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Abstract
Objectives: To describe the clinical manifestations and electrophysiologic findings of Best vitelliform macular
dystrophy (BVMD) in Thailand.
Materials and Methods: A retrospective review included of 26 eyes of 13 patients with a diagnosis of BVMD
from January 2004 to December 2017 in Siriraj hospital, Bangkok, Thailand. Demographic data, clinical
manifestations, ophthalmic examination, electro-oculogram (EOG) and full-field electroretinogram (ERG)
findings were described in the study.
Results: The age at the first presentation was 40.6+19.7 years (range 8 to 69 years). There were 8 males
(61.5%) and 5 females (38.5%). The presenting symptoms were blurred vision in 9 patients (69.2%), asymptomatic in 3 patients (23.1%), and color blindness in 1 patient (7.7%). All patients had bilateral lesions. The
majority of eyes (11 eyes, 42.3%) were in previtelliform stage at the beginning with near-normal vision. Visual
impairment was found in patients with atrophic stage. All patients demonstrated normal ERG with abnormal
EOG. Arden ratio was 1.35+0.29 and 1.27+0.15 in right and left eyes, respectively. During mean follow-up time
of 37.4+56.4 months (range 1 to 155 months), 4 eyes were unable to record the last follow-up fundus lesion.
Conclusion: BVMD patients showed a variable clinical expression. The findings in dissociation of ERG and
EOG play an important role for a definite diagnosis of BVMD. Further investigation according to genetic
mutation analysis will facilitate the genetic features of BVMD in Thailand. Thai J Ophthalmol 2018; JanuaryJune 32(1): 13-24.
Keywords: Best vitelliform macular dystrophy; Bestûs disease; Electroretinogram; Electro-oculogram;
Thailand.
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Introduction
Best vitelliform macular dystrophy (BVMD), or
Bestûs disease, is a rare autosomal dominant disorder which was firstly described by Dr. Friedrich Best
in 1905 in a German family with a presentation of
yellowish yolk-like lesion in the macula in childhood.
The disease is caused by mutations in BEST1 or
VMD2 gene on chromosome 11q13, resulting in
dysfunction of retinal pigment epithelium (RPE)ûs
transmembrane protein called bestrophin-1.(1-3)
Abnormal ion transportation occurs and leads to
lipofuscin accumulation within retinal pigment
epithelium (RPE) cells and sub-RPE space.(4) Almost
all patients remain asymptomatic until late complications develop such as the vitelliform lesion breakup,
RPE atrophy and choroidal neovascularization. The
diagnosis is confirmed by a distinctive fundus lesion
and a dissociation of low Arden ratio of electrooculogram (EOG) with a normal electroretinogram
(ERG). To date, there have been more than 200 of
BEST1 mutations reported worldwide with a variable
clinical features and course of disease.(5)
Best vitelliform macular dystrophy has been
increasingly diagnosed in Siriraj hospital, a tertiary
care center in Bangkok, Thailand. This publication
describes clinical manifestations and electrophysiologic findings of Best vitelliform macular dystrophy
in Siriraj hospital, Bangkok, Thailand from January
2004 to December 2017 (13 years) to gain more
information of this rare disease in Thai patients with
a literature review.

Methods
This study was approved by the Committee for
the Protection of Human Participants in Research at

the Faculty of Medicine Siriraj Hospital, Mahidol
University, Bangkok, Thailand [COA no. Si 743/2017],
and followed the principles of the Declaration of
Helsinki and its amendments. Written informed
consent was obtained from all patients.
Thirteen patients with a diagnosis of BVMD
were recruited in the study. This was a retrospective
review in Department of Ophthalmology, Siriraj
hospital from January 2004 to December 2017. The
diagnosis was confirmed by the characteristic
vitelliform lesion in the fundus and low Arden ratio
from the EOG with normal ERG. Patients with uncertain diagnosis according to questionable fundus
appearances and electrophysiologic findings were
excluded from the study. All patients underwent
complete ophthalmic examinations included bestcorrected visual acuity (BCVA) and fundus examination. Full-field ERG and EOG were performed by using
VERISTM Science software version 6.0.3 (ElectroDiagnostic Imaging, Inc., CA, USA). The decreased
or low Arden ratio was defined as a number less
than 1.6 from the EOG.(5)
The BCVA was converted to a logarithm of the
minimum angle of resolution (logMAR) equivalent.
The grading of five stages of fundus appearance
was based on Mohler and Fine classification; previtelliform, vitelliform, psuedohypopyon, vitelliruptive,
and atrophic stage.(6)
Statistical data were calculated by using
Statistical Package for the Social Sciences software,
version 23.0 (SPSS Inc., Chicago, Illinois). Demographic data, history of the disease, fundus appearances and results from electrophysiologic tests were
retrospectively reviewed and shown as number and
percentage or mean with standard deviation.
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a

R = right; L = left; F = female; M = male; BCVA = best-corrected visual acuity; ERG = electroretinogram; EOG = electro-oculogram; F/U = follow up.
Patient 4 was patient 3ûs elder sister.
b
Patient 3, 4, and 7 were previously described by Atchaneeyasakul and co-workers.(26)
c
NA = Data was not available because patients were lost to follow-up.

Table 1 Clinical findings of patients with Best vitelliform macular dystrophy
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Results
A total of 13 patients with BVMD were included in the study (table 1). There were 8 males
(61.5%) and 5 females (38.5%). The age at the first
visit ranged from 8 to 69 years with a mean age of
40.6+19.7 years. Presenting symptoms were blurred
vision in 9 patients (69.2%) and color blindness in
1 patient (7.7%). Three patients (23.1%) were asymptomatic. Patient 2 and 5 were accidentally diagnosed during routine eye screening for deferoxamine
and hydroxychloroquine, respectively. Patient 4 had
a positive family history of BVMD (Patient 3). Mean
follow-up time was 37.4+56.4 months (range 1-155
months).
All patients had bilateral lesions. The mean

BCVA at baseline visit was 0.31+0.25 (0.00-1.00) and
decreased to 0.45+0.57 (0.00-2.60) at the last visit.
The fundus appearance showed various stages of
lesion. Of 26 eyes, 11 eyes (42.3%) presented with
previtelliform lesion characterized by a normal macula
or minimal RPE changes. At the last visit, 5 of 11
eyes (45.5%) remained in the same stage with a
mean BCVA from 0.14+0.21 to 0.12+0.16 LogMAR.
Four of 11 eyes (36.4%) progressed to atrophic stage
with a decreased BCVA from 0.45+0.26 to 1.03+1.11
LogMAR. Two of 11 eyes (18.2%) were unable to
record the last follow-up fundus lesion.
Four of 26 eyes (15.4%) showed vitelliform
lesion or a typical yolk-like lesion at the beginning
(Figure 1). At the last visit, 2 of 4 eyes (50%)

Figure 1 Fundus photographs of the left eye of patient 3 show a vitelliform stage with a yolk-like lesion at the first
visit (A), a vitelliruptive stage in a following month (B), and a scar stage with fibrotic changes in the next
4 months (C) (Colored figures are on page 45)
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Figure 2 Fundus photographs of patient 11 show a vitelliform stage in the right eye (A) and a vitelliruptive stage in
the left eye (B) at the first visit. After 30 months, the lesions progressed to pseudohypopyon stage in the
right eye (C) and an atrophic stage in the left eye (B). (Colored figures are on page 46)

remained in vitelliform with a BCVA from 0.40+0.28
to 0.50 LogMAR. One of 4 eyes (25%) became a
psuedohypopyon lesion (Figure 2) with a BCVA from
0.00 to 0.10 LogMAR. One of 4 eyes (25%) progressed to atrophic stage with a BCVA from 0.20 to
0.50 LogMAR.
Three of 26 eyes (11.5%) presented with
vitelliruptive lesion, characterized by a breakup of
the vitelliform lesion or scrambled-egg lesion, without atrophic changes. One of 3 eyes (33.3%) was in
the same stage with a mean BCVA of 0.30 LogMAR,
and the others changed to atrophic lesion with a
mean BCVA from 0.30+0.28 to 0.05+0.07 LogMAR.

Eight of 26 eyes (30.8%) showed atrophic
lesion at the first visit, which 6 of 8 eyes (75%)
remained in atrophic stage with a decreased mean
BCVA from 0.47+0.28 to 0.70+0.48 LogMAR. Two of
8 eyes (25%) had unavailable records of last fundus
examination.
All patients had a decreased Arden ratio from
the EOG in bilateral eyes except patient 6 who had
a normal EOG in one eye and an abnormal EOG in
the other. All of them had normal full-field ERG
findings. The mean Arden ratio was 1.35+0.29 and
1.27+0.15 in right and left eyes, respectively.
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Discussion
BVMD is inherited in an autosomal dominant
pattern. Because of the rarity, the prevalence is still
unknown. This slowly progressive disease has an
early onset in the 1st decade of life which begins
typically in a child from 3 to 15 years old.(5) Several
studies have reported a late onset BVMD which
extends through 6th decade of life.(7,8) Initially, the
patients are asymptomatic and then progress to
blurred vision, decreased central vision and metamorphopsia in later stage.(5,9) The disease usually
affects bilaterally and symmetrically.
Based on fundus findings, BVMD can be
categorized into 5 stages by Mohler and Fine classification.(6) In stage 1 (previtelliform stage), the fundus
shows normal macula or minimal RPE alterations.
The vision appears normal. In stage 2 (vitelliform
stage), there is a yellowish, well-circumscribed, homogenous material within the macula, sometimes
multifocal. The size of this yolk-like lesion can range
from 0.5 to 3 mm with central elevation at the fovea.
VA remains normal or minimally decreased to 20/50.
In stage 3 (psudohypopyon stage), the vitelliform
substance breaks and accumulates within sub-RPE
space. The fundus shows horizontal fluid-level
with yellowish material collecting at the inferior
part of the lesion. In stage 4 (vitelliruptive stage), a
partial reabsorption of the vitelliform lesion occurs,
resulting in less homogenous, scrambled-egg lesion.
VA can reduce to 20/100 at this stage. In stage 5
(atrophic stage), fibrosis and scar develop at the
macula.(9-11) Choroidal neovascularization and subretinal hemorrhage can occur in this stage and are
associated with markedly decreased VA.(12)

In this study, the onset of disease was
variable, ranging from 1st to 7th decade of life. Haft
of our patients were diagnosed in their young
adulthood, while the rest of them were in their middle
to late adulthood. The patients may experience no
symptoms until the disease progressed to later stage
and this diminution of vision brought them to the
hospital. The most common presenting symptom in
our patients was blurred vision and almost all of
them already had developed more than vitelliform
lesion at the first visit. Asymptomatic patients were
in their previtelliform stage which were accidental
findings and their BCVA appeared normal or mildly
decreased. The visual impairment was found in
patients with atrophic stage.
The dissociation of a normal full-field ERG with
an abnormal EOG is a hallmark of the disease.(5) In
all stages, the full-field ERG usually appears normal.
EOG reveals decreased to absent light rise and
abnormal Arden ratio, commonly between 1.0-1.3.
In our study, electrophysiological findings played
an important role to detect asymptomatic BVMD
patients and carriers. However, Renner et al. reported
a BVMD patient with a normal EOG.(8) Wabbels et al.
identified a normal EOG in 2 young patients and
1 carrier with Ile295del mutation.(13) Testa et al.
described a Phe305Leu mutation in 3 members in
an Italian family and all of them had a normal EOG.(14)
One patient in this study also had an abnormal EOG
in only one eye, therefore, further genetic study could
gain more information according to these findings.
Several studies have reported the association
between BEST1 gene mutations and late-onset
BVMD(7, 8) and a spectrum of retinal diseases; best
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vitelliform macular dystrophy, adult onset vitelliform
macular dystrophy, autosomal recessive bestrophinopathy, autosomal dominant vitreoretinochoroidopathy, and retinitis pigmentosa.(5,11,15,16) Since the
disease can be misdiagnosed as other macular
disorders, apart from fundus examination, electrophysiological findings can distinguish BVMD at even
very early stages. Other diagnostic modalities such
as optical coherence tomography (OCT), fundus
fluorescein angiography (FFA), and fundus autofluorescence (FAF) can be performed.(5) Genetic testing
is an important tool to confirm a diagnosis of BVMD,
especially in uncertain cases. It can detect BEST1
gene mutations in approximately 96% of people with
positive family history, and 50-70% of people with
no family history of BVMD.(17)

Genetic analysis
BVMD is an autosomal dominant disease
caused by mutations in the gene on chromosome
11q13 region named BEST1 gene, or previously
named VMD2 gene.(18,19) In 1998, Petrukhin et al.
proposed that the BEST1 gene encoded a protein
called bestrophin, therefore, BEST1 gene mutations
could alter the bestrophin protein function and are
associated with a spectrum of retinal diseases.(3)
Supporting evidences from northern blot analysis
from Marquardt et al. confirmed that BEST1 gene
exclusively expressed in the RPE.(2) In 2000, by using
biochemical and immunocytochemical data, Marmorstein et al. discovered that the bestrophin protein
was located on the basolateral plasma membrane of
RPE cells.(1) Since then, several studies have gained
more information about the localization and function
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of bestrophin protein.(11)
Bestrophin protein consists of 585 amino
acids with an approximate size of 68 kDa.(1) It works
as a Ca2+-activated chloride channel to regulate
intracellular calcium signaling and anion transportation to maintain the retinal homeostasis.(11,20) Mutations in BEST1 gene makes changes to bestrophin
protein function and ion transportation, leading to
abnormal accumulation of fluid within the RPE cells
and sub-RPE space. There have been more than
200 of BEST1 mutations reported and the majority
of them are missense mutations. These mutations
can be associated with a spectrum of degenerative
retinal diseases.(5,11,16,21)
The genotype-phenotype correlation is extensively discussed.(13,15,22-25) Several previous studies have
reported variable expressions and genotype-phenotype correlations, mostly in European and African
population. In Asian countries, there have been some
reported BVMD patients among Chinese, Japanese,
and Thai people.(26-32) There has been only one study
reported a gene analysis of BVMD in Thai families.(26)
Atchaneeyasakul et al, described mutations in 2
unrelated Thai families with BVMD. Val-242-Met
mutation showed a late onset presentation and Arg218-Cys mutation revealed a variable expression in
the same family. Several studies described BEST1
gene mutations which were consistent with autosomal recessive inheritance.(31,33,34) However, there was
a study showing that the genotype-phenotype
correlation was still inconclusive. Querques et al.
reported BEST1 gene mutations which were not associated with differences in clinical manifestation and
severity.(35)
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Treatment
Approximately 75% of patients remain VA of
20/40 or better in at least one eye without intervention.(36) and the vision gradually deteriorates until the
4th decade of life.(37) Rare complications such as
choroidal neovascularization, subretinal hemorrhage,
or macula hole can lead to poor visual prognosis.(12)
As the visual prognosis of BVMD is good, the recommended strategy is observation and monitoring
further complications.(9)
The intervention is considered in cases with
choroidal neovascularization and subretinal hemorrhage. Anti-vascular endothelial growth factor (antiVEGF) therapy has been used and associated with
the improvement of choroidal neovascularization.
Two studies reported that a single dose of intravitreal bevacizumab in patients showed choroidal
neovascularization regression and visual recovery after
6 and 9 months, respectively.(38,39) Rishi et al. performed three intravitreal injections of bevacizumab
in a patient who revealed an improved vision and
stable fundus after 7 months of treatment.(40) Cennamo
et al. reported a full visual recovery after 1 month
of intravitreal bevacizumab injection and a total
regression of choroidal neovascularization over an
18 month-period.(41) Cakir et al. described a visual
improvement after a single dose of combined bevacizumab and triamcinolone intravitral injection.(42)
Ranibizumab injection was also reported as a
successful treatment after 1-month follow-up.(43)
Photodynamic therapy has also been proposed
as an effective treatment in BVMD with choroidal
neovascularization. Andrade et al. reported a case of
choroidal neovascularization regression and subretinal
hemorrhage resolution after a session of photo-

dynamic therapy with verteporfin.(44) Long-term outcome was reported by Sodi et al. in pediatric
patients who were treated with photodynamic therapy.
After an average follow-up time of 77 months, 3
patients had a visual recovery and improved choroidal neovascularization.(45) Frennesson et al. revealed
7-year follow-up of resolved subretinal hemorrhage
and improved VA after a photodynamic therapy.(46)
An improvement of vision and macular detachment was reported in a patient with choroidal
neovascular membrane who underwent argon laser
photocoagulation.(47) Prevention of macular degeneration by prescribing dietary docosahexaenoic acid
(DHA) was conducted by Lee et al. but the result
cannot determine whether the effect is beneficial.(48)
However, due to the disease rarity, there is no
definite medical or surgical treatment for BVMD.
Genetic counseling is very important. Giving information about risk assessment and the nature of the
disease to family members is recommended.

Conclusion
This paper describes a series of BVMD patients
during a 13-year period in clinical manifestation and
electrophysiologic aspects. The disease has a variable
clinical expression and good visual prognosis but
can progress from normal to impaired visual acuity
in later stages. Dissociation of ERG and EOG is the
hallmark of BVMD. More diagnostic investigations
and genetic testing will provide more knowledge about
the disease in order to diagnose and treat BVMD
patients in Thailand. Due to the rarity, our study was
limited by a small population size and short duration
of follow-up time. Further studies should consider
more diagnostic tools, such as OCT, FFA, and FAF
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to give additional information about the disease
and the overlap with clinical manifestations. Genetic
analysis should be included to identify the genotype-phenotype correlation among BVMD patients in
Thailand. Further study in genetic analysis will be

performed. Genetic counseling is also important for
risk assessment and disease prevention.
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