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Abstract
Purpose: To evaluate the thickness of the ellipsoid zone (EZ) layer and its correlation with visual acuity
and the disease stage in eyes with Adult-onset foveomacular vitelliform dystrophy (AFVD).
Materials and Methods: Ninety-two eyes of 57 patients with AFVD were evaluated. Four consecutive
spectral-domain optical coherence tomography (SD-OCT) scans from each study eye were analyzed.
Retinal layers were segmented, and the EZ layer thickness was measure in two areas of the macula: at
the center of fovea (CF) and at the foveal avascular zone edge (FE).
Results: The mean±SD EZ thickness for was 16.5±9.6 microns at the center of fovea (CF) and 17± 9.8
microns at the edge of foveal avascular zone (FE; p=0.006, t-test). Compared to 30 healthy eyes, the EZ
was thicker at the vitelliform stage in both CF and FE (p<0.001 in both points, t-test), and during the
pseudohypopyon or vitelliruptive stages in CF (p=0.007, t test), but not in edge of the fovea (p=0.15, t
test). Visual acuity was better in eyes with intact EZ compared to absent EZ (p=0.001 for both CF and FE,
ANOVA test). There was a trend for an association between EZ thickness and the stage of AFVD (p=0.06,
ANOVA test).
Conclusion: The foveal EZ thickness in AFVD, is thicker comparing with controls. This might suggest that
impaired retinal pigment epithelium phagocytosis or excess photoreceptor EZ production play important
role in the pathogenesis of AFVD.

Background
Adult-onset foveomacular vitelliform dystrophy (AFVD) is a form of pattern dystrophy, which is
characterized by bilateral, subretinal, symmetrical, yellowish round lesions in the macular region. AFVD
typically appears in the fourth to sixth decades of life [1–2]. While monogenic etiology is associated with
some cases of AFVD (e.g. PRPH2 or BEST1 gene mutations) [3–10] most of the AFVD patients do not
carry mutations in these genes. Sporadic AFVD is the more common form of the disease, where patients
lack mutations in genes which were previously associated with the phenotype. Such sporadic cases tend
to present at a later age compared with monogenic AFVD, but, otherwise show a similar phenotype [11].
Extracellular photoreceptor debris and retinal pigment epithelium (RPE)-derived material, are deposited in
the subretinal space to compose the vitelliform lesion in AFVD [12]. Vitelliform lesions are dynamic,
showing lesion growth with accumulation of lipofuscin, following by partial or complete absorption of the
material, disruption of the overlying photoreceptors and atrophy of the underlying RPE [13]. Impaired
phagocytosis of shaded photoreceptor outer segment discs due to excess photoreceptor outer segment
production, physical separation of the RPE from the photoreceptor, or RPE malfunction were suggested
as underlying mechanisms for generation of the vitelliform lesions [1]. It is unclear which of these
mechanisms or their combination is crucial for generation of the vitelliform lesions in AFVD.
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The ellipsoid zone (EZ) as detected via spectral-domain optical coherence tomography (SD-OCT) imaging
represents the ellipsoid component of the photoreceptors which are packed with mitochondria;
identification of the EZ has critical prognostic value in macular disorders [14–15].
Intact EZ has been demonstrated to correlate with preserved visual acuity, while absent or disrupted EZ
were correlated with altered visual acuity in AFVD [11,13,16–17]. Integrity and intensity of the EZ has
been also shown to be reduced in several retinal degenerative conditions, inflammatory diseases, and in
moderate and severe glaucoma [18–31].
While the EZ is readily identified in SD-OCT, segmentation and quantification of this layer may provide
important insights into the AFVD [32–35]. To that end, we measured the thickness of the EZ and
correlated it to clinical features in AFVD.

Methods
Patient demographics, clinical and imaging data were retrospectively collected on a consecutive group of
AFVD cases. All patients were treated and followed in the retina service of the Department of
Ophthalmology at the Hadassah-Hebrew University Medical Center in Jerusalem, Israel, between January
2010 and January 2017. Patients signed an informed consent form and the study was approved by the
institutional ethics committee.
The EZ was segmented and evaluated using OCT (Spectralis - Heidelberg Engineering, Germany) scans
from 92 eyes (n = 57 patients) with AFVD, which were included in a previous report on the long term
follow up of the disease [11]. Inclusion and exclusion criteria for this cohort were previously described
[11]. Briefly, patients with AFVD in at least one eye at any stage were included in the study. Vitelliform
lesions associated with any other pathology, such as Best’s disease, vitreomacular traction (VMT) or
epiretinal membrane were excluded. Scans with poor image quality which hinder proper segmentation
(shadow artifact, motion artifact, and noise) were excluded.
Four consecutive OCT scans from each study eye with an interval of 3 to 6 months between the visits
were analyzed. For automated multi-layer retinal segmentation we used the 6.3a software version of the
Spectralis SD-OCT. Based on the reflectivity of the different retinal layers, the software produced 13 lines
representing the boundaries of the retinal layers: internal limiting membrane (ILM), retinal nerve fiber layer
(RNFL), ganglion cell layer (GCL), inner plexiform layer (IPL), inner nuclear layer (INL), outer plexiform
layer (OPL), outer nuclear layer (ONL), external limiting membrane (ELM), first photoreceptor layer (PR1),
second photoreceptor layer (PR2), retinal pigment epithelium (RPE), bruch's membrane (BM), and choroid
(CHO). However, the software does not measure the EZ. Based on the segmentation generated by the
software we identified the EZ and measured its thickness (Fig. 1). To that end, we manually adjusted the
lines that represent the RPE to the inner edge of the hypo-reflective area (zone 12) [14], and the outer
retinal layer line to the hypo-reflective line of the myoid zone of the photoreceptors (Fig. 1). Finally, we
subtracted the RPE layer thickness from the thickness of the outer retinal layer per the automatic
measurement of the Spectralis software and got the thickness of the isolated ellipsoid zone layer. We
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measured the thickness in two areas of the macula: at the center of fovea (CF), and at the edge of the
foveal avascular zone (FAZ) 500 microns nasal to the fovea (FE) (Fig. 1). The nasal edge of retina is the
thickest part so its measurement minimalizes measurement errors [36–37].
In addition to segmentation of the retina layers, the following features were also analyzed for each visit:
(1) stage of the vitelliform lesion (vitelliform, vitelliruptive, pseudohypopyon and atrophy); (2) integrity of
the EZ which was graded as intact, disrupted or absent; (3) presence of sub or intra retinal fluid (SRF, IRF),
retinal pigment epithelial detachment (PED) or drusen (4) vitreoretinal interface abnormalities including
ERM, VMT and posterior vitreous detachment (PVD).
The entire procedure was performed by two experiences graders (S.Y. and L.T.) in order to investigate the
repeatability of all measurements. All values were then averaged to perform the statistical analysis.
Statistical analyses were performed using SPSS (version 25.0; IBM Corp., Armonk, NY). In order to
evaluate a single OCT scan as a separate case, we used a repeated measures ANOVA model to evaluate
the association of the change over time in the visual acuity with the progression of the stages.
Comparing stage between different time points was performed using the McNemar-Bowker's test. To
compare quantitative variables (e.g. months of follow-up) between two independent groups (change in
stage, etc.) the Mann-Whitney non-parametric test was applied. The ANOVA test with post hoc
comparisons with the Dunnett correction was used for comparing quantitative variables between three
independent groups (e.g. visual acuity by thickness in fovea or in distance from fovea, in three
categories). The Chi-square and the Fisher's exact tests were used for evaluating the association between
two categorical variables (stage, etc.), and the linear by linear association test was used for assessing
trend. Finally, Intraclass correlation coefficients (ICC) between graders was calculated for the EZ
thickness and integrity. All tests applied were two-tailed and a p-value of 5% or less was considered
statistically significant.

Results

Patients and Lesions Characteristics
A total of 92 eyes of 57 patients with AFVD were included in the study. The male/female ratio was 32/25
with a mean age (± SD) of 79.1 ± 11.7 years (range 30–98 years). Mean (± SD) follow up period was 14.9
± 8.2 months (range 2–43 months, median 13 months). The patients had a mean ± SD of 3.07 ± 0.2 visits
during the follow up. Thirty-five patients had bilateral lesion and 22 patients had unilateral. At baseline 22
eyes were at the vitelliform stage, 6 eyes were at the pseudohypopyon stage, 58 eyes were at the
vitelliruptive stage and 6 eyes were at the atrophic stage.
Thirteen eyes (59%) in the vitelliform stage remained at the vitelliform stage during the entire follow up,
nine (41%) of them progressed to the pseudohypopyon or vitelliruptive stage, and none of the eyes
progressed to the atrophic stage. Sixty-two (97%) of eyes in pseudohypopyon or vitelliruptive stage
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remained at the same stage during the entire follow up and two (3%) of them progressed to the atrophic
stage.
The mean baseline and last visit visual acuity (± SD) of the entire cohort was 0.29 ± 0.22 LogMAR, and
0.30 ± 0.23 LogMAR, respectively (p = 0.732, paired t test). The vision remained stable during the entire
study and there was no association or interaction between change in stage and follow-up time (p = 0.205,
and p = 0.251, respectively, ANOVA test). As the model showed no association or interaction between
stage, vision and time, we could regard each visit as a separated case to evaluate the association
between visual acuity, stage and thickness of the EZ layer. Intraclass correlation coefficients between two
graders for the central fovea EZ thickness was 0.921(95% confidence interval (CI) 0.884–0.931), for the
edge of the fovea EZ thickness was 0.907(CI 0.874–0.927), and EZ integrity 0.911 (CI 0.866–0.937).

EZ thickness
A total of 282 individual OCT scans were collected and analyzed. The mean ± SD EZ thickness for the
entire cohort was 16.54 ± 9.62 microns at the center of the fovea (CF) and 17.96 ± 9.76 microns at 500
microns nasal to the fovea (FE). The Mean EZ was thicker nasal to the fovea compared with the fovea (p
= 0.006, t-test). Measurements of the foveal EZ thickness demonstrated 118 (42%) sections with EZ
thicker than 20 microns, 108 (38%) sections with EZ thinner than 20 microns, and 56 (20%) sections
where the EZ layer could not be detected. The reason we chose the number 20 microns as the cutoff
between groups of EZ thickness is the fact that there is unclear information about EZ thickness in normal
eyes. Itoh et al. reported a mean EZ thickness of 22 microns in unaffected eyes [35] but our normal
control eyes had EZ thickness of 14.87 microns in fovea, so 20 microns is a reasonable cutoff.
The mean ± SD visual acuity of eyes with those sections was 0.23 ± 0.19, 0.25 ± 0.17, and 0.53 ± 0.26
LogMAR, respectively There was no difference in the visual acuity between sections with foveal EZ
thickness > 20 microns to ones with EZ thickness < 20 microns (p = 0.28, ANOVA test); While visual acuity
was better in eyes with EZ thickness < 20 microns and eyes where EZ was not identified (p = 0.001,
ANOVA test; Fig. 2).
Measurement of the EZ thickness 500 microns nasal to the fovea center was performed to assess the
correlation of EZ thickness in both points. At FE there were 130 (46%) sections with EZ thickness > 20
microns, 104 (37%) sections had EZ < 20 microns, and 48 (17%) sections without an identifiable EZ area.
The mean ± SD visual acuity in these groups was 0.26 ± 0.19, 0.23 ± 0.16, and 0.54 ± 0.28 LogMAR,
respectively. Eyes with am EZ > 20 microns had similar acuity compared with eyes with EZ < 20 microns
(p = 0.31, ANOVA test), while eyes with EZ < 20 microns had better acuity compared with eyes without EZ
(p = 0.001; ANOVA test; Fig. 2).

EZ thickness at the different stages of AFVD
Forty-five scans showed the vitelliform stage and the mean ± SD thickness at CF and FE was 19.49 ± 4.62
microns, and 20.44 ± 3.60, respectively (p = 0.192, t test). Two hundred and ten scans showed
vitelliruptive or the pseudohypopyon stages and the mean ± SD thickness in CF was and FE was 17.14 ±
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9.53 microns, and 18.27 ± 10.08 microns, respectively (p = 0.069, t test), while 27 scans showed an
atrophic stage and the mean ± SD thickness in CF and FE was 6.89 ± 11.00 microns, and 11.37 ± 11.53
microns respectively (p = 0.028, t test). There was a trend for an association between EZ thickness and
the stage of the vitelliform lesion (p = 0.06, ANOVA test).
We also measured the EZ thickness in normal control group that was composed of 30 healthy eyes (n =
16 patients) with mean age of 70 ± 5.82 years. The mean visual acuity of the 30 eyes was 0.0 LogMAR.
The mean EZ thickness at CF and FE was 14.87 ± 2.82 microns, and 17.17 ± 1.84 microns, respectively.
By comparison, the mean ± SD EZ thickness for the entire AFVD cohort at CF and FE was 16.54 ± 9.62
microns (p = 0.032 vs. controls, t test), and 17.96 ± 9.76 microns (p = 0.24 vs. controls, t test), respectively.
We also compared the EZ thickness between normal control group and each stage separately. This
analysis demonstrated thicker EZ at CF and FE of sections with vitelliform lesions (p < 0.001 in both
points, t test). There was also thicker EZ in CF in sections with vitelliruptive or pseudohypopyon lesions
compared with unaffected controls (p = 0.007, t test) but not in FE (p = 0.15, t test).

Discussion
In this retrospective study, we analyzed the thickness of the EZ in the fovea and at the edge of the FAZ in
eyes affected by AFVD that do not carry mutations in genes that were previously associated with the
phenotype. The clinical characteristics, visual acuity, and long-term follow up of these patients were
previously reported [11].
The mean EZ thickness at the center of the fovea for the entire AFVD group in this study was
approximately 17 micron while the normal controls had a thinner mean EZ in the fovea center of
approximately 15 micron. By contrast, thicker EZ nasal to the fovea was detected in AFVD eyes only
during the vitelliform stage but not during the vitelliruptive or pseudohypopyon stages compared with
controls. Analysis of the data also demonstrated a trend towards thickened EZ in eyes at the vitelliform
stage compared with ones at the vitelliruptive, psudohypopyn or atrophic stages.
Few data is available in the literature on EZ thickness. Itoh and colleagues reported a mean EZ thickness
of 22 microns in 12 unaffected eyes, while eyes with geographic atrophy, mild hydroxychloroquine
toxicity, and ocriplasmin treated eyes, had thinner EZ [35]. We and others have previously reported that
the visual acuity of patients with AFVD correlates with the integrity and intensity of the EZ [11,13].
Excess EZ thickness may be associated with the pathogenesis of AFVD via few mechanisms. (1)
Vitelliform lesions in AFVD may form due to excess production of outer segments, perturb intake of outer
segments by the RPE secondary to physical separation of the layers, or due to RPE malfunction. Recently,
results of OCT angiography studies suggested that the flow density in the superficial and deep retinal
vascular layers maybe reduced in AFVD [38–40]. Querques and colleagues suggested that such vascular
network modifications at the superficial and the deep capillary plexus could lead to the progression of the
disease because of reduced blood supply. Another hypothesis was that the flow modification is due to a
mechanical effect of the vitelliform material on blood vessels [39]. On the other hand, Toto and
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colleagues found that the flow density was increased in AFVD eyes compared with AMD and normal eyes
[41]. Either way, alteration of blood flow theoretically may affect the thickness of the EZ which is a highly
active metabolically. Thus, our findings are in line with the presumed mechanisms that lead to the
buildup of vitelliform lesions in AFVD.
Measurement of photoreceptor damage is important in monitoring the disease progression. Evaluation of
the EZ band has been associated with the progression of retinal disorders such as AMD, branch retinal
vein occlusion, Stargardt disease, achromatopsia, retinitis pigmentosa, and others [42]. Currently,
identification and quantification of the hyper-reflective EZ band alone is not routinely used for clinical
purposes and is usually done manually for research purposes. By simple manual adjustment to the
automated multi-layer segmentation software, we could isolate and measured the hyper-reflective EZ
layer. The accuracy of segmentation algorithms can be affected by irregularities in layer contour and/or
band intensity. Indeed, segmentation errors are significantly increased in pathologic eyes when compared
to normal eyes. However, by using the Bruch’s membrane as a reference baseline layer we could minimize
the measurement error. Automation of such a technique is an important challenge in bringing EZ
quantification to the retina clinic.
This study has several limitations. The main limitation of this study is the manual adjustment of the
segmented lines, which may be an operator dependent and limited in cases of disrupted normal structure
of the retinal layers, however we compered between the graders and the Intraclass correlation coefficients
(ICC) was high. On the other hand, the novelty of this method is that it allows EZ measuring by using the
current segmentation software available on the commercial OCT machine.
Our findings support the presumed pathogenesis of AFVD. Additional research is required to identify if the
primary insult in this disease lay in the photoreceptors, RPE or this physical interaction.
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Figure 1
Measurement of Ellipsoid zone thickness – Panels A-C demonstrate the left eye of a 98-year-old female
with Adult-onset foveomacular vitelliform dystrophy (AFVD) in the vitelliform stage; the visual acuity was
0.39 LogMAR. Panels D-F demonstrate the left eye of an 81-year-old male with Adult-onset foveomacular
vitelliform dystrophy (AFVD) in the vitelliruptive stage; the visual acuity was 0.69 LogMAR. The white line
(B, E) represents the external limiting membrane layer according to the heidelberg software segmentation
(complete arrow), and the manually-corrected internal border of ellipsoid zone layer (broken arrow). In C
and F the black line represents the retinal pigmented epithelium layer per the Heidelberg software
(complete arrow), and the manually delineated external border of the ellipsoid zone layer (broken arrow).
Page 11/12

We measured the ellipsoid zone thickness in fovea (grey vertical line) and at the edge of the foveal
avascular zone (FAZ) 500 microns nasal to the fovea (white vertical line).

Figure 2
Association between visual acuity (LogMAR) and ellipsoid zone thickness (categorized to ≥20 micron,
≤20 micron, and no ellipsoid zone) in the center of the fovea and at the edge of the foveal avascular
zone 500 microns nasal to the fovea, for the entire cohort (n=282 sections). *p<0.05 for the comparison
of visual acuity between intact ellipsoid zone and absent ellipsoid zone (ANOVA test). Between the intact
ellipsoid zone thickness groups (≥20, ≤20 microns) there was no significant association in the center of
the fovea and at the edge of the foveal avascular zone 500 microns nasal to the fovea (p=0.28 and
p=0.31, respectively, ANOVA test).
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