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Introduction 32 

Best vitelliform macular dystrophy (BVMD) is a dominantly inherited macular 33 

degeneration with a variable penetrance and expressivity. The classic form of the 34 

disease appears during the first two decades of life(1), and gradually leads to a loss of 35 
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central vision. It was the first form of degeneration that was associated with mutations 36 

in BEST1, which is located on chromosome 11q12-q13(2-4). Subsequently, four other 37 

clinical entities have been associated with this gene(2,5), and more than 200 38 

mutations(4) have been reported and related to "bestrophinopathies". Bestrophin-1 is 39 

the protein encoded by this gene. This integral membrane protein is localized at the 40 

basolateral plasma membrane of retinal pigment epithelium (RPE) cells(3,4), is 41 

involved in the control of intracellular Ca2+ signaling and functions as a Ca2+-activated 42 

anion channel(3,6). This role helps explain the functional abnormalities recorded with 43 

the electrooculogram in bestrophinopathies, which manifests as an alteration in the 44 

light peak-to-dark trough Arden ratio(5). 45 

 46 

The precise origin of the vitelliform material (VM) remains incompletely understood, 47 

but some histopathological findings(7,8) and animal models(9,10) have suggested that 48 

this material consists of an accumulation of lipofuscin and unphagocytosed 49 

photoreceptor outer segments(4,10,11). The clinical course of the disease is well 50 

defined by a progressive accumulation of yellowish VM that splits up and then 51 

disappears, as described initially by the Gass classification(12). For decades, follow-52 

up was limited to the clinical observation of a fundus lesion. The visual field defect is 53 

well correlated with the size of the lesion seen on the fundus(13). However, there are 54 

wide variations in visual acuity even with lesions belonging to the same clinical 55 

stage(14). With the first optical coherence tomography (OCT) images, the contents of 56 

vitelliform lesions and the dynamics of material accumulation and resorption could be 57 

analyzed in vivo(15). However, only the advent of the high-definition spectral domain 58 

(SD) OCT(16) allowed the detection of specific alterations of the outer retina(17-21). It 59 

was subsequently highlighted that neither the size of the lesion, nor the amount of 60 

VM or subretinal fluid (SRF) had any real impact on visual acuity, unlike the 61 

disruption of the ellipsoid zone (EZ)(19), which reflected the specific alteration of 62 

photoreceptors(22) at the inner segment / outer segment (OS) interface. However, this 63 

interruption is a phenomenon mostly observed in advanced stages of the disease 64 

when vision is already severely impaired(16,19). Moreover, EZ disruption is difficult to 65 

quantify, and its analysis during SD-OCT monitoring can be altered by the presence 66 

of SRF or hyper-reflective VM. Recently, Duncker et al.(18) identified some differences 67 

in the thickness of the outer nuclear layer (ONL) and OS in BVMD patients compared 68 

to healthy subjects. The ONL essentially contains the photoreceptor bodies, and its 69 

thinning may reflect photoreceptor degeneration, as suggested in other retinal 70 

diseases(23-25). Bestrophinopathies are the most common RPE-related diseases with 71 

no current curative treatments. The advances made in recent years in translational 72 

research(26) require prompt identification of clinical outcomes for disease progression 73 

and prognosis that may be suitable for therapeutic trials. 74 

 75 

The purpose of this study was to investigate the SD-OCT morphological impairments 76 

of the foveal outer retina in a large cohort of BVMD patients and correlate other SD-77 

OCT markers with visual acuity. The progression of the vitelliform lesion and the 78 

occurrence of complications during follow-up were also evaluated using multimodal 79 

imaging. 80 

 81 

Patients and Methods 82 

Patients 83 



This retrospective cross-sectional study was conducted at the National reference 84 

center for rare diseases of the Quinze–Vingts National Ophthalmology Hospital 85 

(Paris, France) between February 2011 and November 2018. The clinical charts of 86 

BVMD patients with clinically visible lesions and confirmed BEST1 mutations were 87 

reviewed. This study was approved by the local ethics committee and adhered to the 88 

principles outlined in the Declaration of Helsinki; written informed consent was 89 

obtained from each subject prior to genetic testing (CPP, Comité de Protection des 90 

Personnes Ile de France V, project number 06693, N° EUDRACT 2006-A00347-44). 91 

 92 

The clinical diagnosis was based on fundus examination, family history and an 93 

abnormal Arden ratio on the electrooculogram, later confirmed by genetic testing. 94 

BVMD subjects underwent a complete ophthalmologic examination, including an 95 

assessment of the best corrected visual acuity (BCVA) according to the standardized 96 

Early Treatment Diabetic Retinopathy Study (ETDRS) chart, slit-lamp anterior 97 

segment examination, tonometry and fundus examination. SD-OCT and short-98 

wavelength fundus autofluorescence were also performed at each visit. Staging was 99 

based on the Gass clinical evolutive classification(12)—stage 1: subclinical with no 100 

vitelliform alteration, stage 2: vitelliform, stage 3: pseudohypopyon, stage 4: 101 

vitelliruptive and stage 5: atrophic/cicatricial (Figure 1). To avoid biases related to 102 

correlations between the two eyes, only the right eyes were included in the analysis. 103 

Age-matched control subjects were recruited from hospital workers and patients who 104 

consulted in the emergency department. The right eyes were included as a control 105 

group (NC group). Exclusion criteria for BVMD and NC subjects were the presence of 106 

an associated retinal or choroidal disorder, history of glaucoma, optic neuropathy, 107 

uveitis or a significant systemic disorder that may have an impact on ophthalmic 108 

assessment.  109 

 110 

Spectral-domain OCT data acquisition and processing 111 

High-resolution horizontal SD-OCT cross-sectional B-scans of the macula (25 lines 112 

spaced 240 µm apart) were obtained using a Spectralis Heidelberg imaging platform 113 

(Spectralis® OCT, Heidelberg Engineering, Dossenheim, Germany). Thirty frames 114 

were averaged for each B-Scan. Automatic segmentation with manual adjustment 115 

was employed by investigators for recognition of the different retinal layers using 116 

Heidelberg Eye Explorer (version 1.7.1.0; Heidelberg Engineering) in accordance 117 

with the international reference anatomy(27). The central subfield thickness (CST) was 118 

determined automatically within a 1 mm diameter circle centered on the fovea. 119 

Determination of the foveal ONL thickness was done manually perpendicular to the 120 

RPE using the "caliper tool" that was included with the Heidelberg analysis 121 

software(28) (Heidelberg Engineering, Heidelberg, Germany) (Figure 2). The presence 122 

of SRF and VM were determined after analysis of all macular B-scans. Foveal 123 

disruptions of the external limiting membrane (ELM) and ellipsoid zone (EZ) were 124 

evaluated from the horizontal foveal scan. Due to the resolution of the current SD-125 

OCT images, it was not possible to perform a reliable and discriminating 126 

measurement of the length of the photoreceptor outer segment length (PROSL) in 127 

the absence of subretinal fluid. For all eyes with SRF, the PROSL was measured 128 

from the EZ to the tip of the OS in the horizontal section passing through the fovea. 129 

The value selected was an average of three orthogonal measurements of the apical 130 

projection of the photoreceptor OS within the subretinal detachment (SRD) in the 131 

center of the fovea and 500 µm on either side (Figure 2). Measurements for ONL 132 

thickness and PROSL were performed separately and blindly by two of the 133 



investigators, then an average of the measurements was performed for each eye. For 134 

eyes that had follow-up assessment of at least one year, the comparative data were 135 

those of the initial and last recorded visits. 136 

 137 

BEST1 Mutation Analysis  138 

Samples included in this study originate from NeuroSensCol (PI: JA Sahel, coPI: I 139 

Audo, partner with CHNO (Centre Hospitalier National d’Ophtalmologie) des Quinze-140 

Vingts, Inserm and CNRS (Centre National de la Recherche Scientifique)). DNA was 141 

extracted from peripheral blood samples according to manufacturer 142 

recommendations (Puregen Kit, Qiagen, Courtabœuf, France), and all eleven BEST1 143 

exons were amplified and sequenced for disease-causing mutations (NCBI 144 

Reference Sequence: NM_004183.3, primer sequences available upon request). 145 

Nucleotide numbering reflects cDNA numbering with +1 corresponding to the A of the 146 

ATG translation initiation codon in the reference sequence. 147 

 148 

Statistical analyses 149 

All data are presented as median (range). BCVA was converted to the logarithm of 150 

the minimal angle of resolution (logMAR) for statistical analyses. Correlations were 151 

tested using the Spearman rank correlation coefficient. The Mann-Whitney bilateral 152 

test was used to compare data from the BVMD group to the control group. The 153 

Wilcoxon rank-sum test was used to compare the differences between baseline and 154 

last-visit parameters. The intraclass correlation coefficient (ICC) was used to assess 155 

inter-observer reliability. P-values < 0.01 were considered statistically significant. 156 

XLSTAT 2018 software was used for statistical analyses. 157 

 158 

Results 159 

 160 

Forty-two eyes from 42 subjects were included in the BVMD group, and 42 eyes from 161 

42 subjects were included in the NC group. All BVMD patients included in this study 162 

were heterozygous for a mutation in BEST1, in keeping with the autosomal dominant 163 

inheritance of the disease. Mutation details for each patient are presented in 164 

supplementary table 1. Twenty-six distinct variants were identified in the entire cohort 165 

which were all missense changes. Among these variants, 5 were recurrent in 166 

apparently unrelated families (i.e. c.47C>T, p.(Ser16Phe) found in 2 families; 167 

c.653G>A, p.(Arg218His) found in 4 families; c.692G>C, p.(Ser231Thr) found in 2 168 

families; c.874G>A, p.(Glu292Lys) found in 3 families and c.920C>A, p.(Thr307Asn) 169 

found in 2 families). Our genetic screening also identified 7 novel changes with strong 170 

pathogenic prediction spanning the entire gene which expand further the mutation 171 

spectrum of BEST1 (see supplementary table 1): c.82A>C, p.(Ile28Leu) on exon 2; 172 

c.215A>T, p.(Tyr72Phe) on exon 3; c.294G>C, p.(Glu98Asp) and c.419T>C, 173 

p.(Leu140Pro) on exon 4; c.853G>A, p.(Val285Ile) on exon 7; c.924C>A, 174 

p.(Asn308Lys) and c.1397G>C, p.(Ser466Thr). These variants co-segregated with 175 

the phenotype when additional family members were available.  176 

The overall demographic and OCT characteristics are summarized in Tables 1 and 2. 177 

Within the cohort, 43% of patients were male, and the median age was 43.5 (71) 178 

years. The distribution according to stage was 4.8% for stage 1, 23.8% for stage 2, 179 

16.6% for stage 3, 45.2% for stage 4 and 9.5% for stage 5. The median BCVA 180 

logMAR was 0.40 (2.204) in the BVMD group and 0 (0.25) in the NC group. 181 

 182 



SD-OCT characteristics 183 

The median CST was 298 (724) µm, with no significant difference between the 184 

experimental and control groups (P = 0.38) (Table 2). CST was higher in stage 2, 185 

with a value of 416 (724) µm due to the presence of SRF (Table 2). The presence of 186 

SRF and VM was noted in 76% and 79% of the BVMD eyes examined, respectively. 187 

ICC were 0.97 and 0.94 for ONL thickness and PROSL measurements, respectively. 188 

The median ONL thickness was 42 (124 µm) and significantly thinner compared to 189 

the control group (P < 0.0001). ONL thickness also decreased with stage progression 190 

(Table 2). Among patients with SRF, the PROSL was significantly lower as the stage 191 

progressed (Table 2). Regarding the ELM and the EZ, foveal disruption was found in 192 

62% and 83% of the BVMD eyes, respectively, these alterations increasing in 193 

advanced disease (Table 2). 194 

 195 

Correlation 196 

BCVA was correlated with stages (R = 0.710; P < 0.01), age of patients (R = 0.448; P 197 

< 0.01), and CMT (R = -0.411; P < 0.01) (Table 3). Regarding the SD-OCT outer 198 

retinal alterations, there was a large correlation between BCVA and ONL thickness 199 

(R = -0.620; P < 0.01). Patients with disrupted EZ and ELM had significantly 200 

decreased visual acuity compared to others (P < 0.001 for both). There was no 201 

difference in BCVA between patients with SRD or VM and others (P = 0.758 and P = 202 

0.968, respectively). Interestingly, among the 32 eyes with SRD, PROSL was 203 

correlated with BCVA (R = -0.467; P < 0.01) and ONL thickness (R = 0.444; P < 204 

0.01). 205 

 206 

Follow up 207 

Twenty-one eyes from 21 patients had a follow-up visit, with a median of 49 (72) 208 

months. Table 4 summarizes all of the characteristics of the eyes that were 209 

monitored. Five eyes progressed by one stage, and two eyes progressed by two 210 

stages. Fifteen eyes showed a persistent chronic SRD between the initial and last 211 

visit. A choroidal neovascularization was noted in one eye and received an 212 

appropriate anti-VEGF therapy(29). There were significant correlations between the 213 

initial and final examinations of -0.19 logMAR concerning the BCVA (P = 0.003) and -214 

9.2 µm concerning the ONL thickness (P < 0.001). The differences for the CST (P = 215 

0.340) and PROSL (P = 0.920) were not significant (Table 4). 216 

 217 

Discussion 218 

 219 

In comparison with fundus examination, SD-OCT is a fast and reproducible way of 220 

monitoring changes of the different retinal layers in BVMD(15,17–20). Several recent 221 

articles have shown that disruption of the ellipsoid zone during follow-up was the 222 

most relevant factor associated with visual acuity loss(19,30). This phenomenon 223 

reflects the direct alteration of photoreceptors through a disruption between their 224 

inner and outer segments. These SD-OCT observations were confirmed by adaptive 225 

optics scanning laser ophthalmoscopy findings(17,22), where rarefaction of the cones 226 

and morphological changes were directly observed within the vitelliform lesion. 227 

However, the interruption of the ellipsoidal zone is a phenomenon mainly found in 228 

later stages and is associated with already severe visual impairment. Moreover, this 229 

anomaly is difficult to quantify, and its visibility during SD-OCT monitoring can be 230 

altered by the presence of SRF or hyper-reflective VM. 231 

 232 



Our results, from this large cohort of molecularly diagnosed BVMD subjects, indicate 233 

that regardless of the clinical stage, ONL thickness measured by SD-OCT was 234 

significantly lower in BVMD patients compared to control subjects (Table 2) and was 235 

well correlated with BCVA (Table 3 and Figure 3). Despite a short follow-up, 236 

measurement of foveolar ONL thickness was found to be a relevant quantitative 237 

criterion for documenting an anatomical difference concomitantly with a decreased 238 

visual acuity (Table 4). The ONL is essentially composed of the photoreceptor nuclei, 239 

which explains the consistent relationship between photoreceptor loss and thinning of 240 

the ONL measured in SD-OCT, as initially observed by Mullins et al. in histological 241 

samples(7). 242 

 243 

The explanation for photoreceptor alteration, while BVMD initially affects RPE, could 244 

be related to the presence of chronic SRF secondary to the altered adhesion within 245 

the RPE–photoreceptor complex. With an interesting SD-OCT analysis, Qian et al. 246 

suggested that thinning and degeneration of RPE is the main reason for chronic 247 

SRF, and it occurs by altering the pump function located at the apical side of the RPE 248 

cells(30). In the long term, the accumulation of SRF leads to a loss of cell-to-cell 249 

contact between the photoreceptors and the RPE, causing a loss of OS by lack of 250 

renewal and, thus, apoptosis of the foveolar cone cells(7,31). Singh et al. also 251 

suggested that BEST1 mutations lead to reduced clearance of photoreceptor OS and 252 

might predispose RPE to enhanced oxidative stress(11). 253 

 254 

Many patients with SRF present with a good preservation in visual acuity, even after 255 

several years of evolution. In fact, we can observe an elongation of the OS of the 256 

photoreceptors in the early phase, which are normally phagocytosed by the RPE with 257 

which they are no longer in contact. However, with the persistence of the SRF, we 258 

observe a shortening of the OS, which gradually disintegrates and then disappears 259 

before being replaced by atrophy (Figure 1). This is in agreement with the fact that 260 

the PROSL decreases with the progression of stages (Table 2).Thus, during follow-261 

up, a progressive decrease in BCVA is observed due to the disappearance of the 262 

foveolar cones, leading to a progressive thinning of the foveal ONL(32). Unfortunately, 263 

we probably did not have a sufficient number of patients with SRD or a long enough 264 

follow-up to successfully demonstrate a significant difference in PROSL. 265 

 266 

Although in central serous chorioretinopathy (CSC) the RPE anomaly and the 267 

mechanism responsible for the SRD is different, Matsumoto et al. reported similar 268 

observations regarding photoreceptor degeneration within the SRD. Comparing eyes 269 

affected with CSC to control subjects, they highlighted the presence of elongated 270 

protruding OS inside the SRD due to an incomplete phagocytic cycle by RPE(33). 271 

Similarly to our observations in BVMD patients, chronic SRF in CSC leads to an 272 

impairment of photoreceptors and ONL thinning(24,34), which is also correlated with 273 

BCVA(25,32). 274 

  275 

The measurement of only one horizontal scan passing through the fovea can cause a 276 

bias, as the measured parameters may vary from one scan to another. However, the 277 

slice was generated automatically, with manual adjustment in controversial cases 278 

and the same section was performed for all eyes from one visit to the next using the 279 

tracking system. Similarly, the ONL measurement at the foveolar level has a 280 

confounding factor related to the presence of the Henle fiber layer (HFL). 281 



Nevertheless, the fovea is in the retinal zone where HFL is the thinnest and where 282 

the ONL measurement is the most reproducible(35).  283 

 284 

Our results demonstrate that, regardless of stages, the thickness of foveolar ONL 285 

and PROSL (within the SRD) are correlated with visual acuity (Table 3 and Figure 3) 286 

and are a simple way to indirectly monitor photoreceptor alterations and disease 287 

progression in BVMD patients. In the future, these parameters could be used to 288 

monitor the effects of therapeutic approaches(36). 289 

 290 
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 Figure 1. Short wavelength fundus autofluorescent pictures of the posterior pole (left 401 

column) for the five clinical stages in Best vitelliform macular dystrophy and their 402 

corresponding optical coherence tomography scans (right column). (A) Previtelliform 403 

stage. A slight foveal thickening of the interdigitation zone is seen (white arrow). The 404 

outer nuclear layer (ONL) thickness and visual acuity were both normal. (B) 405 

Vitelliform stage. Onset of vitelliform material (VM) accumulation and separation 406 

between the photoreceptor outer segments (PROS) and the retinal pigment 407 

epithelium due to the accumulation of VM. (C) Pseudohypopyon stage. The apical 408 

projection of the PROS is clearly identifiable within the subretinal detachment, 409 

although we can observe the beginning of disintegration in the perifoveolar region 410 

(white arrow). The ONL is still conserved, as well as visual acuity (20/25). 4. 411 

Vitelliruptive stage (Same eye as in picture C, 29 months later). PROS length (yellow 412 

arrows) and ONL thickness (red arrows) are severely reduced. Visual acuity is 413 

decreased (20/50). 5. Atrophic stage. The subretinal fluid has completely 414 

disappeared. There is significant retinal atrophy with almost no foveolar ONL. Visual 415 

acuity is collapsed (20/400). 416 

 417 

Figure 2. Algorithm details of spectral domain optical coherence tomographic (SD-418 

OCT) measurements using the Heidelberg analysis software (Heidelberg 419 

Engineering, Germany). (A) Infrared photograph of the right posterior pole of a 33-420 

year old patient with a pseudohypopion lesion. Horizontal line shows the position of 421 

the sectional SD-OCT automatically located across the fovea. The central macular 422 

thickness was determined automatically within a 1-mm diameter circle centered on 423 

the fovea. (B) Corresponding horizontal SD-OCT scan. The foveal outer nuclear layer 424 

(ONL) thickness was measured manually through the center of fovea (white 425 

segment). The value of the photoreceptor outer segment length (PROSL) above the 426 

subretinal detachment was the mean of three regular measurements around the 427 

center of the fovea (500 µm on both sides). 428 

 429 

Figure 3. Correlation analysis. Regression plots showing the correlations between 430 

visual acuity (VA), age (A), foveal outer nuclear layer (ONL) thickness (B), central 431 

macular retinal thickness (CMT) (C) and photoreceptor outer segment (PROS) length 432 

within the subretinal detachment (D). 433 

 434 

 435 









 

Table 1. Demographic and ophthalmic characteristics 

 
Stage 1 

(n=2) 

Stage 2 

(n=10) 

Stage 3 

(n=7) 

Stage 4 

(n=19) 

Stage 5 

(n=4) 
All (n=42) 

Controls 

(n=42) 

Demographic characteristics         

     Age, year 38 38.1 39.0 52.0 63.3 43.5 44.4 

     Male, % 50 41 39 59 66 43 42 

Ophthalmic characteristics        

BCVA median, logMAR -0.14 0.10 0.19 0.52 0.90 0.40 0 

BCVA median, Snellen 

equivalent 
20/16 20/25 20/32 20/63 20/160 20/50 20/20 



  NA : Not appropriate analysis 

  (1) Mann-Whithney test between all the BVMD patients and the controls. 

 

 

 

 

 

      

Table 2. OCT characteristics 

 
Stage 1 

(n=2) 

Stage 2 

(n=10) 

Stage 3 

(n=7) 

Stage 4 

(n=19) 

Stage 5 

(n=4) 

All 

(n=42) 

Controls 

(n=42) 

P value(1) 

CST, μm [range] 247[19] 416[724] 331[124] 273[307] 168[170] 298[724] 281[87] 0.38 

ONL thickness, µm 105[21] 65[24] 52[76] 39[57] 21[55] 42[124] 96[51] < 0,0001 

Subretinal fluid, % 0 60 100 90 50 76 0 NA 

Vitelliform material, % 0 100 86 79 50 79 0 NA 

Outer retinal defects, %         

External Limiting Membrane 0 50 67 84 100 62 0 NA 

Ellipsoid zone 0 80 86 95 100 83 0 NA 

PROSL within SRD, μm NA 66[49] 63[90] 50[82] 28[NA] 53[121] NA NA 



 

Table 3. Spearman coefficient correlation matrix for BCVA and OCT parameters.  

   BCVA logMAR 

   

Central Macular thickness 
R -0.411 

P < 0.01 

   

   

Foveal Outer Nuclear Layer thickness 
R -0.620 

P < 0.01 

   

   

Photoreceptor Outer Segments length 

within the SRD 

R -0.467 

P <0.01 

   

   

Age 
R 0.448 

P <0.01 

   

   

Stage  

 

R 0.710 

P < 0.01 

      



 

 Table 4. Ophthalmic and OCT characteristics of eyes with available follow-up 

 Eyes (n=21) P value(1) 

Median follow up, month (range) 49[72]  

BCVA variation, logMAR -0.19 0.003 

Stage modification, % 33 NA 

OCT modification   

CST, μm -40 0.340 

PROSL within SRD, μm -4.0 0.920 

ONL thickness, µm -9.2 <0.001 

NA : Not appropriate analysis 

(1) Wilcoxon test between the first and last measurements 




