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traits [Hejtmancik, 2008; Churchill and Graw, 2011]. To date,
29 genes associated with congenital cataracts have been identified
[Huang and He, 2010]. These genes encode structural proteins,
cytoskeletal proteins, gap junction channel protein, membrane
associated proteins, glycolytic enzymes, and cell-signaling proteins
[Huang and He, 2010]. In most cases of inherited congenital
cataracts, lens manifestations occur in isolation, while the other
cases exhibit other ocular anomalies or occur as part of a metabolic
disease or genetic syndrome [Huang and He, 2010; Churchill and
Graw, 2011]. However, patients with congenital cataracts having
identical gene mutations exhibited various types of lens manifes-
tations and also other ocular abnormalities while others with the
same phenotype of lens abnormalities had different gene mutations
[Huetal.,2010; Huang and He, 2010; Sun etal.,, 2011]. Such genetic
heterogeneity makes it difficult to identify disease-causing muta-
tions in patients with congenital cataracts. A new approach,
whole exome sequencing (WES), is a remarkable tool that can
identify disease-causing mutations in genetic heterogenetic diseases
[Tsurusaki et al., 2012; Aoki et al., 2013]. Kondo et al. {2013}
reported two families with congenital cataracts and CRYAA or
CRYGC mutations using WES.

We have found a v-maf avian musculoaponeurotic fibrosarcoma
oncogene homolog (MAF) mutation in a large family with congen-
ital cataracts by WES. MAF is one of the causative genes for
congenital and juvenile cataracts. Thirty-three patients from five
families have been reported typically with pulverulent or cerulean
types of cataracts accompanied by microcornea [Jamieson
et al., 2002, 2003a,b; Vanita et al., 2006; Hansen et al., 2007,
2009]. For further delineation of clinical characteristics of patients
with MAF mutations, we will describe detailed clinical information
of affected individuals in our current family and review all the
patients reported to date.

MATERIALS AND METHODS
Clinical Report

A Japanese boy (IV-1), now 5 years old, was the first child born to
nonconsanguineous parents. His mother (III-2) had bilateral con-
genital cataracts, requiring lens removal at age 3 months. His
maternal grandmother (II-2) had bilateral cataracts requiring
surgery in her high-school period (Fig. 1A).

During the neonatal period, he was diagnosed with lamellar-type
cataract without other eye malformations. Bilateral lens removal
was performed at age 3 months. Throughout infancy and child-
hood, his motor development was normal. However, his language
development was delayed and he was diagnosed with autism
spectrum disorder at 4 years of age. He also had abnormal lower
incisors and a bifid uvula. Nance-Horan syndrome (NHS), an
X-linked disorder characterized by congenital cataract, dental
anomalies, dysmorphic features, and mild to moderate intellectual
disability was suspected, but molecular analysis for the causative
gene NHS showed no mutation. G-banded chromosomes was
normal. Microarray comparative genomic hybridization using
CGX-3 cytogenetics arrays (Roche NimbleGen, Inc., Madison,
WI) showed no pathogenic genomic copy number abnormalities.

IV-2, a Japanese girl now 3 years old, was the first child born to
nonconsanguineous parents. She was a maternal cousin of IV-1. She

had bilateral lamellar and anterior polar type of congenital cataract
with bilateral microcornea and iris coloboma. Her visual acuity was
20/100 OD, 20/100 OS, and 20/50 OU with myopic astigmatism.
Her developmental milestones were normal.

IV-3, a younger brother of IV-2, now 1 year and 2 months old,
had bilateral nuclear and anterior subcapsular type of cataract with
bilateral early cataract surgery at 3 months of age, and secondary
surgery for glaucoma in the left eye at 11 months of age. After
cataract removal, he was found to have bilateral mild macula
hypoplasia. Aphakic glasses were prescribed and his grating visual
acuity with correction was 20/190 OU. He also had inguinal hernia,
which was surgically repaired. His developmental milestones were
normal. His mother (111-3) is a sister of 111-2 and was diagnosed with
bilateral cataracts and microcornea. She underwent a surgery for
bilateral cataracts and a second surgery for retinal detachment in the
right eye during junior high school period.

Exome Sequencing

Library preparation. After informed consent was obtained,
genomic DNA for 11I-2, 11I-1, III-2, and IV-1 was extracted from
peripheral blood using the Gentra PureGene Blood kit (QIAGEN,
Inc., Valencia, CA). Genomic DNA for II-1, III-3, and IV-3 was
extracted from saliva using the Oragene DNA collection Kit
(DNA Genotek, Inc., Ottawa, Ontario, Canada) according to the
manufacturers instructions.

Target selection and sequencing. Exome sequencing was con-
ducted for three DNA samples (11-2, I1I-2, and IV-1). The genomic
DNA was shared into approximately 150-200 base pair (bp) frag-
ments, and used to make a library for multiplexed paired-end
sequencing (Illumina, San Diego, CA). The constructed library was
hybridized to biotinylated cRNA oligonucleotide baits from the
SureSelect Human All Exon 50 Mb Kit (Agilent Technologies, Inc.,
Santa Clara, CA) for exome capture. Targeted sequences were
purified by magnetic beads, amplified, and sequenced on an
[lumina HiSeq2000 platform in a paired-end 101 bp configuration.

Mapping and SNV/indel calling. After quality control tests,
the reads were mapped to the reference human genome (UCSC
Genome Browser hgl9) using Burrows-Wheeler Aligner (ver.
0.5.9). The mapping results were corrected using Picard (ver.
1.49) to remove duplicates and Genome Analysis Toolkit
(GATK, ver. 1.1-31) for local alignment and quality score recali-
bration. SNV and Indel calls were performed with multi-sample
calling using GATK. The annotations of SNVs and Indels were
based on dbSNP131, CCDS (NCBI, Sep 2009), RefSeq (UCSC
Genome Browser, Oct 2010), and Encode (UCSC Genome
Browser, ver. 4).

Verification of variants. The segregated variants in the present
family were confirmed by Sanger sequencing. Primers were
designed flanking the candidate loci based on the genomic sequence
of the human genome (UCSC Genome Browser hgl19). The geno-
mic DNA of the patients in the present study was amplified by
polymerase chain reaction (PCR) for each gene. After purification,
the PCR samples were directly sequenced using the ABI BigDye
Terminator Cycle Sequencing Kit (Applied Biosystems, Foster City,
CA). Reactions were analyzed on an ABI 3100 semi-automated
sequencing analyzer (Applied Biosystems). The DNA sequences
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FIG. 1. The MAF Glu 303 Pro mutation was identified in five patients in one family A: Pedigrees of the family. Square: male; circle: female;
open symbol: unaffected; filled symbol: affected; E+ mutation positive, E— mutation negative. B: Sequencing results of MAF from unaffected
[Hi-1) and affected (IV-1) members is shown. The position of nuclectide substitution is indicated by a red arrow. C: Compared amino acid
region of MAF across species. Glutamine at position 303 is in bold and underlined. Different parts from human are indicated in gray.

D: Schema of MAF domain structure and identified mutations in previously reported and present [red letter] patients. The functional domains
are indicated as follows: EHR, extended homology region; BR, basic region.

were analyzed using FinchTV version 1.4.0 (Geospiza, Inc., Seattle,
WA). The comparison of sequencing data was completed by the
GENETYX software (Software Development, Tokyo, Japan). This
study was was approved by the ethics committee of Shinshu
University School of Medicine.

RESULTS

After removing previously reported variants from the WES gener-
ated data, we identified 2,231 variants in three affected members.
We screened these variants for inheritance in an autosomal domi-
nant manner or X-linked dominant manner among these three
patients. After this step, we identified six variants (USP9X,

XPNPEP2, BMP15, TIMP, CXorf59, and MAF). We surveyed the
mutations in the 29 known genes of congenital cataract by visual
inspection. The MAF ¢.908A>C variant was predicted to convert
glutamine to proline at amino acid position 303. This mutation was
not found in any samples in the National Heart, Lung, and Blood
Institute Exome Sequencing Project (NHLBI ESP) Exome Variant
Server (Seattle, WA). The algorithms of Polymorphism Phenotyp-
ing (PolyPhen-2) and Sorting Intolerant from Tolerant (SIFT)
software predicted that p. Q303L would be a damaging mutation
as the PolyPhen-2 score was 1.0 (range 0-1; 0 = neutral, 1 =dam-
aging mutation) and SIFT tolerance index score was <0.05. To
confirm the variants detected in WES, all family members were
screened by PCR amplification and Sanger sequencing for the MAF
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and other five variants. A heterozygous variantin MAFwas found in
all affected members (Fig. 1B), but the other five variants were not
seen in two members (I111-1, IV-3). The MAF variant had not been
identified in 200 alleles in Japanese controls and in other unaffected
members (II-1, III-1). These data indicated that the c.908A>C
mutation in MAF probably would cause cataract in this family.

DISCUSSION

We report on a Japanese family with congenital cataracts and
identify MAF mutation by WES. The three affected members in
this current family show lamellar, anterior polar, nuclear, and
anterior subcapsular types of cataract accompanied by microcornea
and iris coloboma. To date, missense mutations in MAF were
identified in four families [Jamieson et al., 2002, 2003a,b; Vanita
etal., 2006; Hansen et al., 2007, 2009]. Additionally, Jamieson et al.
[2002] reported a family with congenital cataract and a balanced or
an unbalanced translocation, one of the breakpoint of which was
located in 16q23.2. Molecular cloning of the breakpoint demon-
strated that the breakpoint did not disrupt the coding region of
MAF directly but transected the the genomic-control domain of
MAF. Totally, 39 patients from six families with MAF abnormalities
have been reported including the current family (Table I).

The type of cataract was not available in all the patients in the
current family. In previous reports, patients in a single family
displayed multiple types of cataracts with microcornea, iris
coloboma, and other segment dysgenesis conditions [Jamieson
et al, 2002; Hansen et al, 2007]. A patient in Family
CCMCO0113, reported by Hansen et al. [2009], manifested only
microcornea without cataract, while other patients in the family
showed cataract with or without microcornea. In the current
family, three of the six affected patients exhibited severe cataract,
requiring lens removal at infancy. Total 26 patients underwent
surgery until adulthood and at least five patients did not require lens
removal. Among all the reported patients including those in the
current family, 17 patients had microcornea and three had unilat-
eral or bilateral iris coloboma.

MAF encodes a protein that belongs to a family of DNA-binding,
basic region/leucine zipper transcription factors playing a key role
in regulating embryonic lens fiber cell development, increasing
T-cell susceptibility to apoptosis, and chondrocyte terminal differ-
entiation [Yietal,2011]. MAFis expressed early in the developing
lens vesicle and has the central regulator of gene expression in the
crystalline lens during the differentiation of the primary posterior
lens fibers [Kawauchi et al., 1999; Kim et al., 1999; Ogino et al., 2000;
Ring et al., 2000]. Homozygous null mutant ¢-Maf mice showed
defective lens formation and microphthalmia as a result of failure to
elongate of the posterior lens fibers [Kim et al., 1999]. The MAF
mutation R288P which was identified in a family with juvenile
cataract [Jamieson et al., 2002] showed a reduction in the trans-
activation ability of MAF [Perveen et al., 2007]. The MAF mutation
Q303L in the current family was found in a well-conserved
glutamine residue at the basic region of DNA-binding domain
(Fig. 1C,D) and was presumed to interfere with MAF-dependent
transcriptional activation.

Patients with the MAF abnormalities exhibited variable types
of congenital cataracts with or without microcornea and iris
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Clinical Manifestations in MAF Positive Patients

TABLE 1

Patients

Total in MAF

Other ocular

iris coloboma
{3 patients)

Microcornea
{17 patients)

Age at operation

with
cataract

MAF positive

mutation
0303P

Other

manifestations

{26 patients)
High school period

Cataract classification

patients

NA NA

NA

NA

NA

NA

NA
Lamellar

6

12

NA

NA

3m
Junior high school period

-2
-3

V-1

Lower incisor,
bifid uvula, ASD

Lamellar, anterior polar
Nuclear, anterior subcapsular
Total cataract, cortical and

Unoperated

-2

Inguinal hernia

Opague cornea,

3m
infancy—Adulthood(4])

Family1 2

V-3

Peter anornaly,
Microphthalmia

sutural pulverulent

Hodgkin's

Uveal
melanomalveal

25-28y(4)

Cortical pulverufent, nuclear

R288P

disease

pulverulent, posterior

Family2 1)

naevus

subcapsular,
Cerulean
Posterior polar,

K297R
R299S

cc-277%

Childhood—24y(8)

1m-47y{4)

Family CEMC 0112%

nuclear, lamellar

Family. CCMC 0113

(3)

43y(1)

Nuclear

?

K320€

*1:The family had balanced or unbalanced translocation in 5p15.3 and 16q23.2.

*2 The patients with unbalanced translocation showed developmental delay, thin upper lip, short nose, microcepha.lg. brachycephaly, coarse hair, and small hands with clinodactyly.

&) Hansen et al. [2009].

5) Hansen et al. [2007],

NA., data not available; ASD, autism spectrum disorder; y.0., years old; m.o., month old. 1) Jamieson et al. [2002], 2] Jamieson et al. [2003a], 3] Jamieson et al. {2003b], 4] Vanita et al. [2006],



1276

AMERICAN JOURNAL OF MEDICAL GENETICS PART A

coloboma. Microcornea is thought to occur secondary to an arrest
in corneal growth as the result of an overgrowth of the tips of the
optic cup [Nischal, 2002]. Coloboma is caused by faulty closure of
the optic fissure [Chang et al., 2006]. These developmental defects
of these manifestations seem to be different from those of congeni-
tal cataracts. However, cataracts can be found together with iris
coloboma or microcornea [Chang et al.,, 2006]. Mutant mice
heterozygous for c-MafR291Q showed pulverulent cataract, where-
as other strains could show aberration in the development of the
anterior segment in addition to cataract [Lyon et al., 2003]. Some
genetic modifiers were suggested to contribute to the development
of various ocular abnormalities in an incomplete penetrance [Lyon
et al., 2003]. MAF abnormalities are considered to that act or
coordinate with other modifiers during eye development together
with other genetic modifiers resulting not only in congenital
cataracts but also in anterior segment dysgenesis.

Two male members of the current family had cataracts with
autism spectrum disorder, abnormal lower incisors, bifid uvula, or
inguinal hernia. MAFhas not been proposed to playa rolein ASD or
in inguinal hernia. From a report of a MAF mutation-positive
patient with Hodgkin disease [Jamieson et al., 2003b], further
analysis of the clinical manifestations of the MAF mutation in a
higher number of patients is needed to evaluate the associations
with other systematic diseases.

In conclusion, WES identified a novel MAF mutation in a family
segregating with congenital cataract and microcornea and/or iris
coloboma in some affected individuals. Review of the patients with
MAF mutations supports the notion that congenital cataracts
caused by MAF mutations could be accompanied by microcornea
and/or iris coloboma. WES is a useful tool for detecting disease-
causing mutations in patients with genetically heterogeneous
conditions.
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Surgical Outcomes of Progressive Tractional Retinal
Detachment Associated With Familial Exudative
Vitreoretinopathy

TAKAHIRO YAMANE, TADASHI YOKOI, YURI NAKAYAMA, SACHIKO NISHINA, AND NORIYUKI AZUMA

o PURPOSE: To evaluate various surgeries for treating
retinal detachment (RD) associated with familial exuda-
tive vitreoretinopathy (FEVR).

e DESIGN: Retrospective, interventional case series.

e METHODS: The charts of 22 patients who underwent
surgery were reviewed. A complete ophthalmic examina-
tion was performed including wide-field fundus images
with fluorescein angiography. The primary and secondary
outcomes were fundus features (vascular activity of the
fibrovascular proliferation and extent of tractional RD)
and visual acuity (VA), respectively.

o RESULTS: Thirty-one eyes were included (12 eyes
underwent scleral buckling, 1 scleral buckling and vitrec-
tomy, 7 vitrectomy alone, and 11 lensectomy and vitrec-
tomy). Twenty-six eyes were reattached during 1 surgery.
Scleral buckling resulted in cessation of fibrovascular pro-
liferation and retinal reattachment; only 1 of these eyes
required vitrectomy. Lens-sparing vitrectomy resulted
in stabilized fibrovascular proliferation and retinal reat-
tachment. Vitrectomy with lensectomy did not achieve
retinal reattachment in 4 eyes. Fibrovascular prolifera-
tion has a rich vascular component in patients younger
than 3 years, and collagen fibers were present mainly
with more advanced age. The postoperative VA improved
in 5 of 8 eyes examined, was unchanged in 1 eye, and
decreased in 2 eyes with macular involvement.

o CONCLUSIONS: FEVR-induced RDs are highly variable
and require careful preoperative evaluation to determine
the best surgical procedure. Vitrectomy with release of
posterior traction is essential in younger patients with
vascularly active fibrovascular proliferation, whereas
scleral buckling may be important for cases with peripheral
traction anterior to the equator. In all cases, peripheral
thermal treatment applied to all ischemic areas contributed
to reduced peripheral neovascularization. (Am ]
Ophthalmol 2014;158:1049-1055. © 2014 by Elsevier
Inc. All rights reserved.)

AMILIAL EXUDATIVE VITREORETINOPATHY (FEVR) IS
a hereditary vitreoretinal abnormality with diverse
fundus findings similar to those of retinopathy of pre-
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maturity (ROP)." Mild FEVR is characterized by insuffi-
cient vascular development, areas of avascularity, and
degeneration in the peripheral retina with a generally
normal posterior retina. In contrast, the severe form
includes fibrovascular proliferation, tractional retinal
detachment (RD), and radial retinal folds, which result
in serious visual impairment in children.

The retinal changes in FEVR may progress throughout
childhood; however, the peak age and pathologic condi-
tions remain unknown.” Disease onset may be in the prena-
tal stage when retinal vessels develop; and the active phase,
and progression of fibrovascular proliferation and tractional
RD, generally ends by the time of birth, leaving scarring.
However, in some cases the disease continues after birth
or reoccurs during the growth years. We previously investi-
gated the natural course of congeniral retinal folds associ-
ated with FEVR and showed that fibrovascular
proliferation recurred and tractional RD developed in
21.7% of affected eyes.’

Despite the fact that this disease threatens vision in chil-
dren, few studies have investigated the clinical characteris-
ticsand surgical treatment of FEVR,** especially in patients
with progressive proliferation that continues after birth.

We report the surgical outcomes of tractional RD associ-
ated with FEVR that occurred after birth.

PATIENTS AND METHODS

THIS RETROSPECTIVE, INTERVENTIONAL CASE STUDY WAS
approved by the ethics committee of the National Center
for Child Health and Development, Tokyo, Japan. It
was in compliance with the tenets of the Declaration of
Helsinki. Written informed consent was obtained from
all parents of participants.

Thirty-one eyes of 22 patients (12 girls, 10 boys) with
FEVR underwent vitreoretinal surgery at the National
Center for Child Health and Development between
August 1, 2003 and September 31, 2011, when the fibrovas-
cular proliferation continued to progress after birth or reoc-
curred during patient observation. Vascular activity of
fibrovascular proliferation was determined by fundus fluo-
rescein angiography (FA) and continuous series of fundus
photography. Eyes were excluded when fibrovascular prolif-
eration had stabilized, a total RD was present that was
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diagnosed as cicatricial during the initial examination, or a
thegmatogenous RD was present. The same surgeon (N.A.)
performed all surgeries.

Scleral buckling first was performed in eyes with fibrovas-
cular proliferation that was present in the extreme periph-
eral retina and extended circumferentially for fewer than 2
quadrants. In all eyes, an encircling buckle was placed
under the fibrovascular proliferation using a silicone sponge
that was 2-3 mm in diameter or 3 X 5 mm. The silicone
sponge was removed or cut when fibrovascular proliferation
was confirmed to have stabilized to prevent constriction of
the growing eyeball.

Photocoagulation alone was never the treatment choice,
because fibrovascular proliferation already had occurred.
When fundus FA detected a significant dye leakage, photo-
coagulation also was applied to an avascular area away from
the fibrovascular proliferation.

Vitrectomy was performed when fibrovascular prolifera-
tion was present in the posterior retina or the periphery and
extended circumferentially for 2 or more quadrants, for
which condition scleral buckling is ineffective. Lensectomy
also was performed when the fibrovascular proliferation was
attached extensively to the posterior lens surface or vitre-
ous base or when an extensive tractional RD rapidly
progressed owing to aggressive proliferation.

The formed vitreous was removed extensively, especially
around the fibrovascular proliferation, along which fibrovas-
cular proliferation can grow. Resection and delamination of
the fibravascular proliferation tissue were minimized when
the tissue adhered tightly to the retina and/or ciliary body
or contained new vessels.

The preoperative and postoperative fundus features,
including the vascular activity of the fibrovascular prolifer-
ation and extent of the tractional RDs, were evaluated on
color fundus photographs and fundus FA images using the
RetCam camera (Massie Research Laboratories, Inc.,
Pleasanton, California, USA). The best-corrected visual
acuity (VA) was measured with a VA chart using Landolt
rings or pictures at 5 m and converted to Snellen notation.

RESULTS

THE GESTATIONAL AGES AT BIRTH RANGED FROM 35 TO
41 weeks (mean, 39 weeks); the birth weights ranged
from 1768 to 3644 g (mean, 2907 g). The ages at the first
visit ranged from 1 month to 10 years (mean, 24 months);
the ages at surgery ranged from 1 month to 18 years (mean,
36 months). Nine patients underwent bilateral surgeries at
different times; 13 eyes underwent a unilateral surgery.

Active fibrovascular proliferation was seen in 13 eyes of 8
patients who were less than 6 months of age at the time of
the first surgery in our hospital, suggesting that the disease
continues after the prenatal stage. In 18 eyes of 14 patients,
the fibrovascular proliferation regrew during the follow-up
period up to age 18 years.
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The preoperative fundus findings were fibrovascular pro-
liferation on the posterior retinal pole in 10 eyes, fibrovas-
cular proliferation on the peripheral retina in 1 eye, a serous
RD in 1 eye, and a total RD in 4 eyes. Radial retinal folds
were already present in 15 eyes: in the temporal quadrant in
14 eyes and in the nasal quadrant in 1 eye.

When patients were 3 years or older, the extent and loca-
tion of the recurrent fibrovascular proliferation were fewer
than 2 quadrants in the periphery in 7 of 10 eyes (70%)
and localized in the posterior retina in 3 eyes (30%). In
contrast, the types of fibrovascular proliferation varied
when patients were younger than 3 years of age; the disease
ranged from 2 quadrants or more in the periphery in 5 of 21
eyes (24%), fewer than 2 quadrants in the periphery in 9
eyes (43%), and mainly in the posterior retina in 7 eyes
(33%). In 3 of 7 eyes in which the fibrovascular prolifera-
tion was restricted to the posterior retina, photocoagula-
tion had been applied previously at referral hospitals.

Ophthalmoscopy identified hemorrhages in 12 of 21 eyes
(57%) and exudates in 1 eye (5%) when patients were
younger than 3 years of age but failed to identify hemor-
thages and exudates without hemorrhage in 2 of 10 eyes
(20%) when patients were 3 years of age or older. When pa-
tients were younger than 3 years of age, the fibrovascular
proliferation appeared reddish, probably because it was
composed of many vessels, and FA showed dye leakage in
all 21 eyes. In contrast, when patients were 3 years or older,
the fibrovascular proliferation, which appeared reddish
with fluorescein dye leakage, was seen in only 1 of 10
eyes (109%). In other cases, the fibrovascular proliferation
appeared whitish, with no fluorescein dye leakage; howev-
er, the tractional RDs slowly developed in accordance with
their extension and contraction (Table 1). Thirteen eyes of
11 patients underwent scleral buckling between ages
5 months and 18 years (mean, 52.9 months). Eighteen
eyes of 12 patients underwent vitreous surgery; 7 eyes un-
derwent lens-sparing vitrectomy between ages 4 months
and 10 years (mean, 52.4 months) and 11 eyes underwent
vitrectomy and lensectomy simultaneously between ages
5 and 15 months (mean, 6.3 months). Thirteen eyes under-
went laser ablation to the avascular area far from the fibrous
proliferation at the time of surgery (7 eyes treated with
scleral buckling and 6 eyes with vitrectomy).

During vitrectomy, the vitreous gel was rarely liquefied
and was firmly adhered to the avascular retina in all eyes.
The fibrovascular proliferation that contained many epi-
centers also was attached firmly to the retina. Thus, forma-
tion of a posterior vitreous detachment and delamination
of the fibrovascular proliferation were minimized to avoid
bleeding and retinal break formation when the RD was par-
tial. Cicatricial tissues from fibrovascular proliferation were
dissected and delaminated after stabilization of vascular
activity, when the retina totally detached.

In 4 of 13 fellow eyes not treated surgically, photocoag-
ulation was applied to the peripheral avascular area,
because FA identified dye leakage at the growth end of
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TABLE 1. Clinical Characteristics of Preoperative Fundus
Findings With Familial Exudative Vitreoretinopathy

Month 0-35 Month 36+
N =21 Eyes N = 10 Eyes
Range and location of FP
More than 2 quadrants 5 (24%) 0
in periphery
Less than 2 quadrants 9 (43%) 7(70%)
in periphery
Posterior retina 7 (33%) 3 (30%)
Appearance of FP
and surrounding retina
Abundant vascular proliferation 21 (100%) 1(10%)
White fibrous tissue 0 9 (90%)
Fluorescein dye leakage 21 (100%) 1(10%)
Hemorrhages 12 (57%) 0
Hard exudates 1(5%) 2 (20%)

FP = fibrovascular proliferation.

the retinal vessels. Four eyes with an avascular area and 1
eye with retinal folds that showed no dye leakage were
only observed. Four eyes with a total RD that had cicatrized
did not satisfy the surgical criteria, because the fellow eyes
were expected to obtain relatively good vision. Table 2
shows the details of all cases.

Thirty-one eyes of 22 patients were included in the
study. Twelve eyes (38.7%) underwent scleral buckling, 1
(3.2%) underwent scleral buckling and vitrectomy, 7
(22.6%) underwent vitrectomy alone, and 11 (35.5%) un-
derwent lensectomy and vitrectomy. Overall, reattach-
ment was achieved in 26 eyes (83.9%) during 1 surgery.

Postoperatively, scleral buckling suppressed progression
of fibrovascular proliferation and released traction in 12
eyes (Figure 1), but additional lens-sparing vitrectomy
was needed in 1 eye to remove residual fibrovascular prolif-
eration in the posterior retina. Scleral buckles were
removed in all eyes in an average of 5.8 months postoper-
atively. Stabilization of the fibrovascular proliferation and
retinal reattachment were obtained after lens-sparing vit-
rectomy in 7 eyes and vitrectomy with lensectomy in 7
eyes (Figure 2). However, 4 eyes did not achieve retinal
reattachment because of rapid preoperative progression to
a total RD. Other associated ocular pathologies, including
cataract and glaucoma, did not occur postoperatively.

The patients were followed postoperatively for periods
ranging from 17 to 112 months (mean, 52 months). The
preoperative and postoperative VAs were compared in
only 8 eyes of 7 patients in which retinal reattachment
occurred (5 eyes after scleral buckling and 3 eyes after
lens-sparing vitrectomy), because the other 15 patients
were too young or mentally challenged. The postoperative
VAs ranged from no light perception to 20/16; the VA
increased in 5 eyes, was unchanged in 1 eye, and decreased
in 2 eyes with macular traction. The other 13 eyes in which
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the postoperative VA could not be measured had good
visual fixation and following behavior postoperatively.

DISCUSSION

THE CURRENT STUDY SHOWED THAT FIBROVASCULAR PRO-
liferation in FEVR recurs even in patients as old as 18 years,
although we have never observed recurrence in adults. The
mechanism of recurrence is unknown; however, hormonal
changes during the growth years may play a role in adolescent
reactivation, with sudden release of vascular endothelial
growth factor (VEGF) and the retinal response to it,’ which
may be similar to the relationship between growth hormone
and progression of retinopathy in juvenile diabetes.”

The characteristics of fibrovascular proliferation also
differ depending on patient age. Younger patients tend to
have a more aggressive form.” When patients are younger
than 3 years, the fibrovascular proliferation is rich in vascu-
larization, occurs over a wide area, and grows rapidly. In
contrast, in older patients, fibrovascular proliferation is
rich in collagen but poor in vascular components, occurs
in a restricted area, and progresses slowly. Thus, careful
follow-up every 2-3 months is recommended, especially
in patients younger than 3 years. Further follow-up even
over a longer period also is needed to detect recurrences,
and retinal break formation can occur during the patients’
entire lives. Fundus photography and FA that covers a wide
field are useful to identify early signs of fibrovascular prolif-
eration recurrence and evaluate disease activity.

The vitreoretinal surgeries performed according to our
indications, which were similar to those for ROP, obtained
good surgical outcomes, including stabilized fibrovascular
proliferative activity and retinal reattachment, except for
vitrectomy for a total RD. When the fibrovascular prolifer-
ation was in the extreme retinal periphery, vitrectomy
could not be performed without lensectomy. Lens removal
is a substantial disadvantage for visual development in chil-
dren. Thus, we first opted to perform scleral buckling to
treat such eyes; vitrectomy with lensectomy was the second
choice. The effect of scleral buckling for FEVR, which may
be similar to that for stage 4 ROP, not only reduces the trac-
tional force of fibrovascular proliferation but also reduces
its activity.'® A cell culture study showed that stretching
of the vascular endothelial cell body causes increased sensi-
tivity to VEGF.!! Buckling likely reduces stretching of the
vascular endothelial cells in fibrovascular proliferation,
resulting in downregulation of sensitivity to VEGF and sta-
bilization of new vessel formation. The surgical challenge
in FEVR is related to peripheral ischemia and posterior-
to-peripheral (generally temporal) traction. Therefore,
the key to surgery is separation of the hyaloid from the
nerve, then the very tight adherence to the macula, and
finally careful trimming of the posterior cortical vitreous
at the junction of the vascular avascular retina where the
proliferation invariably occurs. The peripheral traction
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TABLE 2. Surgical Outcomes of Vitreoretinal Surgery for Tractional Retinal Detachment Associated With Familial Exudative

Vitreoretinopathy
First . Age at First Additional Final Fundus
Patient Sex Visit (mo) Eye Preoperative Fundus Findings Surgery (mo) Surgery Surgery Findings Preop VA Final VA
1 F 1 OD  Retinal fold 1 L&V Attached Not measured
0s Retinal fold 1 L&V SB Attached Not measured
2 M 2 oD FP of posterior pole 2 L&V Attached Not measured
0s FP of posterior pole 2 L&V Attached Not measured
3 F 3 OD  Total RD AC(-) NLP
oS Retinal fold 3 L&V SB Attached LP
4 M 2 OD  Preretinal hemorrhage 4 LSV Attached Not measured
OS  Preretinal hemorrhage 5 L&V Attached Not measured
5 F 3 OD  FP of posterior pole 5 LSV Attached 20/100
oS FP of posterior pole 5 LSV Attached 20/125
6 M 4 oD PC 20/50
0s Retinal fold 5 SB Attached CF
7 M 4 OD  Total RD Not measured
[O}] Retinal fold 6 SB Attached Not measured
8 M 4 oD Retinal fold 6 SB Attached Not measured
0s Retinal fold 6 SB Attached Not measured
9 M 4 OD  Retinal fold 8 L&V Detached NLP
OS  Retinal fold 74 SB Attached 20/250
10 M 4 oD Retinal fold 10 L&V Detached Not measured
oS Retinal fold 8 L&V Attached Not measured
11 M 12 OD  Avascularity PC Not measured
0S8  Total RD 12 SB Attached Not measured
12 F 12 OD  Avascularity PC Not measured
(O8] Retinal fold 13 SB Attached Not measured
13 F 12 oD Retinal fold 14 L&V Detached NLP
0OS  Avascularity 20/20
14 M © [§] oD Retinal fold 15 L&YV Detached LP
0OS  Total RD AC(-) NLP
15 F 32 OD  Total RD NLP
oS FP of posterior pole 34 LSV Attached 20/200
16 M 39 OD  Avascularity 20/32
0OS  Retinal fold 39 SB Attached 20/320 20/250
17 M 25 oD FP of periphery 40 SB Attached 20/25
0s Retinal fold 20/500
18 F 44 oD Serous RD 45 SB Attached 20/200 20/125
0OS  Avascularity PC 20/32
19 M 70 OD  FP of posterior pole 63 LSV Attached 20/63 20/40
OS  Avascularity 20/16
20 F 97 OD  Retinal fold 113 SB Attached 20/16 20/16
OS  Retinal fold 113 SB LSV Attached 20/125 20/20
21 F 122 (O] FP of posterior pole 127 LSV Attached 20/50 20/100
OD  FP of posterior pole 129 LSV Attached 20/63 20/25
22 F 41 OD  Retinal fold 216 SB : Attached 20/200 20/32
i [OF] Normal 20/16

AC = anterior chamber; CF = counting fingers; FP = fibrovascular proliferation; LP = light perception; LSV = lens-sparing vitrectomy;
L&V = lensectomy and vitrectomy; NLP = no light perception; PC = photocoagulation; Preop VA = preoperative visual acuity; RD = retinal

detachment; SB = scleral buckling.

often remains, but because it is truncated it can be stable
over time, and this is exactly where a well-placed buckle
can be helpful.'* However, when fibrovascular prolifera-
tion ranged circumferentially over 2 or more quadrants,
buckling did not release the wide traction.

Lens-sparing vitrectomy also obtained good results when
fibrovascular proliferation was present in the posterior
retina or the periphery over 2 or more quadrants. Dissection
and delamination of fibrovascular proliferation that con-
tains new vessels and firmly adheres to the retina are
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FIGURE 1. Case 12. Fundus photographs and fluorescein angiography (FA) images obtained before and after scleral buckling for
tractional retinal detachment in the peripheral retina with familial exudative vitreoretinopathy. (Top left) A fundus photograph of
the left eye obtained preoperatively at age 12 months shows a radial retinal fold and reddish vessel-rich fibrovascular proliferation
in the peripheral retina. (Bottom left) An FA image obtained preoperatively shows fluorescein dye leakage from the fibrovascular pro-
liferation. (Top right) A fundus photograph of the left eye obtained postoperatively at age 16 months shows a radial retinal fold and
whitish vessel-poor fibrovascular proliferation in the peripheral retina. (Bottom right) An FA image obtained postoperatively shows

no fluorescein dye leakage.

difficult to perform’’; thus, the primary surgical goals are to
remove the vitreous gel around the fibrovascular prolifera-
tion, along which the fibrovascular proliferation grows, and
wash the VEGF from the vitreous cavity. Eyes with fibro-
vascular proliferation localized to a certain area with low
vascular activity underwent lens-sparing vitrectomy.
When the vascular activity of fibrovascular proliferation
is high, the vitreous gel should be removed extensively.

Lens preservation is important to prevent amblyopia and
promote visual development. However, the area in which
the vitreous gel is removed by lens-sparing vitrectomy is
limited to the relatively posterior vitreous cavity; thus,
lensectomy performed before vitrectomy is unavoidable
when fibrous proliferation is present in the extreme periph-
ery or reaches the posterior lens surface or vitreous base or
rapidly progresses.

Nevertheless, in the current study, high rates of stabiliza-
tion of fibrovascular proliferation and retinal reattachment
were achieved postoperatively that were comparable to
those achieved in patients with ROP,'™"  because
detection of the early signs of recurrent fibrovascular
proliferation may facilitate immediate surgical treatment.
When the fibrovascular proliferation stabilizes and the
retina reattaches early, eyes may maintain postoperative
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vision that is about the same as that which could have
been obtained preoperatively, if it had not been for
residual macular traction.

Retinal reattachment was not obtained in 4 eyes of 4
patients aged 3 years or younger, in which the RD rapidly
progressed to a total detachment. Vitrectomy could not be
performed safely in those eyes, which is similar to conditions
in eyes with severe ROP that rapidly progresses to stage 5,
because significant hemorrhaging from the active fibrovas-
cular proliferation prevents surgery. Furthermore, unlike pa-
tients with ROP, the vitreous gel in eyes with FEVR rarely
liquefies, and the fibrovascular proliferation extends and ad-
heres to a wide area of the retinal surface; thus, fibrovascular
proliferation isdifficult to remove, even after it has cicatrized.

The indication for surgery also is affected profoundly by
the status of the fellow eye. When 1 eye has a total RD, and
the fellow eye must have good lifetime vision, further sur-
gical intervention may not be recommended, because the
eye may obtain poor visual outcomes ranging from light
perception to ambulatory vision, despite successful retinal
reattachment after vitrectomy. When both eyes have a
total RD, vitrectomy should be performed in 1 or both eyes.

Photocoagulation is also important to control progres-
sion of fibrovascular proliferation. In the current study,
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FIGURE 2. Case 10. Fundus photographs and fluorescein angiography (FA) images performed before and after vitrectomy and
lensectomy for tractional retinal detachment in posterior retina with familial exudative vitreoretinopathy. (Top left) A fundus photo-
graph of the left eye obtained preoperatively at age 8 months shows reddish fibrovascular proliferation that reaches the posterior lens
surface and is rich in vessels with hemorrhages. (Bottom left) An FA image obtained preoperatively shows fluorescein dye leakage
from the fibrovascular proliferation. (Top right) A fundus photograph of the left eye obtained postoperatively at age 10 months shows
whitish vessel-poor fibrovascular proliferation. (Bottom right) An FA image obtained postoperatively shows no fluorescein dye

leakage.

photocoagulation was applied around the time of the sur-
gery in 9 of 13 eyes that underwent scleral buckling and
in 14 of 18 eyes that underwent vitrectomy, which might
contribute to stabilization of the fibrovascular proliferation.
However, photocoagulation performed at a referral hospital
long ago did not prevent recurrence of fibrovascular prolif-
eration in 5 eyes. Thus, photocoagulation is limited in that
it does not completely prevent fibrovascular proliferation
from recurring and is applied only to the avascular retina
away from the fibrovascular proliferation to avoid retinal
break formation.

Intraocular injections of anti-VEGF drugs, primarily beva-
cizumab (Avastin; Genentech Inc, South San Francisco,
California, USA), to treat fibrovascular proliferation have
been administered to treat ROP.*'¥ VEGF also may be
related to recurrent fibrovascular proliferation in eyes with
FEVR, although in the current study we did not measure

the VEGF concentration in the vitreous cavity. Anti-
VEGF therapy may stabilize fibrovascular proliferation; how-
ever, the optimal timing and the drug dose are uncertain.
Contraction of fibrovascular proliferation, an adverse drug
effect, which promotes retinal dragging and detachment, is
critical when the fibrovascular proliferation is extensive.
From our experience after administration of an anti-VEGF
drug, the tissues are inflexible and the cutting using vitreous
scissors is difficult and dangerous. Serum evaluation has
shown that intravitreally injected bevacizumab can migrate
from the eye into the systemic circulation and reduce the
serum level of VEGF in infants with ROP."” This adverse
effect might affect development and growth of organs during
childhood. Thus, the efficacy and safety of photocoagula-
tion, vitreoretinal surgery, and anti-VEGF therapy for treat-
ing FEVR should be investigated further, in accordance with
the patients’ physical condition and genetic background.
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Abstract

Purpose: To report three cases of rhegmatogenous retinal detachment (RRD) associated with
regressed retinoblastoma after conservative therapy.

Methods: Three eyes of three patients with a RRD, in which retinal breaks were present at the edge
of the tumor scar, were treated with vitrectomy and scleral buckling.

Results: In two eyes in which cryopexy and silicone oil injection were performed, a preretinal
membrane formed that was comprised primarily of glial cells. Additional vitrectomy and membrane peeling
reattached the retina. In one eye, in which photocoagulation and gas injection were performed, an initial
vitrectomy and scleral buckling reattached the retina without postoperative membrane formation.

Conclusions: Vitrectomy and scleral buckling contributed to closure of the irregularly shaped retinal
tear at the edge of the tumor scar. Photocoagulation and gas injection instead of cryopexy and silicone oil

injection may avoid postoperative glial proliferation from the tumor scar.

Vision in eyes with a retinoblastoma is preserved by conservative treatment, including chemotherapy,
radiotherapy, photocoagulation, cryotherapy, episcleral plaque brachytherapy, direct intra-arterial
(ophthalmic artery) chemotherapy, or a combination of therapies. Once remission is achieved,
rhegmatogenous retinal detachment (RRD) is a serious complication. Baumal et al. reported that 1% of
eyes with conservatively treated retinoblastoma are complicated by development of a RRD during 20 years
after treatment.' Retinal breaks often occur near the edge of the tumor scar, which is difficult to treat with
conventional scleral buckling or vitrectomy. We report three patients with a RRD after conservative therapy

for retinoblastoma who were successfully treated with scleral buckling and vitrectomy.

Case reports

Case 1, a 7-year-old boy, received external irradiation for retinoblastoma (international classification grade
B) in the right eye (Fig. 1A). One month after the end of radiotherapy, a RRD developed with a retinal tear
at the border of the tumor scar (Fig. 1B). The RRD progressed to proliferative vitreoretinopathy (PVR)
while tumor regression was confirmed. The initial vitrectomy with cryopexy and encircling scleral buckle
that attempted to seal the retinal break reattached the retina temporarily; however, PVR recurred 1 month
later (Fig. 1C). Additional vitrectomy and silicone oil injection reattached the retina, but a severe preretinal
membrane expanded from the break (Fig. 1D) The retina is still attached after silicone oil removal and
partial membrane peeling (Fig. 1E). Two 2 years after the last surgery, the visual acuity (VA) of his right
eye is counting fingers at 20 cm.

Case 2, a 3-year-old girl, had bilateral retinoblastomas. The left eye with a large tumor (grade D) was

— 172 —



TANAKA ET AL.--3

enucleated, and the right eye with a small tumor (grade B) was treated by systemic chemoreduction with
vincristine, cyclophosphamide, and etoposide, direct intra-arterial chemotherapy with melphalan, and
episcleral plaque brachytherapy. At 6 years of age, a RRD developed in the right eye with a retinal tear at
the edge of the tumor scar, which was near the optic disc (Fig. 2A). The initial conventional surgery of
radial scleral buckling, encircling, and cryopexy failed, but additional vitrectomy, endophotocoagulation,
and silicone oil injection reattached the retina. One month later, a severe preretinal membrane developed
from the retinal break and folded the posterior retina including the macula (Fig. 2B). An additional surgical
procedure with membrane peeling and silicone oil removal unfolded the retina (Fig. 2C).
Immunohistochemistry showed that the preretinal membrane obtained by peeling surgery was strongly
positive for glial fibrillary acidic protein and faintly positive for vimentin but negative for neuron-specific
enolase and desmin (Fig. 2D, E). One year after the final surgery, the retina is still attached and the
corrected VA of the right eye is 0.3.

Case 3, a 1-year-old boy, had bilateral retinoblastomas. The right eye with a large tumor (grade D)
was enucleated, and the left eye with a small tumor (grade B) was treated with systemic chemoreduction
with vincristine, cyclophosphamide, and etoposide, direct intra-arterial chemotherapy with melphalan,
episcleral plaque brachytherapy, and photocoagulation. At 2 years of age, a RRD developed in the left eye
with a retinal tear at the edge of the tumor scar and rapidly progressed to PVR (Fig. 3A). Vitrectomy with
an encircling scleral buckle, endophotocoagulation, and SF gas tamponade successfully reattached the
retina. A preretinal membrane has not developed postoperatively for 1 year (Fig. 3B). The visual acuity
cannot be measured because the patient is mentally challenged, but the left eye shows good fixation and
following behavior.

In all eyes that underwent vitrectomy, no malignant cells were detected in the vitreous cavity by
intraoperative cytologic examination of the vitreous. The retinoblastomas have not recurred in any eye after

conservative tumor treatment.

Comments

There is a risk of recurrent malignancy in associated with eyes with a RRD associated with a
retinoblastoma. Baumal et al. reported that retinoblastomas recurred after surgery for RRD in three of eight
cases.' Thus, preoperative confirmation of tumor regression and cytologic examination for vitreous or
subretinal fluid during surgery are necessary, when vitrectomy or drainage of subretinal fluid to treat PVR
or bullous retinal detachment is attempted.

Retinal breaks often occur at the edge of the tumor scar, with hard calcification in the scar and a
fragile degenerative retinal border, resulting in an irregular shape and hardness of the break edge. The
retina around the tumor becomes atrophied as the result of radiotherapy, photocoagulation, and vitreous -
adhesion.”” Thus, a wide scleral buckle should be positioned not only to seal the retinal break but to
support the tumor scar and surrounding fragile retina. Vitrectomy also removes adhesion and traction of the
vitreous to the tumor scar.

We observed preretinal membrane formation in cases 1 and 2, in which cryopexy and silicone oil

injection were performed but not in case 3 treated with endophotocoagulation and fluid-gas exchange. We
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previously reported glial proliferation from a conservatively treated retinoblastoma scar.” The tumor scars
are the likely source of glial proliferation. It is well known that cryopexy and silicone oil injection cause
postoperative PVR.”* Excessive freezing by cryopexy and injection of silicone oil also may trigger glial
proliferation from the tumor scar.  Endophotocoagulation that encircles the entire tumor scar and gas

tamponade may avoid formation of a preretinal membrane.
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Legends

Fig. 1. (A) Fundus photograph of the right eye of case 1 shows a retinoblastoma before radiotherapy. (B)
Total retinal detachment with a tear (arrowhead) has occurred | month after radiotherapy. (C) Retinal
redetachment has progressed to PVR 1 month after the initial surgery. (D) After the second surgery, the
retina is reattached, but a severe preretinal membrane has formed around the break. (E) Fundus photograph

after silicone oil removal and partial membrane peeling.

Fig. 2. (A) Fundus photographs of the right eye of case 2 shows a retinal detachment with a tear
(arrowhead) near the optic disc. (B) A severe preretinal membrane that folded the posterior retina has
developed after the additional vitrectomy. (C) The retina is reattached after silicone oil removal and
membrane peeling. (D) Examination of the preretinal membrane obtained by peeling surgery shows
spindle-shaped cells hematoxylin-cosin staining). (E) The membrane is strongly positive for glial fibrillary

acidic protein (GFAP) immunostaining (anti-GFAP staining; bar= 50 pm).
Fig.3. (A) A fundus photograph of the left eye of case 3 shows retinal detachment with a tear

(arrowhead) at the edge of the tumor scar. (B) The retina reattached after vitrectomy, scleral buckling, and

endophotocoagulation.
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>over Letter (Optional)

Dear the Editor

We will pay for the extra-fee of color figures, when accepted.

We report here three cases with retinal detachment that were treated vitrectomy and
scleral buckling. Our results open a new framework in treatment of the most severe type
of retinal detachment. Hence, we believe that our data draw keen interests of readers.
Hoping that our data fit the scope of retinal cases and brief reports, we wish to submit

this manuscript.

Thank you very much for your consideration.

Dr. Noriyuki Azuma
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2-10-1, Okura, Setagaya-ku, Tokyo 157-8535, Japan ‘

phone +81-3-3416-0181 ext. 7035;

fax +81-3-3416-2222;

e-mail azuma-n@ncchd.go.jp
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