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Purpose: Autosomal dominant vitreoretinochoroidopathy is an extremely rare disease,
which belongs to the BEST1-related disease spectrum.
Methods: Report of ﬁve patients with an initial diagnosis of atypical rod–cone dystrophy,
for whom autosomal dominant vitreoretinochoroidopathy was retrospectively diagnosed on
genetic results using targeted next-generation sequencing. Each patient had a comprehensive ophthalmic examination including multimodal retinal imaging and functional evaluation.
Results: Visual acuity ranged from ,20/800 to 20/25. Two patients had narrowed angle
with history of acute angle-closure glaucoma for one patient. Full-ﬁeld electroretinogram
showed severe reduction of both scotopic and photopic responses for 3/5 patients. Electrooculogram could be performed for one of the two patients with moderate alterations of
full-ﬁeld electroretinogram. It revealed severe light rise abnormalities with decreased Arden
ratio (125% right eye, 145% left eye) in keeping with generalized severe dysfunction of the
retinal pigment epithelium. On fundoscopy, the pathognomonic circumferential hyperpigmented band of the peripheral retina was totally absent in two patients.
Conclusion: This report highlights the high phenotypic variability of autosomal dominant
vitreoretinochoroidopathy, which may be misdiagnosed, especially in advanced forms with
severe generalized photoreceptor dysfunction mimicking retinitis pigmentosa. Targeted
next-generation sequencing can contribute to the proper clinical diagnosis, especially in
case of atypical phenotypic features of autosomal dominant vitreoretinochoroidopathy.
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a slow disease progression. Visual loss is usually
related to early macular edema, vitreous hemorrhage,
or acute angle-closure glaucoma. More recent studies
reported progressive macular dysfunction with macular atrophy as a late manifestation of the disease.5,6
In 2004, Yardley et al were the ﬁrst to identify
Bestrophin 1 (BEST1) mutations in ﬁve families presenting with ADVIRC. BEST1 encodes a 585 amino
acid transmembrane protein expressed in retinal pigment epithelium (RPE) cells.3,7 Four missense mutations [p.(V86M), p.(V239M), p.(Y236C),3 and p.
(V235A)8] have been reported so far in association
with ADVIRC. These mutations are believed to affect
pre-mRNA splicing leading to in-frame deletion,
unlike those underlying autosomal dominant Best
macular
dystrophy
or
autosomal
recessive
bestrophinopathy.3

utosomal dominant vitreoretinochoroidopathy
(ADVIRC) is an extremely rare condition that
was ﬁrst described by Kaufman et al in 1982.1 It is
characterized by an autosomal dominant inheritance
pattern, peripheral chorioretinal atrophy with retinal
circumferential hyperpigmented band, tiny white preretinal opacities, ﬁbrillar vitreous condensation, and
blood-retinal barrier breakdown with retinal neovascularization.1,2 An association with anterior segment
abnormalities is frequent, including high hyperopia,
angle-closure glaucoma, microcornea, microphthalmia, and presenile cataract3–5 (Table 1).
Subjects affected with ADVIRC are classically
asymptomatic during the ﬁrst two decades of life
unlike most cases of rod-cone or cone-rod dystrophies.
Night vision disturbances, photophobia, and visual
ﬁeld abnormalities appear during adulthood with
1

Copyright ª by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited.

+ (narrowed angle treated by
bilateral laser iridotomy)
2
2
+ (congenital cataract, high
hyperopia secondary to bilateral
aphakia)

2
2
2
2
2
2
+
2
2
2
2
2

+
+
2
+

+
+
+
+

Autosomal dominant inheritance
pattern
Retinal circumferential
hyperpigmented band
Fibrillar vitreous condensation
Tiny white preretinal opacities
Blood-retinal barrier breakdown
with retinal neovascularization
Anterior segment abnormalities:
high hyperopia, angle-closure
glaucoma, microcornea,
microphthalmia, and presenile
cataract

Classic Reported Findings1–5

+ (angle-closure
glaucoma)
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Patient 5
Patient 3
Patient 2

CIC05272, CIC00989,
III-7
III-3

Patient 1

Patient 4
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CIC05537,
III-4
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Family 614

Here, we describe the cases of ﬁve patients with an
atypical phenotype, for whom ADVIRC was retrospectively diagnosed on genetic results using targeted nextgeneration sequencing. For these patients, a diagnosis of
cone-rod or rod-cone dystrophy was initially suspected,
based on the clinical presentation. Targeted nextgeneration sequencing using a panel of 123 genes
associated with inherited retinal diseases10 led to the
identiﬁcation of a heterozygous missense mutations in
BEST1: Patients 1, 2, 4, and 5 (family F2675,
CIC05272 III-4 and CIC05537 III-7; family F4434 III1, CIC07935 and CIC07936 III-2) were found heterozygous for c.256G.A, p.(Val86Met), whereas Patient 3
was heterozygous for c.715G.A p.(Val239Met) (family
F614 CIC00989 III-3). These mutations had previously
been reported underlying ADVIRC.3 Patients did not
carry pathogenic mutations in any of the other 122 genes
tested in the panel,10 including genes known to be
mutated in autosomal dominant rod-cone and cone-rod
dystrophies (http://www.sph.uth.tmc.edu/Retnet/).
Subsequently, we retrospectively reviewed the clinical charts of the ﬁve patients in light of these genetic
results. Analysis was based on functional and

Table 1. Phenotype of the ﬁve patients according to the reported classical ﬁndings of ADVIRC.

Methods

CIC07935,
III-1

Another entity called Microcornea-Rod cone dystrophy-Cataract-Posterior staphyloma (MRCS) is characterized by microcornea, rod-cone dystrophy,
cataract, and posterior staphyloma. First described by
Reddy et al in 2003, it presents some similarities with
ADVIRC and has also been associated with mutations
in BEST1. Given the resemblance between these two
entities, it could be assumed that MRCS and ADVIRC
are a continuum, MRCS being associated with a more
severe phenotype.9

CIC07936,
III-2
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structural data, including best-corrected visual acuity
using the Early Treatment Diabetic Retinopathy Study
chart, slit-lamp examination of the anterior chamber,
color vision test (Lanthony standard and desaturated
15 Hue), visual ﬁeld test (Goldmann kinetic perimetry), retinophotography (CR1; Canon, Tokyo, Japan),
short- and near-infrared wavelength autoﬂuorescence
fundus imaging, enhanced depth imaging spectral
domain optical coherence tomography (EDI
SD-OCT) (HRAII-Spectralis OCT; Heidelberg Engineering, Dossenheim, Germany), full-ﬁeld electroretinogram (ffERG, Espion, Diagnosys),11 and multifocal
ERG (mfERG, Veris II, EDI)12 according to the International Society for Clinical Electrophysiology of
Vision (ISCEV) standards. Electrooculogram (EOG,
WIN 7000C, Metrovision) was performed only in patients with moderate alterations of ffERG, when
possible.
Results
The ﬁrst two cases were two sisters from the same
family (F2675) with a history of autosomal dominant
uncharacterized retinal dystrophy.
Case 1 (CIC05537, F2675 III-4)
Patient 1 was a 49-year-old woman with a history of
chronic open-angle glaucoma and a diagnosis of
retinitis pigmentosa made when she was 23 years

3

old. She was complaining of night blindness, photophobia, and decreased central vision since early
adulthood. Family history revealed similar cases with
autosomal dominant inheritance pattern (Figure 1 top).
Visual acuity was 20/80 with +17 for the right eye and
,20/800 with +18 for the left eye. Slit-lamp examination revealed bilateral aphakia secondary to cataract
surgery followed by explanation because of posterior
intraocular lens luxation 20 years ago. Goldmann
kinetic perimetry showed severe constriction of the
peripheral visual ﬁeld sparing the central 30° on the
binocular III4e stimulus. Color vision testing revealed
a tritan defect in the right eye, and could not be
performed in the left eye because of the low vision
(Figure 2 top left).
Full-ﬁeld ERG and mfERG showed undetectable
responses from background noise in both scotopic and
photopic conditions (Figure 3 top left, Figure 4 top
left) in keeping with severe generalized rod-cone dysfunction. For this reason, EOG, which depends on
both photoreceptor and RPE function, was not
performed.
Fundus examination of the posterior pole showed
bilateral RPE changes in the peripapillary and macular
regions. Examination of the peripheral retina revealed
circumferential mottled pigmentation, distinct from
intraretinal bone spicules. Fundus autoﬂuorescence
imaging revealed a hypoautoﬂuorescent macular lesion
surrounded by hyperautoﬂuorescent borders on shortand near-infrared wavelength autoﬂuorescence. On

Fig. 1. Family tree for: F2675:
Patients 1 (CIC05537) and 2
(CIC05272, F2675 III-7) (Top).
F614: Patient 3 (CIC00989,
F614 III-3) (Bottom left).
F4434: Patients 4 (CIC07935,
F4434 III-1) and 5 (CIC07936,
F4434 III-2) (Bottom right). The
disease displays an autosomal
dominant inheritance pattern,
with vertical transmission in the
family, with male and female
equally affected.
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Fig. 2. CIC05537, F2675 III-4 Goldmann kinetic perimetry and color vision Lanthony 15 Hue test. Goldmann kinetic perimetry shows severe bilateral
constriction of the peripheral visual ﬁeld sparing the central 30° on the binocular III4e stimulus. Lanthony standard 15 Hue reveals a tritan defect in the
right eye, and was not be performed in the left eye because of the low vision (Top left). CIC05272, F2675 III-7 Goldmann kinetic perimetry showed
a moderate constriction of the peripheral visual ﬁeld on the binocular III4e stimulus. Lanthony desaturated 15 Hue is normal in both eyes (Top right).
CIC00989, F614 III-3 Goldmann kinetic perimetry shows moderate constriction of peripheral isopters. Lanthony saturated 15 Hue reveals a tritan defect
for the right eye and is normal for the left eye (Middle left). CIC07935, F4434 III-1 Goldmann kinetic perimetry shows mild constriction of the
peripheral visual ﬁeld extending from 110° horizontal to 100° vertical on the binocular III4e stimulus. Lanthony desaturated 15 Hue reveals a tritan
defect in both eyes (Bottom left). CIC07936, F4434 III-2 Goldmann kinetic perimetry showed moderate constriction of the peripheral visual ﬁeld
extending from 100° horizontal to 90° vertical on the binocular III4e stimulus. Desaturated 15 Hue Lanthony revealed few errors in the tritan axis in
both eyes (Middle right).

SD-OCT, the outer hyperreﬂective bands and outer
nuclear layer were disrupted in the macular region with
choroidal thinning and hyperreﬂectivity through window defect (Figure 5).
Case 2 (CIC05272, F2675 III-7)
Patient 2 was the 60-year-old elder sister of Patient 1
(Figure 1 Top). She was complaining of mild light
sensitivity. Visual acuity was 20/32 with 20.25
(21.25) 90° for the right eye and 20/25 with 20.50
(21.25) 75° for the left eye. Slit-lamp examination
showed bilateral pseudophakia with no abnormality
of the anterior chamber. Lanthony desaturated 15
Hue was normal in both eyes. Goldmann kinetic peri-

metry showed a moderate constriction of the peripheral visual ﬁeld on the binocular III4e stimulus (Figure
2 top right).
Full-ﬁeld ERG revealed reduced and delayed responses predominant under photopic conditions in
keeping with generalized cone-rod dysfunction (Figure
3 top middle). Multifocal ERG was unfortunately contaminated by artifacts, the patient experiencing difﬁculties to maintain a stable ﬁxation, and revealed
preservation of some of the responses to the central
hexagons (Figure 4 top middle). Electrooculogram
could unfortunately not be performed for this patient
who did not want further testing.
Fundus examination was within normal limit,
although of pale appearance with ﬁbrillar vitreous
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Fig. 3. CIC05537, F2675 III-4 full-ﬁeld ERG shows undetectable response from background noise in both scotopic and photopic conditions in keeping
with severe generalized rod-cone dysfunction (Top left). CIC05272, F2675 III-7 full-ﬁeld ERG reveals reduced and delayed responses predominant
under photopic conditions in keeping with generalized cone-rod dysfunction (Top middle). CIC00989, F614 III-3 full-ﬁeld ERG shows some
asymmetry between both eyes, responses from the left eyes being better preserved than those of the right eye. On the right, scotopic responses are
undetectable from background noise, whereas only a hint of photopic responses is present. On the left, both scotopic and photopic responses are reduced
in amplitude and delayed, with a better preservation of photopic than scotopic amplitudes. These results are in keeping with generalized rod-cone
dysfunction more marked on the right than the left (Top right). CIC07935, F4434 III-1 full-ﬁeld ERG shows reduced and delayed responses predominant under scotopic conditions in keeping with generalized rod-cone dysfunction (Bottom left). CIC07936, F4434 III-2 full-ﬁeld ERG shows
marked reduction of responses predominant under scotopic conditions in keeping with severe generalized rod-cone dysfunction (Bottom right).

condensation hampering the quality of shortwavelength autoﬂuorescence. Spectral domain OCT
showed a granular appearance of the interdigitation
and ellipsoid zones in the macular region with focal
disruption of foveal hyperreﬂective bands and vitreomacular traction in the left eye (Figure 6).
Case 3 (CIC00989, F614 III-3)
Patient 3 was a 62-year-old female patient who
complained about decreased central vision, photophobia, and night blindness since childhood. She was
diagnosed with retinitis pigmentosa when she was 5
years old. Family history revealed similar cases with
an autosomal dominant inheritance pattern (Figure 1
bottom left). Visual acuity was 20/100 with 24.50
(22.00) 100° for the right eye and 20/50 with
23.50 (21.25) 85° for the left eye. Slit-lamp examination showed bilateral corticonuclear cataract with no

other abnormality of the anterior chamber. Color
vision testing revealed a tritan defect for the right
eye and was normal for the left eye. Goldmann kinetic
perimetry showed moderate constriction of peripheral
isopters (Figure 2 middle left).
Full-ﬁeld ERG showed some asymmetry between
both eyes, responses from the left eyes being better
preserved than those of the right eye. On the right,
scotopic responses were undetectable from background noise, whereas only a hint of photopic
responses was present. On the left, both scotopic
and photopic responses were reduced in amplitude
and delayed, with a better preservation of photopic
than scotopic amplitudes. These results were in
keeping with generalized rod-cone dysfunction
more marked on the right than the left. This
functional asymmetry is correlated with more
severe structural alteration of the outer retina in
the right eye (Figure 3 top left). Multifocal ERG,
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Fig. 4. CIC05537, F2675 III-4 multifocal ERG shows undetectable response from background noise in keeping with severe macular dysfunction (Top
left). CIC05272, F2675 III-7 multifocal ERG is unfortunately contaminated by artifacts, the patient experiencing difﬁculties to maintain a stable
ﬁxation, and reveals preservation of some of the responses to the central hexagons (Top middle). CIC00989, F614 III-3 multifocal ERG, although
contaminated with electrical artifact, reveals relatively preserved responses to central hexagons compared with the peripheral responses in keeping with
a relatively preserved macular cone function (Top right). CIC07935, F4434 III-1 multifocal ERG is unfortunately contaminated by artifacts, the patient
experiencing difﬁculties to maintain a stable ﬁxation, and was not interpretable (Bottom left). CIC07936, F4434 III-2 multifocal ERG, although
contaminated with electrical artifact, reveals relatively preserved responses to central hexagons compared with the peripheral responses in keeping with
a relatively preserved macular cone function (Bottom right).

although contaminated with electrical artifacts, revealed relatively preserved responses to central hexagons compared with the peripheral responses in
keeping with a relatively preserved macular cone
function (Figure 4 top left).
Fundus examination was normal at the posterior
pole. Examination of the peripheral retina revealed
bilateral circumferential annular coarse pigment
migration. Short-wavelength and near-infrared auto-

ﬂuorescence revealed a diffuse irregular increase of
autoﬂuorescence at the posterior pole with a decreased
autoﬂuorescence inferiorly and in the far periphery.
These changes were not seen on fundoscopy. On SDOCT, the outer hyperreﬂective bands and the outer
nuclear layer were diffusely disrupted in the right eye
with a relative foveal sparing in the left in keeping
with the relatively well-preserved visual acuity on this
side (Figure 7).
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Fig. 5. Multimodal retinal imaging of Patient 1, a 49-year-old woman (F2675 III-4, CIC05537) carrying the heterozygous c.256 G.A; p.Val86Met
BEST1 mutation. Fundoscopy of the posterior pole (Top) shows bilateral RPE changes in the peripapillary and macular regions. Peripheral retina reveals
circumferential mottled pigmentation, distinct from intraretinal bone spicules. Fundus autoﬂuorescence imaging reveals a hypoautoﬂuorescent macular
lesion surrounded by hyperautoﬂuorescent borders on short-wavelength (Middle left) and near-infrared (Middle right) autoﬂuorescence. On SD-OCT
(Bottom), the outer hyperreﬂective bands and outer nuclear layer are disrupted in the macular region with choroidal thinning and hyperreﬂectivity
through window defect.

The last two cases were two sisters from the same
family (F4434) with a history of autosomal dominant
uncharacterized retinal dystrophy.
Case 4 (CIC07935, F4434 III-1)
Patient 4 was a 71-year-old female patient with
a history of acute angle-closure glaucoma of the left
eye treated with bilateral laser iridotomy. She complained of night blindness, photophobia, and decreased
vision since adulthood. She was diagnosed with lateonset generalized retinal dystrophy a few years earlier.
Family history revealed similar cases with an
autosomal dominant inheritance pattern (Figure 1 bottom right). Visual acuity was 20/63 with +1.75
(20.75) 50° for the right eye and 20/32 with 21.25
(21) 140° for the left eye. Slit-lamp examination revealed corticonuclear cataract of the right eye and
pseudophakia of the left eye. Goldmann kinetic perimetry showed mild constriction of the peripheral
visual ﬁeld extending from 110° horizontal to 100°
vertical on the binocular III4e stimulus. Lanthony desaturated 15 Hue revealed a tritan defect in both eyes
(Figure 2 bottom left).
Full-ﬁeld ERG showed reduced and delayed responses predominant under scotopic conditions in

keeping with generalized rod-cone dysfunction (Figure
3 bottom left). Multifocal ERG was unfortunately contaminated by artifacts, the patient experiencing difﬁculties to maintain a stable ﬁxation, and was not
interpretable (Figure 4 bottom left). Electrooculogram
revealed severely reduced light peak with decreased
Arden ratio (125% for the right eye, 145% for the left
eye), in keeping with generalized dysfunction of the
RPE (Figure 8).
Fundus examination was normal at the posterior
pole. Examination of the extreme peripheral retina
revealed bilateral circumferential annular coarse pigment migration. Short-wavelength and near-infrared
autoﬂuorescence revealed bilateral peripapillary hypoautoﬂuorescence and subtle alterations in the macular
region. On SD-OCT, the outer hyperreﬂective bands
and the outer nuclear layer were preserved outside the
peripapillary region. Spectral domain OCT also revealed vitreomacular traction in the temporomacular
region of the right eye and a macular epiretinal
membrane in the left eye (Figure 9).
Case 5 (CIC07936, F4434 III-2)
Patient 5 was the 66-year-old younger sister of
Patient 4 (Figure 1 bottom right).
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Fig. 6. Multimodal retinal imaging of Patient 2, a 60-year-old woman (F2675 III-7, CIC05272) carrying the heterozygous c.256 G.A p.Val86Met
BEST1 mutation. Fundoscopy (Top) is within normal limit, although of pale appearance with ﬁbrillar vitreous condensation hampering the quality of
short-wavelength (Middle left) and near-infrared (Middle right) autoﬂuorescence. Spectral domain OCT (Bottom) shows a granular appearance of the
interdigitation and ellipsoid zones in the macular region with focal disruption of foveal hyperreﬂective bands and vitreomacular traction in the left eye.

She was complaining of night blindness, photophobia, and decreased vision since adulthood. Visual acuity
was 20/80 in both eyes with 27 (21.75) 100° for the
right eye and 26 (22.25) 80° for the left eye. Slit-lamp
examination revealed bilateral corticonuclear cataract
and narrowed angle treated by bilateral laser iridotomy.
Goldmann kinetic perimetry showed moderate constriction of the peripheral visual ﬁeld extending from 100°
horizontal to 90° vertical on the binocular III4e stimulus. Lanthony desaturated 15 Hue revealed few errors in
the tritan axis in both eyes (Figure 2 middle right).
Full-ﬁeld ERG showed marked reduction of responses predominant under scotopic conditions in
keeping with severe generalized rod-cone dysfunction.
Multifocal ERG, although contaminated with electrical
artifact, revealed relatively preserved responses to
central hexagons compared with the peripheral responses in keeping with a relatively preserved macular
cone function (Figure 3 bottom right).
Fundus examination of the posterior pole showed
chorioretinal atrophic changes in the peripapillary
region and the inferonasal mild periphery of the retina.
No pigmentary changes were observed in the peripheral
retina. Short-wavelength and near-infrared autoﬂuorescence revealed hypoautoﬂuorescence patches of the
peripapillary region and the peripheral retina sparing the

macular region. On SD-OCT, the outer hyperreﬂective
bands were disrupted in the macular region with foveal
sparing, choroidal thinning, and hyperreﬂectivity
through window defect. Spectral domain OCT also
revealed bilateral macular epiretinal membranes with
a foveal cyst in the left eye (Figure 10).

Discussion
Autosomal dominant vitreoretinochoroidopathy is
an extremely rare, autosomal dominantly inherited
retinal dystrophy that is attributed to mutations in
BEST1. The gene encodes a transmembrane protein,
bestrophin, localized at the basolateral plasma membrane of RPE cells where it acts as an anion channel
and plays a role in intracellular calcium homeostasis.9
The clinical phenotype of ADVIRC is distinct from
other bestrophinopathies, such as Best vitelliform macular dystrophy or autosomal recessive bestrophinopathy, also associated with mutations in BEST1.
Known mutations in ADVIRC are hypothesized to
result in altered splicing of BEST1 leading to either
in-frame deletions or duplications.3,5,8
This might account for the distinct ocular phenotype
and high incidence of developmental anomalies in
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Fig. 7. Multimodal retinal imaging of Patient 3, a 62-year-old woman (F614 III-3, CIC00989) carrying the heterozygous c.715G.A p.Val239Met
BEST1 mutation. Fundoscopy (Top) is normal at the posterior pole. Peripheral retina reveals bilateral circumferential annular coarse pigment migration.
Short-wavelength (Middle left) and near-infrared (Middle right) autoﬂuorescence reveals a diffuse irregular increase of autoﬂuorescence at the posterior
pole with a decreased autoﬂuorescence inferiorly and in the far periphery. On SD-OCT (Bottom), the outer hyperreﬂective bands and the outer nuclear
layer are diffusely disrupted in the right eye with a relative foveal sparing in the left in keeping with the relatively well-preserved visual acuity on this
side. An epimacular membrane is also present in the left eye.

ADVIRC.4 Only, Chen et al recently reported a new
missense mutation underlying ADVIRC [c.248G.A;
p.(Gly83Asp)], although involving the ﬁrst base of
exon 4 of BEST1 for which in vitro splicing assays

Fig. 8. CIC07935, F4434 III-1 EOG reveals severely reduced light
peak with decreased Arden ratio (125% for the right eye, 145% for the
left eye), in keeping with generalized dysfunction of the RPE.

did not demonstrate a clear effect on splicing.5 A
recent study using induced pluripotent stem cells
suggested a mislocalization of BEST1 to the apical
membrane of RPE cells in the peripheral retina during
the early developmental stage which may play a role in
the pathology.7 Further studies are needed to determine whether in vivo splicing alterations can account
for the observed ADVIRC phenotype.5,7
As previously outlined by Vincent et al,4 the three
cases reported here emphasize the high interfamilial
and intrafamilial phenotypic variability of ADVIRC.13
Clinical presentation varies in a same family (Figure 1
top) from characteristic features of ADVIRC (F2675
III-4) to atypical presentation (F2675 III-7), making
the diagnosis in this latter case difﬁcult (Table 1).
The classic peripheral band of chorioretinal hyperpigmentation between the equator and the ora serrata is
typically considered a constant feature of ADVIRC.4
However, caution must be taken because Patient 2
demonstrates that peripheral pigmentation can be
totally missing (Table 1). At the late stage of the disease, hyperpigmented band progressively reaches the
posterior pole and may also become less distinguishable, leading to chorioretinal atrophy, as shown in
Patient 5.13
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Fig. 9. Multimodal retinal imaging of Patient 4, a 71-year-old woman (F4434 III-1, CIC07935) carrying the heterozygous c.256 G.A; p.Val86Met
BEST1 mutation. Fundoscopy (Top) is normal at the posterior pole. Annular coarse pigment migration is visible in the nasal inferior part of the extreme
peripheral retina on retinophotography. Short-wavelength (Middle left) and near-infrared (Middle right) autoﬂuorescence revealed bilateral peripapillary
hypoautoﬂuorescence and subtle alterations in the macular region. On SD-OCT (Bottom), the outer hyperreﬂective bands and the outer nuclear layer
were preserved outside the peripapillary region. Spectral domain OCT also revealed vitreomacular traction in the temporomacular region of the right eye
and a macular epiretinal membrane of the left eye.

Anterior segment abnormalities are also not constant, as reported by Kellner et al14 in a family carrying
the c.256G.A mutation. None of our ﬁve patients had
microcornea, microphthalmia, or nanophthalmia.
Refraction was not speciﬁc, varying from high hyperopia to high myopia. Presenile cataract was removed
in 5/10 eyes. Two patients had narrowed angle with
history of unilateral acute angle-closure glaucoma for
one patient. Both of them were treated by bilateral
laser iridotomy (Table 1).
Electrophysiological ﬁndings are not speciﬁc of
ADVIRC so that erroneous diagnosis of rod-cone or
cone-rod dystrophy can be delivered, as reported in the
previous cases. According to Lafaut et al, ffERG
shows variable results from normal or subnormal to
severely reduced rod and/or cone amplitude responses
with normal or only slightly delayed implicit times.
Full-ﬁeld ERG amplitudes are usually normal during
the ﬁrst decade of life and tend to decrease with
aging.15 Electrooculogram was not performed in 4/5
subjects because of the severe retinal dysfunction (3/5,
F2675 III-4, F614 III-3, F4434 III-2) and the misdiagnosis of ADVIRC (1/5, F2675 III-7). According to
Han et al,16 EOG is classically abnormal at the early
phase of the disease with markedly reduced Arden

ratio, as conﬁrmed by Patient 4 and as usually
observed in BEST1-related diseases. Electrooculogram
can also rarely be normal.16,17
Autosomal dominant vitreoretinochoroidopathy is
an extremely rare disease that is not well recognized
by clinicians. It is often mistaken for more frequent
retinal dystrophies, especially at the late stage of the
disease. Differential diagnoses that should be considered for ADVIRC are retinitis pigmentosa or rod-cone
dystrophy, cone-rod dystrophy, and late-onset retinal
dystrophy. If the pathognomonic peripheral hyperpigmented band is noticed at fundus examination, ADVIRC should be considered and BEST1 genetic testing
performed. Another clinical entity called autosomal
dominant neovascular inﬂammatory vitreoretinopathy
which is linked to CAPN5 mutations should be distinguished from ADVIRC. Autosomal dominant neovascular inﬂammatory vitreoretinopathy is also an
extremely rare disease with progressive photoreceptor
degeneration and additional features including severe
intraocular inﬂammation with retinal neovascularization, intraocular ﬁbrosis, and retinal detachment,
which are not found in patients with ADVIRC.18,19
In case of high hyperopia, an alternative differential
diagnosis for ADVIRC could be posterior
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Fig. 10. Multimodal retinal imaging of Patient 5, a 66-year-old woman (F4434 III-2, CIC07936) carrying the heterozygous c.256G.A; p.Val86Met
BEST1 mutation. Fundoscopy of the posterior pole (Top) shows chorioretinal atrophic changes in the peripapillary region and the inferonasal mild
periphery of the retina. No pigmentary changes are observed in the peripheral retina. Short-wavelength (Middle left) and near-infrared (Middle right)
autoﬂuorescence reveals hypoautoﬂuorescence patches of the peripapillary region and the peripheral retina sparing the macular region. On SD-OCT
(Bottom), the outer hyperreﬂective bands are disrupted in the macular region with foveal sparing, choroidal thinning, and hyperreﬂectivity through
window defect. Spectral domain OCT also reveals bilateral macular epiretinal membrane with one foveal cystoid cyst in the left eye.

microphthalmia with retinitis pigmentosa and foveoschisis.20 However, in the later case, the disorder is
autosomal recessive, with retinal fold and foveoschisis
unlike in ADVIRC.20
The visual prognosis of ADVIRC is considered to be
less severe than rod-cone or cone-rod dystrophies.
Nevertheless, long-term follow-up of ﬁrst ADVIRC
probands revealed macular involvement with progressive visual ﬁeld constriction both leading to severe visual
impairment in the late stage of the disease.6,14 Acute
angle-closure glaucoma is another severe complication
of ADVIRC that should be detected systematically and
may be prevented by laser iridotomy in at-risk patients.

retrospective clinical diagnosis, especially of atypical
ADVIRC features. The latter diagnosis should be
systematically considered in case of peripheral chorioretinal degeneration with a sharply demarcated band of
hyperpigmentation and autosomal dominant inheritance. In such cases, it would be of interest to carefully
examine retinal periphery and perform wide-ﬁeld
imaging, to detect this characteristic peripheral hyperpigmented band. A correct diagnosis of ADVIRC may
have a signiﬁcant impact in preventing potential acute
angle-closure glaucoma by peripheral laser iridotomy in
affected individuals with narrowed anterior chamber. A
correct ADVIRC diagnosis is also essential in the
perspective of future therapies, such as gene therapy
and stem cell–derived RPE transplantation.9

Conclusion

Key words: ADVIRC, retinal dystrophy, bestrophin-1 gene, peripheral retinal hyperpigmentation, inherited retinal disease.

Autosomal dominant vitreoretinochoroidopathy is an
extremely rare disease, which is often overlooked
because of the high phenotypic variability, as reported
here. To properly diagnose it, EOG should be part of
the routine work-up providing that ffERG responses are
sufﬁciently preserved to relevantly interpret the EOG
abnormalities as related to severe RPE dysfunction.
Targeted next-generation sequencing can help for
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