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Objective: To describe the anatomical phenotypes of
Best vitelliform macular dystrophy (BVMD) with spectral-
domain optical coherence tomography (SD-OCT) in a
large series of patients with confirmed mutations in the
BEST1 gene.

Methods: In our retrospective observational case series,
we assessed 15 patients (30 eyes) with a clinical diagno-
sis of vitelliform macular dystrophy who were found to
have mutations in the BEST1 gene. Color fundus photo-
graphs and SD-OCT images were evaluated and com-
pared with those of 15 age-matched controls (30 eyes).
Using a validated 3-dimensional SD-OCT segmentation al-
gorithm, we calculated the equivalent thickness of pho-
toreceptors and the equivalent thickness of the retinal pig-
ment epithelium for each patient. The photoreceptor
equivalent thickness and the retinal pigment epithelium
(RPE) equivalent thickness were compared in all pa-
tients, in a region of the macula outside the central lesion
for patients with BVMD and outside the fovea in control
patients. Paired t tests were used for statistical analysis.

Results: The SD-OCT findings revealed that the vitel-
liform lesion consists of material above the RPE and be-

low the outer segment tips. Additionally, drusen-like de-
position of sub-RPE material was notable, and several
patients exhibited a sub-RPE fibrotic nodule. Patients with
BVMD had a mean photoreceptor equivalent thickness
of 28.3 µm, and control patients had a mean photore-
ceptor equivalent thickness of 21.8 µm, a mean differ-
ence of 6.5 µm (P� .01), whereas the mean RPE equiva-
lent thickness was not statistically different between
patients with BVMD and control patients (P=.53).

Conclusions: The SD-OCT findings suggest that vitel-
liform material is located in the subretinal space and that
BVMD is associated with diffuse photoreceptor outer seg-
ment abnormalities overlying a structurally normal RPE.

Clinical Relevance: These findings provide new in-
sight into the pathophysiology of BVMD and thus have
implications for the development of therapeutic inter-
ventions.
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B EST VITELLIFORM MACULAR

dystrophy (BVMD) was
originally described as an
autosomal dominant form of
macular degeneration that

presents in childhood with a yellow yolk-
like or vitelliform lesion in the macula.1

Fishman and coworkers2 found that 76%
of patients younger than 40 years of age
retain 20/40 visual acuity or better in at
least 1 eye, whereas 74% of patients older
than 30 years of age have visual acuity of
20/100 or worse in at least 1 eye. In addi-
tion to vision loss, patients with BVMD
manifest a characteristic abnormal electro-
oculogram, with reduced light peak–to–
dark trough ratios (Arden ratio, �1.5).3

The light peak is mediated by changing
chloride conductance across the basolat-
eral plasma membrane of the retinal pig-
ment epithelium (RPE).4

In 1992, Best disease was linked to
11q13 by studying a 5-generation family
with 29 affected members,5 and the local-
ization was later refined to the pericen-
tromeric region of chromosome 11.6 The
responsible gene, VMD2 (now known as
BEST1), was identified in 1998.7,8 BEST1
has 11 exons that span 14.1 kilobases and
encodes a 585–amino acid protein. To date,
nearly 200 disease-causing mutations have
been identified in BEST1.9-14 Several dis-
eases have been linked to mutations in
BEST1, including vitelliform macular dys-
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trophy (both autosomal dominant and recessive), adult-
onset foveal macular dystrophy, autosomal dominant vit-
reoretinochoroidopathy, and, most recently, retinitis
pigmentosa.15-21

The localization of bestrophin-1 (BEST1), the pro-
tein encoded by BEST1, was determined to be in the ba-
solateral plasma membrane of the RPE.22 Physiological
studies have provided evidence that human BEST1 func-
tions as a Ca2�-sensitive chloride channel10,23-25 or plays
a role in the regulation of Ca2� channels.26-29 Recently, a
knock-in mouse model (W93C mutation in BEST1) re-
vealed (1) enhanced accumulation of lipofuscin in the
RPE and (2) debris that is thought to be unphagocy-
tosed photoreceptor outer segments and lipofuscin gran-
ules in the subretinal space.30

The structural phenotype of the vitelliform lesion has
been a subject of debate. Morphological findings de-
scribed in BVMD donor eyes include (1) the abundant ac-
cumulation of lipofuscin in the RPE31 (at least associated
with some genotypes),32 (2) the mislocalization of the
BEST1 protein,17,33 and (3) photoreceptor degeneration over
a morphologically intact RPE layer.33,34 None of the his-
topathologic analyses to date have sampled the vitelli-
form lesion because the patients who have been exam-
ined postmortem had largely progressed beyond this stage.

On the basis of histopathologic findings, researchers have
suggested that BVMD affects a more diffuse region than that
of the ophthalmoscopically visible lesion. Mullins et al32

suggested that the predilection of the macula for Best dis-
ease–related lesions resulted from a relative paucity in nor-
mal eyes of wild-type bestrophin in macular locations com-
pared with extramacular locations, suggesting that the entire
macula might exhibit photoreceptor or RPE abnormali-
ties rather than being limited to the central macula where
lesions are clinically evident. Histopathologic findings from
both Weingeist et al31 and O’Gorman et al35 suggested the
accumulation of lipofuscin granules in the RPE with ex-
trafoveal diffuse macular involvement.

The use of optical coherence tomography (OCT) makes
it possible to anatomically examine the vitelliform lesion
in vivo. For example, Querques et al36 described the vi-

telliform lesion “at the level of the “RPE/photoreceptor com-
plex,” and Ferrara et al37 described the vitelliform lesion
as existing above the RPE and under the tips of the pho-
toreceptor outer segments. Some of these OCT-guided stud-
ies were performed for patients with a clinical diagnosis
of BVMD without molecular confirmation of disease. A
more precise anatomic understanding of BVMD could pro-
vide insight into the pathophysiology of the disease and
clinically relevant information for future therapeutic in-
vestigation, particularly with respect to the relative effect
of the disease on photoreceptors as compared with the RPE.
In our study, we investigate the 3-dimensional distribu-
tion of the vitelliform lesion and the anatomical condi-
tion of the RPE and photoreceptors in the maculas of pa-
tients with an array of BEST1 mutations.

METHODS

Patients were retrospectively recruited on the basis of a clini-
cal diagnosis of BVMD made by a board-certified ophthalmolo-
gist and on the basis of molecular confirmation of a mutation
in the BEST1 gene; the molecular testing was performed in our
laboratory with bidirectional DNA sequencing using ABI 3730
sequencers (Applied Biosystems, Carlsbad, California). Nor-
mal controls were matched by age (within 5 years) to the pa-
tients with BVMD. These normal controls had normal outer reti-
nas, as determined by a retinal specialist performing indirect
ophthalmoscopy, and had no history of retinal disease, diabe-
tes mellitus, or glaucoma.

All patients with BVMD and all control patients underwent
OCT imaging using the Spectralis (Heidelberg, Germany) 3-di-
mensional volume, scan protocol (6.0�6.0�2.2 mm: 64 [y
coordinate], 1048 [x coordinate], and 1024 [z coordinate] vox-
els, respectively). Color fundus photographs (Zeiss, Dublin, Cali-
fornia) and visual acuities were obtained during the same visit.
Using our validated, fully 3-dimensional OCT segmentation al-
gorithm, we automatically determined 11 intraretinal sur-
faces, from the internal limiting membrane (layer 1) to Bruch’s
membrane (layer 11), in all macular OCT scans from both eyes
for all patients (Figure 1).38,39

Using our OCT viewing software,40 a retina specialist (C.K.)
manually excluded a 3-dimensional region encompassing the
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Figure 1. Depiction of 11 intraretinal surfaces: 1, internal limiting membrane; 2-3, ganglion cell layer; 3-4, inner plexiform layer; 4-5, inner nuclear layer; 5-6, outer
plexiform layer; 6-7, outer nuclear layer; 7, external limiting membrane; 7-8, mitochondrial section of inner segments; 8, inner segment/outer segment junction; 9,
outer segment tips; 10, inner surface of the retinal pigment epithelium (RPE); and 11, outer surface of RPE/Bruch’s membrane. Using our 3-dimensional optical
coherence tomographic (OCT) segmentation algorithm,38 we were able to automatically determine these 11 intraretinal surfaces in all macular OCT scans.
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fovea and, if present, the central Best disease–related lesion from
further analysis. Each age-matched case-control pair of pa-
tients was then evaluated. For each control patient, a region of
exclusion was manually selected to match the volume of the
region excluded in the corresponding age-matched patient with
BVMD. Measurements of photoreceptor equivalent thickness
over the entire macular scan region (excluding the fovea and
lesion area as described) were automatically determined, for
each A-scan, as the distance in micrometers between surface 8
(photoreceptor inner segment/outer segment junction) and sur-
face 10 (inner surface of the RPE). Measurements of RPE equiva-
lent thickness over the identical scan region were determined,
for each A-scan, as the distance in micrometers between sur-
face 10 (inner surface of the RPE) and surface 11 (outer sur-
face of the RPE). The average photoreceptor equivalent thick-
ness and the average RPE equivalent thickness were determined
from these surface thicknesses. The mean photoreceptor equiva-
lent thickness and the mean RPE equivalent thickness were cal-
culated by averaging the photoreceptor equivalent thickness
and the RPE equivalent thickness of each A-scan, for each eye
and for each patient. The photoreceptor equivalent thickness
differences and the RPE equivalent thickness differences be-
tween patients with BVMD and control patients were then sta-
tistically analyzed using a paired t test in Excel (Microsoft, Red-
mond, Washington) at a significance level of .05. Our study
was approved by the institutional review board for human sub-
jects research at the University of Iowa and adhered to the te-
nets set forth in the Declaration of Helsinki.

RESULTS

A total of 15 patients with BVMD (30 eyes) and 15 con-
trol patients (30 eyes) were included. There were a total
of 11 mutations in the BEST1 gene among the 15 pa-
tients with BVMD (Table). High-definition OCT find-
ings revealed that the vitelliform lesion consists of ma-
terial located in the subretinal space (Figures 2 and 3).
Additionally, deposits of sub-RPE material were noted
in the same space in which drusen accumulate, and sev-
eral patients had a highly reflective dense nodule of ma-
terial that was located under the RPE. This material is

likely to be fibrotic scar tissue, given the similarity of this
lesion to fibrovascular pigment epithelial detachments
seen in age-related macular degeneration. There is an
abrupt angle of the RPE contour due to the strong ad-
herence of RPE cells to their basal lamina. Vitelliform le-
sions in the subretinal space are shown in Figures 2 and
3. In Figure 2, a vitelliform lesion seen during clinical
examination is demonstrated to contain subretinal ma-
terial on an OCT scan in a 68-year-old woman with a
Gln316Pro mutation in BEST1. In this patient, the vitel-
liform lesion is localized to the subretinal space, with a
gradual angle of departure of the reflectivity line that is
typically seen with subretinal fluid accumulation. An-
other example of the subretinal location of the vitelli-
form lesion is demonstrated in a patient with a Tyr227Asn
mutation in BEST1 and 20/25 visual acuity (Figure 3).
Atrophic lesions were characterized by disruption of the
outer retina and the RPE. This feature is shown in
Figure 4, which reveals atrophy of the RPE and loss of
normal architecture of the overlying outer retina in a 58-
year-old man with a Lys30Arg mutation in BEST1. In an-
other case (ie, a 54-year-old man), multilayered vitelli-
form material was observed (Figure5). This patient with
a Tyr227Asn mutation in BEST1 showed an extramac-
ular lesion notable for material in multiple layers, in-
cluding the sub–inner segment/outer segment junction,
sub–outer segment tips, and sub-RPE space (Figure 5).
In Figure 6, a sub-RPE fibrotic nodule is shown in a
31-year-old woman with a Thr241Asn mutation. The vi-
sual acuity in this eye was 20/63.

Automated measurements of photoreceptor equiva-
lent thickness and RPE equivalent thickness could be per-
formed for all patients. The mean photoreceptor equiva-
lent thickness was 28.3 µm for patients with BVMD and
21.8 µm for control patients, an average difference of 6.5
µm (95% CI, −11.12 to −1.83 µm; P� .01). The mean RPE
equivalent thickness was 24.5 µm for patients with BVMD
and 25.1 µm for control patients, a nonsignificant dif-

Table. Structural Features of Best Vitelliform Macular Dystrophy in 15 Patients

Patient
Age, y

Mutation in BEST1
Gene

Right Eye Left Eye

Type of Lesion
Visual
Acuity Type of Lesion

Visual
Acuity

17 Asp302Ala GAT�GCT Pseudohypopyon 20/20 Fibrotic nodule 20/100
22 Asp302Ala GAT�GCT Fibrotic nodule 20/50 Fibrotic nodule 20/20
22 Asp302Ala GAT�GCT Fibrotic nodule 20/20 Fibrotic nodule 20/100
15 Tyr227Asn TAC�AAC Vitelliform 20/40 Fibrotic nodule 20/30
84 Tyr227Asn TAC�AAC Multifocal and vitelliform 20/40 Multifocal and vitelliform 20/60
54 Tyr227Asn TAC�AAC Multifocal 20/15 Vitelliform 20/25
67 Asp301 del3gGAT RPEDs and SRF 20/125 RPEDs and SRF 20/125
13 Arg218His CGT�CAT Fibrotic nodule 20/70 Fibrotic nodule 20/25
68 Gln316Pro CAG�CCG Vitelliform 20/30 No lesion 20/20
69 Glu300Lys GAG-AAG RPEDs and SRF 20/30 RPEDs and SRF 20/20
54 Leu294 del3cTCA Atrophic 20/125 Vitelliform 20/40
58 Lys30Arg ex 2 Subretinal fibrosis and SRF 20/50 Atrophic 20/70
30 Thr241Asn ACT�AAT Fibrotic nodule 20/63 Pseudohypopyon 20/40
15 Thr307Ile ACC�ATC Pseudohypopyon 20/20 Pseudohypopyon 20/20
42 Asn133Lys Vitelliform 20/25 � 3 Atrophy and SRF 20/125

Abbreviations: RPEDs, retinal pigment epithelial detachments; SRF, subretinal fluid.
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ference (95% CI, −1.19 to 2.21 µm; P=.53). The mea-
surements of photoreceptor equivalent thickness and RPE
equivalent thickness for each patient are shown in
Figures 7 and 8.

We further sought to determine how genotype influ-
enced the anatomical features of BVMD in the 15 pa-
tients with the disease. Only patients with the Tyr227Asn
mutation (2 of the 3) showed extramacular flecks (com-
pared with 0 of the 12 patients with other mutations).
Fibrotic nodules were observed in 3 of the 3 patients (and
5 of the 6 eyes) with an Asp302Ala mutation. No other
striking genotype-specific structural features were noted.

COMMENT

In our study, we used spectral-domain OCT to charac-
terize the 3-dimensional anatomy of macular lesions in

patients with confirmed mutations in the BEST1 gene.
The most common OCT-detected phenotypes that we ob-
served were vitelliform material located in the subreti-
nal space, fibrotic nodules under the RPE, and disrup-
tion and atrophy of the outer retina and the RPE. We also
found that the retina adjacent to these ophthalmoscopi-
cally visible lesions was abnormal. Specifically, photo-
receptor equivalent thickness was 6.5 µm thicker, on av-
erage, in patients with BVMD than in control patients,
whereas, on average, the RPE of patients with BVMD was
the same thickness as the RPE of control patients. This
finding suggests that, although the abnormal protein en-
coded by BEST1 is expressed in the RPE, its primary ana-
tomical impact is at the photoreceptor level. These data
are consistent with histopathologic findings of an attenu-
ated outer retina overlying an intact RPE.33 The photo-
receptor equivalent thickness in patients with BVMD com-
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OS tips

Vitelliform
material

RPE

Figure 2. Classic vitelliform lesion (A) revealing subretinal vitelliform material (B) in a 68-year-old woman with a Gln316Pro Mutation in BEST1. The visual acuity
of this eye was 20/30. ELM indicates external limiting membrane; IS/OS, inner segment/outer segment; RPE, retinal pigment epithelium.
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Figure 3. Classic vitelliform lesion (A) revealing subretinal vitelliform material (B) in a 54-year-old man with a Tyr227Asn mutation in BEST1. The visual acuity in
this eye was 20/25. ELM indicates external limiting membrane; IS/OS, inner segment/outer segment; RPE, retinal pigment epithelium.
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pared with control patients increases with age, perhaps
reflecting an age-related accumulation of outer segment
debris as was seen in the histopathologic analysis of the
knock-in mouse model.30

The diffuse photoreceptor involvement in BVMD that
we found is consistent with the well-known abnormality
of the electro-oculogram, a large-scale voltage-dependent
phenomenon believed to originate from chloride conduc-
tance across the basolateral plasma membrane of the RPE.
This phenomenon would be difficult to explain by a dis-
ease process limited to the macula.4,41 Arden et al41 found
the electro-oculogram to be normal in patients with local-
ized chorioretinal disease but abnormal when damage is
diffuse and affects the majority of the choroid or the RPE.
Lending further support to a model of diffuse involve-
ment in BVMD is the immunohistochemical finding that

bestrophin (at some level) is expressed to some degree in
both the macular RPE and the peripheral RPE.32

Given prior physiological findings that bestrophin af-
fects the function of the RPE by modulating ion channels,
it is likely that the ionic milieu of the subretinal space is
altered in BVMD. Our OCT analyses suggest that BVMD
may be caused by RPE-mediated changes in the ionic en-
vironment of the subretinal space, leading to aberrant in-
teraction between photoreceptors and the RPE, resulting
in the accumulation of fluid and outer segment debris in
the subretinal space. In normal individuals, the interpho-
toreceptor matrix is responsible for the tight adhesion of
the photoreceptors to the RPE, and structural differences
in this matrix have been reported in foveal and extrafo-
veal locations.42 Such regional variations in this matrix may
explain the macular location of the vitelliform lesion in

A B ELM
IS/OS junction

OS tips

Disruption of outer
retina

RPE (atrophic)

Bruch’s membrane

200 µm

Figure 4. Atrophic lesion (A) revealing atrophy of the RPE and loss of normal architecture of the overlying outer retina (B) in a 58-year-old man with a Lys30Arg
mutation in BEST1. The visual acuity in this eye was 20/70. ELM indicates external limiting membrane; IS/OS, inner segment/outer segment; RPE, retinal pigment
epithelium.
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Figure 5. A, Extramacular lesion in a 54-year-old man with a Tyr227Asn mutation in BEST1. The visual acuity in this eye was 20/15. Material is notable in multiple
layers (B), including the sub–inner segment/outer segment (sub-IS/OS) junction, the sub-OS tips, and beneath the retinal pigment epithelium (sub-RPE). ELM,
indicates external limiting membrane.
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BVMD, despite diffuse photoreceptor involvement. Given
the light-dependent nature of the electro-oculogram, it is
also possible that altered bestrophin function affects other
light-dependent events such as the circadian phagocyto-
sis of outer segment tips. If so, the differences between the
anatomy of the central macula and the anatomy of the more
anterior retina could explain the location of the most char-
acteristic BVMD-related lesion.43

Although it is not possible to draw conclusions regard-
ing a phenotype-genotype correlation given the small num-
bers of patients with the same mutation, 2 suggestive trends
were noted. Two of the 3 patients with a Tyr227Asn mu-

tation had multifocal lesions compared with 0 of 12 pa-
tients with other genetic variants, and all 3 patients with
theAsp302AlaGAT�GCTmutationrevealeda fibroticnod-
ule at a young age, suggesting that the latter variant may
be associated with a more severe fibrosis.

A notable limitation of our study is that it is not lon-
gitudinal, and although most patients have been fol-
lowed for years, typically only 1 spectral-domain OCT
image was available per eye. Future studies should in-
clude OCT analysis of photoreceptor equivalent thick-
ness and RPE equivalent thickness in individual pa-
tients over time to document lesion progression.

A B

ELM

RPE

Bruch’s membrane

IS/OS junction

OS debris

Figure 6. Subretinal pigment epithelium fibrotic nodule in a 31-year-old woman with a Thr241Asn mutation in BEST1. The visual acuity in this eye was 20/63.
ELM indicates external limiting membrane; IS/OS, inner segment/outer segment; RPE, retinal pigment epithelium.
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Figure 7. Measurements of photoreceptor equivalent thickness for each
patient with Best vitelliform macular dystrophy (BVMD) and for each control
patient. The mean photoreceptor equivalent thickness was 28.3 µm for
patients with BVMD and 21.8 µm for age-matched control patients, an
average difference of 6.5 µm (95% CI, −11.12 to −1.83 µm; P� .01).
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Figure 8. Measurements of retinal pigment epithelium (RPE) equivalent
thickness for each patient with Best vitelliform macular dystrophy (BVMD)
and for each control patient. The mean RPE equivalent thickness was 24.5
µm for patients with BVMD and 25.1 µm for control patients, a nonsignificant
difference (95% CI, −1.19 to 2.21 µm; P=.53).
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In summary, we have provided additional evidence that
the vitelliform material described in BVMD is located
above the RPE and below the outer segment tips in the
classic vitelliform lesion. We also showed that a sub-
RPE phenotype exists that may best be described as a fi-
brotic scar. It is interesting to note that the photorecep-
tor cells overlying these fibrotic scars can survive for years
and support good visual acuity (Table). Lastly, we found
that the OCT correlate of photoreceptor outer segments
(photoreceptor equivalent thickness) was, on average, 6.5
µm thicker among patients with BMVD than among con-
trol patients, whereas the OCT correlate of RPE thick-
ness (RPE equivalent thickness) was not statistically dif-
ferent between patients with BVMD and control patients.
Thus, although bestrophin is clearly expressed in the ba-
solateral membrane of the RPE, the greatest anatomical
effect of bestrophin dysfunction is a diffuse accumula-
tion of material at the photoreceptor level.
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OBITUARY

In Memoriam: Mitchell H. Friedlaender, MD (1946-2011)

T he first time I met Mitchell Friedlaender was
in 1988 when I was interviewing at Scripps
Clinic. He was the junior ophthalmologist in

the department at the time. He had joined 3 years ear-
lier. After those first few minutes with him, I walked
out of his office with a terrific first impression of Scripps.
He was helpful, encouraging, and supportive from the
start. He continued to be so during his many years of
service at Scripps Clinic.

Over the course of his career, his influence ben-
efited both his close colleagues and the field of oph-
thalmology at large. At the clinical level, he was a sta-
bilizing presence and brought marvelous interpersonal
skills and goodwill to our daily work. Most people he
came in contact with considered him a friend. He cared deeply for his patients, many
of whom stayed with him in excess of 25 years. He also contributed vastly to our
knowledge of ocular allergy and dry eye through his extensively published re-
search and the hundreds of lectures he gave in the United States and abroad. With
little fanfare, he founded and perpetuated valuable forums for information ex-
change, such as the Aspen Corneal Society in Snowmass, Colorado, and the Pearls
of Ocular Therapy in La Jolla, California.

Mitch was a devoted family man. His busy office seemed to get smaller and smaller
over the years as pictures of his wife and 2 children shared space with his many
diplomas and awards. He pursued personal interests with equal enthusiasm, as he
mastered the piano and the Japanese language and avidly collected Chicano art.

With characteristic devotion, Mitch was working up until a few days before his
passing. I visited with him in his office at that time, not knowing it was the last
time I would see him. He was, as always, kindly and positive. I realized, leaving his
office that evening, that nothing had changed.

Mitchell Friedlaender will be sorely missed by his colleagues, along with his fam-
ily. His life and his career ended too soon. The consolation for me and the rest of
us who practice ophthalmology is that the work we do as we go forward will con-
tinue to be enhanced by Mitch’s many valuable contributions.
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