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INTROduCTION: Sector retinitis pigmentosa (sRP) is a rare, atypical, and milder variant 
of rod-cone degeneration. Despite historically associated with RHO gene, the mutational spec-
trum of sRP is evolving with multiple causative genes recently implicated. This study aimed to 
characterize the genotypes, phenotypes, and natural history of a Portuguese cohort of sRP.

METhOds: Retrospective, observational study, conducted at a tertiary referral center. Pa-
tients with a clinical diagnosis of sRP and available genetic testing results were identified using a 
web-based registry. The clinical diagnosis was established based on ophthalmologic examination, 
functional testing [best corrected visual acuity (BCVA) and visual field testing] and multimodal 
imaging [color fundus photography (CFP), fundus autofluorescence (FAF) and optical coherence 
tomography (OCT)]. Genetic testing was clinically oriented in all probands, and variants were 
classified according to the American College of Medical Genetics and Genomics. Only likely path-
ogenic or pathogenic variants were considered disease-causing. Clinical progression was evalu-
ated throughout follow-up.

REsuLTs: Fourteen patients from twelve families were included. Disease-causing variants 
in RP-related genes were identified in 8 families, for a diagnostic yield of 66.7%. EYS was the 
most frequently implicated gene (4 families), followed by RHO (2 families), and finally MYO7A 
and NPHP1 (1 family each). In most unsolved cases, no clinically significant variants were found. 
However, for one unsolved case, a RHO-associated variant of uncertain significance was identi-
fied. Two patients exhibited syndromic sRP. All cases were bilateral and symmetrical except for 
two. Inferior and/or nasal retinal involvement on FAF was noted in all cases. Visual field testing 
revealed superior field defects of varying extents, always in close association with observed FAF 
findings. Over a median follow-up of 32.5 months (range: 5-148 months), no significant differences 
were found on BCVA (p=0.056). In fact, BCVA remained stable and ≤ 0.20 LogMAR OU in 9/14 
patients. Multimodal imaging revealed no progression over the available follow-up.

CONCLusION: This study highlights the genotypic heterogeneity of sRP in a Portuguese 
cohort. Inferior and nasal predilection was common across different genotypes, and a high pro-
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INTROduCTION

Retinitis pigmentosa (RP) encompasses an heteroge-
nous group of inherited retinal dystrophies (IRDs), primar-
ily characterized by rod-cone degeneration.1 Sector retinitis 
pigmentosa (sRP) is a rare, atypical, and usually milder 
variant of RP, which per definition involves only one or 
two retinal quadrants. The condition is typically bilateral 
and symmetrical, and predominantly affects the inferior 
and nasal quadrants.2,3 Visual prognosis is usually better 
than in classic RP as clinical progression tends to be slow 
or nonexistent and patients often retain good visual acuity. 
In fact, Georgiou et al (2021) reported mean visual acuity 

measurements as high as 0.06 LogMAR in a cohort of 20 
patients with sRP over a 10 year follow-up period.4 Despite 
historically associated with the Rhodopsin (RHO) gene,5 
the mutational spectrum of sRP is evolving with multiple 
other causative genes recently implicated.4,6–8 These genes 
are associated with autosomal dominant (AD), autosomal 
recessive (AR) and X-linked (XL) non-syndromic sRP, but 
also with some forms of syndromic sRP.4,6–8

Combining state of the art genotyping with deep phe-
notyping allows for a better characterization of sRP. Ulti-
mately, the generated knowledge can be used to better in-
form patients about the disease and to provide them with 
an accurate prognosis. This study aimed to characterize the 

portion of patients maintained good central vision. The longitudinal data provided herein will 
help to accurately inform patients on prognosis.

KEywORds: Disease Progression; Genetic Association Studies; Multimodal Imaging; Reti-
nal Dystrophies; Retinitis Pigmentosa/diagnosis; Retinitis Pigmentosa/genetics.

REsuMO

INTROduçãO: A retinopatia pigmentar setorial (sRP) é uma forma rara, atípica e menos 
severa de distrofia de bastonetes-cones. Apesar de tipicamente associada ao gene RHO, o espetro 
mutacional da sRP está em evolução, com múltiplos novos genes recentemente associados. O ob-
jectivo deste estudo é caracterizar os genótipos, fenótipos e história natural da sRP numa coorte 
portuguesa.

MéTOdOs: Estudo retrospetivo, observacional. Identificámos doentes com diagnostico clí-
nico de sRP e com resultados genéticos disponíveis. O diagnóstico clínico foi baseado no exame 
oftalmológico, avaliação funcional (acuidade visual corrigida e avaliação de campos visuais) e 
imagiologia retiniana multimodal (retinografia, autofluorescência do fundo ocular e tomografia 
de coerência ótica). O estudo genético foi direcionado com base na informação clínica e as varian-
tes genéticas encontradas foram classificadas de acordo com orientações do American College 
of Medical Genetics and Genomics. Variantes patogénicas ou provavelmente patogénicas foram 
consideradas causadoras de doença. A progressão clínica foi avaliada ao longo do follow-up. 

REsuLTAdOs: Foram incluídos 14 doentes (12 famílias). Foram identificadas variantes ge-
néticas causadoras de doença em 8 famílias, resultando numa taxa de diagnostico de 66.7%. EYS 
foi o gene mais frequentemente encontrado (4 famílias), seguido de RHO (2 famílias) e finalmente 
MYO7A e NPHP1 (1 família cada). Num dos casos sem confirmação genética foi identificada uma 
variante de significado incerto no gene RHO. Dois pacientes exibiam sRP sindrómica. Todos os 
casos eram bilaterais e simétricos exceto dois. Na autofluorescência foi detetado envolvimento 
da retina nasal e/ou inferior em todos os doentes. Não se verificaram diferenças estatisticamente 
significativas (p=0.056) na melhor acuidade visual corrigida ao longo de um follow-up mediano 
de 32.5 meses (variação: 5-148 meses). A visão manteve-se estável e ≤ 0.20 LogMAR OU em 9/14 
doentes. Não foi detetada progressão em imagem multimodal ao longo do follow-up disponível. 

CONCLusãO: Este estudo destaca a heterogeneidade genotípica da sRP numa coorte por-
tuguesa. Envolvimento inferior e nasal foi comum a todos os casos e uma grande parte dos do-
entes manteve uma boa acuidade visual. Os dados apresentados serão uteis para aconselhar os 
pacientes em relação ao prognostico desta doença. 

PALAvRAs-ChAvE: Distrofias Retinianas; Estudos de Associação Genética; Imagem Mul-
timodal; Progressão da Doença; Retinite Pigmentosa.
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genomic landscape, clinical phenotypes, and natural his-
tory of a Portuguese cohort of sRP. 

METhOds

sTudy dEsIGN

Retrospective, observational study. Patients with a 
clinical diagnosis of sRP and available genetic testing re-
sults were identified using the IRD-PT registry,9 a web-
based national registry for IRDs in Portugal. The study was 
conducted at the Retinal Dystrophies Clinic and Medical 
Genetics Unit of Centro Hospitalar e Universitário de Co-
imbra (CHUC), an inherited retinal dystrophies reference 
center and the only Portuguese provider represented in the 
European Reference Network for rare eye diseases (ERN-
EYE) consortium. The study was approved by the local eth-
ics committee and followed the tenets of the Declaration of 
Helsinki for biomedical research. Written informed consent 
was obtained for every included subject.

dIAGNOsTIC CRITERIA ANd IMAGE 
GRAdING

The clinical diagnosis of sRP was established based on 
a detailed ophthalmologic examination including dilated 
slit-lamp anterior segment and fundus biomicroscopy, 
functional testing [best corrected visual acuity (BCVA, 
ETDRS letters) and Humphrey visual field testing (Zeiss 
750i, Carl Zeiss, Germany)] and multimodal imaging [color 
fundus photographs (CFP) taken with a Nikon Digital SLR 
Camera D7000 (Nikon Corporation, Japan) mounted on ei-
ther a TRC-NW7SF or TRC-NW8 Mark II Retinal Camera 
(Topcon Corporation, Japan), ultrawidefield (UWF) fundus 
and fundus autofluorescence (FAF) imaging (Optos Cali-
fornia, Optos GmbH, Germany), and spectral-domain opti-
cal coherence tomography (SD-OCT, Spectralis, Heidelberg 
Engineering, Heidelberg, Germany or Avanti RTVue-XR 
100, Optovue Inc, Fremont, CA, USA)]. The clinical records 
and multimodal imaging of all identified patients were re-
viewed to confirm the diagnosis of sRP. Past medical histo-
ry and family history were recorded from each patient file. 
Clinical progression was evaluated throughout follow-up, 
using multimodal imaging and functional testing.

In order to determine the extent of disease involvement 
using FAF, the retina was divided into four sectors (supe-
rior, inferior, nasal and temporal) centered at the fovea, 
using a vertical and a horizontal meridian, as previously 
described.4 A sector was considered involved if >50% of its 
area exhibited RP related changes, namely hypo-autofluo-
rescence compatible with patches of outer retinal atrophy 
and/or bone spicule hyperpigmentation. Interocular sym-
metry was assessed on a qualitative basis, according to 
multimodal imaging findings. Disease involvement was 
deemed asymmetrical if different retinal quadrants were 
affected in both eyes. All images were graded by two inde-
pendent experienced medical graders (JPM and TC). Disa-
greement was resolved by open adjudication.

GENETIC TEsTING

Genetic testing was clinically oriented in all probands 
and coordinated by a medical geneticist from the Medical 
Genetics Unit of CHUC. Peripheral blood samples were col-
lected from all probands and available relatives for genetic 
analysis. Genomic DNA was extracted using a genomic 
DNA extraction and purification kit based on the manufac-
turer’s protocol. Genetic testing included next generation 
sequencing (NGS) panels, Sanger sequencing, multiplex-
ligation dependent probe amplification (MLPA) and whole 
exome sequencing (WES). Genetic variants were classified 
according to the American College of Medical Genetics and 
Genomics (ACMG) standards and guidelines for the in-
terpretation of sequence variants.10 Only likely pathogenic 
(Class IV) or pathogenic (Class V) variants were considered 
disease-causing. Genetic counselling was provided by a 
medical geneticist to all patients.

sTATIsTICAL ANALysIs

Statistical analysis was conducted using the software 
IBM SPSS Statistics (Chicago, Illinois). A p value <0.05 was 
considered statistically significant. Descriptive statistics 
were computed for all variables. Kolmogorov-Smirnov test 
was used to access the normality of a distribution. Wilcox-
on signed-rank test was used to compare repeated meas-
urements (matched or paired data). ANOVA was used to 
test associations between continuous variables and >2 in-
dependent factors. 

REsuLTs

GENETIC dATA

Fourteen patients (12 families) with a clinical diagnosis 
of sRP and available genetic testing results were included in 
the study. Most patients (9/14 patients, 64.3%) were female. 
Mean age at diagnosis was 52.5 ± 16.5 years old, and half of 
the patients were asymptomatic at this point. Nine patients 
(64.3%) have a family history of retinitis pigmentosa or sRP, 
and one (Patient 3) has consanguineous parents. Patient 7 
(P7) and P8 are siblings, and P9 is their mother. The remain-
ing patients are not related to each other. Table 1 summarily 
presents the sample’s genetic and demographic data.

We were able to identify disease-causing variants in 
syndromic or non-syndromic RP related genes for 8 of 
these families, resulting in a diagnostic yield of 66.7%. 
The most frequently implicated gene was eyes shut homo-
logue (EYS, 6q12, MIM *612424) which harbored disease-
causing variants in 4 families (4 individuals), followed by 
rhodopsin (RHO, 3q22.1, MIM *180380) in 2 families (4 in-
dividuals), and finally nephrocystin 1 (NPHP1, 2q13, MIM 
*607100) and myosin VIIA (MYO7A, 11q13.5 MIM *276903) 
affecting one family/individual each. The most frequently 
observed inheritance pattern was autosomal recessive 
(n=6), in association with EYS, NPHP1 and MYO7A genes. 

Genomic Landscape and Natural History of Sector Retinitis Pigmentosa
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RHO-associated disease followed an autosomal dominant 
inheritance pattern. Two patients displayed a syndromic 
sRP phenotype: P5 is homozygous for a NPHP1 variant and 
presents chronic kidney disease secondary to nephronoph-
thisis – Senior-Loken syndrome; P6 has bilateral sensori-
neural hearing loss from a young age and was diagnosed 
with Usher syndrome type 1B in association with two MY-
O7A variants in heterozygosity. We were unable to iden-
tify disease-causing variants in 4 patients (P11-P14), which 
constitute the sample’s unsolved cases. However, for one 
of them (P11), a variant of uncertain significance (VUS) was 
identified in RHO gene. Family studies could not be carried 
out in order to try to change the variant’s classification.

 
MuLTIMOdAL IMAGING

Regarding multimodal imaging findings, bone spicule 
hyperpigmentation and attenuated blood vessels were fre-
quently found in CFP (Fig. 1). Inferior and/or nasal involve-
ment of the retina on FAF was found in all cases, visible as 
a patchy hypo-autofluorescent area, frequently associated 
with a crescent shaped hyper-autofluorescent band sepa-

rating atrophic areas from the unaffected, iso-autofluores-
cent retina (Fig. 2). All cases were bilateral and symmetri-
cal except for P5 and P14, which presented unilateral sRP. 
P5, who carries a homozygous NPHP1 variant, exhibits an 
inferior and nasal sRP phenotype for oculus dexter (OD) 
and a typical RP phenotype for oculus sinister (OS), with all 

Figure 1. Color fundus photographs of P9. Typical findings of bone spicule 
hyperpigmentation and attenuated blood vessels are present in the inferior 
and nasal quadrants.

Table 1. Genetic and demographic data

Patient sex Age of 
diagnosis

Family 
history

Genetic 
Test Gene variant 1  

(ACMG Class)
variant 2  

(ACMG Class)
Zygosity 

(Inheritance)

P1 F 35 Y Sanger EYS
c.2225del 

p.(Cys742Leufs36) 
(Pathogenic)

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

(Pathogenic)
C.HTZ (AR)

P2 F 56 N NGS 
panel EYS

c.2225del 
p.(Cys742Leufs*36)  
(Likely Pathogenic)

c.2225del 
p.(Cys742Leufs*36)  
(Likely Pathogenic)

HMZ (AR)

P3 F 59 Y NGS 
panel EYS c.5928-2A>G p.? 

(Pathogenic)
c.5928-2A>G p.? 

(Pathogenic) HMZ (AR)

P4 M 62 Y NGS 
panel EYS

c.9182_9185del 
p.(Asn3061Thrfs*3)  
(Likely Pathogenic)

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

(Pathogenic)
C.HTZ (AR)

P5 F 35 Y WES NPHP1
c.2065_2074del 

p.(Thr689Leufs*37)  
(Likely Pathogenic)

c.2065_2074del 
p.(Thr689Leufs*37)  
(Likely Pathogenic)

HMZ (AR)

P6 M 19 Y NGS 
panel MYO7A c.1529T>C p.(Ile510Thr) 

(Likely Pathogenic)
c.4489G>C p.(Gly1497Arg) 

(Likely Pathogenic) C.HTZ (AR)

P7 F 42 Y Sanger RHO c.316G>A p.(Gly106Arg) 
(Pathogenic) HTZ (AD)

P8 M 43 Y Sanger RHO c.316G>A p.(Gly106Arg) 
(Pathogenic) HTZ (AD)

P9 F * Y NGS 
panel RHO c.316G>A p.(Gly106Arg) 

(Pathogenic) HTZ (AD)

P10 F 69 Y Sanger RHO c.316G>A p.(Gly106Arg) 
(Pathogenic) HTZ (AD)

P11 M 80 N WES * VUS *

P12 F 70 N Sanger * *

P13 M 50 N WES * *

P14 F 63 N NGS 
panel * *

P: patient; F: female; M: male; Y: yes; N: no; NGS: next generation sequencing; WES: whole exome sequencing; C.HTZ: compound heterozygous; HMZ: ho-
mozygous; HTZ: heterozygous; AR: autosomal recessive; AD: autosomal dominant; *:unknown; VUS: variant of uncertain significance; ACMG Class: variant 
classification according to ACMG;
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retinal quadrants affected (Fig. 2B). P14 displays an inferior 
sRP phenotype for OD, and no abnormal FAF findings for 
OS (Fig. 2F). Disease location was most frequently inferior 
(n=9, 64.3%), followed by inferior and nasal (n=5, 35.7%). 
One patient (P10) showed disease extension to the fovea. 

FuNCTIONAL TEsTING

Visual field testing mostly revealed superior visual 
field defects of varying extents, always in close association 
with the observed FAF findings (Fig. 3). BCVA measure-
ments over time were available for all patients. In 3 patients 
reduced BCVA was unrelated to retinal degeneration: P4 
had bilateral optic nerve atrophy secondary to anterior is-
chemic optic neuropathy; P11 exhibited visually significant 
cataract oculus uterque (OU); P14 had history of rhegma-
togenous retinal detachment OD and underwent surgery. 
Over a median follow-up period of 32.5 months (range 5 
- 148 months), BCVA remained stable and ≤0.20 LogMAR 

Figure 2. Bilateral FAF imaging of 6 patients. Retinal degeneration is seen as 
a patchy hypo-autofluorescent area on FAF. A hyper-autofluorescent band is 
frequently seen separating healthy auto-fluorescent retina from affected tissue 
(A, C, d, E, F). Two patients exhibit asymmetrical disease involvement (b and 
F). All other patients have bilateral and symmetrical FAF imaging findings.

Figure 3. FAF and 24-2 Humphrey visual field testing of P3 (A and b) and 
P7 (C and d). There are evident superior visual field defects that correlate 
strongly with the inferior retinal involvement seen on FAF imaging as a lo-
calized hypo-autofluorescent area.
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OU in 9/14 patients (64.3%). When excluding eyes with un-
derlying pathology unrelated to retinal degeneration (P4, 
P11 and P14) this number changes to 9/11 patients (81.8%). 
Mean BCVA (excluding P4, P11 and P14) at baseline was 
0.15 LogMAR for OD and 0.15 LogMAR for OS, and final 
mean BCVA was 0.19 and 0.24 LogMAR for OD and OS, re-
spectively. No statistically significant differences were ob-
served on BCVA over the follow-up period (p=0.056). Addi-
tionally, no statistically significant differences were found 
on BCVA according to inheritance pattern (p=0.202) or gene 
(p=0.234), tested for EYS, RHO and unsolved cases. Since 
there was only one subject with NPHP1 and MYO7A-as-
sociated sRP, statistical analysis was not possible for these 
genes. A graphical representation of each patient’s BCVA 
over follow-up is presented in Fig. 4.

P10 exhibited foveal involvement bilaterally, with cor-
responding poor central visual acuity (final BCVA was 1.2 
and 1.0 LogMAR for OD and OS respectively). OCT imag-
ing revealed preservation of the normal foveal architecture 
and retinal inner layers OU. However, there is atrophy of 
the outer retinal layers and the RPE/Bruch’s membrane 

complex involving the center point. Additionally, sub reti-
nal hyper-reflective material is observed in the right eye, 
compatible with subretinal fibrosis (Fig. 5). 

 
dIsCussION

This study highlights the genotypic heterogeneity of 
sRP in a Portuguese cohort. Disease-causing variants in 
4 different genes (EYS, RHO, NPHP1 and MYO7A) were 
identified, all of which have previously been associated 
to sRP.4,6 Contrary to other cohorts,2,4 EYS was the most 
frequently encountered causative gene in our population 
(4 patients from 4 different families). EYS disease-causing 
variants are a common cause for autosomal-recessive RP 
in European populations,11,12 and have also been recently 
linked with sRP.4,13 Even though clinically significant vari-
ants in RHO were also present in 4 patients, 3 of these were 
first degree relatives (P7, P8 and P9).

Mean age at the time of diagnosis was 52.5 years old, 
and half the patients were asymptomatic at diagnosis, thus 
highlighting the milder disease course associated with the 
sRP phenotype. The 2 patients who exhibited syndromic 
sRP were diagnosed at an earlier age (≤35 years old). How-
ever, both patients were visually asymptomatic at diagno-
sis and their ophthalmologic evaluation was prompted due 
to systemic and genetic findings and its known association 
with ophthalmologic involvement. 

The vast majority of patients (n=12, 85.7%) exhibited 
bilateral and symmetrical disease involvement, a similar 
finding to what has been described in the literature.2,4,14 
Also in line with previous reports is the inferior and/or na-
sal retinal involvement, which was observed in all patients 
and across different genotypes. This pattern of involvement 
seen on FAF correlated well with the visual field defects 
detected on Humphrey visual field testing.

It has been previously reported that >80% of sRP pa-
tients maintain a BCVA<0.3 LogMAR.4 This was also true 
for the present cohort, when excluding patients who ex-
hibited reduced BCVA unrelated to retinal degeneration 
(n=3). In fact, 9/11 patients (81.8%) were able to retain a 
BCVA<0.3 LogMAR OU over a median follow-up period 
of 32.5 months. No statistically significant differences were 
observed on BVCA over the course of follow-up (p=0.056), 
which supports the concept that sRP is a slowly progress-
ing or stationary disease. 

One patient (P10) exhibited foveal involvement, as noticed 
on OCT imaging, with corresponding poor BCVA. Although 
a less common finding, foveal involvement has been previ-
ously reported in sRP and was also linked with poorer visual 
acuity.2,4 Curiously, this patient carries a RHO variant, which 
has been associated with a foveal sparing phenotype.2,4 Also 
intriguing was the observed phenotypic variability for this 
specific RHO variant (c.316G>A p.(Gly106Arg)), which for P7, 
P8 and P9 resulted in inferior retinal involvement, while for 
P10 resulted in inferior, nasal and foveal involvement (Fig. 5). 
Phenotypic heterogeneity has been previously described for 
RP variants, and it has been hypothesized that external factors 
may influence clinical phenotypes.15

Genomic Landscape and Natural History of Sector Retinitis Pigmentosa

Figure 4. Graphical representation of BCVA from baseline to last available 
follow-up. All patients had available BCVA data and were followed for a 
median period of 32.5 months.

Figure 5. Bilateral FAF and SD-OCT imaging of P10. On FAF, hypo-autofluo-
rescent patches of retinal atrophy are seen in an inferior, nasal, and macular 
distribution for OD (A) and OS (b). (C and d) Vertical SD-OCT scan shows at-
rophy of the outer retinal layers and RPE/Bruch’s membrane complex OU. (d) 
Additionally, OD displays the presence of subretinal hyperreflective material.
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We were unable to find disease-causing variants for 4 
patients in our cohort. Genetic testing selection and/or limi-
tations or the presence of phenocopies may explain the un-
solved cases. Given the distinctive phenotype and known 
association between the sRP phenotype and RHO, P12 un-
derwent Sanger sequencing of the RHO gene in 2018 and no 
clinically significant variants were found. Recent advances 
in the characterization of sRP made us change our genetic 
testing approach for sRP cases. Unfortunately, the patient 
was lost to follow up and we were not able to perform ad-
ditional testing. Current limitations of genetic testing may 
be responsible for other unsolved cases. Birtel et al (2019) 
argued that non-coding region contained disease-causing 
variants may remain undetected by genetic testing, and 
that disease-causing variants may exist in genes that cur-
rently have not been associated with RP.16 Another reason 
for the unsolved cases be an incorrect clinical diagnosis. 
Trauma, inflammation and infection, among others, may 
simulate a RP phenotype, thus producing a phenocopy.17 

P14 presented with unilateral sRP OD and no abnormal 
findings on OS. FAF revealed inferior patchy hypo-auto-
fluorescence and a hyper-autofluorescent band separating 
this area from the presumably healthy, iso-autofluorescent 
retina (Fig. 2F). On the one hand, unilateral RP is a rare find-
ing, but such cases have been previously reported in the 
literature, and some have been molecularly confirmed.18,19 
Regardless, it is also possible that this case is a phenocopy 
and the previous history of retinal detachment may explain 
the observed phenotype. 

This study is not exempt of limitations, beginning with 
its retrospective nature. Furthermore, the median follow-
up period is modest (32.5 months), which may be too short 
of a period to expect clinical progression for a slowly pro-
gressing disease. Finally, the follow-up period varied con-
siderably between patients (minimum 5 months; maximum 
148 months). Nevertheless, we were able to shed light on 
the genomic landscape and natural history of sRP, contrib-
uting to the ever-growing understanding of this atypical 
and rare phenotype. 

In conclusion, we have shown that despite the diverse 
genomic background, an overall good prognosis is to be ex-
pected over the course of the disease. Our findings are par-
ticularly important to accurately inform patients on prog-
nosis, especially given the current absence of treatment 
approaches which could alter disease course/progression.
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