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Abstract

Pigmented paravenous chorioretinal atrophy (PPCRA) is an uncommon form of chorioretinal atrophy characterized by
perivenous aggregations of pigment clumps associated with peripapillary and radial zones of retinal pigment epithelial atro-
phy that are distributed along the retinal veins. Most patients are asymptomatic, and evidence suggest that PPCRA is
slowly progressing. Unless macular involvement is present, the majority of patients usually retain a normal visual function.
Our ability to diagnose PPCRA has recently improved thanks to multimodal imaging, especially with the advent of ultra-
widefield (UWF) imaging. Blood tests and functional and genetic testing can help with the correct differential diagnosis of
pseudo-PPCRA or other disorders with similar characteristics. Although the cause of PPCRA is unknown, it is possible
that it has a genetic basis. In this review we provide a summary of the multimodal imaging characteristics of PPCRA, and
discuss its possible pathogenesis, based on the genes that have been associated with this disease.
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Introduction Patients affected by PPCRA are frequently asymptom-
atic, and the diagnosis is established on the basis of its dis-
tinctive fundus appearance, which is usually discovered
during a routine ophthalmic examination. The natural
history of the disease is either non-progressive or slowly
progressive. It has frequently been reported to be bilateral
and symmetric. The etiology of the disease is unknown,
and it occurs sporadically in the majority of PPCRA
patients.’

Nonetheless, in some cases, family transmission was
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proposed, since cases of PPCRA that developed after
various condition, such as uveitis, Behcet disease, congeni-
tal syphilis, measles and rubeola have been described.'’!

The recent literature, however, agrees that these
changes are associated to retinal vein vasculopathy
related by various inflammatory causes and should be clas-
sified as pseudo-PPCRA.'*

Clinical findings

The mean age at presentation in a retrospective case series
of 23 patients was 35 years, ranging from 10 to 67 years.®
A considerable proportion (varying from 36% to 57% in
different studies) of PPCRA patients are asymptomatic.'*
When present, the most common symptoms are a mild
visual loss, reduction of the peripheral visual field and nyc-
talopia.'>® Visual acuity in PPCRA is generally
unaffected or minimally decreased. Nevertheless, some
patients also exhibit macular involvement, with severe
visual acuity deterioration." Nyctalopia was previously
considered to be uncommon, but it has recently been
reported in 28% of PPCRA symptomatic patients.'
However, some patients complaining impaired night
vision, poor dark adaptation or night blindness actually
have retinitis pigmentosa (RP) or pseudo-PPCRA instead
of PPCRA.> Other symptoms reported from PPCRA
patients include: perception of a shadow in front of the
eye, diminished peripheral vision, mild pain and photopsia,
involuntary closure of the upper eyelid, headaches and
halos around lights.?>** Nonetheless, it remains uncertain
if these observations have an actual causal relation with the
disease entity itself.>?

Associated ocular findings

A bilateral symmetrical accumulation of pigment and chor-
ioretinal atrophy scattered along the retinal veins is the
typical funduscopic appearance of PPCRA. Yet, this con-
dition exhibits variable expressivity, and not every
patient displays the characteristic fundus features.'
Chorioretinal atrophy in PPCRA manifests as contiguous
yellowish or grayish lesions around the retinal vessels,
coexisting with missing or depigmented retinal pigment
epithelium (RPE), that arborize and spread into the periph-
eral retina. The pigmentary alterations range from typical
bone corpuscle pigmentation to fine pigmentary alterations
to coarse pigment clumping.'

PPCRA has been classified into three categories based
on the distribution of pigmentary changes:

- The “paravenous” type is distinguished by characteris-
tic chorioretinal atrophy with pigment clumping that is
geographically connected.’

- The “focal” type is characterized by isolated chorior-
etinal atrophy with pigment clumping.'~

- The “confluent” type exhibits chorioretinal atrophy
with bone spicules that extensively merge with one
another and it may be more easily misdiagnosed as
RP.'

Another approach to categorize the PPCRA is by severity":

- In the mild form, there are only a few scattered patches
with minor evidence of chorioretinal atrophy and para-
venous pigmentation.

- In intermediate cases, bone spicule pigment accumu-
lates around the majority of the veins, resulting in
minimal or regional chorioretinal atrophy.

- Severe cases have a peripapillary and posterior pole
pigmentary sheen, as well as diffuse patches of chor-
ioretinal atrophy next to widespread and dense para-
venous pigment deposit.

The funduscopic appearance of PPCRA can be charac-
terized by a marked asymmetry (Figure 1), therefore two
eyes from the same patient may fall in different categories,
either by distribution and severity.'*'***’

It has been reported that in cases of PPCRA progres-
sion, the grayish lesions and RPE atrophy gradually
expand, and the pigment clumping becomes darker and
more extensive, possibly accompanied by further constric-
tion of the peripheral visual fields.' Moreover, due to the
progressive RPE atrophy, the choroidal vessels within the
atrophic lesions become increasingly prominent.’

The involvement of the macula is an important factor
that may aggravate the disease, leading to severe visual
impairment.*® In a prior study, chorioretinal atrophy
affecting the fovea was found to be present in only a
small proportion of patients.'° On optical coherence tom-
ography (OCT) images, macular involvement is usually
seen as extensive damage of the outer retina and RPE."

Contrarily to RP, the caliber of the retinal vessels is
usually normal, however attenuated retinal arteries and
arteriolar attenuation with sheathing have been occasion-
ally reported.®>'*2!-** Similarly, the optic disc is normal
in most cases, with no waxy pallor or frank optic nerve
atrophy.® Gliotic disc or peripapillary gliosis has been
described, and optic disc drusen may be present in patients
with typical PPCRA.*!'43!

We provide a list of many other less common associated
ocular findings in Table 1.

Systemic associations

Many inflammatory and infectious causes have been linked
to the disease, including uveitis, Vogt-Koyanagi-Harada
disease, Behcet’s disease, congenital syphilis, measles,
rubeola, tuberculosis, and Neurofibromatosis Type 117214042
However, there has been no evidence linking the retinal
findings in PPCRA to any specific systemic disorder.
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Figure |. Ultra-widefield (UWF) fundus photograph (A, B) and UWF fundus autofluorescence (C, D) of a patient with asymmetric

pigmented paravenous chorioretinal atrophy.

Diagnosis

Patients are typically asymptomatic, and the diagnosis is
established primarily on its distinctive appearance on
fundus examination.'> However, PPCRA can manifest in
a variety of ways, and multimodal imaging can aid with
diagnosis, classification, and patient follow-up by provid-
ing insights into its clinical characteristics." Visual field
testing and electrophysiology are two other common diag-
nostic criteria for PPCRA. In the forthcoming chapters, we
will provide an overview of the multimodal imaging fea-
tures, functional evaluations, and electrophysiological
findings of PPCRA that may aid in its diagnosis.

Functional and electrophysiological exams

Visual field and microperimetry

Most PPCRA patients exhibit functional changes in the
visual field in accordance to the anatomical location of

their pigmentary changes, with peripheral constriction,
enlarged blind spot, geographic scotoma, central, temporal,
scattered scotomas or no detectable changes being pos-
sible.'>>%3% Over time, some patients experience a pro-
gression of visual field defects, while others remain
stable.'®

In a study conducted by Fleckenstein et al., areas
without obvious funduscopic changes that were demar-
cated by an hyperautofluorescent border on FAF showed
a reduced retinal sensitivity with microperimetry.**

Electrophisiology and dark adaptometry

Electrophysiological findings are extremely variable and
aspecific, ranging from normal to completely extinguished
electroretinograms (ERGs), and do not always match the
extent of funduscopic lesions or patients’ referred symp-
toms.> The most common finding is a reduction of the
B-wave amplitude, followed by A-wave reduced
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Table I. Unusual ocular findings in pigmented paravenous
chorioretinal atrophy.

Macular findings

Cystoid macular edema

Star-shaped exudate

Macular wrinkling

Epiretinal membrane (with and without
foveoschisis)

Macular pigmentary alterations (stripling,
degeneration, depigmentation)

Lamellar and full-thickness macular holes

RPE atrophy

Excavated macula

Macular coloboma

Other fundus abnormalities

Contralateral retinitis pigmentosa

Abnormal retinal sheen

Crystal deposition in the peripheral retina

Vitreous abnormalities

Vascular abnormalities (e.g., peripheral changes,
microangiopathy)

Other ocular associations

Angle-closure glaucoma and congenital glaucoma

Nystagmus

Ambliopia

Different kinds of anisometropia

Eso- and exotropia

32-34
21
I
1,5

15,23,32,35

36,37
38,39
38
7

40-42

24
9,14
3,39,40

38
9,14
24,25
11,14,16,19,24,31
5,14,43

amplitude and delayed latency."'%'3 A selective reduction
in either scotopic or photopic response is also possible,
reflecting an heterogeneous impairment of either rods or
cones.'*?! Generalized on-bipolar cell dysfunction of
both rod and cone systems, with preservation of photo-
receptor function bilaterally is also possible.®

Similarly to fundus findings, electrophysiological
recordings are often asymmetric.""®%° On the other
hand, cases with symmetrical ERG responses but
asymmetrical fundus changes have been described.'*
Pattern ERG and visual evoked potentials are also
aspecific: the former may demonstrate macular disfunc-
tion, indicating ganglion cell involvement, with
poor concordance with the full-field ERG, whereas the
latter may exhibit normal to significantly aberrant
responses.®>24%47  Additionally, on multifocal ERG
reduced responses, especially in the paracentral area,
have been reported.®

Electrooculography (EOG) may display normal, sub-
normal or significantly reduced Arden ratio.***** In a
recent study, EOG findings were considerably proportion-
ate with scotopic ERG findings, which, together with
the observation that many cases of unilateral PPCRA
have been described, suggests a generalized disfunction
of the photoreceptor/RPE interface.® Finally, in some
patients dark adaptation is delayed with an increased
rod-treshold.?

Multimodal imaging in PPCRA
Color fundus photograph

Fundus examination in PPCRA reveals perivenous aggre-
gations of pigment clumps associated with areas of RPE
atrophy radiating from the peripapillary region with a
typical distribution along the retinal veins.** As previously
mentioned, three funduscopic patterns have been described
in PPCRA: the classical “perivenous” distribution, a focal
pattern and PPCRA with a confluent disposition of the
typical lesions."® Ultra-widefield (UWF) imaging is par-
ticularly useful in these patients, because of the peripheral
extension of the disease. %! Nonetheless, standard fundus
photograph is a valuable technique to visualize less
common cases with optic disc pallor, arteriolar attenuation
or patchy macular atrophy.>’

Dye angiography imaging

On fluorescein angiography (FA), areas of hyperpigmenta-
tion and pigment clumping, corresponding to blocked
hypofluorescence, are surrounded by chorioretinal
atrophy, which is hyperfluorescent due to window
defect."* Usually, there is no fluorescein leakage.
However, Prithvi et al. recently described a case of
PPCRA with peripheral capillary non-perfusion, microa-
neurysms and vascular leakage imaged with ultra-
widefield FA. In addition, Tandon et al. reported an atyp-
ical case of PPCRA, associated with Coat’s like
response. **->

Indocyanine angiography (ICG) shows hypofluores-
cence along the retinal vessels in all phases, revealing a
damage of the choriocapillaris, which partly extends over
the areas that are hyperfluorescent on FA.'=>%°

Fundus autofluorescence

Fundus autofluorescence (FAF) is an extremely useful tool
for diagnosing PPCRA, especially when ultra- widefield
(UWF) technology is available.”®

On blue-light FAF imaging, PPCRA is characterized by
continuous decreased FAF signal along the large retinal
veins distributed in a geographic fashion, surrounded by
linear hyperautofluorescence of variable thickness extend-
ing to the periphery.'* In the peripheral retina the areas of
hyper-/hypoautofluorescence may expand, assuming a
fin-like shape, and sometimes patchy areas of atrophy are
present.’ Shona et al. subclassified patients with the perive-
nous pattern on the basis of their lesions showing the
typical hyper-/hypoautofluorescence FAF signal (type 1a)
or a predominantly increased FAF (type 1b)%; the latter
might only show subtle changes on fundus examin-
ation.”*>* The focal (or type 2) pattern consists in focal dis-
continued areas of decreased FAF signal, whereas the
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confluent (or type 3) pattern is characterized by coalescing
areas of hypoautofluorescence extending beyond the peri-
vascular area.'® In a fraction of the patients a hyperauto-
fluorescent ring at the posterior pole can be found, which
has been reported to be present in almost a quarter of the
cases.’

Areas of decreased FAF indicates zones of chorioretinal
atrophy, whereas the surrounding increased FAF repre-
sents a “junctional zone” between affected and healthy
retina, where the outer retina is thinner but the RPE is
still present (Figure 2).°%33-°

Fundus abnormalities in FAF extend beyond those
visible with FA and ICG, making the former a valuable
non-invasive examination in patients diagnosed with
PPCRA.! Moreover, the borders of the increased FAF
signal sharply demarcate the area of reduced retinal sensi-
tivity on microperimetry.**

Optical coherence tomography

When macular involvement is present, OCT shows severe
disruption of the RPE and outer retinal layers, leading to
outer retinal thinning. In particular, all layers from the
external limiting membrane to the interdigitation zone
and RPE are affected.”® Outer retinal atrophy is usually
associated with choroidal thinning, which may sometimes
be the only pathological modification."

With this technique, other macular comorbidities have
been reported, such as epiretinal membrane, cystoid
macular edema, lamellar and full-thickness macular hole,
RPE atrophy and macular coloboma.>**3%-36-7

OCT of the affected paravenous regions show variable
degree of outer retinal layers thinning, focal or generalized
choroidal thinning and RPE atrophic changes, together
with areas of pigment clumping visible as intraretinal
hyperreflective plaques with posterior hypotransmission. 1.8
In particular, areas characterized by a reduction of the outer
retinal thickness without RPE atrophy correspond to the
junctional zones in FAF.**>>¢ As for the macula, some
cases exhibit significant choroidal thinning even in the
absence of RPE atrophy.'

Optical coherence tomography angiography

OCTA findings have been explored seldom in PPCRA,
with just few studies and case reports available,'*>38-6
Existing literature suggest that OCTA is relatively
normal in the earlier stages of the disease, with preserved
retinal capillary plexa and choriocapillaris.*>>® In more
advanced stages, the most relevant finding is a prominent
choriocapillaris impairment, in form of flow voids
increase.'-*-¢!

Battaglia Parodi et al. recently found that, compared to
healthy subjects, vessel density is reduced not only in the
choriocapillaris, but also at the level of the deep capillary

plexus, regardless of the presence of chorioretinal
atrophy (Figure 3).°° Finally, in a recent case report
Fallon et al. utilized a combination of OCTA and en face
OCT to visualize the morphology of posterior hyalocites
in a case of asymmetric PPCRA.®* In more detail, hyalo-
cites in the most advanced eye displayed a ramified appear-
ance, suggestive of a “quiescent” stage, whereas those of
the less advanced eye had an ameboid, “activated” shape.
Their findings support the hypothesis that inflammation
is a key factor in the pathophysiology of PPCRA.

Differential diagnosis

The PPCRA differential diagnoses comprise chorioretinal
degeneration and inflammatory diseases that cause chorior-
etinal atrophy, including: pericentral, sectorial, and typical
RP, helicoid peripapillary chorioretinal atrophy, serpigin-
ous choroidopathy, autoimmune retinopathy, hydroxy-
chloroquine retinopathy, sarcoidosis, gyrate atrophy,
choroideremia, tuberculous choroiditis, toxoplasmosis,
cone dystrophy, syphilis and angioid streaks.’

Because PPCRA is primarily diagnosed based on
fundus appearance, the “confluent” variety is more prone
to be misdiagnosed as RP.! As a consequence, RP must
be ruled out, and this can be achieved with the following
criteria: history of night blindness, nonrecordable ERG,
and characteristic perimetric defect.'

Furthermore, visualizing the typical appearance of
PPCRA lesions along the retinal veins extending from
the disc to the periphery is key in the diagnostic process.
As aresult, UWF imaging is a critical tool in distinguishing
PPCRA from RP. The FA and ICG are useful in distin-
guishing PPCRA from retinal vasculitis caused by infec-
tious or inflammatory factors.'

Finally, genetic testing could support a correct differen-
tial diagnosis if pathogenetic variants known to cause RP
are discovered.'

Depending on the presentation, laboratory studies
should be aimed at narrowing the differential diagnosis,
and given the overlap with inflammatory degenerative dis-
eases, a workup can include: comprehensive metabolic
panel, complete and differential blood cell counts, erythro-
cyte sedimentation rate, C-reactive protein, antinuclear
antibody, serum protein electrophoresis, chest x-ray, ven-
ereal disease research laboratory test or rapid plasma
regain test, serum antibody tests for herpes simplex virus
I and II, herpes zoster virus, cytomegalovirus, measles,
tuberculin skin test and serological tests for toxoplasmosis
or theumatoid arthritis.>

Familial cases and genetics

PPCRA has been reported to be most frequently sporadic,
although some familiar cases have been reported, with
many inheritance patterns being hypothesized.>*~'43-63
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Figure 2. (A) Fundus autofluorescence and optical coherence tomography (OCT) of the left eye from the same patient from figure
I. The hyperautofluorescent border corresponds to an area of retinal thinning, with underlying intact RPE (green arrowheads).
Moreover, an epiretinal membrane is observable. (B) Magnification of the green boxes showing the junctional zone between damaged

and healthy retina.

Noble et al. reported the case of three siblings, all of
whom had early (or maybe congenital) onset PPCRA,
without a clear inheritance pattern.” Traversi and collea-
gues described a case of unilateral RP in a woman and
PPCRA in her daughter and son.'® In another report, a
father and his son were affected by PPCRA; the authors
hypothesized a Y-chromosome-mediated male-to-male
transmission.'® Traboulsi et al. described a family with a
pedigree compatible with X-linked inheritance.'®
Interestingly, many authors described familial cases with
a more severe phenotype in males than in females.'*'3!
Finally, some authors described cases of monozygotic
twins that were discordant for PPCRA, leading to the
hypothesis that in some cases, even without any inflamma-
tory cause, this disease can lack a clear mendelian inherit-
ance pattern and may represent an acquired disorder.''*’
To sum up, there is currently no compelling evidence to
support the notion that PPCRA is a genetic disorder or to
determine its mode of transmission. Additionally, the eti-
ology of the disease remains controversial.'

To this date, mutations in only four genes have been
associated with PPCRA,'2-23:63:64

McKay et al. first reported the ¢.619G— A heterozygous
mutation in the CRB1 gene in association with a family

with PPCRA.'? In particular, six out of the seven probands
examined carried signs of the disease and the inheritance
pattern was autosomal dominant. The ¢.619G— A mutation
was responsible for an amino acid change from valine to
methionine at codon 162 (p.Vall62Met) within the
fourth EGF-like domain.'> CRBI1 encodes for the
Crumbs homologue 1 protein, whose biallelic mutations
in humans have been associated with severe forms of auto-
somal recessive RP, RP with Coats’-like vasculopathy,
Leber congenital amaurosis (LCA), and a retinal pheno-
type characterized by retinal thickening due to immature
retinal lamination.®>®® It is a transmembrane protein
expressed in the human retina and brain composed by 19
epidermal growth factor (EGF)-like domains, three
laminin A globular-like domains and a 37-amino-acid
cytoplasmatic tail, which plays major roles in the regula-
tion of epithelial apical-basal polarity, suppression of the
light-induced photoreceptor degeneration and probably
also in laminar development.'**® The authors hypothe-
sized that the possible cause of PPCRA was a dominant
negative effect of the Vall62Met amino acid.'?

In another report from Oh and colleagues, two brothers
harboring the ¢.119G>A (p.Arg40GlIn) pathogenic mis-
sense variant of the CRX (cone-rod homeobox) gene had
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Figure 3. (A) Fundus autofluorescence of the right eye of a patient affected by pigmented paravenous chorioretinal atrophy displaying
major involvement of the inferior retina. Green arrowheads: the line of increased autofluorescence delineates a region with diminished
autofluorescence, corresponding to a decrease in vessel density for both superficial (B) and deep (C) capillary plexa on OCTA.
Meanwhile, a more diffuse (D) choriocapillaris impairment is apparent.

ocular manifestations phenocopying PPCRA and a history
of nyctalopia and progressive worsening of visual acuity.®®
The locus involved in the specific variant carried by the
two brothers is key for binding DNA and has been impli-
cated in a broad spectrum of CRX-associated diseases,
such as cone-rod and rod-cone dystrophies, macular dys-
trophies and LCA.”%”" CRX is a transcription factor
involved in photoreceptors development and differenti-
ation which is co-expressed with other transcription
factors including NRL and NR2E3, capable of causing
photoreceptor diseases when mutated.”>”* In their work,
Oh and colleagues suggested that genetic modifiers
co-expressed with CRX, such as NR2E3 could have influ-
enced the resulting phenotype of their patients.®?

Shah et al. described the case of a woman with a distant
family history of RP with a phenotype suggestive of
PPCRA carrying the ¢.2551G> A (p.Glu851Lys) hetero-
zygous pathological variant of the HK1 gene.® The
same variant had been previously described in a six-
generation family with adRP.”* The HK1 gene encodes
for the Hexokinase 1 protein, which is an ubiquitarian
enzyme catalyzing the first step of glycolysis.”> In their
work, Shah and colleagues hypothesized that the
Glu851Lys variant might affect a HK1 function that is
exclusive to the retina, not specifically involved with its

enzymatic activity, which is a mechanism that has been
already described in adRP due to IMPHD1.7¢

Finally, Bianco et al. described the case of a PPCRA
male patient with a 30-year history of nyctalopia and pro-
gressive central vision blurring.®* Their patient carried a
dominant frameshift variant of the RPGRIP1 gene, the
c.631del (p.Ser211Valfs*64), which encodes for a
protein product that interacts with the retinitis pigmentosa
GTPase regulator (RPGR) protein, a gene that causes
X-Linked RP.”” The RPGRIP1 has also been associated
with LCA and cone-rod dystrophies.”®”® In their work,
Bianco et al. suggest that the haploinsufficiency of the
RPGRIP1 gene may be the cause of the phenotype of
their patient, with an adult-onset slow-progressing retinal
disease.** Of note, Liu et al. almost contemporarily
described the case of a 2-year-old boy affected by
PPCRA carrying two compound heterozygous variant in
the same gene, namely the ¢.2592T > G (p,Tyr864*) and
¢.154C>T (p.Arg52*) variants.®® Their patient showed a
recessive mode of inheritance, but they did not further
speculate on the possible disease mechanisms.

Only few studies have investigated the specific muta-
tions behind PPCRA phenotypes, however this knowledge
is essential to achieve better understanding of this disease.
Notably, all of the mutations that have been associated with



948

European Journal of Ophthalmology 34(4)

PPCRA are also known to cause other forms of rod-cone
dystrophies. ' %2%:63:64

Remarkably, CRB1, HK1, CRX and RPGRIP1 are all
highly expressed in the photoreceptors of the human
retina, and capable of determining RP,'*?%436472 wwhich
indicates that PPCRA may start at this level, while the
choroid is affected only later over the course of the disease.

However, the phenotypic, and recently genotypic, vari-
ability of PPCRA leaves open questions on the underlying
causes of the disease, suggesting that its phenotype could
be the result of many interacting factors. Recently, a
study conducted on mice models found out that two
genetic modifiers, Arhgef12 and Prkci, play a key role in
shaping the phenotype of CRB1-associated retinopathy.®'
Similar interations may also take place in the human
retina, thus explaining part of the clinical variability of
PPCRA.

Etiology and pathogenesis of PPCRA:
updated scenario

The pathophysiology of PPCRA is currently under debate
and many etiologies have been proposed. After its first
description, many associations with inflammatory diseases
have been reported, leading to the hypothesis that PPCRA
could be a post-inflammatory disease.>® Indeed, cases of
PPCRA following episodes of optic nerve edema or optic
neuritis, and a previous history of infectious or immune-
mediated diseases have been described.**'° By contrast,
the description of several cases of familiar PPCRA, and,
more recently the characterization of four genes associated
with this disease, suggest a genetic etiology.”!*'?~
14,43,63,64,74

The primary site of damage in PPCRA is still unclear
and contradictory evidence on this topic have been pub-
lished up to this date."®>%%% Previous angiographic
studies found evidence of choroidal and choriocapillaris
sparing, comparing PPCRA to RP and hypothesizing that
alterations in the RPE occurred before vascular impairment
of the choroid.>'® Conversely, Barteselli et al. first
reported the case of a 25-year-old male affected by early
PPCRA showing focal choroidal thinning, without overly-
ing RPE atrophy have been described.’® Subsequently, the
same alterations were found in a large case series by Lee
et al, therefore supporting the theory that choroidopathy
precedes RPE damage in PPCRA." An alternative mechan-
ism has been proposed by Shona et al., that suggested a
generalized photoreceptor/RPE interface dysfunction
rather than a primary or selective RPE dysfunction.®

In a recent OCTA study, Battaglia Parodi et al. found
that choriocapillaris impairment is present even without
RPE atrophy.”® However, they also reported a prevalent
impairment in the deep vascular complex, together with a
generalized thinning of the retinal layers in patients with

atrophic changes and thinning confined to the inner
retina and outer nuclear layer in patients without
atrophy.”” Inner retinal thinning on OCT had already
been described, and is also consistent with the finding of
GCL impairment, detectable with pattern ERG in cases
of macular involvement.®*? Linek et al. conducted a
study on histological samples of dog retinas with a pheno-
type resembling those of human PPCRA.** In their study,
the perivenous retinal atrophy was characterized by a com-
plete loss or marked reduction of the outer and inner retinal
layers, a partially disrupted RPE cell layer, dilated vessels
of the inner plexiform layer, unaffected choroid and an
abrupt transition to normal retina.®* Moreover, regions of
retinal thinning above intact RPE have been shown to cor-
respond to junctional areas of hyperautofluorescence on
FAF, implicating that retinal thinning occurs before RPE
atrophy.>%-¢

In summary, many authors speculated on PPCRA eti-
ology and pathogenesis, proposing a broad spectrum of
underlying mechanisms at the basis of this disease. On
the basis of previously described multimodal imaging,
functional, histopathological and genetic findings, we
support the model of a photoreceptor/RPE dysfunction,
with the photoreceptors being the primary site of
damage. Sustained by the expression of the genes involved
and the familial clusters of PPCRA described, we hypothe-
size a primary disfunction of the photoreceptors, leading to
retinal thinning, RPE metabolic stress and reduced oxygen
request, which corresponds to the junctional areas hyperau-
tofluorescence, retinal thinning and intact RPE described
by Fleckenstein in 2009.** Subsequentely, RPE atrophic
changes lead to the distinctive PPCRA lesions, whose peri-
venous localization remains unclear. The heterogeneous
presentations and transmissions patterns may be influenced
by complex gene or gene-environment interactions, which
are yet to be studied.

Conclusions

PPCRA is a rare disease with varying expressivity that is
usually discovered as an incidental finding during a
routine clinical examination. Indeed, most patients are
asymptomatic, and evidence suggest that PPCRA is
slowly progressing, with the majority retaining a good
visual function, unless macular involvement is present.
Multimodal imaging has increased our capacity to diag-
nose PPCRA in recent years, particularly with the intro-
duction of UWF imaging. Functional and genetic testing,
in conjunction with blood tests, can aid in the right differ-
ential diagnosis of pseudo-PPCRA or other diseases with
comparable characteristics. Its cause is unknown, but it is
conceivable that PPCRA has a genetic basis. Future
natural history research with extensive follow-ups and
genetic testing will help us understand this condition
better.
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