is a wa-
tershed zone between them. The vortex vein penetrates
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sclera obliquely and actually pass 4 mm through it.['!
A thick sclera cause an obstruction to venous passage
through it and affected vortex veins showing dilatation
and hyperpermeability, converging to the dilated ampulla
suggesting stasis of the vortex veins. Dilated vortex veins
under the fovea seem to contribute to the choroidal thick-
ening noted in the PSD. In eyes with PSD, venous engorge-
ment, increased venous pressure, and venous outflow
impediment from the choroid leading the remodeling of
choroidal drainage routes. Remodeling of the vortex veins
due to the long-standing asymmetric congestion of the
choroid during the progression of PSD has been suggested
as the cause of the development of anastomosis.['] Inter-
vortex vein anastomosis was observed in 90.2% of eyes
with CSC, 95.1% of eyes with PNV, and 100% of eyes with
pcv.l17]

PPE

It is a relatively newly defined entity with characteristic im-
aging features observed in the macula. PPE refers to a usu-
ally asymptomatic condition characterized by RPE changes
and choroidal thickening. It differs from CSC by the absence
of detectable subretinal fluid, despite the presence of irreg-
ularities in the RPE. It is also called the “formae frustae”form
of the CSC. It is a finding that is usually seen in the other
asymptomatic eyes of the eyes with CSC.['8 These patients
may progress to CSC over time or can develop type 1 neo-
vascularization, so constant evaluation of these patients is
suggested.

Fundus examination often reveals the loss of fundus mo-
saicism and a red diffuse posterior pole appearance due
to the pachychoroid feature. RPE changes are often found
in the macula and sub-RPE deposits described as pachy-
drusen may underlie these changes. Pachydrusen may be
confused with AMD, pattern dystrophy, or inflammatory le-
sions involving the RPE, however pachydrusen formation is
more scattered and ovoid in nature, unlike cluster-shaped
drusen seen in AMD. In contrast to AMD, PPE patients are
relatively young, and the pachydrusen are usually in ex-
trafoveal location. Typical OCT finding is characterized by
RPE changes, which are often localized on the compressed
choriocapillaris on pachyvessels (Fig. 1a-c). The choriocap-
illaris and Sattler layers can be completely disappeared on
OCT sections due to the compression of the dilated large
vessel in the underlying Haller layer, and the pachyvessels
and Bruch’s membrane contact directly with each other.
In ICGA studies, mid-phase hyperfluorescence caused by
large choroidal vessels in this area and increased choroidal
permeability were identified in 91.7% of the cases.['¥! Typ-
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Fig. 1.

ical pachychoroid features are present, and mottled areas
of both hypoautofuorescence and hyperautofuorescence
in fundus autofluorescence (FAF) imaging can be seen
within sites of RPE changes. Signs of previous subretinal
fluid, such as gravitational tracts, are not described in PPE.
In one study, the outer nuclear layer thickness in eyes with
PPE was thinner than in eyes with uncomplicated pachy-
choroid, suggesting that photoreceptor and/or RPE degen-
eration may occur even in the absence of subretinal fluid.
[20] A recent study also reported that choriocapillaris den-
sity was strongly reduced in the area of choroidal hyperper-
meability, highlighting compression over the choriocapil-
laris layer.[2" Karacorlu et al. evaluated 46 eyes with PPE at
least 3 years of follow-up and found that 17.4% of the eyes
developed long-term CSC, and they did not find any PNV or
PCV conversion of these eyes.[22] Similarly, choriocapillaris
perfusion was found to be lower in CSC patients compared
to uncomplicated pachychoroid patients accordingly, CSC
may be the long-term advanced stage of PPE or uncompli-

Multimodal fundus images of a patient with pachychoroid pigment epitheliopathy: (a) Inc-
reased choroidal thickness, dilated Haller vessels, and central retina pigment epithelium irre-
gularities on enhanced depth imaging optical coherence tomography. (b) Hyperfluorescence
due to retina pigment epithelium alterations observed in fundus fluorescein angiography.
(c) Hyperfluorescence due to increased permeability caused by large choroidal vessels in the
mid-phase of indocyanine green angiography.

cated pachychoroid cases.[23!

PPS

PPS is a new entity described by Phasukkijwatana et al.l®!
The choroidal thickness reaches its maximum thickness in
the area close to the optic disc rather than in the subfoveal
area. These patients are characterized by subretinal fluid,
intraretinal cyst, and rarely optic disc edema, which often
develops in the temporal region of the optic disc. Hyper-
opia, short axial length, and choroidal folds are other con-
ditions that associated with PPS.°! Hyperautofluorescent
gravitational tracks of pigmentary abnormalities of chronic
fluid localized to the peripapillary area because of gravity
on either FFA or FAF can be illustrated.2#! ICGA illustrates
peripapillary dilated choroidal vessels with multifocal hy-
perpermeability.[24]

Clinical findings in PPS can have similarities with uveal effu-
sion syndrome (UES). Gravitational tracks of RPE alterations
are more common in PPS, in contrast to the leopard-spot
pigmentary pattern of UES.2] To make this diagnosis, in-
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Optical coherence tomography images of a case with peripapil-
lary pachychoroid syndrome in both eyes: (a and b) Increasing
choroidal thickness from temporal to nasal in both eyes (arrow-
head) and dilated Haller veins on enhanced depth imaging op-
tical coherence tomography.

Multimodal fundus images of a patient with pachydrusen: (a)
Yellowish deposits with well-defined boundary at the supero-
temporal region macula on color fundus photography (b) In
fundus autofluorescence image, hyperfluorescent spots cor-
responding to yellowish drusen (c) Increased choroidal thick-
ness, dilated Haller vessels, and a drusenoid deposit on enhan-
ced depth imaging optical coherence tomography.

flammatory eye diseases also must be excluded (Fig. 2a-b).

PACHYDRUSEN

The term “pachydrusen” was introduced by Spaide to de-

scribe pachychoroid-associated drusen to describe druse-
noid lesions, large size of >125 pm and solitary, in the con-
text of a thickened choroid and distinct from the typical soft
drusen of AMD. Pachydrusen is confirmed to be located in
the posterior pole, beneath the RPE, and described as iso-
lated or scattered yellow-white deposits with well-defined
boundary. Pachydrusen is found to be associated with in-
creased central choroid thickness (CCT) (Fig. 3a-c).

The prevalence of pachydrusen is 41.67% in PPE, 60% in
CSC, 61.1% in PNV, and 70% in the treatment-naive PCV.
[4,26,27] Sheth et al. declared that pachydrusens give rise to
long-standing damage to the RPE and underlying Bruch'’s
membrane and the presence of pachydrusen is defined as
a potential risk factor for the disease activity in PSD, namely
leak in eyes with PPE and CSC, development of polyps/
branching vascular network in PCV eye and type 1 CNV in
PNV and PCV.[27]

Sato-akushichi et al. reported the prevalence of pachy-
drusen was 7.7% among the individuals aged 40 and over
and 10% among the individuals aged 70 and over in the
Japanese population. Pachydrusen was also reported more
prevalent than soft drusen and pseudodrusen combined
in the same population. The study indicated that 3.7%
of pachydrusen progressed within 5 years, whereas 5.5%
of pachydrusen regressed without photographically de-
tectable signs of atrophy. Moreover, no RPE atrophy was
observed after the regression of pachydrusen. In contrast
to Sheth et al., Sato-akushichi et al. speculated that pachy-
drusen do not seem to affect RPE directly and may have
little pathologic significance on macular diseases.[28]

FCE

FCE is an imaging finding that describes the localized exca-
vation of choroidal tissue towards the sclera, observed in
the absence of adisease-causing thinning of the sclera (pos-
terior staphyloma).[29] Most cases are asymptomatic and
fundus examination may reveal non-specific RPE changes
or a yellow spot. OCT is the imaging method that best de-
scribes this situation. There are two subtypes according to
OCT findings; in the conforming type of the photorecep-
tor tips are in direct contact with the RPE, in the non-con-
forming type, the photoreceptor ends are separated from
the RPE below it with an intermittent hyporeflective cleft.
Margolis et al. hypothesized that, initially, retinal elastici-
ty facilitates the maintenance of the conforming FCE, but
due to persistent stress on the outer retina, it transitions
into the nonconforming type with enlarged choroidal ex-
cavation.3! Nonconforming type FCE is like an inverse RPE
detachment; it compresses the choriocapillaris and further
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Enhanced depth imaging optical coherence tomography of focal choroidal excavation (FCE) in the left eye of a patient with central serous

chorioretinopathy who was using long-term systemic corticosteroid therapy for renal transplantation: (a) On optical coherence tomography
subretinal fluid, FCE in subfoveal location, shallow pigment epithelium detachment localized nasally, and also thick choroid and dilated Hal-

ler veins.

exacerbates choroidal ischemia. This leads to further focal
RPE/Bruch’s membrane complex injury, increasing the pre-
disposition to CSC or CNV.1301

Hyperfluorescent window defects can be seen in FFA de-
pending on the condition of the RPE on it. In ICGA, a hy-
pofluorescent area may be observed showing choriocapil-
laris atrophy (Fig. 4). FCE has been reported in pachychoroid
cases with increased subfoveal choroidal thickness and
hyperpermeability in ICGA. The localization of choroidal
hyperpermeability in or near the choroidal hyperperme-
ability area in ICGA, and the presence of this finding in
both the patient eye and the other eye in the CSC and PCV
case series suggested that FCE is a pachychoroid-related
condition.!®31 FCE leads to atrophy of the overlying RPE
and subsequent pump dysfunction, and CSC occurs as a
complication.32] It has also been proposed that CNV and
PCV are both the result of choroidal ischemia in areas of
anatomic anomalies.33!

CcscC

CSC is characterized by RPE changes, serous PEDs, and
subretinal fluid and tends to occur unilaterally in young to
middle-aged men. As age increases, gender predilection
disappears, and the disease tends to show a more bilater-
al involvement. The acute and chronic form of the disease
has been described. While the first attack regresses spon-
taneously 80% of the time, it can become chronic in the
remaining cases. Even if the first attack regresses, the recur-
rence rate is around 50%. Acute CSC is the most common
form of presentation and manifests as localized neurosen-

sory retinal detachment often regresses spontaneously
and heals with minimal sequelae (Fig. 5), while the chronic
form is often associated with long-term persistence of fluid
(more than 6 months), cystoid macular degeneration, sec-

Optical coherence tomography and angiography images of
a case with acute central serous chorioretinopathy: (a) Large
neurosensory detachment with subretinal fluid on enhanced
depth imaging optical coherence tomography passing through
fovea (b and c) Simultaneous fundus fluorescein angiography
and indocyanine green angiography (ICGA) showing the smo-
kestack configuration. The leak in ICGA is smaller in size as com-
pared to fundus fluorescein angiography. Areas of choroidal
hyperpermeability are seen in ICGA along the vascular arcades.
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Fig. 6.

ondary CNV and RPE atrophies and defined as the form in
which permanent vision loss can develop.[34!

Fundus examinations reveal serous macular detachment
and diffuse RPE irregularities in chronic cases. OCT imaging
can demonstrate attenuation of the outer retinal layers (re-
lated to chronic subretinal fluid) and defects in the external
limiting membrane. Descending tract and mottled hyper-
autofluorescent areas are observed in FAF imaging. De-
layed arterial filling and subsequent capillary and venous
hyperemia manifest as capillary and venous congestion are
frequently seen in eyes with CSC. These findings suggest
that capillary or venous congestion after ischemia in one
or more choroidal lobes may be the cause of CSC-related
choroidal hyperpermeability. CSCis now proposed as a dis-
ease characterized by congestion in the distal vortex vein
that developed in eyes with asymmetric vortex veins. Kishi
and coworkers evaluated the correlation between the ar-
eas of filling delay in early-phase ICG angiography and the
regions of dilated vortex veins in en-face OCT imaging and
found there was a significant co-localization.35]

In FFA, hyperfluorescence in the form of window defect due
to RPE atrophy, and in acute cases leaky foci from the RPE
are observed. The enlargement of the leaky area in the later
stages of angiography is a typical finding. In ICGA, dilated
choroidal vessels in the macular region are observed and
in mid phases, patchy areas of choroidal hyperpermeability
are revealed. OCT angiography (OCTA) is especially impor-
tant in detecting the development of secondary CNV.

Multimodal fundus images of a patient who underwent half-fluence photodynamic therapy in his right eye for chronic central
serous chorioretinopathy. Before treatment: (a) Subretinal fluid, shallow irregular pigment epithelium detachment, increased
choroidal thickness and dilated choroidal vessels on enhanced depth imaging (EDI) optical coherence tomography. (b) No
leakage in early fundus fluorescein angiography. (c) Dilated choroidal vessels in early indocyanine green angiography (ICGA).
(d) Point focus of leakage on late fundus fluorescein angiography. (e) Increased central permeability in late ICGA. After treat-
ment: (f) Complete disappearance of subretinal fluid on EDI optical coherence tomography.

The differential diagnosis of CSC includes vascular diseases
of the choroid, inflammatory diseases (Vogt-Koyanagi-
Harada, posterior scleritis), and anatomical anomalies such
as an optic pit or dome-shaped maculopathy.

Although treatment options such as risk factor modifica-
tions, medical treatments, and anti-vascular endothelial
growth factor (VEGF) injections are discussed, the strong
benefits of these options have not been proven yet. Min-
eralocorticoid antagonists, which have been emphasized
recently, are not found superior to placebo in a multicenter
randomized study.36! Although applying laser photocoag-
ulation to the focal points maintains its historical impor-
tance, the possibility of secondary CNV development in the
laser field and its inability to apply it to leaky foci near the
fovea makes it far from being an ideal treatment.

Two treatment modalities which are agreed on their effi-
cacy in the treatment of chronic CSC are sub-threshold mi-
cropulse laser and half-dose or half-fluence photodynamic
therapy (PDT). PDT increases the resorption of subretinal
fluid by decreasing choroidal hyperpermeability.l37-41]
However, serious potential complications are reported
such as choroidal ischemia, RPE atrophy, or development
of iatrogenic CNV, hence new treatment protocols such as
half dose or low fluence have been developed to prevent
these complications 3742441 Modified photodynamic ther-
apy (PDT) protocols are effective in the treatment and safe
for complications (Fig. 6a-f).#>471 ICGA studies revealed
that choroidal hyperpermeability decreased after PDT.
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Multimodal images of a patient with 4 months history of chronic
central serous chorioretinopathy: (a) Subretinal fluid and large
choroidal vessels on the enhanced depth imaging optical co-
herence tomography at baseline visit. (b and c) Two prominent
leakage point located at the superionasal macular region is vis-
ible on the early and late phase of fundus fluorescein angiog-
raphy. (d) Complete resolution of the subretinal fluid 2 months
after subthreshold micropulse laser therapy.

Thus, the pressure on the choriocapillaris is removed and
the areas with flow restriction can be corrected. In OCTA
studies, although a decrease was observed in the flow of
choriocapillaris in the first days of the treatment, the val-
ues return to normal around the 1st month and can even
exceed the old values, while the choroidal thickness is ef-
fectively reduced.[48-50]

Another effective method of treatment is sub-threshold mi-
cropulse laser treatment (Fig. 7a-d). The mechanism of ac-
tion of sub-threshold micropulse laser treatment is photo
stimulation, not photocoagulation, unlike argon laser, with
the split laser pulses; the RPE is stimulated without increas-
ing the temperature of the tissue. Since it does not cause
burns, it can be safely applied to the macula and repeated
treatments can be performed. The advantages are low
cost of treatment, no side effects, and short application
time. Subthreshold micropulse laser treatment was found

equally effective or superior compared to half-fluence PDT
or half-dose PDT in retrospective studies.51->4 However, in
one of the prospective randomized control studies; PLACE
study, PDT showed superior efficacy with respect to com-
plete resolution of SRF compared with micropulse laser at
both short-term and long-term follow-up visits. Moreover,
functional outcome was better with respect to both in-
creased retinal sensitivity at the first and final evaluation
visits and increased BCVA at the first evaluation visit in PDT
group.>?!

PNV

Choroidal neovascularizations are classified according to
whether new vessels are located above or below the RPE
on OCT. Type-1 CNV is located under the RPE and is typical-
ly characterized by the presence of PED. Although it is fre-
quently seen in neovascular AMD, it can also be observed
in pachychoroid diseases such as CSC, PCV, and PNV. There-
fore, in cases without classical AMD findings, PNV should
be considered in the presence of thick choroid and type-1
CNV.

PNV is a relatively new clinical entity defined in 2014 by
Pang and Freund. They reported a small case series of pa-
tients with type-1 CNV occurring over enlarged choroidal
vessels with increased choroidal thickness and defined this
entity as “PNV"[2] Although by definition, it begins as a con-
dition of no previous CSC attack, the distinction between
complicated CSC and PNV has not yet been clarified.

There are gene studies in the literature to understand
whether neovascular AMD and PNV are different patholo-
gies. A study on the genetic basis of CSCand AMD, revealed
that different polymorphisms in the CFH and VIPR2 genes
play a role in the development of CSC or AMD, depend-
ing on the type of the polymorphism.[56! In another study,
in the CFH and ARMS2 genes, some alleles predispose to
AMD development, while some alleles predispose to the
development of PNV.[''1In this study, they stated that PNV
cases have a lower genetic predisposition to neovascular
AMD (lower frequency of ARMS2A69 and CFH162V poly-
morphisms) and these data suggest that the genetic basis
of PNV and neovascular AMD are different.

On OCT, CNV developing on a pachychoroid background
typically presents as a flat irregular PED over the dilated
Haller layer and according to the activity of the disease,
subretinal fluid can be observed. Evaluation of type 1 CNV
by dye angiography methods may be difficult due to leak-
age in FFA and increased choroidal permeability in ICGA.
Whereas, OCTA can show the full size of the neovascular
membrane and is not affected by leakage, staining, and



86

European Eye Research

Fig. 8.

Multimodal images of left eye of a patient with chronic central serous chorioretinopathy (CSC) complicated with secondary choroidal neo-

vascularization: (a) Subretinal fluid with flat irregular pigment epithelial detachment and large choroidal vessels on enhanced depth imaging
optical coherence tomography (b) Fundus autoflourecence image shows gravitational tracts due to persistent subretinal fluid. (c and d)
Hyperfluorescent areas with multiple leaking points on fundus fluorescein angiography and choroidal hyperpermeability areas on indocya-
nine green angiography. (e) An aberrant flow signal of well-circumscribed choroidal neovascularization secondary to CSC on the choriocapil-

laris slab of en-face optical coherence tomography angiography.

increased choroidal permeability, unlike conventional dye
angiograms (Figures 8a-e and 9a-d).[>7]

Intravitreal anti-VEGF injections and/or PDT are used in
the treatment of PNV. In a study evaluating 18 unilateral
PNV cases treated with anti-VEGF therapy (ranibizumab or
aflibercept), they reported a significant decrease in mean
CCT after 12 months of follow-up.l>8 The authors stated
that the decrease in CCT may be due to the reduction in
choroidal vascular permeability. In a retrospective study
comparing the efficacy of intravitreal aflibercept applica-
tions performed according to the “Treat and Extend” reg-
imen in PNV and neovascular AMD cases, similar anatom-
ical and functional improvement was reported in both
groups and it was shown that aflibercept injections can
be administered with longer treatment intervals after the
initial loading dose in the PNV group, unlike neovascular
AMD.['7] This may be due to the lower intraocular VEGF
concentrations detected in PNV. A study supporting this
hypothesis was performed by Hata et al. They measured
VEGF concentration by enzyme-linked immunosorbent
method in the aqueous humor of 9 PNV and 21 neovascu-
lar AMD cases who did not receive any treatment before
and found that VEGF level was lower in the PNV group.®]
Terao et al. reported that VEGF-A, bFGF, GM-CSF, and MCP-
1 were significantly higher in the AMD group compared to
the PNV group.[®0 A marked increase in inflammation and
angiogenesis in neovascular AMD compared to PNV may
be directly related to lesion enlargement.

In another published study, the results of ranibizumab
and aflibercept treatment in PNV were compared, and it
was reported that the rate of dry macula recovery at the
3rd month follow-up following after-loading doses was
significantly higher in the aflibercept group (82.6% vs.
51.6%, P=0.018). While dry macula can be obtained with
anti-VEGF therapy in almost 90% of the cases, adjuvant
photodynamic therapy was required in 11.1% of the cases,
and complete fluid resolution was achieved in all cases.[6"]
In another study of the same group, adjuvant PDT was ap-
plied to PNV cases with persistent subretinal or intraretinal
fluid despite at least 4 anti-VEGF injections, and dry macula
was obtained in 85.7% of the cases at 3 months.[62] PDT is
an important treatment option, especially in cases where
dry macula cannot be achieved with anti-VEGF therapy.

PCV

PCVisatype 1 CNV with aneurysmal dilatations at its edges
that develops at the base of pachychoroid vessels.[53! In an
enucleated PNV case, CNV was shown to be accompanied
by aneurysmal enlargements located between the RPE and
Bruch’s membrane.[%4 Therefore, some authors argue that

it should be named aneurysmal type-1 CNV instead of PCV.
[65]

Aneurysmal dilation of type 1 CNV might develop over time
and might be complicated by lipid leakage and hemor-
rhage. Fundus examination reveals orange nodules, serous
or hemorrhagic PED, subretinal hemorrhage, subretinal
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Fig.9. Multimodal fundus images of the right eye of a pachy-
choroid neovasculopathy case: (a) Flat irreqular pigment
epithelial detachment and subretinal fluid with elon-
gated photoreceptors on enhanced depth imaging opti-
cal coherence tomography (OCT) (b) Leaking point at the
temporal macula in fundus fluorescein angiography. (c)
Hyperfluorescent plaque appearance of choroidal neo-
vascularization in indocyanine green angiography. (d) En
face choriocapillaris slab and b scan OCT superimposed
with flow data prove choroidal neovascularization exis-
tence on OCT angiography.

fluid, fibrosis, and scarring. The most feared complication
and the cause of poor visual prognosis is massive subretinal
hemorrhage. On OCT, inverted V-shaped, sharply peaked
PED appearance, multilobular PEDs, ring-like lesion inside
the PED, and flat irreqular PED and double layer sign can
be seen in the area where the branching vascular network
and polyps are located.[%0] ICGA is the gold standard for de-
finitive diagnosis. In ICGA, choroidal hyperpermeability, hy-
perfluorescent plaque appearance due to branching vas-
cular network, and polyp structures that appear as grape
bunches are striking. Polyps show early filling and are ob-
served as a bright hyperfluorescent interior and hypofluo-
rescent wall structure in the early stages (Fig. 10a-c). In the
later stages, the center of the polyps is hypo, and the wall
structure is hyperfluorescent due to staining.[”] Although
OCTA is also useful inimaging PCV lesions, it may be insuffi-
cient to visualize polyp structures in cases with high-speed
turbulent flow or thrombosis within the polyp.[68]

Photodynamic therapy, anti-VEGF therapy, or a combina-
tion of these can be used in the treatment. In the EVEREST
Il study, the PDT and ranibizumab combination group com-
pared to the ranibizumab therapy and accordingly the rate
of final letter gain (8.8 letters; 5.1 letters respectively) and
polyp regression (69.3%;34.7% respectively) were higher,
while the mean number of injections was lower (5.2; 7.3
respectively) in the combined group.®® In the PLANET
study, the groups receiving aflibercept monotherapy and
aflibercept combined with rescue PDT were compared,
and at the end of 52 weeks, similar visual acuity gain (10.7
letters;10.9 letters respectively) and polyp regression rate
(38.9%; 44.8% respectively) are reported-7% In the recently
published 96-week results of the PLANET study; among
the groups; visual acuity gain (10.7 letters; 9.1 letters, re-
spectively), complete polyp regression rate (33.1%; 29.1%,
respectively), and the percentage of cases without active
polyps (82.1%; 85.6%, respectively) were found to be sim-
ilar between the groups. It was reported that aflibercept
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Fig. 10. Multimodal fundus images of the right eye of a polypoidal choroidal vasculopathy case: (a) On enhanced depth imaging optical coherence
tomography, shallow serous pigment epithelium detachment with a hyperreflective inverted V-shaped pigment epithelium detachment
and subretinal fluid. (b) Leakage of the inferior macula in fundus fluorescein angiography (c) Bright hyperfluorescent polyps surrounded by
hypofluorescent wall and branching vascular network in indocyanine green angiography.
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monotherapy is not inferior to aflibercept combined with
rescue PDT.71]

Conclusion

There is still no consensus on etiopathogenesis of pachy-
choroid spectrum diseases and whether they are different
progressive stages of the same disease. If these diseases
are different stages of the same disease, the factors leading
to the development of CNV, aneurysmal dilation, recurrent
subretinal fluid, or PED are currently unknown. Prospective
studies with a large number of patients with long-term fol-
low-ups are needed to explain these differences between
pachychoroid spectrum diseases.
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