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• PURPOSE: To present the clinical characteristics, retinal 
features, natural history, and genetics of ADGRV1 -Usher 
syndrome (USH). 
• DESIGN: Multicenter international retrospective cohort 
study. 
• METHODS: Clinical notes, hearing loss history, multi- 
modal retinal imaging, and molecular diagnosis were re- 
viewed. Thirty patients (28 families) with USH type 2 

and disease-causing variants in ADGRV1 were identi- 
fied. Visual function, retinal imaging, and genetics were 
evaluated and correlated, with retinal features also com- 
pared with those of the commonest cause of USH type 2, 
USH2A -USH. 
• RESULTS: The mean age at the first visit was 38.6 ±
12.0 years (range: 19-74 years), and the mean follow- 
up time was 9.0 ± 7.7 years. Hearing loss was reported 

in the first decade of life by all patients, 3 (10%) de- 
scribed progressive loss, and 93% had moderate-severe 
impairment. Visual symptom onset was at 17.0 ± 7.7 

years of age (range: 6-32 years), with 13 patients notic- 
ing problems before the age of 16. At baseline, 90% of 
patients had no or mild visual impairment. The most fre- 
quent retinal features were a hyperautofluorescent ring 
at the posterior pole (70%), perimacular patches of de- 
creased autofluorescence (59%), and mild-moderate pe- 
ripheral bone-spicule–like deposits (63%). Twenty-six 

(53%) variants were previously unreported, 19 families 
(68%) had double-null genotypes, and 9 were not-double- 
null. Longitudinal analysis showed significant differences 
between baseline and follow-up central macular thick- 
ness ( −1.25 µm/y), outer nuclear layer thickness ( −1.19 

µm/y), and ellipsoid zone width ( −40.9 µm/y). The rate 
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of visual acuity decline was 0.02 LogMAR (1 letter)/y, 
and the rate of constriction of the hyperautofluorescent 
ring was 0.23 mm 

2 /y. 
• CONCLUSIONS: ADGRV1 -USH is characterized 

by early-onset, usually non-progressive, mild-to- 
severe hearing loss and generally good central vi- 
sion until late adulthood. Perimacular atrophic 
patches and relatively retained ellipsoid zone and 

central macular thickness in later adulthood are 
more often seen in ADGRV1- USH than in USH2A - 
USH. (Am J Ophthalmol 2023;256: 186–195. 
© 2023 The Author(s). Published by Elsevier Inc. 
This is an open access article under the CC BY license 
( http://creativecommons.org/licenses/by/4.0/ )) 
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oncurrent visual and hearing loss (also
known as deaf blindness) affects approximately 1 in
10,000 individuals. 1 It can occur secondary to in-

ections (such as rubella and cytomegalovirus), perinatal
omplications, or genetic abnormalities. 2 Among the latter,
he most common is Usher syndrome (USH), and rarer eti-
logies include peroxisomal disorders, CHARGE, Marshall,
r Wolfram syndrome. 2-5 USH may be classified clinically
epending on the severity of deafness, the coexistence of
estibular dysfunction, and the disease onset. 6 

Broadly, USH type 1 is the most severe, with profound,
ongenital sensorineural hearing loss, vestibular dysfunc-
ion (resulting in balance issues), and childhood-onset re-
initis pigmentosa (RP). 7 It accounts for around one-third
f all cases of USH and is caused by disease-causing vari-
nts primarily in MYO7A, CDH23, USH1C, PCDH15 , or
SH1G . 8 , 9 USH type 2 typically presents with moderate

ensorineural hearing loss since childhood and RP diag-
osed in adolescence. 9 It is the most common subtype, ac-
ounting for nearly two-thirds of cases, and is primarily due
o biallelic variants in USH2A, ADGRV1 , or WHRN . 10

SH types 3 and 4 are rare and seen in specific popula-
ions (eg, Finnish and Ashkenazi Jewish); they are char-
cterized by childhood-onset hearing loss and adult-onset
P, secondary to pathogenic variants in CLRN1 and ARSG ,
mong others. 6 , 7 , 11 
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Approximately 90% of patients with USH type 2
(USH2) have biallelic pathogenic variants in USH2A
(USH2A), 9% in ADGRV1 (USH2C), and 1% in WHRN
(USH2D) . 12 USH2B has been mapped to 3p23-p24.2;
however, the gene has not been identified. 13 USH2A is
also the most common gene to cause nonsyndromic au-
tosomal recessive RP; thus there is substantial informa-
tion about its disease mechanism and associated pheno-
types. 9 , 14-16 In stark contrast, there are limited data about
ADGRV1 -associated USH in the literature. 

ADGRV1 (MIM 

∗602851, also known as GPR98,
MASS1, and VLGR1 ) is associated with 5% of all visually
and hearing impaired patients and is the fourth most com-
mon gene in USH (after USH2A, MYO7A , and CDH23 ). 12 

It is located on chromosome 5q14.3, spans 90 exons,
6306 amino acids, and encodes the largest G protein–
coupled receptor-1, ubiquitously expressed throughout the
body. 17 , 18 ADGRV1 belongs to the Usherin protein net-
work, interacting with other USH proteins and functioning
as a fibrous membrane linkage in cilia of inner-ear hair cells
and photoreceptors. 11 , 19 It is a transmembrane protein with
an extracellular portion of 35 sodium-calcium exchangers
(Calx-beta domains) and a block of epilepsy-associated re-
peat domains. 20 It is also highly expressed in the developing
central nervous system and has been the focus of recent re-
search given its association with epilepsy. 17 , 21 Herein, we
describe the detailed clinical and genetic characteristics
of the largest cohort of patients with ADGRV1 -associated
USH to date. 

METHODS 

This study is a retrospective consecutive case series of
patients who attended Moorfields Eye Hospital (London,
UK), St. John of Jerusalem Eye Hospital (Jerusalem, Pales-
tine), and Organizacion Medica de Investigacion (Buenos
Aires, Argentina) with USH, and who were found to
have biallelic rare or likely disease-causing variants in AD-
GRV1 . Patients from Moorfields Eye Hospital were identi-
fied through the inherited eye disease database. Informed
consent was obtained from all patients. Ethical approval
was provided by the local ethics committee, and the study
honored the tenets of the Declaration of Helsinki. 

Relevant patient data were retrieved from the electronic
health care records and imaging software systems. The age
of disease onset was defined as the age of the first disease
related symptom(s). Snellen visual acuities were recorded
and converted to logMAR for descriptive statistics. Count
fingers vision was given a value of logMAR 1.98, hand mo-
tion logMAR 2.28, light perception logMAR 2.7, and no
light perception logMAR 3.0. 22 , 23 Asymmetric best cor-
rected visual acuity (BCVA) was defined as a difference of
≥0.3 logMAR (equivalent to 15 Early Treatment Diabetic
Retinopathy Study letters) between eyes. Patients were cat-
VOL. 256 CHARACTERIZATION OF ADGRV1
gorized using the World Health Organization visual im-
airment criteria, which define no or mild visual impair-
ent as BCVA ≤0.48 (6/18, 20/60), moderate impairment

s BCVA > 0.48 and ≤1.0 (6/60, 20/200), severe as BCVA
 1.0 and ≤1.3 (3/60, 20/400), and blindness as BCVA
 1.3. Records of visual field were very limited within our

ohort; therefore, we only took into consideration BCVA
o classify patients. 

Further clinical assessments consisted of dilated fundus
xamination, spectral-domain optical coherence tomogra-
hy (OCT, Heidelberg Spectralis; Heidelberg Engineer-
ng, Inc, Heidelberg, Germany), fundus autofluorescence
Heidelberg Spectralis and Optos PLC, Dunfermline, UK),
nd ultrawide field fundus color photography (Optos PLC).
CT thickness in the general population was extracted

rom Invernizzi and associates. 24 Ellipsoid zone (EZ) width
as measured at the foveal scan, photoreceptor outer seg-
ent length (PROS) was obtained by measuring the dis-

ance between the inner border of the EZ and the inner
order of the retinal pigment epithelium (RPE), and foveal
uter segment pigment epithelial thickness (FOSPET) was
erived from calculating the distance between the EZ and
he outer border of the RPE. 25 The FOSPET-PROS ratio
FPR) was determined by dividing FOSPET by PROS. 

DNA was extracted from whole blood, and genetic
esting was performed using panel-based targeted next-
eneration sequencing, whole exome sequencing, or whole
enome sequencing. Where appropriate and available,
lood samples were taken from parents or siblings to con-
rm the segregation of proposed variants. In silico analy-
is was performed for previously unreported variants. The
athogenicity of each variant was classified according to
he guidelines of the American College of Medical Genet-
cs and Genomics. 26-28 Disease-specific guidelines to apply
P4 were extracted from Oza and associates. 29 

GraphPad Prism 8.0.2 (GraphPad Software) was imple-
ented for statistical analysis. The threshold of significance
as set at P < .05. Linear regressions and t -test were used

or parametric variables’ assessment, Welch’s t -test varia-
ion was used when the sample sizes were significantly differ-
nt. Kaplan-Meier survival curves were used to determine
he percentage of patients with a certain level of visual acu-
ty (VA) at different decades of life. 

RESULTS 

DEMOGRAPHICS, PHENOTYPE, AND VISUAL ACUITY:

hirty patients from 28 families were identified. Their clin-
cal characteristics are listed in Table 1 and Supplemen-
al Table 1. Eleven (37%) individuals were female and
9 (63%) were male. The age at their first visit was 38.6

12.0 years (mean ± SD; median: 37.5, range: 19-74).
ll patients had hearing impairment: 14 congenital and

6 since childhood. Three patients (10%) described pro-
 -ASSOCIATED USHER SYNDROME 187 



TABLE 1. Clinical Characteristics of Patients With ADGRV1- Associated Usher 
Syndrome. 

Characteristics Patients (n = 30) 

Families 28 

Gender at birth, n (%) 

Female 11 (37) 

Male 19 (63) 

Age at first examination, mean ± SD (y) 38.6 ± 12 

Age at last examination, mean ± SD (y) 49.9 ± 13.2 

Follow-up time, mean ± SD (y) 9 ± 7.7 

Ethnicity, n (%) 25 (83) 

Asian 8 (27) 

White European 16 (53) 

Mixed 1 (3) 

Age of onset visual disturbances, mean ± SD (y) 17 ± 7.7 

Pediatric, n (%) 13 (43) 

Adult, n (%) 17 (57) 

Hearing impairment onset, n (%) 

Congenital 14 (47) 

Childhood 16 (53) 

Reported first symptom, n (%) 

Night blindness 21 (70) 

Concurrent nyctalopia and peripheral field loss 9 (30) 

Posterior pole characteristics, n (%) 

Decreased autofluorescent perimacular lesions 16 (53) 

Hyperautofluorescent ring at the posterior pole 21 (70) 

Peripheral retinal pigment deposits, n (%) 

None 5 (17) 

Minimal/moderate 19 (63) 

Dense 6 (20) 
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gressive hearing loss. Twenty-eight (93%) patients reported
moderate-severe hearing loss, with 27 using hearing aids
and 1 having a cochlear implant. The remaining 2 patients
had mild impairment without the need for hearing aids.
No neurological issues were reported. Among the patients
who reported their ethnicity (83%), 8 were Asian, 16 were
White, and 1 was mixed. Consanguinity was reported in 5
families, where parents were first cousins. 

The mean age of visual symptom onset was 17.0 ± 7.7
years (median: 15.0, range: 6-32), with 13 patients symp-
tomatic before 16 years of age (43%). Twenty-one (70%)
patients described nyctalopia as their first symptom, and 9
(30%) reported concurrent poor night vision and periph-
eral field loss. At their initial visit, 2 patients had moderate
visual loss (39 and 61 years old), 1 was blind (40 years old),
and the rest had none or mild visual impairment (90%, 19-
74 years old). 

At baseline, BCVA was 0.3 ± 0.4 logMAR OD and OS.
Asymmetric BCVA was seen in 4 (13%) patients. Analyzed
cross-sectionally, there was no significant association be-
tween age and BCVA OD ( P = .07) or OS ( P = .25). 

• CLINICAL EXAMINATION, COLOR AND AUTOFLUORES-

CENCE FUNDUS IMAGING: Twenty (67%) individuals had
cataracts or were pseudophakic in at least 1 eye at baseline.
188 AMERICAN JOURNAL OF OPHT
ineteen (63%) patients had symmetric mild-moderate
igmented bone-spicule–like (BSL) deposits (19-74 years
ld), 6 (20%) had severe, dense pigmentary change (36-50
ears old), and 5 (17%) had no pigment deposits (25-35
ears old). 

Twenty-one patients had bilateral hyperautofluorescent
ings at the posterior pole, 3 had frank parafoveal atrophy
44-74 years old), and 4 had normal macular autofluores-
ence (49-50 years old). 30 The initial area of the hyperaut-
fluorescent ring was 7.42 ± 8.36 mm 

2 OD and 7.58 ± 8.86
m 

2 OS, and it was not significantly associated with age
 P = .22) or BCVA ( P = .06 and .25). Perimacular patches
f decreased autofluorescence were seen around the vascu-
ar arcades bilaterally in 16 patients, from as early as 26 years
f age (53%, Figure 1 , A-C), and unilaterally in 2 (7%). Ul-
rawide field fundus autofluorescence imaging was available
n 23 (77%) patients. The retinal periphery was character-
zed by patchy and granular hypoautofluorescent lesions in
 patients (30%, denser in the mid-periphery, Figure 1 , D-
), hypoautofluorescence with BSL pigment in 6 (20%),
ranular pattern in 4 (13%), dispersed hypoautofluorescent
atches in 2 (7%), normal in 1 (3%), and had bilateral pre-
erved para-arteriolar RPE changes in the last patient (3%).
HALMOLOGY MONTH 2023 



FIGURE 1. Autofluorescence images of patients with ADGRV1 -Usher syndrome. A. A 68-year-old patient with a hyperautofluo- 
rescent perimacular ring (HPR) and patches of definitely decreased autofluorescence (DDAF) at the level of the vascular arcades. 
B. A 44-year-old patient with parafoveal atrophy and DDAF in the mid-periphery. C. A 33-year-old patient with an HPR, mid- 
peripheral DDAF, and granular hypoautofluorescence. D. A 30-year-old patient with an HPR and largely preserved peripheral 
autofluorescence, with mild granular hypoautofluorescent changes in the mid-periphery. E. A 54-year-old patient with a HPR and 
severe mid-peripheral granular and patch-like atrophy, predominantly nasal. F. A 69-year-old patient with a maintained HPR, DDAF 

patches over the arcades, and granular hypoautofluorescence mainly in the nasal retina. 
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• MACULAR OCT ANALYSIS: Twenty-seven (90%) pa-
tients had macular OCT. Twenty-one (70%) patients had
bilateral epiretinal membranes, and one had unilateral
epiretinal membrane. Two (7%) patients had a unilat-
eral macular hole, 11 (37%) had bilateral cystoid macular
edema (CMO), and 4 (13%) had unilateral CMO; hence,
they were excluded from the quantitative thickness analysis
(n = 26 eyes included). The age of patients with CMO was
41.8 ± 12.7 years vs the age of those without CMO, 36.6 ±
10.7 years ( P = .25). 

Baseline central macular thickness (CMT) was 255.4 ±
44.0 µm OD and 257.6 ± 46.4 µm OS. Outer nuclear
layer thickness (ONLT) was quantifiable in 25 eyes (19-
74 years old), with a mean value of 95.9 ± 31.4 µm OD
and 101.6 ± 34.8 µm OS. CMT was significantly lower
than in unaffected population ( P = .01), whereas no signif-
icant differences were found in ONLT ( P = .15, Figure 2 ,
A). EZ was present in 26 patients at baseline (50 eyes, 19-
74 years old) with a mean width of 2296 ± 1209 µm OD
and 2324 ± 1330 µm OS. FOSPET was 64.7 ± 17.0 µm
OD and 61.8 ± 21.6 µm OS, and PROS was 42.1 ± 12.0
µm OD and 43.6 ± 11.6 µm OS; both decreased compared
with unaffected population. 31 , 32 The mean FPR (FOSPET-
PROS ratio [FPR]) was 1.58 ± 0.3 OD and 1.49 ± 0.2
 i  

VOL. 256 CHARACTERIZATION OF ADGRV1
S. There were no significant differences between param-
ters in OD vs OS, indicating high interocular symmetry
 P = .92-.96). 

Considering cross-sectional data only, a significant as-
ociation was observed between older age and decreased
ROS (0.0001 OD and 0.03 OS), FOSPET (0.03 OD and
.0004 OS), and FPR OD (0.0009). No significant associ-
tion was found between age, CMT, ONLT, EZ width, and
PR OS ( P = .17-.71). BCVA was significantly associated
ith CMT OD ( P = .04) and EZ width OS ( P = .04), and
ot with CMT OS, EZ OD, ONLT, FOSPET, PROS, or FPR
 P = .15-.89). There were no significant differences regard-
ng the BCVA of patients with and without CMO ( P = .9).

LONGITUDINAL ANALYSIS: The mean follow-up time
as 9 ± 7.7 years (0-24 years), and the mean age at the
nal visit was 49.9 ± 13.2 years. Final BCVA was 0.5 ±
.6 logMAR OD and 0.6 ± 0.7 OS. Asymmetric BCVA
as seen in 5 (17%) patients. The rate of BCVA decline
as 0.02 logMAR (1 letter)/year, and there was a signifi-
ant difference between baseline and follow-up BCVA ( P <

0001). Ten (33%) patients lost at least 15 Early Treatment
iabetic Retinopathy Study letters or more over follow-up

n 1 or both eyes (after 3-17 years). Four (13%) patients
 -ASSOCIATED USHER SYNDROME 189 



FIGURE 2. Optical coherence tomography in ADGRV1 -Usher syndrome. A. Central macular thickness (CMT) in our cohort was 
significantly lower compared with the unaffected population ( P = .01), and outer nuclear layer thickness (ONLT) was similar 
( P = .15). B. Kaplan-Meier survival analysis showing the percentage of patients with BCVA ≤0.3 logMAR (6/12) in at least 1 eye 
(74% of the patients at 40 years of age and 50% at 53 years of age) and with legal blindness ( ≥1 logMAR, 50% at 73 years of age). 
BCVA = best corrected visual acuity. 
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progressed to more advanced World Health Organization
categories of visual impairment over follow-up, 1 of whom
became blind. 

Kaplan-Meier survival analysis predicted that at 40 years
of age, 74% of the patients have 0.3 logMAR (6/12) in at
least 1 eye and this drops to 50% at 53 years of age. It also
predicted that at 73 years of age, 50% of the patients will
reach legal blindness based on VA ( ≥1 logMAR, Figure 2 ,
B). 

Fifteen patients still had bilateral hyperautofluorescent
macular rings at the posterior pole, with a mean area of
4.6 ± 3.7 mm 

2 OD and 4.4 ± 3.3 mm 

2 OS, significantly
smaller than baseline ( P = .004 OD and .006 OS). The rate
of constriction of the hyperautofluorescent ring was 0.23
mm 

2 /year. 
Twenty-five (83%) patients had follow-up macular OCT

scans. Three eyes lost discernible EZ, and the latest mean
width was 1672.1 ± 1194.1 OD and 1641.5 ± 168.8 OS
µm. There were no significant differences between EZ OD
vs OS ( P = .98), with high interocular symmetry. 

Longitudinal analysis demonstrated significant differ-
ences between baseline and follow-up CMT ( P = .02,
−1.25 µm/y), ONLT OS ( P = .01, −1.19 µm/y), EZ width
( P = .001, −40.9 µm/y), and PROS ( P = .03, −0.36 µm/y).

BCVA OS was significantly associated with CMT
( P = .015), PROS ( P = .003), and FOSPET ( P = .004).
BCVA OD was not associated with any structural parame-
ter ( P = .09-.87). 

• MOLECULAR GENETICS: All patients had biallelic vari-
ants in ADGRV1 and 7 were homozygous. A total of 49
different variants were present in our cohort: 32 nonsense,
10 missense, 4 splice-site alterations, 2 large deletions, and 1
deep-intronic variant. Twenty-three (47%) were previously
reported, 33-41 and 26 (53%) were novel variants (Supple-
mental Table 2). Of these, 5 were classified as pathogenic,
16 as likely pathogenic, and 5 as variants of uncertain sig-
190 AMERICAN JOURNAL OF OPHT
ificance. A schematic representation of pathogenic and
ikely pathogenic variants found in our cohort is presented
n Figure 3 . 

Only 2 variants were found in more than 1 fam-
ly: c.3443G > A p.(Gly1148Asp) and c.6901C > T
.(Gln2301 

∗), present in families of White British ori-
in. The remaining 47 variants were seen once in 1 family
f the cohort. 

Nineteen (68%) families had double-null genotypes
DN; nonsense, frameshift, splicing, or exon deletion), and
 were not-double-null (NDN); 7 (25%) compound het-
rozygous of a null and a missense variant, and 2 (7%)
ad 2 missense changes. Three patients (ID 4, 11, and 27)
ad USH2, harbored a pathogenic variant and a variant
f uncertain significance, had other known USH genes ex-
luded, and hence were included in the cohort and consid-
red likely ADGRV1 -related cases. 

GENOTYPE-PHENOTYPE CORRELATION ANALYSIS: Pa-
ients with a DN genotype were younger than NDN pa-
ients at baseline, 35.2 ± 10.1 years versus 45.4 ± 13.6 years
 P = .07), and had earlier age of onset, 15.4 ± 7.3 versus
8.6 ± 9.2 ( P = .48). No relevant differences were seen in
egree and onset of hearing loss. 

Regarding retinal features, 4 of the 6 patients with severe
SL were NDN, and 8 of 9 patients without perimacular
trophic patches were DN. No significant differences were
ound in structural parameters such as hyperautofluorescent
ing area ( P = .6), EZ width ( P = .23), CMT ( P = .12), and
NLT ( P = .06). 
Baseline BCVA of DN and NDN groups were not signif-

cantly different ( P = .34), with the caveat that the NDN
roup was a decade older. Analyzed at a similar age, patients
ith DN had significantly worse VA (0.7 ± 0.82) compared
ith NDN (0.26 ± 0.18, P = .04). The only blind patient at
aseline and one of those with moderate visual impairment
ere DN, and 3 of the 4 who progressed to more advanced
HALMOLOGY MONTH 2023 



FIGURE 3. Graphical representation of ADGRV1 protein and the variants in this cohort ( www.uniprot.org ). The light purple 
functional domains correspond to the sodium-calcium exchangers (Calx-beta domains), those in dark purple represent the epilepsy- 
associated repeats (EAR), and the last ones represent the transmembrane region. Variants displayed above the protein are the ones 
already reported in the literature, and those below are the previously unreported novel variants described in this study. 
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stages were DN. The rate of VA decline was the same in
both DN and NDN groups. 

DISCUSSION 

This study describes the phenotype of the largest cohort of
patients with ADGRV1 -associated USH to date. Hearing
loss, retinal features, and longitudinal evaluation are de-
tailed, establishing useful diagnostic features and describ-
ing the severity of disease progression, aiming at informing
patients’ prognosis and management. Twenty-six previously
unreported variants are included, and genotype-phenotype
correlations are drawn. 

USH2 is characterized as having moderate-severe hear-
ing impairment, with onset generally in the first decade of
life and up to the early 30s. 42-44 A progressive deterioration
has been reported in USH2A -USH2, with mild annual de-
terioration. 45 ADGRV1 has been previously characterized
as having more severe and slightly later onset hearing loss
than USH2A . 43 , 46 Postlingual hearing loss has even been
described in 1 family. 47 In our cohort, all patients reported
hearing impairment in the first decade of life, only 10% re-
ported having progressive hearing issues, and 2 of them had
mild impairment (both DN). Although longitudinal audi-
ological assessment would shed light on the characteristics
of the hearing loss, it appears that ADGRV1 -USH2 can
present with a rather stable hearing loss, with onset gen-
erally before 10 years of age, and in some cases, relatively
mild. 

Individuals with ADGRV1 -USH have been described as
possibly having older age of visual symptom onset than
patients with USH2A . 35 However, the patients presented
herein with ADGRV1 -USH presented with visual symp-
toms in the second/early third decade of life, as classically
described in USH2. 7 Therefore, the age of onset in our co-
hort was similar to that seen in patients with USH2A -USH
(adolescence/early adulthood). 16 , 44 , 48 , 49 

Similar to USH2A , baseline BCVA was ≤0.4 logMAR,
and a minority of patients (10%) had moderate or worse
visual impairment. 16 , 35 , 48 , 50 As previously noted for both
VOL. 256 CHARACTERIZATION OF ADGRV1
SH2A and ADGRV1 , BCVA was significantly associated
ith age. 49-51 The rate of BCVA decline appeared both

lower (1 vs approximately 2 letters/y) 48 and faster than in
SH2A (5% vs 2.5%/y), depending on the study of com-

arison. 52 Central vision was largely maintained, with pa-
ients in their fifth decade still having 0.0 logMAR vision
nd 74% of patients having 0.3 logMAR (6/12) until 40
ears of age. Fakin and associates 49 reported a 50% chance
f reaching legal blindness based on VA at 64 years of age,
ut we found this to be at 73 years of age, similar to the
alue reported for USH2A -USH (74 years old). 53 

Cataracts affected 67% of the patients at baseline, which
as a similar percentage to USH2A (79%) and MYO7A

52.5%-60%). 48 , 54 Regarding retinal features, the majority
f patients (80%) had no to moderate pigmentary changes,
hich is also in keeping with USH2A - and MYO7A- USH
 Figure 4 ). 54-56 The remaining few patients had dense pig-
entary changes primarily in the mid-periphery, a pheno-

ype not previously described in patients with USH2. 
A hyperautofluorescent ring at the posterior pole was the
ost common feature in our patients, and this has previ-

usly been described both for USH2A and ADGRV1 . 49 Un-
ike previous reports, we did not find a strong association
etween age and ring area, with patients in the sixth and
eventh decade of life still having a preserved hyperaut-
fluorescent ring. 49 The rate of constriction was similar to
hat reported in USH2A (3.8% vs 3.5%). 52 Perimacular at-
ophic patches have been described in patients with both
DGRV1 - and USH2A -USH2, in a minority of patients,

rom 31 years of age. 49 In our cohort, these affected more
han half of the patients, from 26 years of age ( Figure 1 , A-
), apparently more common and of earlier onset than in
SH2A . 
There is variability in previously reported OCT struc-

ural parameters in USH2A -USH; however, EZ and CMT
ppeared more preserved in patients with ADGRV1 of sim-
lar age (CMT 253.3 µm vs 210.28-247 µm, EZ 2296 µm vs
307-2155 µm). 48 , 50 , 57-59 In a previous report of 3 sisters,
NLT appeared reduced; however, in our larger cohort, we

ound it similar to unaffected population. 51 

ADGRV1- USH shows broad allelic heterogeneity.
ighty percent of the variants in our cohort were null,
 -ASSOCIATED USHER SYNDROME 191 
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FIGURE 4. Ultrawide color fundus features of patients with Usher syndrome (USH). A. A 53-year-old patient with USH2A -USH, 
with moderate bone-spicule–like (BSL) pigment clumps and pink optic discs. B. A 60-year-old patient with MYO7A -USH, with 

moderate BSL pigment throughout the retina and vessel thinning. C. A 56-year-old patient with ADGRV1 -USH, with severe, deep 
BSL and nummular pigment affecting the whole retina. D. A 49-year-old patient with ADGRV1 -USH, with vessel thinning and 
no retinal pigmented deposits. (For interpretation of the references to colour in this figure legend, the reader is referred to the web 
version of this article.) 
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matching the previously described, possibly high tolerance
of ADGRV1 to missense variants. 46 The large majority of
the variants were present only in 1 family of the cohort.
This is perhaps due to a loss-of-function mechanism in a
large gene with a low incidence, which leads to a diverse
range of variants distributed along the entire length of the
gene ( Figure 3 ). Of the previously reported variants, 24
were seen in USH2 only, whereas the 2 missense variants
p.Ile2332Phe and p.Gly1148Asp were also associated
with nonsyndromic hearing loss and p.Gly1148Asp with
isolated retinal degeneration. 39 , 60-62 
T
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It has previously been described that missense vari-
nts in ADGRV1 can be associated with isolated hearing
oss, 63 with currently 55% of reported missense variants
ssociated with isolated hearing loss, vs 45% with USH2
 https://my.qiagendigitalinsights.com/bbp/view/hgmd/ 
php , reviewed in March 2023), without clear clusters or
ot spots. Hence, we can infer that patients carrying at least
 missense variant can still present as USH2. Interestingly,
ome functional features (onset of visual symptoms and
CVA) were more severe in patients with DN genotype,
hereas retinal degeneration was more visible in NDN.

his dissociation could be related to the limited number of 
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patients in our cohort or could represent a possible toxic
effect on the retina by mutant alleles. 64 

Our study’s strengths are the relatively large number of
genetically confirmed patients, their different ethnic back-
ground, and the inclusion of centers from different coun-
tries. Some of its limitations are the retrospective nature
of the study, the larger proportion of individuals with DN
genotype vs NDN, incomplete data for some individuals,
and nonstandardized methods and protocols throughout
participating centers. 

ADGRV1 is a very large gene, greatly exceeding the
adeno-associated virus packaging capacity, thereby requir-
ing an alternative approach or multiple adeno-associated
virus vector-based delivery for gene supplementation. 65 

Gene independent strategies reducing cell death through
neuroprotection and antioxidants may be a suitable alter-
native for these patients. 66 An ongoing phase I/II clin-
ical trial testing an oral antioxidant in patients with
USH may provide useful information regarding this option
(NCT04355689). 
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