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Purpose: To investigate the multimodal morphological features in the different stages of Best vitelliform macular dystro-
phy (VMD) in subjects harboring mutations in the BEST! gene, and their changes during the progression of the disease.
Methods: In this retrospective observational study performed between January 2007 and December 2012, 21 patients
(42 eyes) with Best VMD from eight families with the BEST] mutation were included. Best-corrected visual acuity
(BCVA), fundus autofluorescence (FAF), and spectral domain optical coherence tomography (SDOCT) were evaluated
at study entry and at last visit.

Results: The mean age of patients was 26.3+17.4 years. Seven new missense mutations in BEST] were identified. Mean
follow-up was 41.1£18.5 months. Mean BCVA was 0.34+0.34 LogMAR at study entry and 0.32+0.33 LogMAR at last
follow-up visit (p = 0.2). The overall lesion area on FAF increased from 6.62+4.9 mm? to 7.34+6.1 mm? (p = 0.05). At
study entry, on SD-OCT, photoreceptor inner segment ellipsoid portion (ellipsoid zone, EZ) was normal in 15 eyes,
disrupted in 14 eyes, and absent in 13 eyes. In two eyes, EZ changed from normal to disrupted during follow-up. Three
eyes of three patients showing pseudohypopyon lesions at study entry progressed to vitelliruptive lesions at the last
follow-up visit. Three eyes of three patients showing vitelliruptive lesion at study entry reverted to pseudohypopyon
lesion with overall enlargement of the lesion size.

Conclusions: Multimodal analysis allowed documenting a continuous material accumulation and reabsorption in Best
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VMD progression. Blue FAF and SD-OCT could represent noninvasive imaging techniques to monitor Best VMD.

Vitelliform macular dystrophy (VMD; OMIM #153700),
also called Best disease [1], is a clinically heterogeneous and
pleomorphic disease, in most cases showing an autosomal
dominant pattern of inheritance with extremely variable
penetrance and expressivity. BEST! (chromosome 11q12-q13)
[2], the only gene virtually involved in all dominant Best
VMD cases, encodes a 68 kDa protein called bestrophin-1
[3] that is localized to the basolateral plasma membrane of
the retinal pigment epithelium (RPE) and appears to exhibit
properties of Ca*"-activated CI~ channels [4]. Recently,
several diseases have been linked to mutations in the BEST/
gene, including autosomal recessive VMD, autosomal reces-
sive bestrophinopathy, adult-onset foveomacular vitelliform
dystrophy, autosomal dominant vitreoretinochoroidopathy,
and retinitis pigmentosa [5-11].

Autosomal dominant Best VMD has a bimodal onset
distribution with one maximum peak before puberty and a
second following puberty and extending through the fifth
decade of life [12,13]. The previtelliform stage represents
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the first of five progressive stages defined based on fundus
examination, and is characterized by absence of symptoms
and normal macula or subtle RPE alterations [14,15]. The
second stage of Best VMD, the vitelliform stage, is char-
acterized by a well-circumscribed 0.5- to 2-disc-diameter
“egg-yolk” lesion within the macula, and by symptoms of
metamorphopsia, blurred vision, and a decrease of central
vision [14,15]. This disease stage is followed by the third
stage, which involves pseudohypopyon (the yellow material
accumulated inferiorly), the vitelliruptive fourth stage (partial
resorption of the material, scrambled-egg lesion) and the atro-
phic/fibrotic fifth stage (final macular atrophy or fibrosis)
[14,15].

With the advent of optical coherence tomography (OCT),
it has been possible to anatomically examine the vitelliform
lesion in vivo. We recently reported on high-definition
spectral-domain (SD)-OCT findings in all of the progressive
stages of the disease, including the previtelliform stage [15],
and proposed that early changes in Best VMD may involve
the layer between the RPE and the inner segment and outer
segment (IS/OS) interface, first with accumulation of mate-
rial beneath the sensory retina, and then with disruption and
loss of the IS and OS. The RPE is also affected in the disease
course, with hypertrophy, disruption, and attenuation [15].
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These findings are in agreement with a knock-in mouse
model of Best VMD revealing accumulation of lipofuscin
in the RPE and debris thought to be unphagocytosed photo-
receptor OS and lipofuscin granules in the subretinal space
[16]. Unfortunately, to date, no histopathological analyses
have sampled the vitelliform lesion because patients exam-
ined postmortem had largely progressed beyond this stage.
In fact, histopathological findings in Best VMD donor eyes
only revealed abundant accumulation of lipofuscin in the
RPE [17,18], and photoreceptor degeneration over a morpho-
logically intact RPE layer [19,20]. For these reasons, in vivo
OCT imaging currently represents the best way to assess the
morphological changes in the different stages of Best VMD
with a view to gaining insight into the physiopathology of
disease progression.

Interestingly, histopathological findings suggest that
Best VMD may affect a more diffuse region than that of the
ophthalmoscopically visible lesion, as extrafoveal diffuse
macular accumulation of lipofuscin has been observed in
the RPE [18,19,21]. Blue fundus autofluorescence (FAF) is
a useful tool to assess the extent of lipofuscin accumulation
in the RPE in vivo [22-25]. However, in Best VMD, macular
autofluorescence may originate not only from lipofuscin
accumulation in the RPE, but also from debris (unphago-
cytosed photoreceptor OS) and lipofuscin accumulation in
the subretinal space [26]. In this context, when associated
with FAF imaging, OCT imaging may be extremely useful
in determining the origin of macular autofluorescence in the
different stages of Best VMD, together with the changes over
time, by showing accumulation of material either in the RPE
or in the subretinal space.

In this study, we investigated the multimodal morpholog-
ical features of the different stages of Best VMD in subjects
harboring mutations in BEST!I gene, and their changes during
the progression of the disease. This analysis will give insights
into the physiopathology of the disease by showing how the
vitelliform material accumulates and reabsorbs, accompanied
by changes in the outer and inner retinal layers.

METHODS

We longitudinally reviewed FAF and SD-OCT images of 21
Best VMD subjects from eight families with BEST/ muta-
tion followed at the Créteil University Eye Clinic between
January 2007 and December 2012. At least one subject
from each family was diagnosed with one of the progressive
stages of Best VMD, on the basis of fundus examination and
electrooculography, by two observers (GQ, EHS) [14,15,27-
29]. In each family, affected subjects were screened for the
BESTI mutation identified in the Best VMD proband by
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exome sequencing [27-29]. Informed consent was obtained
according to an approved protocol of the Paris Est Créteil
University Institutional Review Board, in agreement with
the Declaration of Helsinki. All patients underwent multiple
ophthalmological examinations during follow-up, which
included assessment of best-corrected visual acuity (BCVA)
measured at 4 m with standard Early Treatment Diabetic
Retinopathy Study charts, fundus biomicroscopy, blue FAF
(Spectralis HRA+OCT, Heidelberg Engineering, Heidelberg,
Germany), and SD-OCT (Spectralis HRA+OCT, Heidelberg
Engineering).

Macular FAF findings and outer retinal layer structures
observed in SD-OCT images were analyzed, interpreted,
and measured independently GQ and EHS. The following
features were recorded for each follow-up visit (from study
entry to last follow-up visit): 1) stage of the disease [a)
previtelliform stage; b) vitelliform stage; c) pseudohypopyon
stage; d) vitelliruptive stage; ¢) atrophic or fibrotic stage]
[14,15], as evaluated based on fundus biomicroscopy, FAF,
and SD-OCT; 2) macular blue FAF features (hyperautofluo-
rescence, hypoautofluorescence, or isoautofluorescence); 3)
overall lesion area on FAF images measured using the Heidel-
berg software (Spectralis Acquisition and Viewing Modules;
version 5.6.1.0, Heidelberg Engineering; Figure 1); 4) size
of the inhomogeneously hyperautofluorescent and hypoau-
tofluorescent components (areas) of the lesion; 5) status of
the inner segment ellipsoid portion (ellipsoid zone, EZ), also
known as the photoreceptor IS/OS interface [30,31] [a) almost
normal—no detectable EZ changes; b) disrupted; c) absent]
on central-fovea (within 500 um from the foveal depression)
SD-OCT scan; 6) reflectivity of the lesion [a) hyperreflective;
b) hyporeflective; ¢) mixed hyperreflective/hyporeflective]
as evaluated based on different SD-OCT scans (i.e. central-
fovea, superior, and inferior horizontal scans, + vertical
scans passing through the fovea); 7) central macular thick-
ness (CMT) measured using a 19-horizontal-lines protocol
(6x6-mm area), each consisting of 1,024 A-scans per line
(Spectralis Acquisition and Viewing Modules; version 5.6.1.0,
Heidelberg Engineering); 8) thickness of the neurosensory
retina at the fovea and maximal thickness and width of the
lesion, measured using the caliper provided with Spectralis
SD-OCT software (Spectralis Acquisition and Viewing
Modules; version 5.6.1.0, Heidelberg Engineering). The
values of the measurements were averaged for analysis. In
case of disagreement regarding interpretation of the different
features, or if the difference in the two readers’ (GQ, EHS)
measurements was greater than 15% of the mean of two
values, there was open adjudication.
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Figure 1. Blue fundus autofluores-
cence (FAF) and spectral-domain
optical coherence tomography
(SD-OCT) of a pseudohypopyon
lesion. Illustration of the per
protocol evaluation of the hyper-
autofluorescent (area encircled by a
continuous line) and hypoautofluo-
rescent (area encircled by a dotted
line) components of the lesion
were measured using the measured
using the Heidelberg software
(top left panel). The overall lesion
area is the sum of the hyperauto-
fluorescent and hypoautofluorescent
areas. The SD-OCT scan shows
the hyper-reflective dome-shaped
material located in the subretinal
space, between the hyper-reflective
photoreceptor inner segment (IS)
ellipsoid portion (ellipsoid zone,
EZ) and the hyperreflective retinal
pigment epithelium (RPE)/Bruch’s

membrane complex, matching with the hyperautofluorescent component of the lesion located inferiorly. The SD-OCT scan through the

fovea (asterisk) shows the partial reabsorption of the hyperreflective material and replacement by a hyporeflective fluid component (bottom

panel). The thickness of the neurosensory retina at the fovea and maximal thickness and width of the lesion was measured using the caliper

provided with the Heidelberg software (bottom panel).

Statistical calculations were performed using Statis-
tical Package for Social Sciences (version 17.0, SPSS Inc.,
Chicago, IL). The paired ¢ test was used to assess changes
in mean BCVA converted to the logarithm of the minimal
angle of resolution (LogMAR), mean overall lesion area on
FAF images, mean size of the hyper/hypoautofluorescent
components (areas) of the lesion, mean CMT, mean maximal
thickness and width of the lesion, and mean thickness of the
neurosensory retina at the fovea. Changes in mean measure-
ments and in specific features were analyzed as a whole
and by categorizing the stage of the disease at study entry.
Pearson’s coefficient was used to measure the strength of
correlations among variables. The chosen level of statistical
significance was p<0.05. For correlations with BCVA, the
significance level was adjusted to take the number of correla-
tions into account (o = 0.0167; Bonferroni’s adjustment for
multiple correlations).

RESULTS

Genetic analysis: The screening of the 11 exons encoding
BESTI in eight unrelated families resulted in the identifica-
tion of seven previously reported different missense muta-
tions clustered in exons 2, 4, and 7 [27-29] (Table 1).

Clinical data and multimodal imaging at study entry: We
examined 42 eyes of 21 patients harboring BEST! mutations
(10 male, 11 female; Table 1). The mean age of patients was
26.3+17.4 years. Age of onset (at time of diagnosis) varied
between 2 and 71 years (median = 20). At study entry,
LogMAR BCVA ranged between 0 and 1 LogMAR (mean,
0.34+0.34 LogMAR); significant correlation was found
between BCVA and EZ status at fovea (Pearson’s correla-
tion —0.4, p<0.001). All patients had typical bilateral macular
lesions, except one who had unilateral macular lesion (Case
20), and one that presented with multifocal bilateral lesions
(Table 1).

Early stage lesions were characterized by the accumu-
lation of yellowish material within the macula or outside
the macular area (multifocal lesions), giving an aspect of
foveal granularity (previtelliform lesions) or a typical, well-
circumscribed yellow “egg yolk™ (vitelliform lesions). This
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Figure 2. Patient #9. Blue fundus
autofluorescence (FAF) and
spectral-domain optical coherence
tomography (SD-OCT) reveal the
left eye affected with previtel-
liform lesion at both study entry
and last follow-up visit (50 months
later). Blue FAF frames show no
increased macular autofluorescence
at either study entry (top left panel)
or the last follow-up visit (bottom
left panel). SD-OCT scans show
a slight thickening of the hyper-
reflective band located between
the hyperreflective photoreceptor
inner segment (IS) ellipsoid
portion (ellipsoid zone, EZ) and the

hyperreflective retinal pigment epithelium (RPE)/Bruch’s membrane complex at study entry (top right panel) and the last follow-up visit

(bottom right panel).

material showed no or only slight autofluorescence in the
previtelliform stage (Figure 2), but was highly autofluores-
cent in the vitelliform stage (Figure 3). On SD-OCT scans,
the previtelliform stage was characterized by a slight thick-
ening of the hyperreflective band located between the hyper-
reflective EZ and the hyperreflective RPE/Bruch’s membrane
complex (representing a thickening of the RPE/OS junction,
also known as the interdigitation zone, I1Z) [30,31] (Figure 2),
while it appeared as a hyperreflective dome-shaped lesion
located in the subretinal space between the EZ and the RPE/
Bruch’s membrane complex (representing a further thick-
ening of the 1Z; Figure 3).

Later stages included pseudohypopyon (Figure 4,
Figure 5, and Figure 6) and vitelliruptive lesions (Figure
7; scrambled-egg aspect with dispersion of the vitelliform
material without sign of atrophy or fibrosis), characterized
by partial/complete reabsorption of the yellowish material
and replacement by a fluid component showing no increased
fluorescence on FAF or reflectivity on OCT examination
(Figure 4, Figure 5, Figure 6, and Figure 7). Late lesions were
characterized by reduced fluorescence on FAF due to partial/
complete atrophy (with or without residual dispersed mate-
rial; Figure 8) or fibrosis (with no detectable active choroid
neovascularization) within the area previously occupied by
the yellowish material (Figure 9). It is noteworthy that all

of these late lesions were characterized by the presence of a
hyperautofluorescent ring.

Based on fundus biomicroscopy, blue FAF, and SD-OCT
at study entry, the macular lesions were counted as follows
(Table 1): 1) no lesions: one eye of one patient; 2) previtel-
liform lesions: 11 eyes of six affected patients; 3) vitelliform
lesions: one eye of one affected patient; 4) pseudohypopyon:
six eyes of six affected patients; 5) vitelliruptive lesions
(scrambled-egg aspect with dispersion of the vitelliform
material without sign of atrophy or fibrosis): eight eyes of
seven affected patients; 6) atrophic lesions (atrophy with
or without residual dispersed material): four eyes of two
patients; and 7) Fibrotic lesions: 11 eyes of eight patients.

Clinical and multimodal imaging changes during follow-up:
A patient with unilateral macular lesion at study entry (Case
20) still showed no lesion in the fellow eye at last follow-up
visit. Eleven eyes of six affected patients (Cases 9, 12, 14,
15, 17, and 19) showing previtelliform lesions still exhibited
previtelliform lesions at the last follow-up visit (Figure 2).
One eye of one patient (Case 2) showing vitelliform lesions at
study entry still showed vitelliform lesions at the last follow-
up visit (Figure 3). Three eyes of three patients (Cases 1, 12,
and 18) showing pseudohypopyon lesions at study entry still
showed pseudohypopyon lesions at the last follow-up visit
(Figure 6). Five eyes of four patients (Cases 1, 10, 11, and
21) showing vitelliruptive lesions at study entry still showed
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Figure 3. Patient #2. Blue fundus
autofluorescence (FAF) and
spectral-domain optical coherence
tomography (SD-OCT) reveal the
right eye affected with vitelliform
lesion at both study entry and last
follow-up visit (61 months later).
Blue FAF frames show a highly
autofluorescent macular lesion at
study entry (top left panel, arrow-
head), which was enlarged at the
last follow-up visit (bottom left
panel, arrowhead). SD-OCT scans
show a hyperreflective dome-
shaped lesion located in the subret-
inal space, between the hyperreflec-
tive photoreceptor inner segment

(IS) ellipsoid portion (ellipsoid
zone, EZ) and the hyperreflective
retinal pigment epithelium (RPE)/Bruch’s membrane complex at study entry (top right panel), which had increased at the last follow-up
visit (bottom right panel).

Figure 4. Patient #16.Blue fundus
autofluorescence (FAF) and
spectral-domain optical coherence
tomography (SD-OCT) reveal the
left eye affected with pseudohy-
popyon lesion at study entry and
vitelliruptive lesion last follow-up
visit (12 months later). Blue FAF
frames and SD-OCT scans at study
entry (top left and top right panels)
show a partial reabsorption of the
hyperautofluorescent (arrowhead)/
hyperreflective material (asterisk)
located between the hyperreflec-
tive photoreceptor inner segment
(IS) ellipsoid portion (ellipsoid
zone, EZ) and the hyperreflective
retinal pigment epithelium (RPE)/
Bruch’s membrane complex, and

replacement by a fluid component.
At the last follow-up visit, blue FAF
frames and SD-OCT scans (bottom left and bottom right panels) show further reabsorption of the hyperautofluorescent (arrowhead)/hyper-
reflective material (asterisk).
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Figure 5. Patient #18. Blue fundus
autofluorescence (FAF) and
spectral-domain optical coherence
tomography (SD-OCT) reveal the
left eye affected with pseudohypo-
pyon lesion at study entry and vitel-
liruptive lesion last follow-up visit
(63 months later). Blue FAF frames
and SD-OCT scans at study entry
(top left and top right panels) show
almost complete absence (reabsorp-
tion) of the autofluorescent/hyper-
reflective material, which has been
replacement by a fluid component.
At the last follow-up visit, blue FAF
frames and SD-OCT scans (bottom
left and bottom right panels) show
development of the hyperautofluo-
rescent (arrowhead)/hyperreflective
material (asterisk).

Figure 6. Patient #1.Blue fundus
autofluorescence (FAF) and
spectral-domain optical coherence
tomography (SD-OCT) reveal
the right eye affected with pseu-
dohypopyon lesion at both study
entry and last follow-up visit (61
months later). Blue FAF frames and
SD-OCT scans at study entry (top
left and bottom right panels) show
a partial reabsorption of the hyper-
autofluorescent (arrowhead)/hyper-
reflective material (asterisk) and

replacement by a fluid component.
During follow-up, blue FAF frames and SD-OCT scans (top middle and bottom middle panels) show further reabsorption of the hyperau-

tofluorescent (arrowhead)/hyperreflective material (asterisk). At the last follow-up visit, blue FAF frames and SD-OCT scans (top left and
bottom right panels) show development of the hyperautofluorescent (arrowhead)/hyper-reflective material (asterisk).

582


http://www.molvis.org/molvis/v20/575

Molecular Vision 2014; 20:575-592 <http:/www.molvis.org/molvis/v20/575> © 2014 Molecular Vision

Figure 7. Patient #21.Blue fundus
autofluorescence (FAF) and
spectral-domain optical coherence
tomography (SD-OCT) reveal the
right eye affected with vitellirup-
tive lesion at both study entry and
last follow-up visit (50 months
later). Blue FAF frames and
SD-OCT scans at study entry (top
left and bottom right panels) show
reabsorption of the hyperautofluo-
rescent/hyperreflective subretinal
material (asterisk) and replacement
by a fluid component. At the last
follow-up visit, blue FAF remained
almost unchanged (top right panel),
while SD-OCT showed a decrease
in subretinal fluid (asterisk; bottom

right panel).

vitelliruptive lesions at the last follow-up visit (Figure 7). follow-up visit (Figure 8). Eleven eyes of eight patients (Cases
Four eyes of two patients (Cases 4 and 7) showing atrophic 3,6,8, 11, 13, 16, 20, and 21) showing fibrotic lesions at study
lesions at study entry still showed atrophic lesions at the last

Figure 8. Patient #5.Blue fundus
autofluorescence (FAF) and
spectral-domain optical coherence
tomography (SD-OCT) reveal the
right eye affected with atrophic
lesion at both study entry and last
follow-up visit (38 months later).
At study entry (top left and bottom
left panels), blue FAF frames show
reduced autofluorescence (with
some residual dispersed auto-
fluorescent material), and SD-OCT
shows atrophic changes (diffuse
loss of photoreceptor and other
sensory retina layers, with retinal
pseudocysts [asterisk] and outer
retinal tabulation [arrowhead])
within the area previously occupied
by the yellowish material. Blue FAF
and SD-OCT findings appear unchanged at the last follow-up visit (top right and bottom right panels). Note the presence of a hyperauto-
fluorescent ring.
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Figure 9. Patient #6. Blue fundus
autofluorescence (FAF) and
spectral-domain optical coherence
tomography (SD-OCT) reveal the
right eye affected with fibrotic
lesion at both study entry and last
follow-up visit (24 months later). At
study entry (top left and top right
panels), blue FAF frames show
central (arrowhead) reduced auto-
fluorescence (with some residual
dispersed autofluorescent material),
and SD-OCT shows a prominent
highly hyperreflective thickening
at retinal pigment epithelium level,
inducing marked anterior bulging,
accompanied by diffuse loss and
thinning of the sensory retina
(asterisk). Blue FAF and SD-OCT
findings appear unchanged at the
last follow-up visit (bottom left and
bottom right panels). Note the pres-
ence of a hyperautofluorescent ring.

entry still showed fibrotic lesions at the last follow-up visit
(Figure 9).

Three eyes of three patients showing pseudohypopyon
lesions at study entry progressed to vitelliruptive lesions at
the last follow-up visit (Figure 4). Interestingly, three eyes
of three patients showing vitelliruptive lesion at study entry
reverted to pseudohypopyon lesion with overall enlargement
of the lesion size (Figure 5). Moreover, one eye of one patient
with pseudohypopyon lesion at study entry, and pseudohypo-
pyon lesion at the last follow-up visit, reverted to vitellirup-
tive lesion during follow-up (Figure 6).

Clinical data and multimodal imaging at the last follow-up
visit: Mean follow-up for the overall study population (42
eyes of 21 patients) was 41.1+18.5 months. At last follow-up
visit, LogMAR BCVA ranged between 0 and 1 LogMAR
(mean, 0.02+0.06 LogMAR); a significant correlation was
found between BCVA and EZ status at the fovea (Pearson’s
correlation —0.6, p<0.001).

Based on fundus biomicroscopy, blue FAF, and SD-OCT
at study entry, the macular lesions were counted as follows
(Table 1): 1) no lesions: one eye of one patient; 2) previtel-
liform lesions: 11 eyes of six affected patients; 3) vitelliform
lesions: one eye of one affected patient; 4) pseudohypopyon:
six eyes of five affected patients; 5) vitelliruptive lesions:

eight eyes of seven affected patients; 6) atrophic lesions: four
eyes of two patients; and 7) fibrotic lesions: 11 eyes of eight
patients.

Changes in mean measurements (mean BCVA, mean
overall lesion area on FAF images, mean size of the hyper/
hypoautofluorescent components of the lesion, mean CMT,
mean maximal thickness and width of the lesion, and mean
thickness of the neurosensory retina at the fovea) and in
specific features (macular FAF features, status of the EZ,
reflectivity of the lesion on SD-OCT scans, presence/absence
of focal RPE thickenings (“RPE bumps”), and presence/
absence of retinal pseudocysts), evaluated as a whole, and
by categorizing the stage of the disease at study entry are
reported in Table 2, Table 3, Table 4, and Table 5.

DISCUSSION

In this study, we investigated the multimodal morphological
features of Best VMD in subjects harboring mutations in
BESTI gene, and their changes during the progression of the
disease. Due to the paucity of histopathological data on the
natural course of the disease, this analysis represents a unique
opportunity to gather insights into the physiopathology of
Best VMD.
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TABLE 2. CHANGES IN MEAN MEASUREMENTS AND IN SPECIFIC FEATURES IN PATIENTS WITH BEST VITELLIFORM MACULAR DYSTROPHY.

Last visit

Mean measurements and specific features Study entry (41.14+18.5 PQ1) PQ2) P@3)
months)
BCVA (LogMAR) 0.34+0.34 0.32+0.33 0.2 -
Overall lesion area (mm?) 6.62+4.9 7.34+6.1 0.05 0.03 0.04
Hyperautofluorescent component of the lesion 410437 416£37 03 0.06 0.05
(mm’)
Hypoautofluorescent component of the lesion 294427 32042 8 07 0.07 0.06
(mm?)

Hypo=29/ Hypo=29/

FAF fovea (n) Hyper=3/ Hyper=3/ - 0.7 0.7
Iso=10 Iso=10
Normal=15/ Normal=13 /
EZ status fovea (n) Disrupted=14/ Disrupted=16 / - <0.001 <0.001

Absent=13 Absent=13

Mixed=22 / Mixed=22 /
OCT reflectivity (n) Hyper=12/ Hyper=12/ - 0.2 0.4

Hypo=3 Hypo=3

Maximal OCT lesion thickness (um) 299.87+187.8 315.21£161.0 0.5 0.03 0.03
Maximal OCT lesion width (um) 2503.41+£975.0 2546.07£1125.2 0.1 0.4 0.6
OCT neurosensory retinal thickness fovea (um) 89.25+28.5 90.85+40.9 0.9 0.03 0.02
CMT (pm) 341.08+178.5 351.17+156.7 0.8 0.1 0.2

BCVA: best-corrected visual acuity; CMT: central macular thickness; FAF: fundus autofluorescence; EZ: Ellipsoid Zone; LogMAR:
logarithm of the minimal angle of resolution; n: number of eyes; OCT: optical coherence tomography; RPE: retinal pigment epithelium;
P (1) statistical significance of change between baseline and last visit; P (2) statistical significance of correlation with BCVA at baseline;
P (3) statistical significance of correlation with BCVA at last follow up visit.

Overall, we found that the previtelliform lesions (char-
acterized on blue FAF by absence or only slight autofluores-
cence and on SD-OCT by a slight thickening of the hyper-
reflective band located between the hyperreflective EZ and
the hyperreflective RPE/Bruch’s membrane complex [i.e., the
1Z]) did not progress to a different disease stage over a mean
period of 34.3£19.7 months in all 11 eyes (six patients; Table
1 and Table 3). Patients presenting the previtelliform stage of
the disease were generally younger than patients presenting
more advanced stages (Table 1). In the current series, this
may have accounted for the absence of progression of all
previtelliform lesions and does not exclude the possibility
that this stage might progress to advanced stages later in life.

The vitelliform lesion (characterized on blue FAF by
well-circumscribed high autofluorescence within the macula
and on SD-OCT by a dome-shaped hyperreflectivity located
in the subretinal space [between the EZ and the RPE/Bruch’s
membrane complex]) was found in only one eye (one patient;
Table 1), and after 61 months, we did not observe a progres-
sion to a more advanced stage of the disease (Table 1 and

Table 3). However, on FAF, the vitelliform lesion showed
an enlargement of the hyperautofluorescent lesion (from
0.28 mm? to 0.36 mm?), and on SD-OCT, an increase of
both CMT (from 278 um to 310 pm) and the hyperreflective
subretinal lesion was observed (thickness: from 175 pm to
210 pm; width: from 601 um to 687 um; Table 3).

Pseudohypopyon lesions (characterized on blue FAF
by a well-circumscribed high autofluorescence within the
inferior-macula and on SD-OCT by a hyperreflectivity
located in the inferior-macula subretinal space [between the
EZ and the RPE/Bruch’s membrane complex]) were possibly
due to partial reabsorption of the hyperautofluorescent (FAF)
and hyperreflective (SD-OCT) material (replaced by a fluid
component, showing no increased fluorescence on FAF or
reflectivity on SD-OCT examination) and sedimentation
of residual material according to the laws of gravity. Pseu-
dohypopyon lesions did not progress to a different disease
stage over a mean period of 45.3+£28.9 months in three
eyes (three patients; Table 1 and Table 3). In these eyes, the
pseudohypopyon lesion showed a slight enlargement of the
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overall lesion area (from 6.9343.8 mm? to 7.24+4.6 mm?,
p = 0.6) and a decrease of the hyperautofluorescent lesion
(from 3.19£1.2 mm? to 2.64+1.6 mm?, p = 0.07; Table 3—
Table 4) on FAF. On SD-OCT, a slight decrease of both
CMT (from 450.4+41.4 pm to 423.0+60.8 um, p = 0.1) and
the mixed hyper/hyporeflective subretinal lesion (thick-
ness: from 321.4+71.8 um to 293.5+88.4 pm, p = 0.2; width:
from 2,925.4+£320.6 um to 2,815.0+£331.8 um, p = 0.1) was
recorded (Table 3—Table 4). On the other hand, pseudohy-
popyon lesions progressed to vitelliruptive lesions in three
eyes (three patients) after 32.3425.5 months (Table 1 and
Table 3). In these eyes, the overall lesion area decreased
slightly (from 5.32+2.9 mm? to 5.16+£3.3 mm?, p = 0.6) and
the hyperautofluorescent lesion disappeared (Table 3-Table
4). On SD-OCT, a modest decrease of both CMT (from
332.0+13.7 um to 323.0+21.1 um, p = 0.1) and the hyper/hypo-
reflective subretinal lesion (thickness: from 226.5+13.2 um
to 215.6£15.4 um, p = 0.1; width: from 2,110.5+895.9 um
2056.0+648.4 um, p = 0.3) was recorded (Table 3—Table 4).

Vitelliruptive lesions, characterized by no increased
autofluorescence and reflectivity on blue FAF and SD-OCT,
respectively, were possibly due to complete reabsorption of
the material and replacement by a fluid component. Vitel-
liruptive lesions did not progress to a different discase stage
over a mean period of 52.8+4.6 months in five eyes (four
patients; Table 1 and Table 3). In these eyes, the vitelliruptive
lesion showed a minor enlargement of the hypoautofluo-
rescent lesion (from 5.15+4.0 mm? to 5.5+4.0 mm?, p = 0.1;
Table 3 and Table 5). On SD-OCT, a slight increase of CMT
(from 361.4+52.2 um to 365.6+£33.9 um, p = 0.8) and a modest
decrease of the hyporeflective subretinal lesion (thickness:
from 233.6£99.6 pm to 188.8+120.4 pm, p = 0.02; width: from
2283.0+822.6 pm 1818.8+592.0 um, p = 0.07) were recorded
(Table 3 and Table 5). On the other hand, after a mean of
45.1£17.6 months, we did not find a progression to a more
advanced stage of the disease in any case (Table 1 and Table
3). Interestingly, vitelliruptive lesions reverted to pseudohy-
popyon lesions in three eyes (three patients) after 53.0+£25.5
months (Table 1 and Table 3). In these eyes, the overall
lesion area showed a modest increase (from 4.57+2.7 mm?
to 5.36+3.0 mm?, p = 0.1) and a hyperautofluorescent lesion
appeared (mean 1.87+1.5 mm?; Table 3 and Table 5). On
SD-OCT, a slight increase of both CMT (from 397.2+61.4 um
to 417.0£52.3, p = 0.1) and the hyporeflective subretinal
lesion (thickness: from 285.2444.2 pm to 291.5+51.6 um, p
= 0.1; width: from 2,289.2+382.1 um to 2,329.5+457.5 um, p
= 0.3) was recorded (Table 3 and Table 5). It is noteworthy
that one eye of one patient with a pseudohypopyon lesion
at study entry first reverted to vitelliruptive lesion and then
progressed to pseudohypopyon lesion once more (Figure 6).

© 2014 Molecular Vision

Atrophic lesions, characterized by decreased autofluo-
rescence on blue FAF and by diffuse loss of photoreceptor
and other sensory retina layers on SD-OCT, did not progress
to a different disease stage over a mean period of 31.0+8.0
months in all four eyes (two patients; Table 1 and Table 3).
In these eyes, we did not find an enlargement of either the
overall lesion area (from 3.72+2.5 mm? to 3.70£2.9 mm?, p
= 0.2) or the hypoautofluorescent lesion (from 2.23+£2.2 um
to 2.21£2.8 um, p = 0.3; Table 3). On SD-OCT, no change of
CMT (from 168.0+34.5 um to 163.5+39.5 um, p = 0.5) was
recorded (Table 3).

Fibrotic lesions were characterized by inhomogeneous
areas of absolute hypoautofluorescence mixed with hyperau-
tofluorescence (due to some residual dispersed autofluores-
cent material) on blue FAF and by a prominent, highly hyper-
reflective thickening at the RPE level. This induced a marked
anterior bulging, accompanied by diffuse loss and thinning
of the sensory retina on SD-OCT, and did not progress to
a different disease stage over a mean period of 41.7£16.8
months in any of 11 eyes (eight patients; Table 1 and Table
3). In these eyes, we did not find an enlargement of either the
overall lesion area (from 8.59+5.3 mm? to 8.57+6.2 mm?, p
= 0.7) or the hypoautofluorescent lesion (from 3.18+1.0 um
to 3.15+1.2 um, p = 0.8; Table 3). On SD-OCT, no change in
CMT (from 458.34249.7 um to 457.24245.2 um, p = 0.2) was
recorded (Table 3).

Taken together, the current findings suggest that Best
VMD should be considered as a dynamic disease-alternating
phases of material accumulation and reabsorption in its
progression: This is characterized by centrifugal expansion
(mainly downward due to gravitation) and contraction, at
least until development of the end-stage form of the disease
(atrophic lesions do not appear to expand over time). All of
these elements together favor the concept that RPE-mediated
changes in the ionic environment of the subretinal space
may lead to aberrant interaction between photoreceptors and
the RPE, resulting in the continuous accumulation of fluid
and OS debris in the subretinal space [15,26-29,32,33]. In
turn, multimodal imaging features in the different stages of
Best VMD, and their changes during the progression of the
disease, suggest that although the abnormal protein encoded
by BEST gene is expressed in the RPE, its primary anatomic
impact should be at the photoreceptor level [15,26-29,32,33].

In the current series, we were not able to identify any
factors related either with the bimodal onset of autosomal
dominant Best VMD [12,13] or with the disease progression
through different stages. Particularly, if we look at Family 1
(Table 1), while Case 1 presented as early as at the age of 18
years old with pseudohypopyon and vitelliruptive lesions in
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the right eye (RE) and left eye (LE) respectively (third and
fourth stage, respectively) [14,15], while Case 2 presented
at the older age of 44 years with vitelliform and pseudohy-
popyon lesions in the RE and LE, respectively (second and
third stage, respectively) [14,15]. Interestingly, while in the
older family member_(Case 2), the vitelliform lesion did not
progress over 61 months, the pseudohypopyon lesion (a more
advanced stage) did progress to the vitelliruptive lesion;
on the other hand, in the younger family member (Case 1),
neither the pseudohypopyon nor the vitelliruptive lesions (i.e.,
more advanced stages) progressed over 61 months.

This study had several limitations, including its retro-
spective design, the relatively short duration of follow-up, and
the small number of patients included. However, our analysis
provides valuable information on the modalities of Best VMD
progression, and on the rate of material/fluid accumulation
until the development of the end-stage atrophic form of
the disease, which may be used not only in the counseling
affected patients, but also in the planning of therapeutic clin-
ical trials for this dominantly inherited macular dystrophy. In
conclusion, we documented a continuous material accumula-
tion and reabsorption in Best VMD progression. Blue FAF
and SD-OCT are important noninvasive imaging techniques
to monitor Best VMD.
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