OPUTUHANDBbHbBIE CTATbU

ORIGINAL ARTICLES !

DOI: httpsy/doiorg/10.25276/2410-1257-2020-4-20-25
YIK 617.735-002

Maxuxo pouaaibHble COCTOAHUA

Aiinun Kapanesnu, CabaxeaaunH Cronb

lMpogeccop, 3asedyrwuli Kagedpol opmanemonozuu, meduyuHckul ¢pakynsmem yHugepcumema Cumku KoymaH, Myana,

Typuyusa

Pachychoroid Spectrum
Aylin Karalezli, Sabahattin Sul

Department of Ophthalmology, Mugla Sitki Kocman University School of Medicine, Mugla, Turkey

PE®EPAT

«MaxuxopouganbHoe coctosHue» (pachy-[npedukc]: nonHbIN) - aHo-
ManbHOe U HeobpaTUMoe yBenvyeHe XOpMOUAAIbHON TONLMHBI, YacTo
NpoABNAIOLLEECA YBENNYEHHBIMU XOPMOUAANbHBIMU COCYAAMU U APYTU-
MU CTPYKTYPHbIMW N3MEHEHUAMU B COCYANCTON apXUTEKTYpe.

KnvHuyeckne naxuxopuomaanbHbie COCTORHWA - 3TO rpynna Maky-
NAPHbIX 3a60N1€BaHNM, NPN KOTOPbIX NPOABAAIOTCA aHANOrMYHbIE XOPU-
OVAanbHble U3MEHeHUs, Takme Kak ¢okanbHoe u anddysHoe yBennye-
HWe XOPUOWAANbHON TONLWMHBI U HAPYXKHBIX XOPMOUAANBHBIX COCYAOB.
lMpn TakUx COCTOAHMUAX ONUCaHbl 3aCTOMHble ABEHWUSA B XOpUOUAee U1
UX FMNepnpoHULLaeMoCTb.

YBenuueHue TosLLMHbI XOPUOUAANBHOTO CNOS, NAaTONOrNYeCKoe yBe-
nuyeHve BeH B cnoe lannepa, nctoHyeHne B cnosax Cattnepa u xopuo-
KanunnapHbIX CNOAX XapaKTepHbl ANA TaKWX cocToAHMIA. HecmMoTpa Ha
OTCYTCTBME €AMHOT0 MHEHWA MO NOBOAY 3TON Npobnembl, AaHHaA rpyn-
na 3aboneBaHuii BKNoYaeT B ceba cnepyolme: NNaKouAHas NUrMeHT-
HafA 3ANUTeNMONATUSA, LeHTPaNbHaA CepO3HaA XOPUOPETUHONATUSA, Naxu-

XopouAanbHas HeoBacKysonaTua 1 NOAUNOUAHAA XOpMOMAanbHas Ba-
cKynonatua.

[InA AMarHoCTUKM NaxmxopmonaanbHbix 3a60aeBaHNUi yyLle UCNONb-
30BaTb MeTOA MyNbTUMOAANbHOW BU3Yyanu3aLuu, Tak Kak OH nossonser
WCKI0YUTb fpyrue cOCTOAHMA, Takne Kak BM/, y3opuatas auctpodus,
TOYeYHas BHYTPEHHAA XOPMONaTUA, PETUHANbHbI MUTMEHTHBIA 3NUTENN-
UT. YnyylweHHas o6beMHan BU3yann3auma NCnoab3yeTcsa Kak cTaHaapT-
Haf TeXHWUKa ANA BU3yanu3aunu COCYAUCTO 060N0YKM 1 ANA n3Mepe-
HUA xopuounganbHoi TonwmHbl. OCT-A - HOBas TeXHONOrMA, KOTOpas no-
MOTaeT Nojy4YnTb BbICOKOKAYeCTBEHHbIe N306paxeHns 6e3 BHYTPUBEH-
HOro BBeAeHWA KOoHTpacTa. [laHHoe uccneoBaHne TaKxe NonesHo AnA
BbIABNEHNA XOPMONAANbHON HEOBACKYNAPU3aLMM B a3ax C LeHTpanb-
HOW CEpPO3HOI XOPMOPETUHONATME U MPU NAaXUXOPUOUAANbHbBIX COCTOA-
Husax. MpeacTtaBneHbl 06LWMe KIMHWUYECKME U AaHHbIE BU3yann3auum na-
LMEHTOB C MaXMXOPMOUAANBbHBIMU COCTOAHUAMU U METOAbI UX JIEYEHUA.

KnioueBble cnoBa: naxuxopoudanbHas nueMeHMHAA 3numeauona-
mus, YeHMpaabHAsA Cepo3HAs XoOpuUopemuHONamus, NaxuxopouoanbHas
HeosacKy/s0namus, NoAUNOUOHAA XopuoudanbHasA sackynonamus. M

Touka 3peHus. Boctok - 3anaa. 2020;4:20-25.

ABSTRACT

The pachychoroid clinical spectrum is a group of macular diseases
that manifest similar choroidal findings such as focal or diffuse increase
in choroidal thickness and dilated outer choroidal vessels. Choroidal
congestion and hyperpermeability have been frequently described in
this spectrum.Increased choroidal thickening, pathologically dilated
veins in the Haller's layer (pachy-veins), thinning in Sattler's and
choriocapilleris layers. Although there is no consensus on this issue
and it is highly controversial, the spectrum comprises the following 4
disease groups: Pachychoroid Pigment Epitheliopathy (PPE), Central

Serous Chorioretinopathy (CSCR), Pachychoroid Neovasculopathy (PN)
and Polipoidal Choroidal Vasculopathy (PCV). Pachychoroid diseases
benefit from a multimodal imaging approach, to avoid misdiagnosis
as other conditions including AMD, pattern dystrophy, punctate inner
choroidopathy, and refinal pigment epitheliitis.Common clinical and
imaging findings in patients with pachychoroid andtheir treament
modalities are discussed in detail in this review.

Keywords: pachychoroid pigment epitheliopathy; central serous
chorioretinopathy; pachychoroid neovasculopathy; polipoidal choroidal
vasculopathy. ®

Point of View. East - West. 2020;4:20-25.

of chorioretinal disorders

which and dilated choroidal vessels in

INTRODUCTION

he term pachychoroid is
generally defined as a choroidal
thickness greater than 300
um [1, 2] and comprise a group
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share similar choroidal features in
imaging techniques. These choroidal
features are focal or diffuse choroidal
thicknening in enhanced depth optical
coherence tomography (EDI-OCT)
(Fig. 1), choroidal hyperpermability

indocyanine green angiography (ICGA)
(Fig. 2) 1, 3]. The choroidal thickening
is thought to be the consequence of
dilation of large vessels in Haller’s
layer. Thinning of choriocapillaris
and Sattler’s layer with or without
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overlying retinal pigment epithelium
(RPE) abnormalities accompany to this
choroidal thickening [1, 4].

Pachychoroid disease spectrum
comprises six different groups;

1. Pachychoroid pigment epitheli-
opathy (PPE)

2. Central serous chorioretinopa-
thy (CSC)

3. Pachychoroid neovasculopathy
(PNV)

4. Polypoidal choroidal vasculopa-
thy (PCV)

5.Focal choroidal excavation (FCE)

6. Peripapillar pachychoroid syn-
drome (PPS)

Choroidal and retinal

morphology and pathogenesis

Choroidal thickness measurements
are influenced by age, refractive er-
ror, axial length, systemic vascular and
metabolic disorders and many oth-
er factors. Subfoveal choroidal thick-
ness measurements are reported be-
tween 223-590 um in PCV and 345-
505 in CSC [5]. In addition, focal extra-
foveal choroidal thickening correlated
with the dilated choroidal vessels can
be observed in patients who have not-
mal subfoveal choroidal thickness [1].

In pachychoroid spectrum, dilated
vessels in Haller’s layer accompany to
choroidal thickening, which can be de-
tected in OCT [6].

Characteristics of dilated choroidal
vessels (pachyvessels);

e In cross-sectional EDI-OCT im-
ages, large hyporeflective lumen in-
dicates to dilated choroidal vessels
(pachyvessels) [7].

e Pachyvessels can be observed
within the deep choroid in en face
swept source OCT images [0].

» Pachyvessels can be distinguished
from normal choroidal vessels with
their course on en face OCT and ICGA.
Pachyvessels, unlike normal choroidal
vessels, can get very closer to or cross
the macula [8].

In PDS, thinning of overlying cho-
riocapillaris and intermediate vessels
within the Sattler’s layer is a character-
istic morphologic feature [2]. In severe
cases, only abnormal dilated vessels
can be observed and choriocapillaris
can not be detected [4]. These patients
may have a normal choroidal thick-
ness [4]. Therefore, increased choroi-
dal thickness should not solely be de-
termined as a marker of PDS, morphol-

Fig. 1. Enhanced depth imaging-OCT scan of a patient with pachychoroid pigment epitheliopathy (PPE).

PPE changes in RPE, thick choroid, pachyveins

ogy of choriocapillaris and Sattler’s lay-
er should be evaluated carefully.

Main blood supply of outer retina
(outer nuclear layer and RPE) is cho-
roicapillaris. Some outer retinal chang-
es can be observed in PDS [9];

* Motling of RPE

* RPE elevation with microbreak

» Small RPE detachments

» Outer nuclear layer thinning

On ICGA, pachyvessels appear more
straight and dilated than normal cho-
roidal vessels. Choroidal hypermeabil-
ity appears as patchy areas of hyperflu-
orescence at mid- and late-phase an-
giograms which is coherent with the
staining areas at fluoresceine angiogra-
phy[3, 10, 11]. Choroidal hyperperme-
ability rate was reported higher in CSC
and PPE than PCV in previous stud-
ies [5]. Besides, delayed choroidal fill-
ing, choroidal vascular congestion and
late punctuate hyperfluorescence can
be observed with ICGA (Fig. 3). These
ICGA characteristics can be observed at
the fellow eyes in PDS [3, 10, 11].

The pathogenesis of choriocapil-
laris atrophy is stillnot clear, wheth-
er choriocapillaris atrophy is a prima-
ry condition or a consequence of tis-
sue pressure raised from pachyvessels
in Haller’s layer [12]. Recent reports
indicate that choriocapillaris atrophy
might be the primary event, and dis-
turbed perfusion in choriocapillaris
may lead to secondary passive over-
flow into the large choroidal vessels
which is represented as pachyvessels
in Haller’s layer [13-16].

Ischemic milieu due to choriocap-
illaris atrophy is one of the suggested
mechanism for outer retinal abnormal-
ity (RPE changes and loss of functional
pump capacity and outer retinal thin-
ning) development.
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Fig. 2. Pachyvessels are seen in ICGA

Fig. 3. Choroidal vascular congestion and late
punctuate hyperfluorescence are seen at late-
phase angiograms in ICGA

* In ICGA, RPE changes corresponds
to focal choroidal hyperpermeability
which is suggested as a functional con-
sequence of choroidal ischemia [10]

* In OCT, spatial distribution of RPE
changes, subretinal fluid and neovas-
cularization correlate with areas where
pachyvessels and attenuated chorio-
capillaris localized [5]

* In optical coherence tomogra-
phy angiography, choricapillaris flow
impairment has been shown in eyes
without RP epitheliopathy, however,
impairment worsened in eyes with RP
epitheliopathy [17].
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Fig. 4. Subretinal fluid, PED, thick choroid

Fig. 5. Dye leakage as ink-blot pattern in fundus
angiography

Fig. 6. Fundus autofluorescence (FAF) demon-
strates an area of gravitational hyperautofluo-
rescence

Another suggested hypothesis for
pachychoroid pigment epitheliopa-
thy(PPE) and central serous chorio-
retinopathy (CSC) development is in-
creased hydrostatic pressure due to
choroidal hyperpermeability [9]. In-
creased tissue pressure is hypothesized
to disrupt gap junctions between RPE
cells and cause microbreaks, slight RPE
detachment from Bruch’s membrane
due to fluid leakage and significant RPE
detachment (CSR development) if leak-
age increases. Duration of choroidal hy-
perpermeability, amount of tissue pres-
sure and alteration of resistance capac-
ity of RPE cells are suggested as possi-
ble factors changing the clinical spec-
trum in this disease group [9].
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Pachychoroid pigment

epitheliopathy

PPE is regarded as a forme fruste of
CSCJ2]. Presence of microbreaks at RPE
layer is suggested as initial lesions at
PPE [9]. Clinical characteristics of PPE
are, reduced fundus tesellation, RPE ab-
normalities including motling of RPE,
RPE elevation, small PED, absence of
soft drusen, absence of subretinal flu-
id, absence of subretinal fluid history,
and presence of pachychoroid features
[3, 18-20]. RPE features may cause mis-
diagnosis with age-related macular de-
generation, retinal pigment epitheliitis
and pattern dystrophy [6]. Fundus ap-
pearence can be observed at the fellow
eyes in other PDS diseases.

The patients with PPE are general-
ly asymptomatic. PPE appear to be a
slowly progressive disease. Clnical con-
dition may advance to CSC and these
eyes may develop type 1 neovascular-
ization without CSC development [21].

Central serous chorioretinopathy

CSC is characterized with subreti-
nal fluid with or without PED (Fig. 4).
Major predisposing factors are sys-
temic corticosteroid and sympatho-
mimetic use, Cushing syndrome, type
A personality, hypochondria and hys-
teria [5, 8]. Acute form occurs general-
ly in young to middle aged men and in-
volves one eye. Typical imaging char-
acteristics are dye leakage as ink-blot
or smoke-stack pattern in fundus an-
giography (Fig. 5). Choroidal hyper-
permeability (presented as hyperflu-
orescent patches), delayed choroidal
filling and venous dilation. Increased
choroidal thickness and prominent
pachyvessels with choriocapillaris at-
tenuation can be observed with OCT
[22]. Acute form resolves within 4 to 6
months. Chronic CSC is defined as sub-
retinal fluid persistence greater than

6 months. Granular hypoautofluores-
cence with a hyperautofluorescence
margin which extends towards inferi-
or can be seen with fundus autofluo-
rescence (Fig.6). In addition, elonga-
tion of photoreceptor outer segments
and outer retinal attenuations can be
detected with OCT.

Treatment of CSC

e Subretinal fluid usually resolves
spontaneously in acute CSC, depend-
ing on symptoms and amount of sub-
retinal fluid some cases may not need
treatment

« If the patients are symptomatic or
demand rapid visual gain or have poor
visual acuity in the fellow eye, sub-
threshold micropulse laser photoco-
agulation, verteporfin photodynamic
therapy (PDT) and systemic mineralo-
corticoid antagonists are recent treat-
ment options

¢ Subthreshold micropulse photo-
coagulation (577 nm)

« effective in eyes with focal leaks [5]

* can be an option for closing leaks
close to fovea [3]

* isnot appear to be effective in eyes
with diffuse RPE leaks [23]

» has limited effect on reducing
choroidal thickness [24]

 Verteporfin PDT

» is generally used in chronic CSC

« effective for reducing the choroi-
dal thickness [25]

* can alter intrachoroidal structures
[26]

e full-dose treatment may have
some adverse effects such as tran-
sient visual loss, RPE atrophy, second-
ary neovascularization and choroidal
ischemia or infarction [5]

* therefore half-dose PDT is recent-
ly used and provides good safety and
efficacy in the treatment [27-30]

 Systemic mineralocorticoid an-
tagonists (spirinolactone-eplerenone)

* No definite effect has been
demonstrated. Some randomized con-
trolled studies have shown beneficial
effects on visual gain and subretinal
fluid reduction, however, it is still a de-
bate whether visual gain and anatom-
ic improvement are the result of trea-
ment or natural course of the disease
[31-32].

Pachychoroid neovasculopathy
This entity is described as type 1
neovascularization associated with in-
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creased choroidal thickness and dilat-
ed pachyvessels in Haller’s layer in the
absence of age-related macular degen-
eration features [33]. PNV can develop
in PPE and chronic CSC and may prog-
ress to PCV in some cases [34].

Type 1 neovascularization is demon-
strated as shallow irregular vascular-
ized PEDs (double-layer sign) in OCT
(Fig. 7) and late leakage from unde-
termined source [35]. PNV areas corre-
sponds to areas displaying pachycho-
roid features.

Detection rate of type 1 neovascu-
larization within shallow PEDs appear
to be low (29%) with dye-angiography,
which means diagnosis rate of PNV ap-
pear to be underestimated with classi-
cal dye-angiography [37]. OCT angiog-
raphy appear to be better than dye an-
giography in detecting type 1 neovas-
cularization (Fig. 8). Type 1 neovascu-
larizations can be visualized with OCT
angiography as tangled networks be-
neath shallow PEDs [30].

Anti-VEGF agents are the standart
treatment of active neovascularization
[37, 38]. Treatment free interval appear
to be longer in this group compared to
AMD [39, 40]. Verteporfin PDT may be
combined with anti-VEGF agents in re-
fractory cases [41].

Polypoidal choroidal

vasculopathy

PCV is characterized with exudative
maculopathy and orange nodules with
PEDs clinically [42, 43]. ICGA features
were described as choroidal branching
networks with polypoidal dilatations
by Spaide [44]. PCV was considered as a
subtype of neovascular AMD. However,
eyes with PCV differentiated from clas-
sical AMD because several characteris-
tic features of AMD such as drusen, pig-
mentary changes and atrophy are not
common in PCV. Furthermore, EDI-
OCT provided new information that
these eyes have thick choroid in con-
trast to AMD [46]. Branching networks
and polyps are identified between ele-
vated RPE and Bruch’s mebrane (indi-
cated as a variant of type 1 neovascu-
larization) and are correlate with the
areas of pachyvessels and attenuated
choriocapillaris [12,45]. Those findings
suggest that PCV is a disease in pachy-
choroid spectrum [45].

The role of VEGF in the pathogene-
sis is not fully determined. Some studies
have found strong VEGF expression in

Fig. 7. Type 1 neovascularization, thick choroid in OCT

Fig. 8. Type 1 neovascularization in OCTA

endothelial and RPE cells [46, 47]. The
VEGF concentration has been found
lower compared to AMD, but higher
than normal controls [48, 49]. In addi-
tion, elevated proinflammatory cyto-
kine levels indicate the role of inflam-
mation in PCV [50, 51].

Atherosclerosis and other vascu-
lar wall altreations, excess endolumi-
nal stress due to high flow rates, high
blood pressure that exceeds neovas-
cularization capacity are suggested as
pathophysiological mechanisms of
polypoidal lesion development [34,
52]. Polyps are the reason of fluid ex-
udation and hemorrhage rather than
branching networks [5].

Treatment of PCV with polypoidal
neovascularization
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* Verteporfin PDT monotheraphy

* Has favourable visual otcomes and
polyp regreression at 1 year [53, 54].

* However, 50% eyes had recurrent
exudation [55].

* Intravitreal anti-VEGF monother-
apy

* Ranibizumab monotherapy has
lower rates of visual acuity gain and
polyp regression than ranibizumab
combined with verteporfin PDT [56],,

* Visual acuity gain and polyp re-
gression rates are similar between af-
libercept monotherapy and afliber-
cept combined with verteprofin PDT
[57,58].

* Today, intravitreal anti-VEGF ther-
apy with/without verteporfin combi-
nation is the standart treatment reg-
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imen of PCV with polypoidal type 1
neovascularization.

Focal choroidal excavation

FCE is a choroidal concavity with-
out a psoterior staphyloma or scler-
al ectasia. Clinical characteristics are
good or mildly decreased visual acui-
ty with near-normal overlying retinal
structures [59]. FCE is divided into two
patterns; conforming FCE described
as no seperation between photore-
ceptors and RPE and preservation of
ellipsoid zone and RPE within the le-
sion. Non-confirming FCE is described
as detachment of photoreceptors from
RPE and a hyporeflective space pre-
sumed as subretinal fluid. Increased
choroidal thickness and FCE localiza-
tion close to areas of choroidal hyper-
permeability may suggest the associa-
tion of FCE with PDS [59].

Peripapillar pachychoroid

syndrome

PPS is a novel variant of PDS, which
is described as pachychoroid features
surround the optic nerve and associat-
ed with intra/subretinal fluid overlying
pachyvessels and optic nerve edema in
some patients [60]. Maximal choroidal
thickness is around the optic disk rather
than subfoveal localization. Most of the
eyes present with serous PEDs or grav-
itational tracks. ICGA demonstrates di-
lated peripapillary pachyvessels and
choroidal hyperpermeability [60].
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