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Abstract
Purpose Sector retinitis pigmentosa (RP) is a rare form of rod-cone degeneration typically associated with mutations in the 
RHO gene. We describe six unrelated patients presenting with this atypical phenotype in association with biallelic muta-
tions in EYS gene.
Methods Multinational, multicentre cross-sectional case series. Patients with biallelic disease-causing variants in EYS and 
a clinical diagnosis of sector RP were recruited from specialized centres in Portugal and Brazil. All patients underwent a 
comprehensive ophthalmologic examination complemented by deep phenotyping. Peripheral blood samples were collected 
from all probands and available relatives for genetic analysis. Genetic counselling was provided to all subjects.
Results Seven disease-causing variants (4 pathogenic; 3 likely pathogenic) were identified in 6 unrelated female patients. 
Best-corrected visual acuity ranged from 75 to 85 ETDRS letters. All eyes showed bilateral and symmetrical areas of outer 
retinal atrophy distributed along the inferior vascular arcades and extending temporally and/or nasally in a crescent-shaped 
pattern. On fundus autofluorescence (AF), a foveal-sparing curvilinear band of hyperAF encroaching the optic nerve head 
and extending temporally was seen in 4 patients. The remaining 2 presented bilateral and symmetrical patches of hypoAF 
inside crescent-shaped areas of hyperAF along the inferior temporal vascular arcade. Visual field testing revealed superior 
visual field defects of varying extents, always in close association with the fundus AF findings.
Conclusions Even though EYS has only recently been listed as a cause of the sector RP phenotype, we believe that this 
presentation is not infrequent and should be considered an important differential for sector RP.

Key messages

What was known before

Sector retinitis pigmentosa (RP) is a rare, atypical and milder form of rod-cone degeneration typically associated 
with mutations in the RHO gene. The mutational spectrum of sector RP is evolving, with recent genotype-
phenotype correlations being established 

Phenotypic resemblances between EYS-associated and RHO-associated sector RP are evident

Physicians should keep in mind EYS as an important differential for the sector RP phenotype

EYS-associated sector RP is not infrequent, as demonstrated by this cohort of Portuguese and Brazilian patients
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Introduction

Sector retinitis pigmentosa (RP) is a rare, atypical, and 
milder form of rod-cone degeneration in which only one 
or two quadrants of the retina are involved [1, 2]. The 
disorder is characterized by bilateral and symmetrical 
regionalized areas of retinal pigment epithelium (RPE) 
atrophy and bone spicule hyperpigmentation, usually in 
the inferior or inferonasal quadrants, corresponding to 
superior defects on visual field testing [3, 4]. This pecu-
liar pattern of degeneration is most noticeable on fundus 
autofluorescence (FAF) imaging with hypoautofluores-
cent (hypoAF) regions corresponding to the areas of RPE 
atrophy and bone spicule hyperpigmentation, and a thick, 
crescent-shaped band of hyperautofluorescence (hyperAF) 
separating these areas from the unaffected, iso-autofluores-
cent retina [4–6]. Nevertheless, unilateral or asymmetrical 
involvement, as well as predominantly nasal, superotempo-
ral, or superior quadrants degeneration have been reported 
[7]. Affected individuals may be asymptomatic or present 
with nyctalopia, mild visual loss and/or visual field defects 
of varying extent, depending on the affected regions of the 
retina [4, 5]. Although historically considered a station-
ary to slowly progressive RP phenotype, sector RP may 
ultimately lead to a more severe, diffuse rod-cone degen-
eration [8, 9].

Most cases of sector RP are inherited in an autosomal 
dominant pattern and are caused by missense mutations 
in the rhodopsin gene (RHO, 3q22.1, MIM *180380) [4, 
5, 8, 10]. Nevertheless, mutations in the usherin (USH1C, 
11p15.1, MIM *605242) [10, 11], cadherin 23 (CDH23, 
10q22.1, MIM *605516) [10, 12], retinol dehydrogenase 
5 (RDH5, 12q13.2, MIM *601617) [13], arrestin (SAG, 
2q37.1, MIM *181031) [14, 15], and in the RP GTPase Reg-
ulator (RPGR, Xp11.4, MIM *312610) [4, 10] genes have 
also been reported in association with this unique phenotype. 
Recently, Georgiou et al. [10] further expanded the muta-
tional spectrum of sector RP by identifying causative vari-
ants in 5 genes that were not previously implicated (PRPS1, 
MYO7A, EYS, IMPDH1, and RP1). Biallelic mutations in 
one of these genes, the eyes shut homolog gene (EYS, 6q12, 
MIM *612424) are among the most commonly found dis-
ease-causing variants in autosomal-recessive RP in Asian 
and European populations [16–19]. With 44 exons, spanning 
2.0 Mb of genomic DNA, EYS is the largest-known retina-
specific gene and encodes a product 3165 amino acids in 
length [20, 21]. High phenotypic and genetic heterogeneity 
exists in EYS-related retinal degeneration [17, 19, 22–24]. 
However, a clear association with the sector RP phenotype 
was only recently established [10].

We describe the genotypes and phenotypes of six unre-
lated patients with EYS-related sector RP and provide a 

review of previously reported mutations in EYS associated 
with phenotypic descriptions that fall into the spectrum of 
this clinical entity.

Methods

Study design and diagnostic criteria

Multinational, multicentre cross-sectional case series. 
Patients with biallelic disease-causing variants in EYS gene 
and a clinical diagnosis of sector RP were recruited from 
the IRD-PT registry [25] in Portugal and from the INRET 
Clínica e Centro de Pesquisa in Brazil. The clinical diagno-
sis of sector RP was based on the presence of regionalized 
areas of RPE atrophy (± bone spicule hyperpigmentation), 
with corresponding FAF abnormalities and visual field 
defects, and the exclusion of any known reasons, such as 
trauma, infection or inflammation, for the RP-like appear-
ance of the fundus.

The study was conducted at the Retinal Dystrophies 
Clinic and Medical Genetics Unit of Centro Hospitalar e 
Universitário de Coimbra (CHUC), Coimbra, Portugal 
(patients 1, 2 and 3), and INRET Clínica e Centro de Pes-
quisa, Belo Horizonte, Brazil (patients 4, 5 and 6). Informed 
consent was obtained for every included subject. The study 
was approved by the local Ethics Committee and followed 
the tenets of the Declaration of Helsinki for biomedical 
research.

Ophthalmic examination and imaging

All patients underwent a comprehensive ophthalmologic 
examination including best-corrected visual acuity (BCVA, 
ETDRS letters), dilated slit-lamp anterior segment and fun-
dus biomicroscopy, seven standard 45°-field color fundus 
photographs (CFP) taken with a Nikon Digital SLR Cam-
era D7000 (Nikon Corporation, Japan) mounted on either a 
TRC-NW7SF or TRC-NW8 Mark II Retinal Camera (Top-
con Corporation, Japan), spectral-domain optical coherence 
tomography (SD-OCT) (Spectralis, Heidelberg Engineering, 
Heidelberg, Germany or Avanti RTVue-XR 100, Optovue 
Inc, Fremont, CA, USA), FAF (HRAII, Heidelberg Engi-
neering, Heidelberg, Germany), and Humphrey visual field 
testing (Zeiss 750i, Carl Zeiss, Germany). Four probands 
(Patients 2, 4, 5, and 6) underwent full-field electroretino-
gram (ffERG) using the RETIscan system (Roland Consult, 
Germany) or UTAS Sunburst (LKC Technologies, USA), 
with DTL-Plus electrodes, according to the International 
Society for Clinical Electrophysiology of Vision (ISCEV) 
standards in photopic and scotopic states [26].
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Genetic testing

Peripheral blood samples were collected from all probands 
and available relatives for genetic analysis. The genomic 
DNA was extracted using a genomic DNA extraction and 
purification kit based on the manufacturer’s protocol. 
Variants were classified in accordance with the Ameri-
can College of Medical Genetics and Genomics (ACMG). 
The genetic study of patients 1, 2, and 3 was coordinated 
by a medical geneticist (ALC) from the Medical Genet-
ics Unit of CHUC. In these patients, genetic studies were 
carried out at different times. Therefore, different tests 
were performed according to their availability. In patient 
1, a NGS panel for RP (187 genes) was used. Patient 2 
initially underwent Sanger sequencing for the RHO gene. 
Since no clinically significant variants were found, a NGS 
panel for retinal dystrophies (309 genes) was then used. 
In patient 3 targeted mutation analysis (Sanger sequencing 
and MLPA) was used to confirm the pathogenic variants 
previously identified in a family member (a sister in whom 
EYS-related pathogenic variants causing a typical RP phe-
notype had previously been identified using the 187 genes 
NGS panel for RP). Patients 4, 5, and 6 were genotyped 
using a NGS panel of 224 genes known to cause retinal 
disease. Captured DNA was sequenced on the Illumina 
HiSeq platform and NGS data was processed by an in-
house bioinformatics pipeline leading to annotated vari-
ant calls [27]. All clinically significant variants were fur-
ther confirmed by Sanger sequencing. A published cDNA 
sequence for EYS (GenBank NM_001142800.1) was 
compared with the sequencing results. Sanger sequencing 
and next-generation sequencing (NGS) were performed at 
diagnostic labs, with good quality control at the raw data 
stage, the alignment and the variant calling. Regarding raw 
data of Sanger sequencing, there were not any artifacts, 
peaks were well-resolved and with acceptable heights, data 
start points were not deviated from others, length of the 
read was the expected, and baseline noise was very little 

or not present. Genetic counselling provided by a medical 
geneticist was granted to all subjects.

Results

Clinical phenotypes

Demographic and genetic information is presented in 
Table 1. The average age at diagnosis was 45 years (range 
29–58 years), and all patients were female. Parental consan-
guinity (r = 1/8) was reported in patient 2, while a positive 
family history of RP was identified both in patient 2 and in 
patient 3. Patient 2 has 1 affected brother and had 1 sister 
(now deceased) with a clinical diagnosis of RP. Unfortu-
nately, they were never observed at our centre. Patient 3 has 
an affected sister presenting with a typical RP phenotype 
(thus not included in this cohort).

Three patients (1, 4, and 5) had obvious symptoms at 
presentation. Patient 1 complained of nyctalopia from age 
30; patient 4 presented loss of central vision and difficulties 
while reading; and patient 6 described an upper visual field 
restriction. The other 3 patients (patients 2, 3, and 6) were 
asymptomatic and the abnormal appearance of the fundus 
was noted upon routine ophthalmic examination.

All patients had a relatively good BCVA, ranging from 
20/32 to 20/20 (Table 1). Posterior subcapsular lens opaci-
fication was observed in 3 patients (patients 1, 2, and 6). 
On CFP, all eyes showed bilateral and symmetrical areas 
of outer retinal atrophy distributed along the inferior vas-
cular arcades and extending temporally and/or nasally in a 
crescent-shaped pattern (Fig. 1). Peripapillary atrophy was 
also present in all eyes. Intraretinal pigment migration in 
the form of bone-spicule hyperpigmentation was observed 
in both eyes of patients 1, 2, and 6. On FAF, patients 1, 2, 
4, and 5 showed bilateral and symmetrical hypoAF regions 
corresponding to the regionalized retinal degeneration 
seen on CFP, along with a foveal-sparing curvilinear 

Table 1  Demographic and genetic information of the cohort

F female; FH family history; N no; Y yes; BCVA best-corrected visual acuity
$ Expressed in ETDRS letters and Snellen equivalent

ID Age Sex FH Con-
san-
guinity

BCVA$ Genotype—EYS (NM_001142800.1)

OD OS Variant 1 Variant 2

P1 66 F N N 83 (20/25 + 3) 76 (20/32 + 1) c.2225del p.(Cys742Leufs*36) c.2225del p.(Cys742Leufs*36)
P2 58 F Y Y 75 (20/32) 75 (20/32) c.5928-2A > G p.? c.5928-2A > G p.?
P3 35 F Y N 85 (20/20) 85 (20/20) c.2225del p.(Cys742Leufs*36) c.(2023 + 1_2024-1)_(2259 + 1_2260-1)del
P4 55 F N N 85 (20/20) 85 (20/20) c.5928-2A > G p.? c.6794del p.(Pro2265fs)
P5 39 F N N 75 (20/32) 75 (20/32) c.5928-2A > G p.? c.2820_2824delTGGAA p.(Gly941Metfs*11)
P6 64 F N N 75 (20/32) 75 (20/32) c.9122C > T p.(Ile3041Thr) c.8897A > G p.(Gly2966Glu)
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band of hyperAF encroaching the optic nerve head and 
extending temporally (Figs. 2A, B, 4A and B). Patients 
3 and 6 presented bilateral and symmetrical patches of 
hypoAF inside crescent-shaped areas of hyperAF along 
the inferior temporal vascular arcade, even though the FAF 
changes did not encroach the optic nerve head (Fig. 2C). 
Visual field testing revealed superior visual field defects 

of varying extents, always in close association with the 
observed FAF findings (Fig. 2). The horizontal cross-scan 
of the SD-OCT showed a normal foveal architecture in all 
but patient 4 who presented bilateral, centre-involving cys-
toid macular edema (Fig. 4C and D). Outer retinal atrophy 
and RPE thinning were noted in scans over the affected 
areas of retinal degeneration (Figs. 3C, D, 4C and D). The 

Fig. 1  Montage color fun-
dus photography (CFP) and 
full field electroretinography 
(ffERG) from Patient 2 (right 
and left eye, respectively). On 
CFP, bilateral and symmetrical 
areas of outer retinal atrophy 
distributed along the inferior 
vascular arcades and extend-
ing temporally and nasally in a 
crescent-shaped pattern can be 
observed. Vascular attenuation 
and intraretinal pigment migra-
tion in the form of bone-spicule 
hyperpigmentation are also 
seen. Mild peripapillary atrophy 
is present in both eyes. The fol-
lowing ffERG waves are shown 
from top to bottom (for the right 
and left eye, respectively): dark-
adapted (DA) 0.01 cd.s.m−2; 
DA 3.0 cd.s.m−2; DA oscillatory 
potentials; light-adapted (LA) 
3.0 cd.s.m−2; and LA 30 Hz 
flicker ERG. The ffERG was 
non-recordable for the DA 0.01 
and DA oscillatory potentials 
waveforms, while very residual 
electrical activity (low ampli-
tude and poorly defined waves) 
was observed for the DA 3.0, 
LA 3.0 and LA 30 Hz flicker 
ERG waveforms
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ffERG of patients 2 (Fig. 1), 4, 5, and 6 (Supplemental 
Fig. 1) revealed marginally recordable, albeit significantly 
decreased, scotopic and photopic responses.

Mutational spectrum

Seven different disease-causing variants were identified 
across 12 alleles of 6 unrelated patients (Table 1). Four 
novel EYS variants are herein reported for the first time: 1 
pathogenic, 1 likely pathogenic and 2 variants of uncertain 
significance (VUS) according to the ACMG classification. 
In the case of the latter 2 variants, family studies allowed 
reclassification of the variants as likely pathogenic. Detailed 
information of all variants is shown on Table 2. Except for 
the above reported EYS variants, no additional clinically 

significant variants (ACMG classes IV or V) were found in 
genes associated with inherited retinal dystrophies.

Discussion

The mutational spectrum of sector RP is evolving, with 
recent additions [4, 10] to the list of associated genes. One 
of these genes is EYS, a frequent cause of autosomal-reces-
sive retinal degeneration in Asian and European populations 
[16–19]. Phenotypic heterogeneity exists in EYS-related dis-
ease [17, 19, 22–24] but despite previous clinical descrip-
tions compatible with a sectoral phenotype, the gene has 
only recently been listed in a publication reviewing the 
genomic landscape of sector RP [10]. In 2010, Audo et al. 
[17] reported a case where distinct fundus abnormalities 

Fig. 2  Fundus autofluorescence (FAF) and corresponding Humphrey 
24–2 grayscale visual field maps. In patients 1 (A) and 2 (B), hypo-
autofluorescent regions corresponding to the areas of regionalized 
retinal degeneration are seen along with a thick curvilinear band of 
hyperautofluorescence separating the unaffected, iso-autofluores-
cent retina from the affected regions. In both cases, the affected area 

encroaches the optic nerve head and extends temporally, although 
sparing the fovea. In patient 3 (C), bilateral and symmetrical patches 
of hypoautofluorescence are observed inside crescent-shaped areas of 
hyperaurofluorescence along the inferior temporal vascular arcade. In 
all cases, the anatomo-functional correlation can be appreciated in the 
24–2 Humphrey visual fields
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with predominance of pigmentary changes in the inferior 
retina were found in an Egyptian-descent patient with 
a homozygous deletion of exon 12 (p.Cys590TyrfsX4). 
Interestingly, ERG responses were not detectable for this 

patient, consistent with severe generalized rod-cone dys-
function, which is unusual for RHO-related sector RP. A 
similar phenotype was described by Muciollo et al. [24] 
in an Italian patient with compound heterozygosity for the 

Fig. 3  Color fundus photography (CFP), near-infrared (NIR) imaging 
and spectral-domain optical coherence tomography (SD-OCT) of the 
right eye of patient 1. (A) On CFP, outer retinal atrophy distributed 
along the inferior temporal vascular arcade in a crescent-shaped pat-
tern is seen along with intraretinal pigment migration in the form of 
bone-spicule hyperpigmentation. Mild peripapillary atrophy is also 
observed. (B) The demarcation area between normal and abnormal 
retina is better appreciated on NIR imaging. (C) Horizontal SD-OCT 
scan shows normal foveal anatomy and preservation of the subfoveal 

inner and outer retinal layers and retinal pigment epithelium (RPE)/
Bruch membrane complex. Loss of the ellipsoid zone, external limit-
ing membrane and outer nuclear layer is observed temporally (yellow 
arrowhead). In the same area, thinning of the RPE/Bruch membrane 
complex is also observed. (D) Vertical SD-OCT scan shows similar 
findings but with loss of the outer retinal layers and thinning of the 
RPE/Bruch membrane complex in the inferior macula (yellow arrow-
head)

Fig. 4  Fundus autofluorescence 
(FAF) and vertical spectral-
domain optical coherence 
tomography (SD-OCT) scans 
of patient 4. Bilateral areas of 
hypoautofluorescence along 
the inferior temporal vascular 
arcade can be observed in 
OD (A) and OS (B). A subtle 
hyperautofluorecent band is also 
present. Bilateral, centre-involv-
ing cystoid macular oedema 
is seen on the SD-OCT scans 
of OD (C) and OS (D). Loss 
of integrity of the outer retinal 
layers and the retinal pigment 
epithelium/Bruch membrane 
complex is present over the 
regionalized atrophy seen inferi-
orly on FAF
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c.8133_8137del (p.Phe2712Cysfs*33) and c.9383_9387del 
(p.Lys3128Argfs*7) variants. Here, recordable scotopic 
rod-specific B-waves were present in both eyes, which is 
more consistent to what has been described for RHO-related 
sector RP [28]. Additionally, Bandah-Rozenfeld et al. [29] 
described a patient homozygous for the p.His2740TyrfsX27 
variant in EYS that initially presented with sector RP at 
the age of 25 (based on funduscopic and visual field find-
ings) and later progressed to widespread, generalized reti-
nal involvement. Recently, Cundy et al. [30] reported one 
asymptomatic patient with a phenotype consistent with 
inferior sector RP. The patient was homozygous for the 
c.5834delA variant. In a Japanese cohort of EYS-related 
retinal degeneration [19], FAF imaging of a patient har-
bouring homozygous c.2528 G > A, p.(Gly843Glu) vari-
ants is also consistent with sector RP, even though this was 
not acknowledged by the authors. Two recent studies [22, 
23] highlighted the presence of crescent-shaped hyperAF 
changes in patients with EYS-related RP, advancing most 
from the temporal and inferior quadrants and whose edge 
encroached on the central macula. As expected, these 
patients had larger visual fields, longer ellipsoid zones on 
macular SD-OCT and, therefore, milder disease. It seems 
from these descriptions that sector RP is not an infrequent 
finding in association with disease-causing variants in EYS. 
However, the individual cases previously reported were 
either diluted in large EYS cohorts [17, 24, 29], or given a 
different name [22, 23], thus losing visibility as a distinctive 
molecular cause for the sector RP phenotype. We are deeply 
convinced that EYS is a frequent cause of sector RP, thus 
meriting scientific awareness. We identified seven differ-
ent disease-causing variants in 6 unrelated female patients. 
The female predominance in our cohort is unexpected but 

probably just fortuitous. Intriguingly, the case reported by 
Georgiou et al. [10] was also of a female patient. Further 
studies are needed to clarify if there is a correlation between 
EYS-related sector RP and female sex.

Despite the small cohort, two variants were identified in 
33% (4/12) and 25% (3/12) of the alleles: the c.5982-2A > G 
p.? and the c.2225del p.(Cys742Leufs*36) variants, respec-
tively. According to the literature and patient registries of the 
two centres, none of these variants is particularly frequent 
in Portuguese or Brazilian populations. The c.5982-2A > G 
p.? variant has been reported in association with retinitis 
pigmentosa across different populations [31, 32], including 
a Spanish cohort [33]. The c.2225del p.(Cys742Leufs*36) 
variant is a frameshift variant leading to a premature stop 
codon and is not present in population databases (dbSNP and 
gnomAD). This variant has not been reported in the litera-
ture, but has been identified in Portuguese patients with EYS-
related retinitis pigmentosa (CHUC cohort; unpublished 
data). The fact that all variants reported in our cohort have 
been identified in association with a typical RP phenotype 
highlight the interfamilial phenotypic heterogeneity asso-
ciated with disease-causing variants in EYS. Furthermore, 
the fact that patient 3 has an affected sibling with a typical 
EYS-related RP phenotype, demonstrates the intrafamilial 
heterogeneity.

Our study shows that the phenotypic resemblances to 
RHO-related sector RP are evident, and physicians should 
keep in mind EYS as an important differential for this atypi-
cal presentation. Understanding the characteristics of mutant 
proteins and establishing genotype–phenotype correlations 
is not always an easy task. Sengillo et al. [23] was able to 
correlate the presence of typical parafoveal hyperAF rings 
and atypical crescent-shaped hyperAF rings with variants 

Table 2  Detailed description of the identified EYS variants

ACMG American College of Medical Genetics and Genomics; VUS variant of uncertain significance

Variant
EYS (NM_001142800.1)

Location Variant type gnomAD ACMG clas-
sification

ACMG criteria References

c.2225del 
p.(Cys742Leufs*36)

Exon 14 Frameshift Variant not 
found

Likely Patho-
genic

PVS1, PM2 Novel; Clinvar/HGMD: 
NA

c.5928-2A > G p.? Intron 28 Splicing 0,0026% 
(exome)

Pathogenic PVS1, PP5, 
PM2, PP3

PMID: 22164218; 
27874104; 28704921

c.(2023 + 1_2024-1)_
(2259 + 1_2260-1)del

Exon 13 and 14 Deletion 0,012% 
(genome)

Pathogenic 1A, 2B, 2E, 3A, 
4O, 4L

PMID: 21519034

c.6794del p.(Pro2265fs) Exon 34 Deletion 0,0275% 
(genome)

Pathogenic PVS1, PM2, 
PM3, PP5

PMID: 29550188; 
20333770; 18836446; 
25412400

c.2820_2824delTGGAA 
p.(Gly941Metfs*11)

Exon 18 Frameshift dele-
tion

Variant not 
found

Pathogenic PVS1, PM2, 
PP5

Novel; Clinvar/HGMD: 
NA

c.9122C > T 
p.(Ile3041Thr)

Exon 43 missense Variant not 
found

VUS PM2, PP3 Novel; Clinvar/HGMD: 
NA

c.8897A > G 
p.(Gly2966Glu)

Exon 43 missense Variant not 
found

VUS PM2, PP3 Novel; Clinvar/HGMD: 
NA
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in the distal portion, or C-terminal one third of the EYS 
protein. The authors concluded that the position of the vari-
ant within the gene could explain disease severity among 
patients. This was not the case in our cohort, where only 
3 out of 7 variants were located in the distal portion of the 
EYS protein.

Although the exact mechanisms involved in sector RP 
remain unidentified, the fact that intra- and interfamily phe-
notypic variability exists in the presence of the same muta-
tions, suggests the influence of external factors [9]. Some 
evidence indicates that the direct action of incident light 
on rhodopsin (Rho) may trigger retinal degeneration, thus 
contributing to the observed sector phenotype [9]. In fact, 
a disease-exacerbating role for incident light has been pro-
posed, based on a theoretical model showing that light expo-
sure is greatest in the inferior retina [34]. The EYS protein 
is important for photoreceptor morphology but its precise 
function in photoreceptor biology is still unknown. It has 
been hypothesized that it could be involved in maintaining 
the stability of the ciliary axoneme in both rods and cones. 
Nevertheless, the variability of its isoform structure suggests 
that other roles are also possible and yet to be established 
[35]. Even though no accurate explanations exist, it can be 
speculated that EYS interacts or influences Rho expression 
as a genetic modifier, thus triggering the sectoral phenotype 
[17].

There are limitations to this study. First, electrophysiol-
ogy testing was only performed in patients 2, 4, 5, and 6 
and was limited to the ffERG strategy. Given the pattern 
of retinal involvement associated with sector RP, it would 
be interesting to have multifocal ERG data, as recently 
described by Giambene et al. [28]. Second, the small num-
ber of subjects and the study design preclude the establish-
ment of genotype–phenotype correlations and evaluation 
of disease progression. Further genetic analyses of larger 
cohorts are needed to better understand the pathophysiology 
of EYS-related sector RP and longitudinal natural history 
studies with functional testing will be useful to understand 
if progression does exist in EYS-related sector RP. Neverthe-
less, by using multimodal imaging and functional testing, 
and providing a review of the current literature, this study 
provides robust evidence to establish EYS as a cause for the 
sector RP phenotype.

In conclusion, we have described here a phenotype of 
sector RP in 6 unrelated patients harbouring disease-causing 
mutations in EYS. Even though EYS has only recently been 
listed as a cause of the sector RP phenotype, we believe that 
this presentation is not infrequent and it should be consid-
ered an important differential for this distinctive phenotype.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00417- 021- 05411-w.
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