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and the suprachoroidal lamina (lamina fusca) (fig. 2).
The term "Pachychoroid" (Greek pachy- [παχύ]: thick) 

was first used by Warrow et al. in 2013 [37]. It is defined as 
an abnormal and sustained increase in choroidal thickness ≥ 
300 μm [32], which is mainly due to dilated choroidal vessels 
in the Haller’s layer, with its subsequent hyperpermeability. 
It has been demonstrated that choroidal thickness decrea-
ses with an increase in the age of the patient and the axial 
length of the eye [16, 23]. Temporary increase in choroidal 
thickness is generally linked with acute stages of severe pos-
terior uveitis, for example Vogt-Koyanagi-Harada syndrome 
[24], multifocal choroiditis [34] and multiple white dot syn-
drome [2]. In the case of pachychoroid disease of the macu-
la, this concerns a sustained increase in choroidal thickness. 
It is assumed that “pachychoroid” disease has an autoso-
mally dominant type of heredity [7, 21, 39]. Depending on 
the further effect of various exogenous and/or endogenous 

INTRODUCTION

Rapid advances in imaging methods of the posterior seg-
ment of the eye have brought new insights into the etiology 
and pathogenesis of chorioretinal disorders. An illustrative 
example of this trend is the development of optical cohe-
rence tomography (OCT). Since the first mention of exa-
mination of the retina using the OCT method in 1991 [17], 
further development has led to a marked improvement in 
the resolution of images and also to better quality imaging 
of the structure of the retina [1, 8, 15]. 

Spaide et al. in 2008 presented the OCT module EDI (En-
hanced Depth Imaging), with improved display of the depth 
of the incision (fig. 1) [35], which enabled more precise 
structural and functional analysis of the retina and choroid 
[4]. 

A current modern examination method is optical coheren-
ce tomographic angiography (OCTA), which enables imaging 
of both retinal and choroidal vascularisation without the 
use of a contrast substance, with the aid of non-invasive 3D 
imaging of blood flow [5]. 

According to histopathological subdivisions, the choroid 
forms the posterior part of the uveal tract, has an average 
thickness of 150 μm in its anterior section and 220 μm in the 
region of the posterior pole. It is composed of five layers: the 
Bruch's membrane (lamina basalis), choriocapillaris – capilla-
ries with fine fenestrations that are supplied with nutrition by 
the external layers of the retina, the Sattler's layer – which 
is composed of medium sized capillaries of the choroid, the 
Haller's layer – composed of large capillaries of the choroid, 
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Fig. 2: The anatomy of the choroid. Layers of choriocapilaris, 
Sattler's and Haller's layers are marked with arrows.
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factors, pachychoroid disease of the macula may occur. 

The clinical unit of pachychoroid disease of the macula 
incorporates four different disorders, which are essentially 
individual stages of the same pathology: 

1) Pachychoroid pigment epitheliopathy (PPE); 
2) Central serous chorioretinopathy (CSC); 
3) Pachychoroid neovasculopathy (PNV); 
4) Polypoid choroidal vasculopathy (PCV). 
With the progression of the pathology, a gradual transi-

tion to a further stage of the disorder takes place [6]. Their 
fundamental common features are: increase in thickness 
of the choroid, pathologically dilated vessels of the Haller's 
layer, thinning of the Sattler's layer and the layer of the cho-
riocapillaris [6].

Pachychoroid pigment epitheliopathy 
Pachychoroid pigment epitheliopathy was described by 

Warrow et al. in 2013 [37]. This unit can be considered a for-
me fruste or pre-stage of CSC. In addition to the above-men-
tioned common “pachychoroid” phenotype, PPE is typified 
by changes of the pigment sketch of the retina (fig. 3A) 
and other abnormalities of the retinal pigment epithelium 
(RPE) (fig. 3D), for example multiple small ablations thereof. 
Subretinal fluid and drusens are not evident. The choroid is 
typically thickened in the places of changes of the RPE, its 
larger thickness is conditioned by dilated choroidal vessels 
of the Haller's layer, with excessive thinning of the layer of 
the choriocapillaris and the Sattler's layer. These dilated ve-

Fig. 1: The EDI module (Cirrus Zeiss HD-OCT) is marked with the red 
arrow.

Fig. 3: The fundus of the eye of the patient 
with pachychoroid pigment epitheliopathy. 
A – changes of the retinal pigment drawing 
on color photography. B – areas of increa-
sed or decreased fundus autofluorescence. 
C – areas of hyperfluorescence correlated 
with destruction of RPE on FAG. D – RPE 
abnormalities on OCT.
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ssels are located in close proximity to the complex of the 
RPE – Bruch's membrane, and thus mechanically contribute 
to the onset of pigment epitheliopathy. On ICGA (indocya-
nine green angiography) choroidal hyperpermeability is evi-
dent, which is manifested by hyperfluorescence correlating 
with the regions of breach of the RPE. Autofluorescence of 
the fundus is displayed as areas without sharp definition, 
of increased and reduced autofluorescence (obr. 3B). Pachy-
choroid pigment epitheliopathy may occur in isolated form 
or may be found also in the other eyes of patients affected 
by disorders of the “pachychoroid” spectrum, mainly in the 
case of CSC, in which we may find signs of PPE in as many as 
61% of cases [9, 10].

Central serous chorioretinopathy
As early as in 1866 Albrecht von Graefe first described a 

disorder of the macula with recurring detachment of the 
neuroretina, which he named “central recurring retinitis” 
[36]. In 1967 Gass presented a classic description of the 
pathogenesis and clinical course of this pathology, and na-
med it idiopathic central serous choroidopathy [13]. At pre-
sent we use the term central serous chorioretinopathy. This 
concerns the best known idiopathic recurring disorder of 
the macula, which is characterised by serous detachment 
of the neuroretina with or without ablation of the RPE [18, 
26]. The pathology is easily diagnosed and forms the second 
stage of pachychoroid disease of the macula [6]. Exudation 
beneath the retina occurs as a result of increased hydrosta-
tic pressure and permeability of the choroid, disorder of 

Fig. 4: The fundus of the eye of the pati-
ent with central serous chorioretinopathy. 
A – transparent areas in the macula and 
discoid yellowish precipitates. B – ablation 
of the neuroretina, "pachychoroid" 351 μm 
according to HD-OCT, EDI module. C, D – 
gradual hyperfluorescence in the macula 
on FAG.

Fig. 5: Pachychoroid neovasculopathy. A – ablation of the neuro-
retina, hard exudates and hemorrhage due to occult occult CNV in 
PNV. B – OCT finding, serous ablation of the neuroretina, hyper-re-
flective CNV and ablation of RPE.
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Fluorescence angiography demonstrates one or more 
points of grading hyperfluorescence (fig. 4C-D), in certain 
cases of the character of a “factory chimney”, in which the 
colouring rises upwards beneath the neurosensory retina, 
at other times as a progressively enlarging “ink stain”. On 
ICGA we see deposits of choroidal vascular hyperpermeabi-
lity especially in the middle phases of angiography [3, 6, 29]. 

Pachychoroid neovasculopathy
This unit was described by Freund et al. in 2015 [11]. Pachy-

choroid neovasculopathy is considered to be a late complicati-
on of PPE and CSC in patients who probably carry a genetic risk 
of choroidal neovascularisation [30]. A typical sign is the deve-
lopment of an occult choroidal neovascular membrane (CNV). 
Increased thickness of the choroid and the absence of drusens 
differentiates PNV from ARMD and other degenerative disor-
ders which have a predisposition to the occurrence of CNV (fig. 
5A, 5B) [14]. According to current opinion, the cause of occu-
rrence of CNV is long-term pressure on the Bruch's membrane 
and subsequent ischaemia of the choriocapillaris and Sattler's 
layer, which generates an impulse for the proliferation of ve-
ssels of the Haller's layer. The vascular complex of CNV known 
as the “tangled network” beneath irregular ablation of the RPE 
is well displayed on OCTA [12, 26, 30]. A common secondary 
finding is focal dilation of the vessels of the choroid directly 
beneath CNV. It is assumed that not only the increase of the 
overall thickness of the choroid, but also the finding of dilated 
vessels plays a role in the pathogenesis of PNV [30].

With regard to the fact that PPE and CSC have a similar etio-
logy, cases of the occurrence of PNV are documented in pa-
tients with PPE, as well as without previous signs of CSC [30]. 

the Bruch's membrane and abnormalities of the RPE. Pre-
disposing factors include type A personality, hypochondria, 
hysteria, use of corticoids (Cushing's syndrome), pregnancy, 
systemic hypertension, Japanese or South Asian race, SLE 
and psychopharmacological medication. Men are affected 
in 72-88% of cases of the pathology [33].

A typical finding is a rounded transparent deposit in the 
macula and discoid yellowish precipitates, which are evident 
thanks to the presence of a larger quantity of xanthophyll pig-
ment (fig. 4A) [19]. Upon a longer course of the disease, we 
may find zones of thinning of the RPE and pigment abnor-
malities. During the course of the ablation of the neuroreti-
na a range of changes take place, which are connected with 
a disorder of the metabolism in the retina. Cells of the RPE 
which have lost contact with the outer segments of the pho-
toreceptors in the area of ablation do not have the capacity of 
phagocytosis. A progressive elongation of the photoreceptors 
takes place, with an accumulation of pathological material in 
the neuroretina [25]. On OCT we find ablation of the neurore-
tina (fig. 4B), which is sometimes complicated by ablation of 
the RPE. We may also find hyperreflective points on the lower 
edge of the ablation, which have stained hyperautofluores-
cence on autofluorescence of the fundus [27, 31]. Upon a 
longer duration of ablation of the neuroretina, apoptosis of 
the photoreceptors occurs, with an irreversible deterioration 
of visual acuity [28]. The subretinal fluid in the early stage 
of CSC is usually non-reflective, but in certain cases may be 
slightly hyperreflective as a result of the formation of fibrin 
[33]. Fibrin reaction usually disappears without consequen-
ces, with a subsequent deterioration of visual acuity.

Fig. 6: Polypoid choroidal vasculopathy. A 
– polypoid lesion in the nasal part of the 
macula is marked with the red arrow, co-
lor photo. B – high polypoidal elevation of 
the RPE with surrounding ablation of the 
neuroretina. C – hyperfluorescence of po-
lyp on indocyanine green angiography. D – 
fluorescein angiography findings.
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ents may lead to haemorrhagic ablation of the RPE. 

Conclusion

Use of the EDI module on classic OCT and modern 
methods of OCTA have provided a better understanding 
of the role of pathological changes of the choroid in CSC. 
Furthermore, they have helped define the term “pachy-
choroid” and detect pathologies linked with this finding. 
The spectrum of pachychoroid diseases is characteris-
ed by three common features: an increase in choroidal 
thickness ≥ 300 μm, dilation of the vessels of the Haller's 
layer and thinning of the layer of the choriocapillaris and 
the Sattler's layer.

These pathologies include CSC, upon which a role is played 
by choroidal congestion and hyperpermeability, with a sub-
sequent occurrence of serous detachment of the neurore-
tina and RPE; PPE, which represents a forme fruste of CSC; 
PNV, which is characterised by the presence of occult CNV, 
and finally PCV, which is considered to be the most advan-
ced form of pachychoroid disease of the macula.

Polypoid choroidal vasculopathy
Polypoid choroidal vasculopathy was described by Yan-

nuzzi et al. as a proliferation of the choroidal capillaries be-
neath the RPE and the development of aneurysms in the 
form of polyps on the tip of the capillary proliferation, with 
subsequent serous infiltration and haemorrhage [38]. This 
represents the last, most advanced stage of the spectrum of 
pachychoroid disease of the macula, which can be displayed 
with the aid of ICGA (obr. 6C) [20, 22].

PCV has a predilection for incidence in people of Asian 
or African race, but may also affect individuals of the white 
race. Clinically PCV is characterised by projecting orange-red 
deposits, often with polypoid ablation of the RPE, which can 
be found upon examination of the ocular fundus with the 
aid of ophthalmoscopy and biomicroscopy. 

In histopathological examination of these lesions, choroidal 
capillary proliferation beneath the RPE was found, as well as 
the occurrence of aneurysms in the form of polyps on the en-
dings of the capillary proliferations (fig. 6A). These polypoid 
structures cause serous and haemorrhagic infiltration bene-
ath the RPE and neuroretina (fig. 6B, 6D), and in some pati-
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