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ABSTRACT

Pachychoroid spectrum disease (PSD) represents a group of chorioretinal disorders characterized by increased choroidal thickness, 
dilated outer choroidal vessels (pachyvessels), attenuation of the inner choroid, and retinal pigment epithelium (alterations. Over the 
past decade, the concept of pachychoroid has evolved from a simple “thick choroid” phenotype into a complex disorder involving 
choroidal venous congestion, vascular remodeling, and choriocapillaris ischemia. The spectrum includes uncomplicated pachychoroid, 
pachychoroid pigment epitheliopathy, central serous chorioretinopathy (CSC), pachychoroid neovasculopathy (PNV), polypoidal 
choroidal vasculopathy, and several recently described entities. Recent advances in multimodal imaging, particularly optical coherence 
tomography angiography (OCTA), widefield indocyanine green angiography, and enhanced depth imaging optical coherence tomography, 
have substantially improved our understanding of the structural and vascular alterations underlying these diseases. OCTA has emerged 
as a highly sensitive modality for detecting type 1 macular neovascularization in PSD and has significantly influenced differential 
diagnosis and treatment strategies. Furthermore, photodynamic therapy, especially reduced-setting protocols, has regained importance 
owing to its choroidal remodeling effects and favorable outcomes in CSC and PNV. This review summarizes the current concepts 
regarding pachychoroid disease, with a particular focus on pathophysiology, multimodal imaging findings, differential diagnosis, and 
therapeutic implications.
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of diseases sharing similar choroidal abnormalities but pre-
senting with different retinal manifestations. Current defi-
nitions emphasize that the hallmark is not simply increased 
choroidal thickness, but the presence of congested choroi-
dal vessels beneath areas of CC thinning or loss, often with 
secondary retinal pigment epithelium (RPE) dysfunction 
and, in some cases, exudation or neovascularization.4

Pachychoroid spectrum disorders (PSDs) include uncom-
plicated pachychoroid (UCP), PPE, central serous chorio-

1. Introduction

The term “pachychoroid” was introduced first when 

pachychoroid pigment epitheliopathy (PPE) was described 

in a study by Freund and colleagues to describe eyes with 

increased choroidal thickness associated with dilated out-

er choroidal vessels and attenuation of the overlying cho-

riocapillaris (CC) and Sattler layers.1, 2 It derived from the 

Greek word pachy- meaning thick.3 Since its initial de-

scription, the concept has expanded into a broad spectrum 
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retinopathy (CSC), pachychoroid neovasculopathy (PNV), 
polypoidal choroidal vasculopathy (PCV), focal choroidal 
excavation (FCE), and peripapillary pachychoroid syn-
drome (PPS).5 Recent evidence suggests that pachychoroid 
disease may represent a chronic venous remodeling disor-
der rather than merely a condition of increased choroidal 
thickness.6 

2. Evolution of the Pachychoroid 
Concept

2.1. From Central Serous Chorioretinopathy to Pachy-
choroid Disease

Retinal diseases were predominantly interpreted through 
retinal and retinal vascular abnormalities, while the choroid 
received relatively limited attention because of insufficient 
imaging capabilities. Historically, CSC was considered an 
isolated retinal disorder characterized by serous retinal de-
tachment.7 However, abnormalities of the choroidal circu-
lation are believed to play an important role in the patho-
physiology of this entity.8 The development of indocyanine 
green angiography (ICGA), followed by enhanced depth 
imaging optical coherence tomography (EDI-OCT) and 
swept-source OCT (SS-OCT) revealed diffuse choroidal 
thickening and hyperpermeability in CSC eyes and their 
fellow eyes, leading to the recognition of a broader choroi-
dal phenotype.5 CSC is an important clinical presentation 
within the PSD, which has been postulated to be associated 
with venous overload choroidopathy.6  Another point is that 
since the disease is not always in the center as the indicat-
ed in the original name, the terminology has also evolved 
over time. Some authors proposed the term “pachychoroid 
serous retinopathy” to better reflect the underlying choroi-
dal pathology rather than focusing solely on retinal fluid 
accumulation.7

The pachychoroid spectrum comprises both uncomplicated 
cases characterized solely by choroidal thickening with-
out pathological changes, as well as other disease entities 
where pathological findings accompany the pachychoroid 
features.9 The concept of PSDs has been introduced over 
the past decade.8 Characteristic features of the PSD include 
choroidal hyperpermeability, choroidal thickening, and di-
lated choroidal vessels (pachyvessels), accompanied by a 
thinning of the overlying CC.10 The spectrum is currently 
classified into several distinct entities. Another pachycho-

roid manifestation that shares several pathophysiological 
features with CSC but occurs in a different anatomical lo-
cation is PPS. It is characterized by peripapillary and nasal 
choroidal thickening, pachyvessels, and fluid accumulation 
predominantly involving the peripapillary region and na-
sal macula (Fig. 1). Recent imaging studies suggest that 
asymmetric vortex vein drainage and compensatory inter-
vortex venous anastomoses are often concentrated around 
the optic nerve head rather than the macula, supporting 
the concept that PPS represents a topographically distinct, 
peripapillary form of choroidal venous congestion within 
the pachychoroid spectrum.11

Pachychoroid pigment epitheliopathy is considered a pre-
cursor or “forme fruste” of CSC and is characterized by 
RPE abnormalities overlying areas of choroidal thickening 
without evidence of subretinal fluid (SRF).1 Patients are 
typically asymptomatic, and multimodal imaging demon-
strates increased choroidal thickness, pachyvessels located 
below RPE changes, fundus autofluorescence abnormali-
ties, and focal RPE alterations, occasionally accompanied 
by small pigment epithelial detachments (PED) on OCT. 
PPE is frequently observed in fellow eyes of unilateral 
CSC patients and may progress to other PSD, including 
PNV.12 Pachydrusen (a phenotype of PPE) are drusenoid 
deposits that may occasionally mimic age-related macu-
lar degeneration (AMD)-related drusen but differ in their 
morphology, distribution, and association with a thickened 
pachychoroid. Unlike soft drusen, pachydrusen tend to re-
main relatively stable over time and are not consistently 
associated with the high risk of neovascularization or geo-
graphic atrophy typically observed in AMD. 

The identification of type 1 (sub-RPE) macular neovascu-
larization (MNV) in eyes with pachychoroid features led 
to the description of PNV by Pang and Freund in 2015.12 
Unlike neovascular AMD (nAMD), PNV typically occurs 
in younger patients and is associated with thicker choroids 
and absence of soft drusen.13 It is characterized by the devel-
opment of type 1 MNV overlying a thickened choroid with 
pachyvessels.12, 14 PNV is characterized by reduced fundus 
tessellation, a thickened choroid, a dilated Haller’s layer 
vessel with the obliteration of the CC underneath the MNV, 
choroidal vascular hyperpermeability, and RPE abnormal-
ity independent of MNV lesions (Fig. 2). PCV, currently 
also referred to as aneurysmal type 1 neovascularization, 
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Figure 1: Multimodal imaging findings in peripapillary pachychoroid syndrome (PPS). (A, C) Fluorescein angiography (FA) 
demonstrating mottled hyperfluorescence with areas of late leakage involving the peripapillary and nasal macular regions. (B, 
D) Corresponding indocyanine green angiography (ICGA) images showing choroidal hyperpermeability and dilated choroidal 
vessels, consistent with pachychoroid-associated choroidal vascular abnormalities. (E) Near-infrared reflectance image 
indicating the location of the OCT scan. (Center) Enhanced depth imaging optical coherence tomography (EDI-OCT) revealing 
pachychoroid features characterized by increased choroidal thickness with dilated Haller layer vessels (pachyvessels) located 
particularly on nasal side, choroidal ondulation, and associated intraretinal fluid accumulation. (F) Fundus autofluorescence 
image (FAF) demonstrating granular hypo- and hyperautofluorescent retinal pigment epithelium alterations corresponding to 
chronic disease-related changes and lineer hyperautofluorescent lines corresponding to choroidal folds areas.

was later incorporated into the PSD because of overlap-
ping choroidal features and vascular abnormalities.15 But 
PCV may not represent a single disease entity, with some 
cases exhibiting pachychoroid-driven characteristics while 
others appear more closely related to conventional AMD.15 
Within the PSD, PNV and aneurysmal type 1 neovascular-
ization are increasingly viewed as part of a continuum, with 
some evidence suggesting that aneurysmal lesions may de-
velop as a consequence of progressive vascular remodeling 
in pre-existing PNV. 

Focal choroidal excavation, characterized by an excavation 
of the choroid seen on OCT in patients with good visual 
acuity and a normal-appearing overlying retina, was first 
identified by Jampol et al. in 2006.16 In 2011, Margolis et 

al. described FCE as an idiopathic focal choroidal depres-
sion identifiable on OCT, with most lesions remaining sta-
ble over time, although CSC and secondary MNV were ob-
served in some cases.17 It is considered part of the PSD due 
to its association with choroidal thickening, pachyvessels, 
and choroidal hyperpermeability, and may be complicated 
by CSC or MNV (Fig. 3).18

2.2. Current Definition of Pachychoroid

Current diagnostic criteria for pachychoroid disease gen-
erally include increased choroidal thickness, pachyvessels, 
attenuation of the CC and Sattler layers, choroidal hyper-
permeability, intervortex venous anastomoses, relative ab-
sence of soft drusen, except pachydrusen.19 Despite these 
shared features, whether PSDs represent different stages of 
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Figure 2: Multimodal imaging findings of pachychoroid neovasculopathy (PNV). (A) Enhanced-depth imaging optical coherence 
tomography (EDI-OCT) demonstrating increased choroidal thickness with a flat irregular pigment epithelial detachment (FIPED) 
and subretinal fluid. A dilated Haller’s layer vessel (pachyvessel) is evident beneath the lesion, with attenuation of the overlying 
choriocapillaris. (B) Fluorescein angiography (FA) showing focal leaking point likely to corresponding hyperpermeability area 
and macular neovascularization (MNV). (C) Indocyanine green angiography (ICGA) revealing hypermability and retinal pigment 
epithelium (RPE) abnormalities extending beyond the neovascular lesion. Even in ICGA focal leaking point is recognizable. (D) 
Optical coherence tomography angiography (OCTA) demonstrating a neovascular network. (E) Structural OCT highlighting a 
shallow irregular PED corresponding to the neovascular complex without any activity. (F) FA showing diffuse hyperfluorescence 
especially on extrafoveal temporal area secondary to hyperpermability seen on ICGA. (G) ICGA showing central hyperfluorescent 
plaque characteristic features of MNV. 

Figure 3: Representative multimodal imaging of focal choroidal excavation (FCE). (A) Infrared reflectance image and 
corresponding spectral domain optic coherence tomography (SD-OCT) demonstrating a focal choroidal depression and 
subretinal fluid (SRF) associated with pachychoroid features. (B) Fluorescein angiography (FA) and (C) Indocyanine green 
angiography (ICGA) showing the focal leaking point and the presence of choroidal hyperpermeability corresponding to it, 
respectively. (D) Fundus autofluorescence (FAF) demonstrating mild retinal pigment epithelium alterations. (E) SD-OCT image 
showing FCE associated with SRF, illustrating the recognized association between FCE and central serous chorioretinopathy 
(CSC) within the pachychoroid disease spectrum.
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the same disease or distinct phenotypes remains controver-
sial. 

Many authors suggest a continuum where UCP progresses 
to PPE, then CSC, and finally PNV or PCV.20, 21 Although 
PSDs share hallmark pachychoroid features, longitudinal 
evidence does not support a sequential progression across 
all PSDs.22 Notably, Karaçorlu et al. demonstrated that 
while PPE may progress to CSC, none of the eyes devel-
oped PNV or PCV during long-term follow-up, suggesting 
that these entities may have distinct pathogenic pathways 
rather than representing different stages of the same dis-
ease.23 This heterogeneity may be particularly relevant for 
CSC, whose etiopathogenesis is unlikely to be explained 
solely by choroidal venous congestion. Although venous 
overload and intervortex venous anastomoses are increas-
ingly recognized as key mechanisms within the PSD, CSC 
has also been strongly linked to corticosteroid exposure, 
endogenous hypercortisolism, sympathetic activation, and 
mineralocorticoid/glucocorticoid receptor–mediated cho-
roidal vascular dysfunction. Therefore, CSC may share the 
venous-congestion background of PSD while also requir-
ing additional steroid- or adrenergic-related triggers, which 
could explain why not all PPE eyes progress sequentially 
to CSC, PNV, or PCV.

3. Pathophysiology of Pachychoroid 
Disease

3.1. Choroidal Venous Congestion and Remodeling

The leading pathophysiological framework for PSD is 
“venous overload choroidopathy”. Recent studies strongly 
support the theory that vortex vein congestion and venous 
overload play a central role in pachychoroid pathogenesis.24, 

25 Widefield SS-OCT revealed widespread choroidal thick-
ening following the course of dilated vortex veins in CSC, 
reinforcing the role of vortex vein congestion in pachycho-
roid pathophysiology.26 Spaide et al. demonstrated, using 
widefield ICGA, that intervortex venous anastomoses are 
a common feature across the PSD, including CSC, PNV, 
and PPS, suggesting that venous remodeling plays a central 
role in the PSD.27 Choroidal congestion may be compen-
sated for by new drainage routes formed via vortex vein 
anastomosis. Chronic asymmetric choroidal venous con-
gestion appears to drive venous remodeling, characterized 
by the loss of the normal horizontal watershed and the de-
velopment of extensive anastomoses between superior and 
inferior vortex veins, particularly in CSC, PNV, and PCV 
(Fig. 4).28 Anastomoses between vortex veins across dif-
ferent sectors may function as a decongestive mechanism 
within the choroid, potentially explaining the broad spec-

Figure 4: Choroidal venous remodeling 
visualized by wide-field indocyanine 
green angiography (ICGA). (A, B) 
Wide-field ICGA images demonstrating 
asymmetrically distributed venous 
outflow and marked intervortex venous 
anastomoses crossing the physiologic 
horizontal watershed zone. (C–F) 
Representative angiographic findings 
in eyes with pachychoroid spectrum 
disorders. Chronic asymmetric 
choroidal venous congestion is believed 
to induce venous remodeling, resulting 
in dilation of vortex veins, attenuation 
of the normal watershed boundaries, 
and formation of extensive superior–
inferior vortex vein anastomoses, 
a hallmark of central seour 
chorioretinopathy (CSC), pachychoroid 
neovasculopaty (PNV), and polypoidal 
choroidal neovasculopathy (PCV).
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trum of clinical findings observed in PSD.24 In our group 
study, using en-face spectral domain OCT (SD-OCT), the 
authors found that intervortex venous anastomoses were 
significantly more common in CSC eyes (75.4%) and fel-
low eyes (61.5%) than in healthy controls (36.4%). In ad-
dition, anastomotic vessel diameter and choroidal vascu-
larity index (CVI) were increased in CSC, supporting the 
concept that choroidal venous remodeling and congestion 
are important features of CSC pathophysiology.29 Venous 
congestion may lead to dilation of Haller vessels, increased 
hydrostatic pressure, and compensatory intervortex venous 
anastomoses.6, 27 Subsequent compression of the CC may 
induce ischemia and RPE dysfunction, eventually contrib-
uting to the development of MNV.28, 30 

The concept of venous remodeling has become one of the 
major paradigms in understanding pachychoroid disease. 
Cheng et al. proposed a “multi-hit theory” for pachycho-
roid diseases, suggesting that disease progression results 
from a dynamic interplay between anatomical predisposi-
tion, triggering events, compensatory venous remodeling, 
and subsequent decompensation leading to chronic choroi-
dal dysfunction and visual loss.2 The authors further em-
phasized the potential role of scleral outflow resistance in 
perpetuating chronic choroidal congestion and contributing 
to the transition from CSC to neovascular pachychoroid en-
tities such as PNV and PCV. Sharma et al. proposed that 
scleral resistance to venous outflow may play a key role in 
pachychoroid pathophysiology, suggesting that intervortex 
venous anastomosis represents a compensatory remodeling 
process and a promising avenue for future research into 
disease progression and susceptibility.24 From a pathophys-
iological perspective, increased anterior scleral thickness 
may impede vortex vein outflow, leading to choroidal ve-
nous congestion and subsequent choroidal thickening. This 
venous overload may promote choroidal hyperpermeabili-
ty and contribute to the development of pachychoroid spec-
trum diseases, including CSC and PNV.31

3.2. Choriocapillaris Alterations

Optical coherence tomography angiography studies demon-
strated that CC flow alterations are frequently observed in 
PSDs. Using OCTA, Gal-Or et al. demonstrated that CC 
flow deficits are frequently colocalized with pachyvessels, 
supporting the hypothesis that dilated Haller layer vessels 
contribute to inner choroidal ischemia in pachychoroid dis-

ease.32 Furthermore, the observed colocalization of reduced 
CC flow, increased choroidal thickness, and choroidal vas-
cular hyperpermeability provides additional evidence that 
choriocapillaris ischemia may play a key role in the patho-
genesis of pachychoroid disease.33 Demirel et al. evaluat-
ed choroidal vascular features in CSC, PPE, and UCP and 
reported reduced CC vessel density and flow area in CSC 
eyes compared with UCP eyes.21 

Choriocapillaris is essential for outer retinal perfusion and 
may be affected differently in AMD compared to pachycho-
roid MNV. More recently, SS-OCTA studies revealed sig-
nificantly larger CC flow deficits surrounding type 1 MNV 
lesions in PNV compared with nAMD, supporting differ-
ent pathogenic mechanisms between these disorders.34 The 
extensive CC alterations observed in PNV may reflect un-
derlying choroidal dysfunction that predisposes these eyes 
to MNV, supporting the hypothesis that choroidal vascular 
abnormalities are central to the pathogenesis of PNV.34

3.3. Choroidal Structural Alterations and Choroidal 
Vascularity Index

Conventional choroidal thickness measurements (B-scan 
OCT and EDI-OCT) provide limited information regard-
ing the structural composition of the choroid yet are widely 
used to classify patients under terms such as pachychoroid. 
Therefore, CVI and binarization analyses have gained in-
creasing interest.9, 20, 22

Demirel et al. demonstrated that different pachychoroid en-
tities exhibit distinct luminal and stromal compositions.9, 

20, 22 Demirel et al. established choroidal thicness and CVI-
based cutoff values for PSD and reported that choroidal 
thickness and CVI values were highest in CSC, followed 
respectively by PPE, UCP, PNV, and PCV, suggesting 
progressive differences in choroidal vascular composition 
across the PSDs.20 Studies evaluating CVI in CSC have 
reported inconsistent results; while some demonstrated in-
creased CVI and choroidal vascularity, particularly in the 
subfoveal region, others found no significant difference 
compared with fellow or healthy eyes. Nevertheless, the 
positive correlation between CVI and choroidal thickness 
supports the concept that vascular dilation contributes to 
choroidal thickening in CSC. In a study by Agrawal et al., 
an increased CVI was observed in eyes affected by CSC 
compared with fellow eyes. Importantly, elevated CVI was 
also detected in the fellow eyes of CSC patients, which 
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showed higher values than those of age-matched healthy 
controls.35 Furthermore, fellow eyes of patients with PNV 
and CSC were also found to exhibit abnormal choroidal 
morphologyical features, suggesting that pachychoroid-re-
lated alterations may represent a bilateral and systemic 
choroidal process.22 However, the absence of significant 
CVI alterations in fellow eyes of PNV patients may also in-
dicate that PNV involves a more localized choroidal vascu-
lar dysfunction rather than diffuse choroidal involvement, 
supporting the hypothesis of heterogeneous pathogenic 
mechanisms within the PSDs.

Findings regarding the CVI in PCV remain controversial. 
Some studies have reported lower or unchanged CVI val-
ues in PCV compared to healthy controls and other PSDs.20, 

36 Conversely, other research suggests that localized dila-
tion of Haller’s vessels accompanied by stromal attenua-
tion may contribute to the pathology, despite a relatively 
preserved overall CVI.37 Gupta et al. demonstrated that 
PCV is a heterogeneous entity comprising distinct cho-
roidal phenotypes; while typical PCV exhibits increased 
choroidal vascularity consistent with the PSD, polypoi-
dal MNV shows vascular characteristics similar to AMD, 
suggesting that increased CVI is not a universal feature of 
PCV.38 These observations imply that choroidal changes in 
PCV are more localized and heterogeneous compared to 
the diffuse vascular alterations typically seen in CSC.

Multiple studies have demonstrated that while PDT signifi-
cantly reduces choroidal thickness-related parameters in 
PSDs, the CVI remains relatively stable. This suggests a 
proportional decrease in both the stromal and luminal com-
ponents of the choroid.9, 39

Although there is still no consensus on whether PSD rep-
resent distinct entities or sequential stages of a single dis-
order, subsequent studies evaluating CVI suggested that 
PSDs may not merely represent sequential stages of the 
same disorder but rather distinct phenotypes sharing com-
mon venous and vascular abnormalities.20

4. Multimodal Imaging in Pachycho-
roid Disease

4.1. Optical Coherence Tomography

The development of EDI-OCT by Spaide and colleagues 
represented a turning point in retinal imaging because it 
allowed direct quantitative assessment of choroidal thick-
ness.40 EDI-OCT and SS-OCT enable precise measurement 

of choroidal thickness. This has led to the identification 
of a new category of disorders, collectively termed PSDs 
characterized by a sustained, focal, or diffuse increase in 
choroidal thickness exceeding 300 microns.19, 41 Common 
findings are pachyvessels, flat irregular PED (FIPED), dou-
ble-layer sign, increased choroidal thickness, attenuation 
of inner choroidal layers, serous retinal detachment. These 
findings facilitate the recognition of pachychoroid pheno-
type and assist differential diagnosis.41

On spectral OCT, patients typically do not show neurosen-
sory retinal detachment; however, small PEDs and mot-
tling of the RPE may be observed over areas of increased 
choroidal thickness. PPE is often mistaken for early AMD, 
but unlike AMD, these cases lack soft drusen and the OCT 
abnormalities appear at a younger age than those typically 
seen in AMD.19

Focal regions of speckled hyperautofluorescence and even-
tually gravitational zones correlating to serous retinal de-
tachments can be signs of a persistent fluid presence in 
CSC.8, 25 Intrachoroidal hyperreflective spots and hyperre-
flective vessel walls are more frequently observed in chron-
ic than acute CSC, potentially serving as OCT biomarkers 
of chronic disease (Fig. 5).42 By allowing depth-resolved 
assessment of the RPE and choroid, SS-OCT offers valu-
able structural information in chronic CSC and may facili-
tate the detection of associated secondary MNV.43 Also, in 
PNV, OCT imaging reveals a wide, shallow elevation of 
the RPE, which is indicative of neovascular growth inside 
Bruch’s membrane. Usually, a region of localized choroidal 
thickening with dilated choroidal arteries is covered by this 
type 1 neovascularization.8, 13 Important OCT biomarkers 
for PNV include a FIPED and the double-layer sign, char-
acterized by the distinct visibility of the RPE and Bruch’s 
membrane (Fig. 6).44

De Salvo performed qualitative analysis based on the OCT 
findings (sharp PED peak, PED notch, hyporeflective lu-
men within hyperreflective lesions adherent to RPE to di-
agnose PCV. These data showed a sensitivity of 94.6% and 
a specificity of 92.9% for the above SD-OCT features in 
identifying PCV lesions.45 Another study found that PED, 
the double-layer sign, and thumb-like polyps occurred 
more frequently in PCV than in nAMD. Using a threshold 
of at least two positive findings out of the three diagnos-
tic features, the test achieved a sensitivity of 89.4% and 
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Figure 5: Advanced chronic central serous chorioretinopathy (CSC) with extensive retinal pigment epithelium (RPE) alterations 
and favorable response to photodynamic therapy (PDT). (A) Fundus autofluorescence (FAF) demonstrating widespread RPE 
abnormalities extending beyond the macular region, consistent with chronic disease. (B) Fluorescein angiography (FA) showing 
diffuse window defects and multifocal areas of RPE decompensation. (C) Indocyanine green angiography (ICGA) revealing 
widespread choroidal vascular hyperpermeability. (D) Baseline infrared reflectance image and corresponding OCT demonstrating 
chronic CSC with subretinal fluid, irregular pigment epithelial detachments, sub-RPE deposits, and hyperreflective pigmented 
subretinal accumulations associated with longstanding disease. (E) Follow-up OCT after PDT showing complete resolution of 
subretinal fluid despite persistent chronic structural alterations, with stable anatomical findings during follow-up. This case 
illustrates that durable fluid resolution can be achieved with PDT even in eyes with advanced chronic CSC and extensive RPE 
damage.
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a specificity of 85.3%.46 Cheng et al. proposed a non-IC-
GA diagnostic approach for PCV based on OCT findings, 
demonstrating that the combination of three major OCT 
features “sub-RPE ring-like lesion, en face OCT complex 

RPE elevation, and sharp-peaked PED’’ achieved high di-
agnostic performance (AUC 0.90) and an accuracy of 82% 
in differentiating PCV from typical nAMD (Fig. 7).47

Figure 6: OCT biomarkers of pachychoroid neovasculopathy (PNV). OCT scan demonstrating a flat irregular pigment epithelial 
detachment (FIPED) with associated subretinal fluid. The double-layer sign, defined by the distinct visualization of the retinal 
pigment epithelium and Bruch’s membrane, is evident beneath the lesion. Underlying pachyvessels and attenuation of the 
choriocapillaris are characteristic pachychoroid features.

Figure 7: OCT-based diagnostic features of polypoidal choroidal vasculopathy (PCV). Different line segmentation of B-scan 
OCT shows different part of the PCV lesion in the same patient. (A, B) Flat RPE elevation corresponding to type-1 macular 
neovascularization (MNV). (C,D) Sharp-peaked PED and sub-RPE ring-like lesion. (E–J) Corresponding multimodal imaging 
findings, including fluorescein angiography (FA), indocyanine green angiography (ICGA). (F,G) Early-midphase ICGA 
demonstrating early filling of polypoidal lesions located within the pigment epithelial detachment at the right margin and 
along the left border of the neovascular complex. In the late phase (J), a central hyperfluorescent plaque corresponding to the 
branching neovascular network is evident.
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4.2. Indocyanine Green Angiography and Widefield 
Imaging

A major milestone occurred with the introduction of ICGA 
in the 1990s, which enabled improved visualization of 
deeper choroidal vasculature and demonstrated choroidal 
hyperpermeability in CSC patients10. ICGA has historically 
played a major role in the evaluation of PSDs by demon-
strating choroidal hyperpermeability, dilated vortex veins, 
intervortex venous anastomoses, peripheral venous con-
gestion.48 ICGA has provided important insights into the 
vascular pathophysiology of CSC by demonstrating dilated 
and asymmetric vortex veins, as well as areas of choroidal 
hyperpermeability. Notably, sites of hyperpermeability on 
ICGA correspond closely to the distribution of dominant 
dilated vortex veins, supporting the hypothesis that choroi-
dal venous congestion plays a central role in CSC develop-
ment.49 These findings suggested that CSC may originate 
from abnormalities in choroidal circulation. 

Widefield ICGA further expanded the understanding of 
peripheral venous abnormalities and venous remodeling 
in PSDs.6, 25, 48 Compared to standard field imaging, ul-
tra-widefield ICGA (UWF-ICGA) provide a more compre-

hensive assessment of CSC by capturing a larger retinal 
and choroidal area in a single image. This facilitates the 
detection of peripheral regions of previous or active SRF 
and choroidal hyperpermeability, thereby aiding diagnosis, 
monitoring of recurrent disease, and treatment planning.25 
In particular, UWF-ICGA has emerged as a valuable tool 
for evaluating choroidal venous overload, allowing visual-
ization of pachyvessels, asymmetric venous drainage, in-
tervortex venous anastomoses, and choroidal vascular hy-
perpermeability. The latter has been identified in virtually 
all affected eyes, underscoring its diagnostic significance 
and supporting the role of choroidal venous congestion in 
CSC pathogenesis.50

Indocyanine green angiography has always been the pre-
ferred method for diagnosing PCV. The aneurysmal lesion 
(polyp) typically appears as a focal nodular hyperfluo-
rescence within the first 6 minutes after ICGA injection, 
often becoming visible during the early phase (approxi-
mately 10–30 seconds), whereas the associated branching 
neovascular network (BNN) / branching vascular network 
(BVN) appears as a plaque-like hyperfluorescent vascular 
complex underlying the aneurysmal lesion (Fig. 8).8 In a 

Figure 8: Multimodal imaging characteristics of peripapillary polypoidal choroidal vasculopathy (PCV). (A) Fundus 
fluorescein angiography (FA) shows nonspecific retina pigment epithel (RPE) alterations and hyperfluorescent spots 
corresponding to macular neovascularization (MNV) B) Early-phase indocyanine green angiography (ICGA) showing focal 
nodular hypercyanescence corresponding to aneurysmal dilations (polyps). (D, E) Late-phase ICGA demonstrating multiple 
polypoidal lesions and a plaque-like hypercyanescent branching vascular network (BVN) underlying the aneurysmal lesions. 
The polyps exhibit early filling following dye injection, whereas the BVN appears as a hyperfluorescent vascular complex in 
the late phase. (F) Near-infrared reflectance image and corresponding OCT scan demonstrating pachychoroid features with 
increased choroidal thickness, dilated Haller layer vessels (pachyvessels), and a flat irregular pigment epithelial detachment 
(FIPED) associated with the neovascular complex.
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retrospective study using ICGA as the reference standard, 
OCTA showed limited sensitivity but relatively high speci-
ficity for the detection of PCV. Reported sensitivities were 
30.0% for structural en face OCT, 26.8% for OCTA an-
giograms alone, and 43.9% for full OCTA analysis.51 Al-
though OCTA successfully characterized most neovascular 
lesions, it failed to detect neovascularization in 11.8% of 
PNV eyes and 16.7% of type 1 nAMD eyes that were iden-
tifiable on ICGA, supporting the continued role of ICGA as 
the gold standard for neovascular lesion detection.52

4.3. Optical Coherence Tomography Angiography

Optical Coherence Tomography Angiography as a Par-
adigm Shift

Optical coherence tomography angiography is a novel, 
non-invasive, three-dimensional imaging modality that en-
ables visualization of blood flow across all vascular layers 
of the choroid without the need for contrast agents. OCTA 
revolutionized the evaluation of PSDs by allowing non-in-
vasive visualization of retinal and choroidal vasculature 
without dye injection.34 

Optical coherence tomography angiography studies in 
chronic CSC have demonstrated localized CC hypoper-
fusion surrounded by areas of hyperperfusion, supporting 
the presence of CC dysfunction in the disease process. Fur-
thermore, these perfusion abnormalities appear to improve 
following photodynamic therapy (PDT), suggesting their 
potential reversibility.53 Sakurada et al. reported an associ-
ation between choroidal hyperpermeability, decreased CC 
flow density, and increased choroidal thickness in patients 
with PPE.33

One of the most important contributions of OCTA has been 
the improved detection of type 1 MNV beneath FIPEDs.54 
Accurate identification and longitudinal monitoring of 
MNV that may be difficult to distinguish using convention-
al angiographic techniques.55 Evaluating type 1 MNV using 
conventional angiography is challenging in practice due to 
leakage observed on fluorescein angiography and choroidal 
hyperpermeability seen on ICGA. In contrast, OCTA does 
not involve staining or leakage, preventing hyperfluores-
cence masking of vascular structures and allowing for more 
detailed imaging. Dansingani et al. reported that FIPEDs 
are highly predictive of type 1 MNV in pachychoroid eyes, 
with OCTA detecting neovascular networks in 95% of cas-

es, far exceeding the diagnostic yield of conventional an-
giography.56 In another study that evaluated pachychoroid 
features and FIPEDs, OCTA has been shown to be more 
sensitive than conventional dye angiography for detecting 
type 1 MNV. While ICGA identified definite neovascular 
plaques in only a subset of eyes, OCTA detected neovas-
cular networks in 74% of cases and confirmed MNV in all 
eyes with definite or suspicious ICGA findings, highlight-
ing its value in identifying occult PNV.57 Moreover, MNV 
may develop secondarily to chronic CSC, and OCTA may 
be of great value in its detection.55 In a cohort of chronic 
CSC eyes, MNV was detected in 41.9% of eyes with FI-
PEDs compared with only 5.6% of eyes with regular PEDs, 
with irregular PED emerging as a strong risk factor for 
MNV (OR = 12.28). OCTA demonstrated high diagnostic 
performance, with a sensitivity of 85.7% and specificity of 
95.7% for MNV detection.58

In a prospective cohort of 22 pachychoroid eyes with 
FIPED, OCTA detected type 1 MNV in 95% of cases, 
whereas conventional dye angiography identified neovas-
cularization in only 29%, demonstrating the superior sensi-
tivity of OCTA for detecting PNV.59 Demirel et al. demon-
strated that OCTA had substantially higher sensitivity than 
ICGA in detecting type 1 MNV in pachychoroid disease.60 

While ICGA remains the gold standard for PCV diagnosis, 
SS-OCTA has emerged as a reliable noninvasive alterna-
tive, demonstrating comparable detection of polypoidal 
lesions and branching vascular networks and potentially 
improving lesion characterization.61 Furthermore, SS-OC-
TA has provided important insights into PCV morphology. 
In one study, all 43 polypoidal lesions identified on ICGA 
corresponded to tangled vascular structures on SS-OCTA, 
while 16 additional vascular complexes were detected only 
by SS-OCTA. Moreover, BVN were visualized in 100% of 
eyes with SS-OCTA compared with 74% using ICGA, sug-
gesting superior delineation of the underlying neovascular 
architecture.62

By enabling in vivo visualization of flow within aneurys-
mal lesions, OCTA has provided novel insights into the 
structural and hemodynamic characteristics of PCV.63, 64 In 
a series of 13 PCV eyes, OCTA identified the branching 
vascular networks in 100% of cases and provided superior 
visualization compared with ICGA, although polypoidal 
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lesions demonstrated heterogeneous flow characteristics 
and were occasionally undetectable.64

Optical Coherence Tomography Angiography Mor-
phology of Pachychoroid Macular Neovascularization

Optical coherence tomography angiography has signifi-
cantly improved the characterization of MNV in PNV. 
While type 1 MNV is commonly associated with AMD, it 
can also occur in PSD. OCTA studies have shown that type 
1 MNV lesions in PNV appear morphologically different 
from those observed in nAMD. Compared with nAMD, 
PNV lesions are characterized by smaller lesion size, low-
er fractal complexity, less prominent trunk formation and 
more immature vascular patterns.56 These findings were 
consistently demonstrated in multiple OCTA studies.34, 54 
Despite the presence of smaller neovascular complexes, 
SS-OCTA revealed more extensive CC perfusion impair-
ment in PNV than in nAMD, suggesting a greater contribu-
tion of underlying choroidal dysfunction.34 

5. Differential Diagnosis Between 
Pachychoroid Neovasculopathy and 
Neovascular Age-related Macular 
Neovascularization

Advancements in EDI- and SS-OCT have significantly im-
proved the understanding of pathological choroidal chang-
es in CSC. These imaging modalities have also facilitated 
the identification of an expanded spectrum of pachycho-
roid-related macular disorders. Accurate recognition of 
these entities is essential, as they can closely mimic other 
retinal conditions with different prognoses and treatment 
strategies. For example, the clinical presentation of PPE 
may resemble age-related maculopathy, AMD, or pattern 
dystrophies. Likewise, without choroidal imaging, PNV 
may be easily confused with nAMD.

Differentiating PNV from nAMD remains clinically im-
portant because these disorders may have different patho-
physiology and treatment responses. Miyake et al. reported 
significant differences in the genetic background, age, and 
choroidal thickness between PNV and AMD.65 PNV exhib-
ited distinct clinical and morphological characteristics, in-
cluding increased choroidal thickness, a higher prevalence 
of choroidal vessel asymmetry, and a more favorable re-
sponse to anti-vascular endothelial growth factor (VEGF) 
therapy compared with conventional nAMD, supporting 

the concept that PNV represents a separate clinical enti-
ty.66 Re-evaluation of patients diagnosed with nAMD re-
vealed that approximately 20% were actually PNV cases, 
highlighting PNV as an important and potentially under-
recognized differential diagnosis of nAMD.67 Also, a study 
applied machine learning to re-assess cases of nAMD and 
found that 46% of these cases exhibited pachychoroid-re-
lated features, leading to their reclassification as PNV.68

A recent sensitivity-specificity study proposed major and 
minor imaging criteria for distinguishing PNV from nAMD 
without relying on dye angiography. Major differentiating 
features favoring PNV include younger age, increased 
choroidal thickness, higher CVI, absence of soft drusen, 
presence of intervortex anastomoses, and immature MNV 
patterns on OCTA.13 Another study showed that intervor-
tex anastomoses were more prevalent in PNV (81.5% vs 
35.1%).34 Also, OCTA-based analysis revealed that type 1 
neovascular lesions in PNV are morphologically distinct 
from those in nAMD, being smaller, less complex, and more 
frequently displaying an immature vascular pattern.54 56

6. Treatment Strategies in Pachycho-
roid Disease

6.1 Anti-VEGF Therapy

Anti-VEGF therapy remains the standard treatment for 
neovascular complications in PSDs. However, treatment 
response heterogeneity is common, particularly in PNV. 
PNV appears to respond better to anti-VEGF treatment 
than conventional nAMD, with higher dry macula rates and 
a lower treatment burden.66

The relatively lower exudative activity and distinct vascu-
lar morphology of PNV lesions suggest that mechanisms 
other than VEGF-driven angiogenesis may contribute 
significantly to disease progression. The observation that 
VEGF-A levels in PNV are comparable to those in con-
trols, unlike in nAMD, suggests that non-VEGF-mediated 
mechanisms may play a more significant role in the devel-
opment of PNV.69

Also, the use of PDT (standard, reduced, or half-fluence) 
in combination with anti-VEGF agents—such as ranibi-
zumab or aflibercept—is highly effective. This approach 
addresses both the neovascular membrane and the underly-
ing choroidal congestion.14, 70  Adjunctive PDT has shown 



103J Ret Vit 2026; 35: 91-107	 Demirel et al.

excellent results in eyes that were previously refractory to 
anti-VEGF monotherapy, resulting in complete SRF ab-
sorption and visual improvement.71 Research indicates that 
initial combination therapy may decrease the long-term 
treatment burden by necessitating fewer total injections 
compared to anti-VEGF monotherapy.70

6.2 Photodynamic Therapy

Mechanisms of Photodynamic Therapy

Photodynamic therapy was widely used for nAMD before 
the anti-VEGF era. The primary therapeutic mechanism of 
PDT involves the selective uptake of a photosensitizer by 
neovascular endothelial cells, leading to the targeted ab-
lation of MNV via a photochemical reaction.71 PDT with 
verteporfin exerts its therapeutic effect primarily through 
angio-occlusive effects that constrict choroidal vessels and 
promote choroidal vascular remodeling. This therapy re-
duces choroidal vascular hyperpermeability and exudation, 
facilitating the resorption of SRF. Also, it leads to a sig-
nificant reduction in SFCT.14, 72 Reduced-setting protocols 
such as half-fluence PDT (hf-PDT) and half-dose PDT (hd-
PDT) were developed to minimize complications includ-
ing choriocapillaris ischemia and RPE atrophy, and MNV.9 
Experimental and clinical evidence suggests that PDT pref-
erentially affects larger choroidal vessels while relatively 
preserving choriocapillaris perfusion.72  

Photodynamic Therapy in Chronic Central Serous 
Chorioretinopathy

Photodynamic therapy with verteporfin is an effective treat-
ment method for chronic CSC.9 In CSC, a non-neovascular 
condition, PDT targets SRF by inducing hypoperfusion of 
hyperpermeable choroidal vessels and reducing extravas-
cular leakage, which results in choroidal thinning. Based 
largely on the findings of the PLACE and SPECTRA trial, 
hd-PDT has emerged as a preferred treatment option for 
CSC.73, 74 In chronic CSC cases, both hf and hd-PDT pro-
tocols have been long established and demonstrated to be 
effective (Fig. 5,9).75 

The restoration of CC perfusion on OCTA after hd-PDT 
provides further evidence that PDT may act by improv-
ing choroidal vascular congestion and CC dysfunction 
in chronic CSC.53 Otherwise, prospective OCTA studies 
demonstrated that hf-PDT leads to reduction in total cho-

roidal area, reduction in luminal area, increased CC perfu-
sion.72, 76 These findings support the hypothesis that PDT 
mainly targets large choroidal vessels rather than inducing 
diffuse CC damage.76  

Photodynamic Therapy in Pachychoroid Neovasculop-
athy

Photodynamic therapy has emerged as a rational and effec-
tive treatment modality for PNV because it addresses the 
underlying choroidal pathology.14 Recent studies demon-
strated favorable anatomical outcomes of hf-PDT in PNV. 
Demirel et al. reported complete SRF resolution in most 
PNV eyes following hf-PDT and identified greater baseline 
choroidal thickness and luminal area as predictors of treat-
ment success.77

Furthermore, comparative studies evaluating choroidal 
structural response after hf-PDT showed that CSC and 
PNV exhibit different remodeling patterns, suggesting dis-
ease-specific choroidal behavior. Hf-PDT has been shown 
to induce significant reductions in choroidal structural 
parameters in both chronic CSC and PNV; however, the 
magnitude of these changes appears to be greater in CSC 
patients. These findings suggest that, despite both entities 
belonging to the PSDs, their choroidal morphological re-
sponses to hf-PDT may differ due to variations in lesion 
composition and underlying pathophysiology.9

In summary, PDT, especially when combined with an-
ti-VEGF treatment, serves as an effective intervention 
for PNV, offering enhanced anatomical stabilization and 
functional recovery by addressing the underlying pachy-
choroid-driven pathology.14, 70, 71 The choroidal hyperper-
meability component of PNV may require treatment with 
PDT, while MNV lesions may necessitate intravitreal an-
ti-VEGF injections.9

7. Future Directions

The rapid evolution of imaging technologies and the grow-
ing understanding of choroidal vascular biology are ex-
pected to reshape the field of pachychoroid disease over 
the coming decade. Future research in pachychoroid dis-
ease will likely focus on artificial intelligence–based imag-
ing phenotyping, quantitative OCTA biomarkers, widefield 
vascular analysis, scleral thickness evaluation, venous con-
gestion mapping, personalized treatment strategies. 
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Understanding the relationship between choroidal venous 
remodeling, choriocapillaris dysfunction, and neovascu-
larization may substantially improve disease classification 
and therapeutic decision-making. Longitudinal studies are 
also warranted to clarify whether pachychoroid spectrum 
disorders represent sequential stages of a single disease 
process or distinct vascular entities with overlapping phe-
notypes.

8. Conclusion

Pachychoroid disease has evolved from a simple concept 
of increased choroidal thickness into a complex disorder 
involving venous congestion, vascular remodeling, and CC 
alterations over the past decade. Initially associated pri-

marily with CSC, the concept has progressively expanded 
into a broader disease spectrum through the contribution 
of multimodal imaging technologies. Multimodal imag-
ing-particularly OCTA-has significantly improved our un-
derstanding of disease mechanisms, differential diagnosis, 
and therapeutic response. Increasing evidence suggests 
that pachychoroid disorders represent distinct yet overlap-
ping phenotypes characterized by specific structural and 
vascular signatures. PDT and OCTA-guided management 
strategies continue to redefine the therapeutic approach in 
these disorders. Further studies integrating advanced imag-
ing biomarkers and longitudinal phenotyping are needed 
to better understand the natural course and individualized 
treatment of pachychoroid disease.

Figure 9: Multimodal imaging findings before and after photodynamic therapy (PDT) in chronic central serous chorioretinopathy 
(CSC).  (A) Optical coherence tomography angiography (OCTA) demonstrating the absence of macular neovascularization. 
(B) Baseline OCT showing subfoveal subretinal fluid associated with pachychoroid features. (C) Follow-up OCT after PDT 
demonstrating complete resolution of subretinal fluid and restoration of foveal contour. (D) Fundus autofluorescence image 
showing central hyperautofluorescent spots related to chronic subretinal fluid. (E) Indocyanine green angiography (ICGA) 
demonstrating an area of choroidal hyperpermeability, which served as the treatment target for PDT. (F) Fluorescein angiography 
(FA) revealing a focal leakage site corresponding to the area of active disease. The treatment spot was determined according to 
the area of choroidal hyperpermeability identified on ICGA, resulting in complete subretinal fluid resolution after PDT.



105J Ret Vit 2026; 35: 91-107	 Demirel et al.

References
1.	 Warrow DJ, Hoang QV and Freund KB. Pachychoroid pigment 

epitheliopathy. Retina 2013; 33:1659-1672. 

2.	 Cheung CMG, Dansingani KK, Koizumi H et al. Pachychoroid 
disease: review and update. Eye (Lond) 2025; 39:819-834. 

3.	 Venkatesh R, Prabhu V, Hande P et al. Controversies and co-
nundrums in pachychoroid spectrum disorders: A structured 
diagnostic approach. Surv Ophthalmol 2026; 71:25-34. 

4.	 Castro-Navarro V, Behar-Cohen F, Chang W et al. Pachycho-
roid: current concepts on clinical features and pathogenesis. 
Graefes Arch Clin Exp Ophthalmol 2021; 259:1385-1400. 

5.	 Demirel S, Yan A, Valsecchi N et al. Imaging in Pachychoroid 
Disease. Turk J Ophthalmol 2025; 55:36-48. 

6.	 Spaide RF, Gemmy Cheung CM, Matsumoto H et al. Venous 
overload choroidopathy: A hypothetical framework for central 
serous chorioretinopathy and allied disorders. Prog Retin Eye 
Res 2022; 86:100973. 

7.	 Ersoz MG, Demirel S, Iovino C et al. Is Pachychoroid Serous 
Retinopathy a Better Name to Describe the Features of Central 
Serous Chorioretinopathy? Retina 2024; 44:1475-1477. 

8.	 Gallego-Pinazo R, Dolz-Marco R, Gomez-Ulla F et al. Pachy-
choroid diseases of the macula. Med Hypothesis Discov Innov 
Ophthalmol 2014; 3:111-115. 

9.	 Yanik O, Demirel S, Batioglu F et al. A Comparative Study of 
Short-Term Vascular and Stromal Alterations of the Choroid 
Following Half-Fluence Photodynamic Therapy in Pachycho-
roid Neovasculopathy and Chronic Central Serous Chorioreti-
nopathy. Life (Basel) 2022; 12. 

10.	Cheung CMG, Lee WK, Koizumi H et al. Pachychoroid dis-
ease. Eye (Lond) 2019; 33:14-33. 

11.	Donvito G and Primavera V. Peripapillary pachychoroid syn-
drome, a different pathway in venous remodelling of the choroi-
dal vasculature. Am J Ophthalmol Case Rep 2025; 37:102248. 

12.	Pang CE and Freund KB. Pachychoroid neovasculopathy. Ret-
ina 2015; 35:1-9. 

13.	Demirel S, Ellialtioglu PA, Yanik O et al. Non-indocyanine 
green angiography non-invasive differentiating features in the 
differential diagnosis of pachychoroid neovasculopathy and 
neovascular age-related macular degeneration: a sensitivi-
ty-specificity study. Eye (Lond) 2025; 39:3090-3098. 

14.	Roy R, Saurabh K, Shah D et al. Treatment outcomes of pachy-
choroid neovasculopathy with photodynamic therapy and 
anti-vascular endothelial growth factor. Indian J Ophthalmol 
2019; 67:1678-1683. 

15.	Yamashiro K, Yanagi Y, Koizumi H et al. Relationship between 
Pachychoroid and Polypoidal Choroidal Vasculopathy. J Clin 
Med 2022; 11. 

16.	Jampol LM, Shankle J, Schroeder R et al. Diagnostic and ther-
apeutic challenges. Retina 2006; 26:1072-1076. 

17.	Margolis R, Mukkamala SK, Jampol LM et al. The expand-
ed spectrum of focal choroidal excavation. Arch Ophthalmol 
2011; 129:1320-1325. 

18.	Chung CY, Li SH and Li KKW. Focal choroidal excava-
tion-morphological features and clinical correlation. Eye 
(Lond) 2017; 31:1373-1379. 

19.	Moraru AD, Costin D, Moraru RL et al. Current diagnosis and 
management strategies in pachychoroid spectrum of diseases 
(Review). Exp Ther Med 2020; 20:3528-3535. 

20.	Demirel S, Yanik O, Ozcan G et al. A comparative study on 
the choroidal vascularity index and the determination of cut-off 
values in the pachychoroid spectrum diseases. Jpn J Ophthal-
mol 2021; 65:482-491. 

21.	Demirel S, Degirmenci MFK, Batioglu F et al. Evaluation of 
the choroidal features in pachychoroid spectrum diseases by 
optical coherence tomography and optical coherence tomogra-
phy angiography. Eur J Ophthalmol 2021; 31:184-193. 

22.	Demirel S, Ozcan G, Yanik O et al. A comparative study of the 
choroidal vascularity indexes in the fellow eyes of patients with 
pachychoroid neovasculopathy and central serous chorioreti-
nopathy by binarization method. Graefes Arch Clin Exp Oph-
thalmol 2020; 258:1649-1654. 

23.	Karacorlu M, Ersoz MG, Arf S et al. Long-term follow-up of 
pachychoroid pigment epitheliopathy and lesion characteris-
tics. Graefes Arch Clin Exp Ophthalmol 2018; 256:2319-2326. 

24.	Sharma A, Parachuri N, Kumar N et al. Vortex vein anastomo-
sis and pachychoroid-an evolving understanding. Eye (Lond) 
2021; 35:1545-1547. 

25.	Pang CE, Shah VP, Sarraf D et al. Ultra-widefield imaging with 
autofluorescence and indocyanine green angiography in central 
serous chorioretinopathy. Am J Ophthalmol 2014; 158:362-
371 e362. 

26.	Ishikura M, Muraoka Y, Nishigori N et al. Widefield Choroi-
dal Thickness of Eyes with Central Serous Chorioretinopathy 
Examined by Swept-Source OCT. Ophthalmol Retina 2022; 
6:949-956. 

27.	Spaide RF, Ledesma-Gil G and Gemmy Cheung CM. INTER-
VORTEX VENOUS ANASTOMOSIS IN Pachychoroid-RE-
LATED DISORDERS. Retina 2021; 41:997-1004. 

28.	Matsumoto H, Kishi S, Mukai R et al. Remodeling of macular 
vortex veins in pachychoroid neovasculopathy. Sci Rep 2019; 
9:14689. 

29.	Demirel S, Ayaz RE, Yanik O et al. Quantitative assessment 
of intervortex anastomosis in central serous chorioretinopathy 
and fellow eyes: Does the size of anastomotic vessels matter 
for the diagnosis? Graefes Arch Clin Exp Ophthalmol 2024; 
262:3509-3517. 

30.	Matsumoto H, Hoshino J, Mukai R et al. Chronic choriocap-
illaris ischemia in dilated vortex vein region in pachychoroid 
neovasculopathy. Sci Rep 2021; 11:16274. 



106
Pachychoroid Spectrum Disease: Current Concepts in Imaging,  

Pathophysiology, and Therapeutic Implications

31.	Keidel LF, Schworm B, Langer J et al. Scleral Thickness as a 
Risk Factor for Central Serous Chorioretinopathy and Pachy-
choroid Neovasculopathy. J Clin Med 2023; 12. 

32.	Gal-Or O, Dansingani KK, Sebrow D et al. INNER CHOROI-
DAL FLOW SIGNAL ATTENUATION IN PACHYCHO-
ROID DISEASE: Optical Coherence Tomography Angiogra-
phy. Retina 2018; 38:1984-1992. 

33.	Sakurada Y, Fragiotta S, Leong BCS et al. Relationship be-
tween Choroidal Vascular Hyperpermeability, Choriocapillaris 
Flow Density, and Choroidal Thickness in Eyes with Pachy-
choroid Pigment Epitheliopathy. Retina 2020; 40:657-662. 

34.	Viggiano P, Demirel S, Petruzzella G et al. Choriocapillaris 
flow in two different patterns of exudative type 1 macular neo-
vascularization. Eye (Lond) 2025; 39:556-562. 

35.	Agrawal R, Chhablani J, Tan KA et al. Choroidal Vasculari-
ty Index in Central Serous Chorioretinopathy. Retina 2016; 
36:1646-1651. 

36.	Bakthavatsalam M, Ng DS, Lai FH et al. Choroidal structures 
in polypoidal choroidal vasculopathy, neovascular age-related 
maculopathy, and healthy eyes determined by binarization of 
swept source optical coherence tomographic images. Graefes 
Arch Clin Exp Ophthalmol 2017; 255:935-943. 

37.	Lee K, Park JH, Park YG et al. Analysis of choroidal thickness 
and vascularity in patients with unilateral polypoidal choroi-
dal vasculopathy. Graefes Arch Clin Exp Ophthalmol 2020; 
258:1157-1164. 

38.	Gupta P, Ting DSW, Thakku SG et al. Detailed Characteri-
zation of Choroidal Morphologic and Vascular Features in 
Age-Related Macular Degeneration and Polypoidal Choroidal 
Vasculopathy. Retina 2017; 37:2269-2280. 

39.	Iovino C, Au A, Chhablani J et al. Choroidal Anatomic Alter-
ations After Photodynamic Therapy for Chronic Central Serous 
Chorioretinopathy: A Multicenter Study. Am J Ophthalmol 
2020; 217:104-113. 

40.	Spaide RF, Koizumi H and Pozzoni MC. Enhanced depth im-
aging spectral-domain optical coherence tomography. Am J 
Ophthalmol 2008; 146:496-500. 

41.	Dansingani KK, Balaratnasingam C, Naysan J et al. En Face Im-
aging of Pachychoroid Spectrum Disorders with Swept-Source 
Optical Coherence Tomography. Retina 2016; 36:499-516. 

42.	Ruiz-Medrano J, Pellegrini M, Cereda MG et al. Choroidal 
characteristics of acute and chronic central serous chorioreti-
nopathy using enhanced depth imaging optical coherence to-
mography. Eur J Ophthalmol 2017; 27:476-480. 

43.	Ferrara D, Mohler KJ, Waheed N et al. En face enhanced-depth 
swept-source optical coherence tomography features of chron-
ic central serous chorioretinopathy. Ophthalmology 2014; 
121:719-726. 

44.	Hwang H, Kim JY, Kim KT et al. FLAT IRREGULAR PIG-
MENT EPITHELIUM DETACHMENT IN CENTRAL SE-
ROUS CHORIORETINOPATHY: A Form of Pachychoroid 
Neovasculopathy? Retina 2020; 40:1724-1733. 

45.	De Salvo G, Vaz-Pereira S, Keane PA et al. Sensitivity and 
specificity of spectral-domain optical coherence tomography in 
detecting idiopathic polypoidal choroidal vasculopathy. Am J 
Ophthalmol 2014; 158:1228-1238 e1221. 

46.	Liu R, Li J, Li Z et al. Distinguishing Polypoidal Choroidal 
Vasculopathy from Typical Neovascular Age-Related Macular 
Degeneration Based on Spectral Domain Optical Coherence 
Tomography. Retina 2016; 36:778-786. 

47.	Cheung CMG, Lai TYY, Teo K et al. Polypoidal Choroidal 
Vasculopathy: Consensus Nomenclature and Non-Indocyanine 
Green Angiograph Diagnostic Criteria from the Asia-Pacif-
ic Ocular Imaging Society PCV Workgroup. Ophthalmology 
2021; 128:443-452. 

48.	Bacci T, Oh DJ, Singer M et al. Ultra-Widefield Indocyanine 
Green Angiography Reveals Patterns of Choroidal Venous In-
sufficiency Influencing Pachychoroid Disease. Invest Ophthal-
mol Vis Sci 2022; 63:17. 

49.	Hiroe T and Kishi S. Dilatation of Asymmetric Vortex Vein in 
Central Serous Chorioretinopathy. Ophthalmol Retina 2018; 
2:152-161. 

50.	Pauleikhoff LJB, Diederen RMH, Chang-Wolf JM et al. Cho-
roidal Vascular Changes on Ultrawidefield Indocyanine Green 
Angiography in Central Serous Chorioretinopathy: CERTAIN 
Study Report 1. Ophthalmol Retina 2024; 8:254-263. 

51.	de Carlo TE, Kokame GT, Kaneko KN et al. Sensitivity and 
Specificity of Detecting Polypoidal Choroidal Vasculopathy 
with En Face Optical Coherence Tomography and Optical 
Coherence Tomography Angiography. Retina 2019; 39:1343-
1352. 

52.	Arf S, Sayman Muslubas I, Hocaoglu M et al. Features of neo-
vascularization in pachychoroid neovasculopathy compared 
with type 1 neovascular age-related macular degeneration on 
optical coherence tomography angiography. Jpn J Ophthalmol 
2020; 64:257-264. 

53.	Xu Y, Su Y, Li L et al. Effect of Photodynamic Therapy on 
Optical Coherence Tomography Angiography in Eyes with 
Chronic Central Serous Chorioretinopathy. Ophthalmologica 
2017; 237:167-172. 

54.	Yanik O, Demirel S, Ozcan G et al. Qualitative and quantitative 
comparisons of type 1 macular neovascularizations between 
pachychoroid neovasculopathy and neovascular age-related 
macular degeneration using optical coherence tomography an-
giography. Eye (Lond) 2024; 38:1714-1721. 

55.	Bonini Filho MA, de Carlo TE, Ferrara D et al. Association of 
Choroidal Neovascularization and Central Serous Chorioreti-



107J Ret Vit 2026; 35: 91-107	 Demirel et al.

nopathy With Optical Coherence Tomography Angiography. 
JAMA Ophthalmol 2015; 133:899-906. 

56.	Bicer O, Demirel S, Yavuz Z et al. Comparison of Morpho-
logical Features of Type 1 CNV in AMD and Pachychoroid 
Neovasculopathy: An OCTA Study. Ophthalmic Surg Lasers 
Imaging Retina 2020; 51:640-647. 

57.	Demirel S, Yanik O, Nalci H et al. The use of optical coherence 
tomography angiography in pachychoroid spectrum diseases: 
a concurrent comparison with dye angiography. Graefes Arch 
Clin Exp Ophthalmol 2017; 255:2317-2324. 

58.	de Carlo TE, Rosenblatt A, Goldstein M et al. Vascularization 
of Irregular Retinal Pigment Epithelial Detachments in Chron-
ic Central Serous Chorioretinopathy Evaluated With OCT 
Angiography. Ophthalmic Surg Lasers Imaging Retina 2016; 
47:128-133. 

59.	Dansingani KK, Balaratnasingam C, Klufas MA et al. Opti-
cal Coherence Tomography Angiography of Shallow Irregular 
Pigment Epithelial Detachments In Pachychoroid Spectrum 
Disease. Am J Ophthalmol 2015; 160:1243-1254 e1242. 

60.	Demirel S, Guran Begar P, Yanik O et al. Visualization of Type-
1 Macular Neovascularization Secondary to Pachychoroid 
Spectrum Diseases: A Comparative Study for Sensitivity and 
Specificity of Indocyanine Green Angiography and Optical Co-
herence Tomography Angiography. Diagnostics (Basel) 2022; 
12. 

61.	Kim K, Yang J, Feuer W et al. A Comparison Study of Polyp-
oidal Choroidal Vasculopathy Imaged with Indocyanine Green 
Angiography and Swept-Source Optical Coherence Tomogra-
phy Angiography. Am J Ophthalmol 2020; 217:240-251. 

62.	Bo Q, Yan Q, Shen M et al. Appearance of Polypoidal Lesions 
in Patients With Polypoidal Choroidal Vasculopathy Using 
Swept-Source Optical Coherence Tomographic Angiography. 
JAMA Ophthalmol 2019; 137:642-650. 

63.	Inoue M, Balaratnasingam C and Freund KB. Optical Coher-
ence Tomography Angiography of Polypoidal Choroidal Vas-
culopathy and Polypoidal Choroidal Neovascularization. Reti-
na 2015; 35:2265-2274. 

64.	Wang M, Zhou Y, Gao SS et al. Evaluating Polypoidal Choroi-
dal Vasculopathy With Optical Coherence Tomography Angi-
ography. Invest Ophthalmol Vis Sci 2016; 57:OCT526-532. 

65.	Miyake M, Ooto S, Yamashiro K et al. Pachychoroid neovas-
culopathy and age-related macular degeneration. Sci Rep 2015; 
5:16204. 

66.	Kuranami A, Maruko R, Maruko I et al. Pachychoroid neovas-
culopathy has clinical properties that differ from conventional 
neovascular age-related macular degeneration. Sci Rep 2023; 
13:7379. 

67.	Farvardin M, Amini A, Azizpourfard Y et al. Pachychoroid 
neovasculopathy can mimic wet type age-related macular de-
generation. Int J Retina Vitreous 2022; 8:78. 

68.	Hosoda Y, Miyake M, Yamashiro K et al. Deep phenotype 
unsupervised machine learning revealed the significance of 
pachychoroid features in etiology and visual prognosis of 
age-related macular degeneration. Sci Rep 2020; 10:18423. 

69.	Terao N, Koizumi H, Kojima K et al. Distinct Aqueous Hu-
mour Cytokine Profiles of Patients with Pachychoroid Neovas-
culopathy and Neovascular Age-related Macular Degeneration. 
Sci Rep 2018; 8:10520. 

70.	Kitajima Y, Maruyama-Inoue M, Ito A et al. One-year outcome 
of combination therapy with intravitreal anti-vascular endothe-
lial growth factor and photodynamic therapy in patients with 
pachychoroid neovasculopathy. Graefes Arch Clin Exp Oph-
thalmol 2020; 258:1279-1285. 

71.	Lee JH and Lee WK. One-Year Results of Adjunctive Photody-
namic Therapy for Type 1 Neovascularization Associated with 
Thickened Choroid. Retina 2016; 36:889-895. 

72.	Boscia G, Viggiano P, Corradetti G et al. Evaluation of chorio-
capillaris perfusion changes in chronic central serous chorioret-
inopathy following Half-Dose photodynamic therapy. Graefes 
Arch Clin Exp Ophthalmol 2026; 264:65-71. 

73.	van Dijk EHC, Fauser S, Breukink MB et al. Half-Dose Pho-
todynamic Therapy versus High-Density Subthreshold Micro-
pulse Laser Treatment in Patients with Chronic Central Serous 
Chorioretinopathy: The PLACE Trial. Ophthalmology 2018; 
125:1547-1555. 

74.	van Rijssen TJ, van Dijk EHC, Tsonaka R et al. Half-Dose 
Photodynamic Therapy Versus Eplerenone in Chronic Central 
Serous Chorioretinopathy (SPECTRA): A Randomized Con-
trolled Trial. Am J Ophthalmol 2022; 233:101-110. 

75.	Ozmert E, Demirel S, Yanik O et al. Low-Fluence Photody-
namic Therapy versus Subthreshold Micropulse Yellow Wave-
length Laser in the Treatment of Chronic Central Serous Cho-
rioretinopathy. J Ophthalmol 2016; 2016:3513794. 

76.	Demirel S, Ozcan G, Yanik O et al. Vascular and structural al-
terations of the choroid evaluated by optical coherence tomog-
raphy angiography and optical coherence tomography after 
half-fluence photodynamic therapy in chronic central serous 
chorioretinopathy. Graefes Arch Clin Exp Ophthalmol 2019; 
257:905-912. 

77.	Demirel S, Yanik O, Batioglu F et al. Treatment outcomes of 
photodynamic therapy and findings predicting treatment suc-
cess in pachychoroid-associated neovascularization. Eur J 
Ophthalmol 2022; 32:1662-1670. 


	Button 57: 
	Button 74: 


