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SUMMARY

Introduction: The term "pachychoroid" (greek pachy- [may] - thick) was first used by Warrow et al. in 2013. It is defined as an abnormal and permanent
increase in choroidal thickness > 300 um, which is caused by dilatation of the choroidal vessels of the Haller's layer, thinning of the Sattler's layer and
the choriocapillaris layer.

Methodology: Literary research focused on the current view of pachychoroid spectrum diseases, including clarification of the pathophysiological
theories of the formation of "pachychoroid".

Results: It is assumed that“pachychoroid” disease has an autosomal dominant type of heredity. Depending on the further activity of various exogenous
and/or endogenous factors, pachychoroid diseases may appear. According to the current knowledge, the spectrum of pachychoroid disease covers
six clinical entities: pachychoroid pigment epitheliopathy, central serous chorioretinopathy, pachychoroid neovasculopathy, polypoid choroidal
vasculopathy, focal choroidal excavation and peripapillary pachychoroid syndrome. In this study, we describe the clinical symptoms and objective
findings of focal choroidal excavation and peripapillary pachychoroid syndrome. The current pathophysiological theory of pachychoroid diseases is
based on impaired venous outflow from the choroid ("venous overload choroidopathy") and thickening of the sclera in the eyes of affected patients.
Conclusion: Pachychoroid diseases should be included in the differential diagnosis of characteristic features observed during multimodal imaging
analysis of choroidal changes.
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INTRODUCTION to angiography with indocyanine green (ICG-A)
[3]. Further symptoms include thinning of the
choriocapillaris layer and the Sattler’'s layer [4]. The

first four clinical units of the spectrum of pachychoroid

In 2013 Warrow et al. introduced the term
“pachychoroid”, which is the main symptom of

enlargement of subfoveolar choroidal thickness to
a value of >300 um [1]. At the beginning of 2019,
Cheung et al. proposed the division of the spectrum
of parychoroid pathologies into the following 6
units: pachychoroid pigment epitheliopathy (PPE),
central serous chorioretinopathy (CSC), pachychoroid
neovasculopathy (PNV), polypoid choroidal
vasculopathy (PCV), focal choroidal excavation (FCE)
and peripapillary pachychoroid syndrome (PPS) [2].
The chief anatomical feature of the spectrum
of pachychoroid diseases is enlargement of the
thickness of the choroid as a consequence of venous
dilation (pachyvessels) in the Haller's layer, with
their hyperpermeability demonstrated according
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diseases in the macular zone (PPE, CSC, PNV, PCV)
are considered a continuous process, in which the
individual findings can be recorded in a single patient
[5,6]. Their objective finding and clinical course have
been described in detail in previous publications from
our centre [6,7]. In this article we shall focus on FCE, PPS
and the pathophysiology of the pachychoroid state.
The characteristics of the individual pathologies on the
spectrum of pachychoroid diseases are presented in
summary in Table 1.

Focal choroidal excavation

FCE was first described in 2006 by 2006 Jampol et al.
in a 62-year-old patient with severe myopia, without
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ocular symptoms [8]. Before 2006 FCE was considered a

congenital malformation of the posterior segment of the

eye, constituting a “microstaphyloma of the choroid”.
The aetiology of the disease incorporates the following

potential causes [9]:

1. congenital condition

2. upon a background of pachychoroid

3. in connection with inflammation (white dot syndrome) etc.

4. degenerative (Stargardt's disease, Best's disease,

pattern dystrophy of the macula etc.)

From a histopathological perspective, FCE represents
an inverse type of PED, in which the thinning of
the choriocapillaris layer and Sattler's layer as a
consequence of pachyvessels leads to the development
of ischaemia (compartment syndrome), focal damage
to the complex of the RPE/Bruch’s membrane with
subsequent deepening of both the choroid and RPE [9].

Risk factors include mild myopia, age of 40-50 years,
the temporal quadrant of the macula is frequently
affected, and there is a higher prevalence in the Asiatic
population [10,11]. In most cases patients have no
ocular complaints.

A typical objective finding covers mild dysgrouping of
pigment or yellow placoid lesions in the macular region
[12]. Deepening of the choroid is evident on OCT, with
a physiological condition of the neuroretina above the
place of the depression (Fig. 1). In the majority of cases
it is possible to record a classic image of a pachychoroid
state in the region surrounding the choroidal depression
- pachyvessels of the Haller's layer with thinning of
the choriocapillaris and the Sattler’'s layer [13]. The
morphological description and division are based
primarily on the OCT examination. The most frequently
used classification of the disease is according to the
connection of the neuroretina and RPE: conforming
type (connection remains) and nonconforming type
(connection disrupted) [11].

Shinojima et al. described three types of FCE according to
shape [10]:
1. cone shape, most common type
2. bowl shape, higher incidence of RPE defects on OCT
and degenerative changes in angiography
3. mixed

FCEs can also be classified according to their location,
as foveal or extrafoveal on the basis of whether the
centrum of the fovea is involved in the deepening
[14]. Lee et al. demonstrated that up to three quarters
of symptomatic cases have foveal type of FCE and
nonconforming type [12].

On autofluorescence it is possible to record focal
hypoautofluorescence, on FAG the finding is within the
norm or window defects of the RPE are evident [15].
On ICG-A a typical finding is focal hypeofluorsecence
correlating in the late phase with a loss of the
choriocapillaris layer.

The condition does not require treatment due to the
patient’s good visual acuity and stable finding over time [14].

Peripapillary pachychoroid syndrome

Peripapillary pachychoroid syndrome is a relatively new
pathological unit from the spectrum of pachychoroid
diseases. It was first described in 2018 by Phasukkijwatana
et al, who defined PPS in the following manner: 1)
presence of intraretinal and/or subretinal fluid in the
nasal part of the macula ensuing from the temporal
margin of the optic nerve disc, demonstrated according
to OCT examination, 2) thickening of the choroid in this
region [16].

It is assumed that this concerns a variant of CSC in
the peripapillary zone with typical symptoms: dilated
choroidal veins, hyperpermeability of the choroid
and subretinal exudation (Fig. 2) [17]. On the border
of the retina/optic nerve is a layer of glial cells (Kuhnt

Figure 1. Linear horizontal transfoveolar OCT scan of left eye: focal choroidal excavation of nasal part of macula
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intermediary tissue), which continues to the Jacobi layer
(glial tissue between the choroid and the optic nerve) [18].
Ablation of the juxtapapillary retina and choroid probably
deforms these layers and enables transudation of the

fluid into the neuroretina. The pathophysiology is linked
with hyperpermeability of the choroid on the basis of a
defect of the outer blood-retinal barrier (RPE). Risk factors
include mild hypermetropia, age of 70-80 let, smaller

Table 1. Comparison of clinical units of spectrum of pachychoroid diseases

PPE csc PNV PCV PPS FCE
Age 27-89 39-51 52-73 61-75 7.decade 40-50
(years)
Symp- Usually Decreased vision, It may be Decreased vision Usually without Usually without
toms without metamorphopsia, asymptomatic or symptoms symptoms, or
symptoms | micropsia or minor | have symptoms blurred vision
hyperopic shift associated with and metamor-
Ccsc phopsia
Clinical Dysgrou- | Serous neuroretinal | Occult CNV, Occult CNV, prolife- | Fluid in the nasal Choroidal thinning
signs ping of detachment with or | vascular com- ration of choroidal part of the macula (rather than thicke-
the RPE without PED plex "tangled capillaries under the | arising from the ning) in the region
network" under | RPE and develop- temporal edge of the | of the choroidal
irreqular RPE ment of aneurysms | optic disc recess with an
ablation in the form of polyps intact neuroretina
AF Mixed Mixed dotlike hypo | Irregular AF in Granular hypo-AF, Focal hyper-AF Focal hypo-AF
dotlike and hyper-AF larger | the affected area | annularlesion with
hypo and | area than PPE central hypo-AF and
hyper-AF surrounding hyper-AF
FAG Window Leakage at the level | Less obvious hy- | CNV pooling Peripapillary pooling | Normal finding
defects of | of RPE,“ink spot”or | perfluorescence or window de-
the RPE “chimney smoke’, with late fluores- fects of the RPE
irregular hyper/ cein leakage
hypofluorescence in
chronic CSC
ICGA Choroidal | Multifocal hy- Irregular mid- Gradual gradation | Focal leakage of the | Late phase
hyperper- | perfluorescence, -phase hyper- of hyperfluorescen- | peripapillary zone hypofluorescen-
meability | increases in the fluorescence ce of polyps ce correlated
middle phase, which | and late discrete with loss of the
disappears in the hyperfluorescen- choriocapillaris
late phase, choroidal | ce corresponding layer
hyperpermeability | to occult CNV
OCT Focal RPE | Serous neuroretinal | Signs of occult Signs of occult CNV | Pachy-vessels and Choroidal thin-
abnorma- | ablation, PED, focal | CNV with aneurysmal pachychoroid tem- ning (rather than
lities RPE abnormalities lesions poral to head of the | thickening) in the
optic region of the cho-
roidal depression
with an intact
neuroretina
OCTA No signs No evidence of CNV | Occult CNV, "tan- | Occult CNV, prolife- | No signs of CNV No signs of CNV,
of CNV or secondary occult | gled network" ration of choroidal focal loss of the
CNV vascular complex | capillaries under the choriocapillaris
under irregular RPE and develop- layer
RPE ablation ment of aneurysms
in the form of polyps
Re- Observa- | Observation Non- Anti-VEGF Anti-VEGF Observation Observation
commen- | tion steroidal antiphlo- | PDT PDT
dations gistics
Micropulse laser
PDT Anti-VEGF
(off-label)

PPE — pachychoroid pigment epitheliopathy, CSC - central serous chorioretinopathy, PNV — pachychoroid neovasculopathy, PCV — polypoid
choroidal vasculopathy, AF - fundus autofluorescence, CNV - choroidal neovascular membrane, FAG - fluorescein angiography, ICG-A — in-
docyanine green angiography, OCT - optical coherence tomography, OCT-A — optical coherence tomography angiography, PED — pigment
epithelial detachment, RPE — retinal pigment epithelium, VEGF - vascular endothelial growth factor, PDT - photodynamic therapy
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excavation of the optic nerve papilla and male sex [16].

A typical FAG symptom is pooling of the affected
peripapillary region with ablation of the neuroretina.
On ICG-A it is possible to record pachyvessels of the
choroid with progressively grading infiltration. Another
symptom is irregular mottling of the peripapillary
retinal pigment epithelium (RPE), which is better visible
in autofluorescence. Edema of the optic nerve papillais
present in some patients [19].

At present no recommended treatment exists for PPS.
Intravitreal anti-VEGF injections and topical or systemic
carboanhydrase inhibitors are ineffective [16].

Pathophysiological theories of the origin of
pachychoroid diseases

The influence of venous outflow, “venous overload
choroidopathy”

The original theory of the pathophysiology of
pachychoroid diseases (mainly CSC) was founded on
the increased vascular hyperpermeability of the choroid
in connection with a degeneration of the RPE, vascular
abnormalities, ischaemia due to various different causes,
and compression of the choriocapillaris [2]. With advances
in modern multimodal examination methods (OCT,
OCT-A and wide-angle ICG-A), deterioration of venous
outflow from the choroid has come to the forefront of
the pathophysiology of pachychoroid diseases. Arterial
blood from the short posterior ciliary arteries provides
nourishment to the choriocapillaris layer in the choroid,
and is subsequently drained via a system of vorticose
veins through the sclera. Although the pathways of
choroidal venous drainage are functionally independent
in each ocular quadrant, numerous anastomoses exist
between them [20]. If congestion occurs in one of the
vorticose veins, the blood directed into its ampulla may
flow out retrogradely into the neighbouring quadrant via
already existing anastomoses or new collaterals. This is
followed by overloading of the entire system of vorticose
veins, an increase of venous pressure and a dilation of the
choroidal capillaries [21]. Anastomoses of vorticose veins
appear in virtually the same number in the upper nasal,
upper temporal and lower temporal quadrant [17]. They
have been described less frequently in the lower nasal

quadrant. In patients with PPS, anastomoses of vorticose
veins are found predominantly in the peripapillary
region. In the human body, an increase of venous
pressure may lead to vascular dilation and remodelling,
with a subsequent increase of venous counterpressure.
A typical example is the formation of varicose veins. In
the same manner, expanded veins and anastomoses
in the eye increase venous outflow pressure from the
choriocapillaris, with subsequent transudation and
damage to the choriocapillaris layer.

The influence of the sclera

In 2021, Imanaga et al. came to the conclusion that the
thickness of the sclera in eyes with CSC is greater than in
healthy individuals [22]. Thickening of the sclera has two
consequences:

1) the permeability of tissue is indirectly linked with its
thickness. Greater scleral thickness extends the length of the
compressed vortex vein, with a subsequent increase in the
effect of Starling’s resistance.

2) enlargement of the valvular effect of the vortex veins
passing through the longer scleral wall.

Choriocapillaris and pachyvessels

The relationship between ischaemia of the
choriocapillaris layer and the dilated vessels of the
choroid remains controversial. For example, it is not clear
as to which change is primary and which is secondary.
Some authors are of the opinion that ischaemia of the
choriocapillaris layer occurs secondarily. Gal-Or et al.
determined that the presence of pachyvessels is linked
with a decrease of the blood supply to the choriocapillaris
layer on average by 60% [23].

With regard to the fact that thickening of the choroid
occurs proportionately to an enlarged luminal region
in diseases of the pachychoroid spectrum, it is difficult
to draw the conclusion that dilated pachyvessels
mechanically compress the choriocapillaris layer,
with subsequent ischaemia and degeneration [24].
Another theory is linked with the activation of the
sympathetic a-adrenoreceptor, with subsequent focal
vasoconstriction of the arterioles of the choroid, and
ischaemia of the choriocapillaris layer with increased
resistance to blood flow. The result is secondary passive

Figure 2. Linear horizontal transfoveolar OCT scan of right eye: peripapillary pachychoroid syndrome, neuroretinal ablation in

peripapillary zone
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overpressure in the surrounding large veins of the
choroid, and the formation of dilated pachyvessels [25].

CONCLUSION

The spectrum of pachychoroid diseases is currently
composed of 6 clinical units — PPE, CSC, PNV, PCV, FCE
and PPS. The first 4 states are considered to represent a
continuous process of the progression of the pathology,
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