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(42.1%) and unilaterally in 5 patients (26.3%). The SD-OCT
demonstrated a partially formed macula and cystic changes in
the colobomatous area in 1 case (Fig. 1).

Only 2 eyes of 1 patient (5.3%) were identified as having iris
colobomata, and 1 eye (2.6%) of another patient was revealed by
examination under general anesthesia to have a dislocated and
colobomatous lens. No cases of eyelid colobomata were seen, but
congenital ptosis was present in 3 eyes (7.9%) of 2 patients who had
undergone surgical treatment. All the cases of ptosis were not
pseudoptosis associated with microphthalmos and/or cranial nerve
palsy, but were true congenital ptosis associated with poor levator
function. We evaluated the levator muscle function in each case.
None of the patients had a history of acquired causes or signs of
oculomotor palsy, such as paralytic strabismus and limited ocular
movement.

Microphthalmos was found in 8 eyes (21.1%) of 5 patients
(26.3%): bilaterally in 3 patients (15.8%) and unilaterally in 2
patients (10.5%). Microcornea was also present in 7 eyes (18.4%) of
4 patients (21.1%): bilaterally in 3 patients (15.8%) and unilaterally
in 1 patient (5.3%). Persistent fetal vasculature was identified in 1
eye (2.6%). Cataracts had developed in 1 eye (2.6%), but neither
glaucoma nor retinal detachment was observed in this series.

The refraction could be estimated in 23 eyes of 12 patients
(63.2%). Of these eyes, 10 were myopic, 7 were emmetropic, and
6 were hypermetropic. High myopia (—6.00 diopters or more) was
found in 5 eyes (13.2%) of 3 patients (15.8%).

The BCVA are shown in Table I. The measurement of VA was
possible in 17 patients (89.5%) older than 3 years of age. The
remaining 2 patients were infants or mentally retarded. The bin-
ocular BCVA or BCVA in the better eye was less than 20/400 in 4
patients (21.1%), less than 20/60 but no less than 20/400 in 7
patients (36.8%), and 20/60 to 20/20 in 6 patients (31.6%) with
macular formation (Fig. 1). The overall prevalence of blindness and
visual impairment (less than 20/60) [World Health Organization,
1992] among the 17 patients was 65%.

The agreement of anatomical severity between the 2 eyes in each
of the 19 patients was evaluated using Cohen’s Kappa statistics. The
K statistic of 0.41 suggested a moderate degree of agreement, per the
guidelines by Landis and Koch {1977]. Because there was a mod-
erate, if not a substantial, agreement between the severity of the 2
eyes, the severity grading of the more severely affected eye was used
as the representative grade for the severity of the eyes in an
individual. The correlation between the anatomical severity of
the eyes in an individual and the amino acid position where the
truncation of the CHD7 protein occurred in the same individual is
illustrated in Figure 2. Patients with truncated protein devoid of the
SANT domain tended to have severer anatomical defects of the eyes.
Subcategorization of the patients according to the presence or
absence of the SANT domain (4 cases with intact SANT domain
and 10 other cases), and the subcategorization of the anatomical
severity of the eyes in an individual (7 cases classified as Grade 1 or 2
vs. 7 cases classified as Grade 3 or 4) revealed a statistically
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significant correlation between the location of protein truncation
and the anatomical severity of the eyes (P=0.02, chi-squared
test).

DISCUSSION

In the current series, the incidence of coloboma, the major ocular
feature of CHARGE syndrome, was 94.7% (18/19), which was
much higher than the previously reported incidence. Since most
of the authors were ophthalmologists, the number of cases without
eye defects might have been underrepresented. Hence, this high
incidence should be viewed with caution. Nevertheless, attending
clinical geneticists were on duty at all the participating children’s
hospitals, and thus the bias from such underrepresentation may be
relatively small. The finding that there was one mutation-positive
patient who did not have abnormal eye findings confirms that no
finding in CHARGE syndrome has a 100% penetrance as is some-
times surmised.

Both retinochoroidal and optic disk coloboma occurred in
94.7% of the cases, mostly bilaterally, while the incidence of iris
coloboma was only 5.3% (1/19). Coloboma also affected the macula
in 68.4% of the cases. We confirmed that bilateral large retinochor-
oidal colobomata represent a typical ophthalmic feature of
CHARGE syndrome with CHD7 mutations.

The incidence of anomalies in the anterior segment was lower
than that in the posterior segment, although microphthalmos,
microcornea, PFV, and cataracts were present in some cases
bilaterally or unilaterally. The presence of characteristic large

retinochoroidal coloboma indicates the essential role of CHD7
in the closure of the fetal fissure posteriorly between 5 and 6 weeks of
gestation, and the malfunction of CHD7 may have an effect so
severe as to influence the entire ocular morphogenesis to some
degree. Although most cases had bilateral colobomata in the
posterior segment, the severity and associated features often
differed between the two eyes. Other associated features in this
series were ptosis in 10.5% and high myopia in 15.8%. Subtle-
associated anomalies and refractive errors may have been under-
estimated in examinations that were not performed under general
anesthesia.

The anatomical severity grading of the eye defect was evaluated in
two ways: a comparison between the severity in one eye in compar-
ison with that in the other eye and the correlation between the
severity and the genotype. The low-to-moderate degree of agree-
ment between the two eyes (i.e., left and right) reflects the general
facial asymmetry in patients with CHARGE syndrome [Zentner
et al,, 2010]. In other words, the lack of substantial or perfect
agreement between the anatomical severity of the right and the left
eyes indicates a variable phenotypic effect of the same mutation.
Yet, the location of protein truncation and the anatomical severity
of the eyes were significantly correlated: if the chromodomain,
helicase/ATP domain, and SANT domains are intact, the severity of
the eyes tends to be milder. Interestingly, all four cases in which
those domains were intact had less severe eye defects with intact
macula. Further studies are warranted to verify this potential
genotype—phenotype correlation.

The visual acuities of the eyes ranged between no light perception
and 20/20, and the prevalence of blindness and visual impairment
(less than 20/60) was 65% among 17 patients. A poor visual
prognosis depended on the presence of a large coloboma involving
the macula in the posterior segment and associated microphthal-
mos or microcornea, as reported previously [Russell-Eggitt et al.,
1990; Hornby et al., 2000]. On the other hand, even eyes with large
colobomata as a result of CHD7 mutations were capable of forming
maculas, resulting in good central visual acuity with superior visual
field defects. As shown in the case illustrated in Figure 1, even a
partially formed macula will enable useful vision following the
adequate treatment of amblyopia as optical correction and patching
during the earlier age of visual development. A recent report of a
case examined using OCT revealed additional morphologic char-
acteristics of eyes in patients with CHARGE syndrome carrying
CHD7 mutations [Holak et al., 2008]. Further investigation of
retinal morphology and function using OCT and electroretino-
grams (ERG) may help to clarify the function of CHD? in ocular
morphogenesis, including macular formation.

We suggested that the early diagnosis of retinal morphology and
function, especially of macular lesions by way of OCT and ERG,
may be beneficial to patients, since such attention may determine
whether treatment for amblyopia, such as optical correction and
patching, will be effective in facilitating the visual potential or
whether care for poor vision will be needed. An infant’s visual acuity
rapidly develops during its first 2—3 years and continues up until
7-8 years of age, but plasticity decreases progressively thereafter.
Thus, a better visual prognosis can be obtained with the earlier
treatment of amblyopia during the critical period of visual
development.
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Clinical Features of Congenital Retinal Folds

SACHIKO NISHINA, YUMI SUZUKI, TADASHI YOKOI, YURI KOBAYASHI, EIICHIRO NODA, AND
NORIYUKI AZUMA

e PURPOSE: To investigate the clinical features and
prognosis of congenital retinal folds without systemic
associations.

® DESIGN: Retrospective observational case series.

© METHODS: The characteristics, clinical course, ocular
complications, and best-corrected visual acuity (BCVA)
of eyes with congenital retinal folds were studied during
the follow-up periods. The affected and fellow eyes were
examined by slit-lamp biomicroscopy, binocular indirect
ophthalmoscopy, and fundus fluorescein angiography.
The parents and siblings of each patient also underwent
ophthalmoscopic examinations. The BCVA was mea-
sured using a Landolt ring VA chart.

® RESULTS: One hundred forty-seven eyes of 121 pa-
tients with congenital retinal folds were examined. Fifty-
five patients (45.5%) were female. The fold was
unilateral in 95 patients (78.5%), and 69 of those
patients (72.6%) had retinal abnormalities in the fellow
eye. The meridional distribution of folds was temporal in
136 eyes (92.5%). The family history was positive in 32
patients (26.4%). Secondary fundus complications,
including fibrovascular proliferation and tractional, rheg-
matogenous, and exudative retinal detachments, deve-
loped in 44 eyes (29.9%). The BCVAs could be
measured in 119 eyes and ranged from 20/100 to
20/20 in 5 eyes (4.2%), 2/100 to 20/200 in 45 eyes
(37.8%), and 2/200 or worse in 69 eyes (58.0%). The
follow-up periods ranged from 4 to 243 months (mean,
79.7 £ 58.9 months).

® CONCLUSIONS: These clinical features suggested that
most congenital retinal folds may result from insufficient
retinal vascular development, as in familial exudative
vitreoretinopathy, rather than persistent fetal vascula-
ture. Adequate management of active retinopathy and
late-onset complications, especially retinal detachment, is
required. (Am J Ophthalmol 2012;153:81-87.
© 2012 by Elsevier Inc. All rights reserved.)

mis congenital), extending radially from the optic
disc toward the peripheral fundus, was first de-
scribed in 1935 as a rare congenital anomaly."? The
pathogenesis was investigated histologically, and the

ﬁ CONGENITAL RETINAL FOLD (ABLATIO FALCIFOR-
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anomaly was hypothesized to be attributable to persistent
hyaloid vessels leading to a pulled dysplastic retina. In
1955, Reese reported the clinical and pathologic features
of persistent hyperplastic primary vitreous (PHPV).> In
1965, Michaelson® introduced the term “posterior
PHPV,” and in 1970 Pruett and Schepen85 described a
new clinical entity called “posterior hyperplastic primary
vitreous,” the posterior form of PHPV, characterized by
vitreous membranes extending from the disc toward the
peripheral fundus. Those investigators used the term pos-
terior PHPV as a synonym for falciform retinal folds and
the term anterior PHPV as a synonym for the PHPV
described by Reese.> Thus, congenital retinal folds often
were diagnosed as posterior PHPV afterward. The term
PHPV now has evolved to persistent fetal vasculature
(PFV), which usually occurs as a nonheritable set of
vascular malformations affecting 1 eye of an otherwise
normal infant.® However, based on the fundus drawings of
Pruett and Schepens,” vitreous membranes and retinal
folds were not clearly distinguished. Those authors re-
ported that the vitreous band and retinal folds extended
toward the fundus periphery in various meridians but were
most commonly nasal.” They also described the pleomor-
phism of posterior PHPV and complications such as
microcornea, retinal detachment, vitreous hemorrhage,
cataract, and glaucoma.’ In most cases, posterior PHPV is
unilateral and rarely familial.

In 1969, familial (dominant) exudative vitreoretinopa-
thy (FEVR), a developmental disorder of the retinal
vasculature, was described and suggested to be the possible
origin of congenital retinal folds.®~!° Recently, congenital
retinal folds were thought to occur even after birth and
were caused by various infantile diseases such as FEVR,
retinopathy of prematurity (ROP), Norrie disease, incon-
tinentia pigmenti, and congenital toxoplasmosis.
However, clinically distinguishing retinal folds without
systemic associations is often difficult, and their pathogen-
esis remains controversial.

We conducted the current study to clarify the clinical
features of congenital retinal folds without systemic asso-
ciations.

METHODS

ONE HUNDRED FORTY-SEVEN EYES OF 121 PATIENTS WITH
unilateral or bilateral congenital retinal folds, diagnosed at
the National Center for Child Health and Development,

© 2012 BY ELSEVIER INC. ALL RIGHTS RESERVED. 81
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FIGURE 1. Unilateral congenital fold with retinal vascular abnormalities in the fellow eye. Fundus photographs and fluorescein
angiography (FA) of a unilateral retinal fold in the left eye (Bottom left and right) and the fellow right eye (Top left and right) in
a 4-month-old boy. (Top left) Retinal vascular abnormalities in the peripheral fundus are seen in the fellow right eye. (Top right)
FA shows a peripheral avascular zone, supernumerous vascular branchings, arteriovenous shunt formation, a V-shaped area of
degeneration, and neovascularization with dye leakage in the fellow right eye. Laser photocoagulation was applied to the peripheral
avascular retina. (Bottom left) The retinal vessels within the fold are bundled and pulled toward the peripheral fibrous tissue and
decreased in number in the stretched retina. (Bottom right) FA shows hyperfluorescence from folds in which the vessels are bundled
and dye leakage from the fibrovascular tissue. Scleral buckling with laser photocoagulation was applied.

Tokyo, Japan, between June 1986 and February 2009, and
examined between March 2002 and April 2009, were
studied retrospectively. Patients with a history of prema-
ture birth, oxygen therapy, systemic associations, or posi-
tive laboratory examinations for infectious diseases were
excluded. Eyes with anterior segment dysgenesis also were
excluded.

The characteristics of retinal folds in affected eyes and
findings in fellow eyes were examined by slit-lamp biomi-
croscopy and binocular indirect ophthalmoscopy. Thirty-

N=147 eyes six patients (29.8%) underwent fundus fluorescein
FIGURE 2. Meridional distribution of congenital retinal folds. ~ angiography (FA) under general anesthesia. In patients
The meridional distribution of the folds was temporal, supero- with a unilateral retinal fold, the fundus periphery of the
temporal, or inferotemporal in 92.5% (136/147) eyes. fellow eye also was examined and the retinal vascular
development was evaluated. The criteria used to diagnose
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TABLE. Features of Secondary Ocular Complications in the Fundus.in Eyes With Congenital RetinélFoIds (N =44 Eyes)

Tractional Retinal

Rhegmatogenous Retinal

Exudative Retinal

Detachment Detachment Fibrovascular Proliferation Detachment
N = 19 Eyes N = 12 Eyes N = 11 Eyes N = 2 Eyes
Age at onset (months) 1-88 (mean, 33-195 (mean, 87.0 = 56.5) 2-121 (mean, 19.4 + 35.8) 31, 167
25.8 = 27.2)

Excessive fibrovascular
proliferation,
15 (79%)

Regrowth of
fibrovascular tissue,
4(21%)

V + L, 6(32%)

B + PC, 4 (21%)

None, 9 (47%)

Origin of complications

Treatment

2 (17%)

None, 1 (8%)
Retinal reattachment,
3/11 (27%)

Surgical outcomes Retinal reattachment,

7/10 (70%)

Ocular trauma, 5 (42%)
Unknown, 7 (58%)

V o+ L, 5(42%)
V+ L+ B, 4(33%)

NV, 10 (91%)
Recurrence of NV, 1 (9%)

Unknown 2 (100%)

V + L, 5(46%)

PC, 4 (36%)

B + PC, 1(9%)

None, 1 (9%)

NV stabilization,
8/10 (80%)

None, 2 (100%)?

B = scleral buckling; B + PC = scleral buckllng with laser photocoagulat:on NV = neovasculanzatxon PC
L = vitrectomy with lensectomy; V.4+ L + B = vntrectomy with Iensectomy and scleral bucklmg

“Untreated retinas reattached spontaneously.

lasér phoiocdagulatidn; V+

retinal vascular abnormalities were the presence of a
peripheral avascular zone, vitreoretinal adhesions, arterio-
venous shunt formation, supernumerous vascular branchings,
a V-shaped area of retinal degeneration, neovascularization,
and cystoid degeneration.!*"!®> Ophthalmoscopic examina-
tions of the parents and siblings of each patient were
performed when possible. A family history was judged to
be present if retinal vascular abnormalities were found
in any family members. The clinical course and the
secondary ocular complications were investigated during
the follow-up periods. The best-corrected visual acuities
(BCVAs) were measured with a standard Japanese VA
chart using Landolt rings at 5 meters and converted to
Snellen VA. The follow-up periods ranged from 4 to 243
months (mean, 79.7 = 58.9 months).

RESULTS

® CHARACTERISTICS OF EYES AND PATIENTS: Sixty-six
of the 121 patients (54.5%) were male and 55 (45.5%)
were female. The ages of the patients at the first examina-
tion at our hospital ranged from 4 weeks to 9 years | month
(mean, 17.9 = 21.6 months). However, the families or
pediatricians had observed the clinical manifestations, that
is, poor fixation behavior, nystagmus, or strabismus, by 12
months of age in 105 patients (86.8%), and 91 patients
(75.2%) had been examined by other ophthalmologists
within the first year. A unilateral retinal fold in 16 patients
(13.2%) identified after 13 months of age was confirmed
not to have any acquired pathogenesis and diagnosed as a
congenital retinal fold.

VoL. 153, NO. 1

The retinal vessels within the fold were bundled and
pulled toward the peripheral fibrous tissue and decreased in
number in the stretched retina in 144 of 147 eyes (98.0%)
(Figure 1, Bottom left). A peripheral avascular zone was
seen more than 3 disc diameters’ width in all eyes. Other
ophthalmoscopic findings in affected eyes were intravitreal
neovascularization in 13 eyes (8.8%), retinal hemorrhages
in 8 eyes (5.4%), disc anomalies in 4 eyes (2.7%), retinal
exudates in 3 eyes (2.0%), and coloboma and medullated
nerve fiber in 1 eye (0.7%) each. Fundus FA, performed on
46 eyes of 36 patients, showed hyperfluorescence from
bundling of the retinal vessels in the folds and fibrovascular
tissue at the periphery of the folds in all eyes (100%). Dye
leakage from an arteriovenous shunt and intravitreal neo-
vascularization within the fibrovascular tissue was detected
in 13 eyes (28.3%) (Figure 1, Bottom right).

® MOST CASES OF CONGENITAL RETINAL FOLD WERE
UNILATERAL AND ORIGINATED IN THE TEMPORAL
QUADRANTS: The fold was unilateral in 95 of 121 pa-
tients (78.5%) and bilateral in 26 patients (21.5%). The
meridional distribution of the folds was temporal, supero-
temporal, or inferotemporal in 136 of 147 eyes (92.5%)
(Figure 2). All folds in the other 11 eyes were unilateral,
extending nasally, superonasally, inferonasally, superiorly,
or inferiorly.

® MOST CASES OF UNILATERAL RETINAL FOLD HAD
IDENTIFIABLE ABNORMALITIES IN THE FELLOW EYE:
Only 26 cases (27.4%) of the 95 unilateral retinal folds
identified demonstrated no pathology in the fellow eye.
The remaining 72.6% had identifiable abnormalities as’

CONGENITAL RETINAL FOLD 83
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FIGURE 3. Secondary complications of congenital retinal
folds. Photographs of secondary complications in the fundus of
a 4-month-old girl (Top and Middle) and a 37-month-old
boy (Bottom). (Top) Prominent fibrovascular proliferation

84 AMERICAN JOURNAL OF OPHTHALMOLOGY

follows. Retinal vascular abnormalities in the peripheral
fundus were identified in 33 of 95 cases (34.7%): an
avascular zone in all eyes (100%), supernumerous vascular
branchings in 15 eyes (45.5%), cystoid degeneration in 12
eyes (36.4%), a V-shaped area of retinal degeneration in 9
eyes (27.3%), vitreoretinal adhesions and fibrous mem-
brane in 7 eyes (21.2%) each, arteriovenous shunt forma-
tion in 5 eyes (15.2%), and neovascularization in 4 eyes
(12.1%) (Figure 1, Top left and right). A total retinal
detachment and leukokoria, a dragged retina, and
coloboma were found in 18 (18.9%), 17 (17.9%), and 1
(1.1%) of 95 cases, respectively.

The “true” unilateral congenital fold was seen in 26
patients out of all 121 patients (21.5%). Among these 26
patients, the meridional distribution of the folds was
temporal in 17 eyes (65.4%) and nasally, superiorly, or
inferiorly in 9 eyes (34.6%).

Fundus FA was performed on 24 fellow eyes in patients
with a unilateral retinal fold and clearly showed various
retinal vascular abnormalities in 18 eyes (75.0%). Hyper-
fluorescence of the vascular abnormalities in the periphery
was seen in 8 of the 24 eyes (33.3%), in which dye leakage
from the neovascularization was detected in 4 eyes (4/24;
16.7%) (Figure 1, Top right).

Among the 50 fellow eyes with retinal vascular abnor-
malities in the periphery or dragged retina, laser photoco-
agulation was applied to the peripheral avascular retina in
7 eyes (14.0%) and the neovascularization stabilized in all
eyes (100%). Scleral buckling was performed in 3 fellow
eyes (6.0%) for a late-onset tractional or rhegmatogenous
retinal detachment, and retinal reattachment was
achieved in all eyes (100%).

® MOST CASES OF CONGENITAL RETINAL FOLD SUG-
GEST FAMILIAL INHERITANCE: Family members were
examined in 50 cases (41.3%), and a positive family
history was identified in 32 cases (64.0%), with ophthal-
moscopic findings of retinal vascular abnormalities in the
periphery (81.2%), retinal folds (9.4%), dragged retina
(6.3%), and leukokoria (3.1%). A negative family history
was suspected by ocular examination of the parents in 18
cases (36.0%). In all cases with a positive family history,
the trait originated in 1 of the family lines. In positive
cases, the fold was bilateral in 12 cases (37.5%) and
unilateral with abnormal retinal vascular changes in the
fellow eye in the other 20 cases (62.5%). In negative cases,

progresses with the retinal hemorrhage in the right eye. Laser
photocoagulation was applied to the peripheral avascular retina.
(Middle) Two months later, a tractional retinal detachment has
progressed rapidly. Vitrectomy with lensectomy was performed.
(Bottom) Multiple retinal breaks in the periphery at the edge of
the retinal fold have induced a rhegmatogenous retinal detach-
ment in the left eye. Vitrectomy with lensectomy and scleral
buckling were performed.

JANUARY 2012
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the fold was bilateral in 5 cases (27.8%), unilateral with
abnormal retinal vascular change in the fellow eye in 9

cases (50.0%), and unilateral with normal fellow eye in 4
cases (22.2%).

® SECONDARY COMPLICATIONS OF CONGENITAL RETI-
NAL FOLD ARE COMMON AND VISUALLY DEVASTAT-
ING: During the follow-up periods, secondary ocular
complications developed in the fundus in 44 of 147 eyes
(29.9%) with congenital retinal folds; progression of a
tractional retinal detachment in 19 eyes (12.9%), rheg-
matogenous retinal detachment in 12 eyes (8.2%), fibro-
vascular proliferation from the neovascularization in 11
eyes (7.5%), and exudative retinal detachment in 2 eyes
(1.4%). The secondary complications in the fundus of 44
eyes are summarized in the Table.

Among the 26 patients with “true” unilateral congenital
fold, secondary ocular complications also developed in the
fundus in 6 eyes (23.1%); progression of a tractional retinal
detachment in 2 eyes (7.7%), rhegmatogenous retinal
detachment in 1 eye (3.8%), fibrovascular proliferation
from the neovascularization in 2 eyes (7.7%), and exuda-
tive retinal detachment in 2 eyes (3.8%).

® TRACTIONAL RETINAL DETACHMENTS: Progression
of tractional retinal detachment occurred in patients
ranging in age from 1 to 88 months (mean, 25.8 = 27.2
months). Among the 19 eyes the tractional retinal detach-
ment originated from excessive fibrovascular proliferation
and contraction in 15 eyes (79%) (Figure 3, Top and
Middle) and regrowth of fibrovascular tissue in 4 eyes
(21%). Ten eyes (53%) were treated: vitrectomy with
lensectomy was performed in 6 eyes (32%) and scleral
buckling with laser photocoagulation in 4 eyes (21%).
Retinal reattachment was achieved in 7 of 10 treated eyes

(70%).

¢ RHEGMATOGENOUS RETINAL DETACHMENTS: A
rhegmatogenous retinal detachment developed in patients
ranging in age from 33 to 195 months (mean, 87.0 = 56.5
months). Among the 12 eyes, ocular trauma including the
digito-ocular sign was involved in 5 eyes (42%). Multiple
or expanded retinal breaks were seen in the periphery
within the stretched and fragile retina at the edge of the
retinal folds in 8 eyes (67%) (Figure 3, Bottom), dialysis
developed in 1 eye (8.3%), and no breaks were seen in 3
eyes. Nine eyes (75%) with a rhegmatogenous retinal
detachment had a total retinal detachment with prolifer-
ative vitreoretinopathy (PVR). Treatment was performed
in 11 eyes (92%): vitrectomy with lensectomy in 5 eyes
(42%), vitrectomy with lensectomy and scleral buckling in
4 eyes (33%), and scleral buckling in 2 eyes (17%);
however, retinal reattachment occurred in 3 of 11 treated

eyes (27%).

VoL. 153, NO. 1

® FIBROVASCULAR PROLIFERATION: Fibrovascular pro-
liferation progressed in patients ranging in age from 2 to
121 months (mean, 19.4 * 35.8 months), within the first
year in 9 of 11 eyes (82%). Growth of neovascularization
was identified in 11 eyes (100%). Treatment was per-
formed in 10 eyes (91%): vitrectomy with lensectomy in 5
eyes (46%), laser photocoagulation applied to the periph-
eral avascular retina in 4 eyes (36%), and scleral buckling
with laser photocoagulation in 1 eye (9%); treatment
stabilized the neovascularization and prevented a retinal
detachment in 8 of 10 treated eyes (80%).

® ANTERIOR SEGMENT COMPLICATIONS: Secondary
complications in the anterior segments developed in 16 of
147 eyes (10.9%) with congenital retinal folds; glaucoma
in 9 eyes (6.1%), cataract in 8 eyes (5.4%), and band
keratopathy and keratoconus in 1 eye (0.7%) each. Two
glaucoma eyes developed cataracts and 1 cataract eye
developed glaucoma after cataract surgery. Glaucoma de-
veloped in patients ranging in age from 2 to 137 months
(mean, 60.1 = 46.8 months). The main cause was fibro-
vascular proliferation and contraction that resulted in
anterior lens displacement and angle-closure glaucoma.
Neovascular glaucoma was identified in 1 eye. Treatment
was performed in 6 eyes (67%): medical treatment in 4
eyes and lensectomy and peripheral iridectomy in 1 eye
each. Cataract developed in patients ranging in age from
11 to 113 months (mean, 59.1 = 40.2 months). Lensec-
tomy was performed in 4 eyes (50%).

Among the 26 patients with “true” unilateral congenital
fold, secondary complications in the anterior segments
developed in 4 eyes (15.4%): glaucoma in 1 eye (3.8%)
and cataract in 3 eyes (11.5%).

® VISUAL OUTCOMES WERE GENERALLY POOR: The
VA could be measured in 119 eyes. Of these, the final
BCVA ranged from 20/100 to 20/20 in 5 eyes (4.2%) with
macular formation, 2/100 to 20/200 in 45 eyes (37.8%),
2/200 to light perception in 46 eyes (38.7%), and no light
perception in 23 eyes (19.3%). Among the total of 147
eyes, an ocular prosthesis was used in 8 eyes (5.4%) with
phthisis bulbi or microphthalmos to facilitate orbital
growth.

DISCUSSION

IN THE CURRENT SERIES, THE RETINAL VESSELS WITHIN THE
folds were bundled and pulled toward the temporal periph-
ery in most cases. The retinal vessels may appear not to
enter the fold but to have developed before the retina
became folded. The folds mostly were composed of
stretched retina rather than vitreous membranes, described
by Michaelson* and by Pruett and Schepens,’ extending
from the disc toward the peripheral fundus. Pruett and
Schepens reported that the meridional distribution of
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vitreous bands and retinal folds was commonly on the
nasal side,” but in the current study, the folds extended
temporally in 92.5% (136/147) eyes, although in the “true”
unilateral congenital fold group of 26 patients (26 eyes),
the folds extended nasally, superiorly, or inferiorly in
higher rate of 34.6% (9/26) eyes compared to 7.5%
(11/147) eyes.

The affected eye also had a peripheral avascular zone
and retinal vascular abnormalities including neovascular-
ization, hemorrhage, and exudates that indicated active
retinopathy. The retinal folds were unilateral in 78.5% of
eyes; however, 71.5% of patients with a unilateral fold had
abnormal retinal vascular changes, a dragged retina, or
total retinal detachment and leukokoria in the fellow eye.
Insufficient retinal vascular development and abnormal
vascular changes were seen frequently in the temporal
periphery of the fellow eyes (34.7%). Since the growth of
retinal vessels is more likely to be delayed temporally than
nasally, these features seemed to indicate that most retinal
folds in the current series may have resulted from bilateral
incomplete and abnormal vascular retinal development,
similar to that of ROP. Most congenital retinal folds may
be caused by insufficient retinal vascular development, as
in FEVR, rather than by PFV. It is interesting that features
in each eye of the same patient are often quite different in
this series. It is distinctly unusual in ROP for patients to
develop severe retinopathy in 1 eye but not develop a
similar degree of pathology in the other eye. Insufficiency
of vascular development of this series may originate from
gene mutations that related to morphogenesis of the
retinal vessels. The molecular mechanism needs further
elucidation.

The family history was positive in 64.0% of cases in
which family members were examined. All positive cases
had bilateral manifestations of incomplete and abnormal
vascular development that confirmed the diagnosis of
FEVR. Most positive cases were transmitted by autosomal
dominant inheritance, while none was transmitted by
autosomal recessive or X-linked recessive inheritance.
Sporadic cases may exist within 77.8% of negative cases
with bilateral manifestations. Gene studies to detect mu-
tations in FZD4, LRP5, and NDP are under way to clarify
the genetic characteristics of Japanese patients.

Regarding secondary fundus complications, a high rate
of fibrovascular proliferation and rapid progression of
tractional retinal detachments indicate the characteristics
of active FEVR. Van Nouhuys’ and Nishimura and asso-
ciates'® reported similar features of retinal folds. Various
retinal involvements in FEVR have been studied and
reported since 1982 in Japan.'°** There may be differ-
ences among races, but FEVR is supposed to be a rather
common origin of congenital retinal folds without systemic
associations.

The “true” unilateral congenital fold, the small group of
patients that most closely resemble “congenital retinal
folds” as previously described, seems to have different
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pathology. PFV may play a role in the pathogenesis of
congenital retinal folds in unilateral cases, especially those
associated with coloboma in the affected or fellow eye,'* in
which a tent-shaped retinal detachment (fold) extends
inferiorly along with the fetal fissure. In those cases, the
tractional fetal tissue pulled on the retina and caused a
tent-like configuration.’ The term anterior-peripheral PFV
and not posterior PHPV should be used for the origin of
congenital retinal folds pulled by the fetal fibrous tissue in
the periphery. However, it is rare that PFV results in
peripheral fibrous proliferation, because PFV usually pro-
liferates along the hyaloid artery.

Few reports have been published on the long-term
prognosis of retinal folds. Van Nouhuys reported that 3
different factors play an etiologic role in the pathogenesis
of retinal detachments in eyes with FEVR: traction from
vitreous membranes, atrophy of the peripheral retina, and
subretinal exudation.’” In that study, the most frequent
late complication was a retinal detachment, which devel-
oped in 20% of 180 eyes with FEVR, and traction was the
most important cause of the retinal detachment. Recently,
surgery, including peripheral laser ablation and vitrectomy,
has been advocated in FEVR including retinal folds.
Previous reports of vitrectomy to treat FEVR mainly
involved cases of tractional retinal detachment.'®!?

In the current study, nearly 30% of affected eyes with
congenital retinal folds developed secondary fundus com-
plications including fibrovascular proliferation, tractional
retinal detachment, rhegmatogenous retinal detachment,
and exudative retinal detachment. Even in the group of
patients with “true” unilateral congenital fold, secondary
fundus complications developed in 23.1%. The complica-
tion rate with the “true” unilateral fold seems to be also
high in fundus and rather higher in the anterior segments.

Fibrovascular proliferation developed from neovascular-
ization of active retinopathy in 7.5% of eyes, mostly within
the first year of life. Tractional retinal detachments devel-
oped from excessive fibrovascular proliferation and re-
growth in 12.9% in infants and younger children under 4
years of age. However, it is noteworthy that fibrovascular
proliferation and tractional retinal detachments may de-
velop from regrowth in older children aged 7 to 10 years.
Meanwhile, rhegmatogenous retinal detachments and ex-
udative retinal detachments developed in 8.2% and 1.4%,
respectively, in older children from 2 to 16 years old.
Ocular trauma was highly involved in the development of
rhegmatogenous retinal detachments. Retinal breaks
mostly occurred in the periphery within the stretched
retinal folds, resulting in intractable PVR. Laser photoco-
agulation, scleral buckling, and vitrectomy with lensec-
tomy were performed in the affected eyes with useful
vision; however, the success rates for eyes complicated
with fibrovascular proliferation, a tractional retinal detach-
ment, and a rhegmatogenous retinal detachment were
80%, 70%, and 27%, respectively.
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These results indicated that very early diagnosis
within the first months of life, frequent examinations at
a young age, and early intervention with laser and
vitreoretinal surgery are essential to prevent serious
complications and preserve useful vision. Fundus FA is
recommended in cases suspected to arise from neovas-
cularization of active retinopathy. The current findings
also confirmed the need for a thorough ophthalmoscopic
examination of the fellow eye in patients with unilateral
retinal folds and for examinations of siblings at an early
age. Early detection of a retinal detachment was ex-
tremely hard in eyes with a unilateral fold or in worse
eyes with bilateral folds. We also recommend that older
children undergo follow-up every 3 months, avoid sports
associated with a high risk of ocular trauma, and wear
protective glasses. Secondary complications in the an-
terior segment also developed in nearly 11% with
congenital retinal folds in the current series. Glaucoma

and cataract developed in 6.1% and 5.4%, respectively,
in patients around 5 years of age; however, those
diseases may develop in infants to older children older
than 9 years of age. Longer follow-up may increase the
morbidity of the anterior and posterior complications.
Thus, life-long observation is needed to preserve vision
in eyes with a retinal fold.

The final BCVAs were 20/100 to 20/20 in 5 eyes (4.2%),
2/100 to 20/200 in 45 eyes (37.8%), and 2/200 or worse in
69 eyes (58.0%), because the temporal retina including the
macula was folded in most eyes. In 5 eyes with VA of
20/100 or better, the folds were pulled nasally, superiotly,
or inferiorly to the periphery and the normal macular
morphology was preserved. It is suggested that even in eyes
with congenital retinal folds, if the macular is rotated,
appropriate treatment for amblyopia should be performed
to facilitate development of good vision and binocular
function.'®
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SPECIAL ARTICLE

Clinical Features of Anterior Segment Dysgenesis
Associated With Congenital Corneal Opacities

Chika Shigeyasu, MD, Masakazu Yamada, MD, PhD, Yoshinobu Mizuno, MD, Tadashi Yokoi, MD,
Sachiko Nishina, MD, PhD, and Noriyuki Azuma, MD, PhD

Purpose: Anterior segment dysgenesis is one of the main causes of
congenital corneal opacities. In this study, we investigated the clinical
features and visual outcomes of patients with anterior segment
dysgenesis in a large number of cases.

Methods: The medical records of patients with congenital corneal
opacities in relation to anterior segment dysgenesis seen in the
National Center for Child Health and Development, Japan, between
April 2002 and October 2009, were retrospectively studied.

Results: Records of 220 eyes of 139 patients were reviewed. Mean
follow-up period was 5 years. Clinical diagnoses were Peters anomaly
(72.7%), anterior staphyloma (11.4%), Rieger anomaly (7.7%),
sclerocornea (6.4%), and others (1.8%). Visual acuity was measured in
61 patients. The best-corrected visual acuity in the better eye of bilaterally
involved patients was 20/60 to 20/1000 (low vision according to the
International Classification of Diseases, Ninth Revision, Clinical
Modification) in 432% and less than 20/1000 (legally blind) in
24.3%. Fundus examination was performed in 82 eyes, and disorders
were seen in 12 (12 of 82; 14.6%). Systemic abnormalities were
present in 35 patients (35 of 139; 25.2%); a family history was present
in 5 patients (5 of 139; 3.6%). Of the 160 eyes of 109 patients with
Peters anomaly, 51 patients (51 of 109; 46.8%) had bilateral Peters
anomaly, 30 (30 of 109; 27.5%) had fellow eyes that were normal, and
28 (28 of 109, 25.7%) showed other abnormal ocular findings in the
fellow eye.

Conclusions: Anterior segment dysgenesis shows diverse clinical
features, various severities of corneal opacities, and visual outcomes.
Further understanding of the disease as an abnormality during
embryogenesis and neural crest cell differentiations may be required.
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he causes of congenital corneal opacities (CCOs) are

diverse. CCO can be genetic, glaucomatous, infectious,
traumatic, developmental, metabolic, idiopathic, or toxic.
Furthermore, these causes can also overlap.” When we
consider the congenital causes, indicating that the corneal
opacity exists in a neonate, one of the main causes, of CCO is
anterior segment dysgenesis (ASD). A number of these cases
are bilaterally involved and are also accompanied by other
ocular malformations, sometimes with complex systemic
diseases.* However, only a few reports concerning these
abnormalities in series with a large number of cases are
present.”* This is because of the difficulty in performing an
epidemiological study that samples a large number of
newborns. Furthermore, making a precise diagnosis of a rare
entity such as ASD is difficult.

ASD is induced by abnormalities during embryogenesis
and neural crest cell differentiations.*"? Previously, ASD was
called anterior chamber cleavage syndrome'? or mesodermal
dysgenesis of the iris and cornea.'* Because it is now known that
no development of a cleavage plane as the anterior segment forms
and differentiates occurs® and because no mesoderm is involved,’
these terms have been deemed inappropriate. Mutations in the
ASD genes, PAX6, PTX2, FOXCI, FOXE3, and CYPIBI, have
been identified.”'¢ Investigators have suggested various ASD
classifications based on embryological contribution,” develop-
mental arrest,” neural crest proliferation and migration patterns,'®
neural crest origin,'’ and anatomical findings.'* ASD classifica-
tion is sometimes complicated because it is not unusual that
dysgenesis exists not only alone but also in combination with
other disorders. In this study, we investigated the clinical features
and visual outcomes of ASD-associated CCO in a large number
of patients. We also reviewed the classification of ASD*~!315:17.18
and compared the diagnosis of both eyes of patients with Peters
anomaly in 1 eye to study ASD overlap.'*!

SUBJECTS AND METHODS
We retrospectively reviewed the computerized medical
records of all patients with ASD-associated CCO seen at
the National Center for Child Health and Development
(Tokyo, Japan) between April 1, 2002, and October 31, 2009.
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The data were collected from computerized medical records,
entering the diagnosed disease name as a key word, and all the
medical records were reviewed again. The adult patients who
had ASD-associated CCO diagnosed when they were younger
at the former National Children’s Hospital (from 1965 to
March 2002) who came to the National Center for Child
Health and Development for the first time were also included.
In this study, ASD cases without the risk of emerging CCO and
congenital aniridia were excluded. We evaluated laterality,
ASD type, visual outcome, location of opacity, posterior
segment abnormalities, systemic diseases, family history, and
clinical course of the disorder.

Laterality (unilateral or bilateral) was diagnosed only by
the existence of ASD, and other ocular findings were excluded.
ASD type was diagnosed by slit-lamp examination and, when
possible, with the assistance of ultrasound biomicroscopy
(UBM) and anterior segment optical coherence tomography
(AS-OCT). Visual outcomes were measured considering the
child’s age and mental development. Picture tests were used for
preverbal children. In older children, angular vision using
Landolt rings followed by cortical vision was measured and
converted to Snellen visual acuity. Corneal opacity location was
categorized into 5 groups: diffuse, central, center to periphery,
peripheral opacity, and other (including minimal corneal
involvement and location not classifiable). Posterior segment
abnormalities were diagnosed by clinical examination, using the
slit lamp and funduscope, with the help of B-mode echography
when the posterior segment was invisible because of CCO.
Records of systemic disease and family history from interviews
during the clinical course of the child’s condition were reviewed.
For a better understanding of ASD overlap, we analyzed
diagnosis of both eyes of patients with Peters anomaly to
observe differences in ASD diagnosis between the eyes.

RESULTS

Medical records of 220 eyes of 139 patients with ASD-
associated CCO were reviewed. Among the patients, 68 were
men (109 eyes) and 71 were women (111 eyes). Age at the first
examination ranged from 0 months to 25 years (mean, 1.2 years;
SD, 2.7). The mean follow-up period was 5 years (range,
0 months to 21 years).

Eighty-one patients (162 of 220 eyes; 73.6%) had bilateral
corneal opacities and 58 (58 of 220 eyes; 26.4%) had unilateral
ones. Clinical diagnosis was as follows: Peters anomaly in 160
eyes (72.7%), anterior staphyloma in 25 eyes (11.4%), Rieger
anomaly in 17 eyes (7.7%), sclerocomea in 14 eyes (6.4%), and
other (of unknown origin) in 4 eyes (1.8%) (Fig. 1).

Diagnosis was made by slit-lamp examination with UBM
and AS-OCT assistance in cases of severe corneal opacity.
Figure 2 shows the slit-lamp photograph and corresponding
image of UBM and AS-OCT in patients with bilateral Peters
anomaly. The iridocorneal angle structure can be seen in detail.

Visual acuity was measured in 98 eyes of 61 patients (37
bilateral and 24 unilateral cases). Table 1 shows the best-
corrected visual acuity of the eyes in bilateral and unilateral
cases, and Table 2 shows the visual acuity ranges based on the
better eye. The best-corrected visual acuity in the better eye of
bilaterally involved patients was lower than 20/60 (low vision
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FIGURE 1. Clinical diagnosis of ASD with CCO (n = 220 eyes).

according to the International Classification of Diseases,
Ninth Revision, Clinical Modification) in 43.2% and 20/1000
or worse (legally blind) in 24.3%. In total, 67.5% of patients
with bilateral CCO had visual disability diagnosed.

Corneal opacity was diffuse in 48.6% of eyes, central in
17.7%, and peripheral and center to peripheral in approxi-
mately 10% each (Table 3). Of the 170 eyes of patients with
corneal opacity whom we were able to follow-up, 142 (83.5%)
showed no noticeable change and 28 (16.5%) showed a slight
improvement. Improvement of the corneal opacity was mostly
seen in patients with Peters anomaly.

Fundus examination was performed using the funduscope
in 82 eyes, and fundus disorders were seen in 12. However,
138 eyes could not be examined by funduscope because of
haziness. Among those 138 eyes, 125 were without major
disorders, as examined by B-mode echography (Table 4). The
most common disorders were persistent fetal vasculature in 4
eyes, followed by coloboma, chorioretinal atrophy, and optic
nerve hypoplasia (Table 5).

Systemic abnormalities were present in 35 patients
(25.2%). Multiple deformations, such as chromosome abnor-
mality, hydrocephalus, polysyndactyly, and syndactylia, were
seen in 16 patients, followed by cardiovascular disease in
5, neurologic disease (including brain hypoplasia, mental
retardation, cerebral palsy, and seizure) in 5, craniofacial disease
in 3 (cleft lip and palette, macroglossia and oral tumor, and
dental hypoplasia), thyroid disease in 2, urinary disease in 2,
and otologic disease (deafness and preauricular appendage) in 2
(Table 6). Axenfeld—Rieger syndrome, which is characterized
by components of the ocular symptoms of Axenfeld anomaly
and Rieger anomaly, and nonocular symptoms of Rieger
syndrome were seen in 4 patients. There was a family history of
ocular disorders in 5 patients (3.6%); 4 patients had a family
history of Peters anomaly and 1 had a history of anterior
staphyloma.

Of the 220 eyes of 139 patients in this study, we
diagnosed Peters anomaly in 160 eyes of 109 patients. We
reviewed the condition of the fellow eye among these 109
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FIGURE 2. Slit-lamp photograph and
corresponding image by UBM (A)
and AS-OCT (B) of bilateral Peters
anomaly. The iridocorneal angle can
be seen more clearly in the image of
AS-OCT, although there are limita-
tions from the sclera and poor
visualization of the ciliary body.

patients with Peters anomaly. Thirty patients (27.5%) had
normal fellow eyes and 79 (72.5%) showed abnormal ocular
findings in the fellow eye. The abnormal ocular findings were
Peters anomaly in 51 eyes, anterior staphyloma in 9,
sclerocornea in 6, Rieger anomaly in 5, persistent pupillary
membrane in 3, macular hypoplasia in 2, and optic disc
hypoplasia, high myopia, and aniridia in 1 each. Thus, within
patients with ocular abnormalities in the fellow eyes of Peters
anomaly, 64.6% had bilateral Peters anomaly and 93.7% had
bilateral ASD. From another viewpoint, 67.9% of patients with
Peters anomaly also had bilateral ASD (Fig. 3).

DISCUSSION
Ocular malformation incidence in newborns is reported
to be low, from 3.3 to 6.0 per 10,000 newborns*>#; although
extremely rare, severe ocular malformations are a lifelong

vision-threatening disease. Bermejo and Martinez-Frias®
indicate that the range in statistics emerges from a statistical
bias based on samples taken from special schools or clinics
and the time of data sampling. Furthermore, they also report
the incidence of CCO to be 3.1 per 100,000.

Among the diverse causes of CCO, ASD stands out as
the main cause at present. Furthermore, ASD incidence is rare,
and our study presents the largest series of evidence assembled
to date on the diagnosis of this disorder. The description of
clinical features and visual outcomes for a large number of
cases would be valuable for understanding the disease and
a further study of the disease. Because ASD is induced by the
abnormalities during embryogenesis and neural crest cell
differentiations, the key to understanding ASD is to review the
embryology of anterior segment. At approximately the sixth
week of gestation, separation of lens vesicle and basement
membrane of the surface ectoderm, which will become corneal

TABLE 1. Best-corrected Visual Acuity of Eyes of Bilateral and
Unilateral Cases Based on the International Classification of
Diseases, Ninth Revision, Clinical Modification

TABLE 2. Best-corrected Visual Acuity in the Better Eye Based
on the International Classification of Diseases, Ninth Revision,
Clinical Modification

Bilateral Unilateral Bilateral Unilateral
(n="174) (n=24) (n=237) (n=24)
Visual Acuity Eyes % Eyes % Visual Acuity Cases % Cases %
Near-normal vision Near-normal vision
Range of normal vision (>20/25) 10 13.5 3 12.5 Range of normal vision (>20/25) 8 21.6 21 87.5
Near-normal vision (<20/25) 4 5.4 4 16.7 Near-normal vision (<20/25) 4 10.8 3 12.5
Low vision Low vision
Moderate low vision (<20/60) 12 16.2 1 42 Moderate low vision (<20/60) 10 27.0 — —
Severe low vision (<20/160) 11 14.9 1 42 Severe low vision (<20/160) 5 13.5 — —
Profound low vision (<20/400) 5 6.8 2 8.3 Profound low vision (<20/400) 1 2.7 — —
Near-blindness Near-blindness
Near-blindness (<20/1000) 23 31.1 4 16.7 Near-blindness (<20/1000) 9 24.3 —_ —
Total blindness (no light perception) 9 12.2 9 375 Total blindness (no light perception) 0 0 —— -

n, number of eyes.

n, number of cases.
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TABLE 3. Frequencies of Corneal Opacity Location

Opacity Location Eyes (n = 220) %
Diffuse 107 48.6
Center 39 17.7
Center to the periphery 24 10.9
Periphery 21 9.5
Others 29 13.2

n, number of eyes.

epithelium, occurs and is followed by 3 successful waves. The
first wave gives rise to the corneal endothelium and trabecular
meshwork, the second gives rise to the corneal keratocytes and
corneal stroma, and the third becomes the iris. The arrest of
any of these developmental stages will induce ASD.
Three-fourths of our patients showed bilateral CCO.
This rate was higher than that in the previous reports from
Rezende et al' (55.3%). We postulate that the difference
emerges because of patient samples of CCO. We limited our
patients to those with ASD; therefore, patients with popular
unilateral CCO, such as limbal dermoid, were excluded from
our study. Furthermore, because our data were from the
corneal practice of a specialized children’s hospital, the patient
population seems to fall into the range of severe bilateral CCO.
In our study, the majority of ASD was diagnosed as
Peters anomaly. Clinical features of Peters anomaly are
diverse, from mild to severe. ASD is classified in detail by its
characteristics, although it has a broad spectrum. Some cases
overlap other conditions and therefore are impossible to
classify. Rieger anomaly is classified as a mild ASD type, and
sclerocornea and anterior staphyloma are classified as severe
ASD types. The remaining cases will be classified in a broad
range of Peters anomaly. Therefore, further understanding of
ASD as a disease of abnormalities during embryogenesis and
neural crest cell differentiations as a whole is required.
Visual acuity outcome was severe. Forty percent to 50%
of both bilateral and unilateral eyes were less than 20/1000,
and patients had legal blindness diagnosed according to the
International Classification of Diseases, Ninth Revision,
Clinical Modification. In unilateral and bilateral cases with
difference in severity, deprivation of form vision occurs in the
worse eye and development of vision seems to be disturbed.
Classifying by the better eye, 43.2% of patients with bilateral
Peters anomaly had low vision and 24.3% were legally blind.
Management for prevention of amblyopia was performed in
treatable patients, although it still remains a life-long disability.
Opacity location plays an important role in the future of
vision, although it is well-known that visual acuity will

TABLE 4. Posterior Segment Abnormalities Diagnosed by
Funduscopy or B-mode Echography

Examination Normal (%) Abnormal (%)
Funduscopy (n = 82) 70 (85.4) 12 (14.6)
B-mode echography (n = 138) 125 (90.6) 13 (9.4)

TABLE 5. Fundus Disorders Among Patients With ASD
Examined by Funduscopy

Fundus Disorders Eyes (n = 82) %
Persistent fetal vasculature 4 4.9
Coloboma 3 3.7
Chorioretinal atrophy 3 3.7
Optic disc hypoplasia 2 2.4
No major disorders 70 85.4

n, number of eyes.

eventually be influenced by many factors. These factors
include not only the location and density of the corneal opacity
but also laterality, other ocular malformations, and systemic
diseases, including intellectual growth. When we predict
future vision of the patient, we have to take these factors into
consideration.

Posterior segment abnormalities were identified by
funduscope in 12 of 82 eyes (14.6%). Among patients who
underwent B-mode echography, 125 eyes were without major
disorders (90.6%). Thus, in our results, approximately 10% of
ASD was combined with posterior segment abnormalities. The
combination of posterior segment abnormalities seems to be
not very common. Ocular findings were diverse, but they all
were derived because of the arrest of some stage or stages of
embryology. As reported previously by Trauboulsi and
Maumenee,* anterior and posterior segment abnormalities
exist as a complex malformative syndrome affecting the globe
as a whole, rather than independently.

Systemic abnormalities were seen in 25.2% of our
patients (Table 6), and this percentage is similar to that of the
report from Rezende et al' (21.3%). Because nonocular neural
crest cells form cartilage, bone, connective tissue, teeth
components (except enamel), pigment cells, and peripheral
nervous system of the face,'® the majority of the systemic
abnormalities also have their origin in the primary neural crest
cell,” which is sometimes called systemic neurocristopathy.?*
Traboulsi and Maumenee® also suggest that midline body
structures seem to be selectively involved in some patients
with Peters anomaly, resulting from the contiguous gene
syndrome or a defective homeotic gene controlling the
development of the eye and body structure. Qur results seem
to support their theory.

TABLE 6. Systemic Abnormalities Among Patients With ASD

Systemic Abnormalities Cases (n = 139) %

Multiple deformation 16 11.5
Cardiovascular disease 5 3.6
Neurologic disease 5 3.6
Craniofacial disease 3 2.2
Thyroid disease 2 1.4
Urinary disease 2 14
Otologic disease 2 1.4
No major complications 104 74.8

n, number of eyes.

n, number of cases.
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Clinical Features of Anterior Segment Dysgenesis

Abnormal, 79eyes,
72.5%

Normal, 30eyes,
27.5%

FIGURE 3. Diagnosis of the fellow
eye in Peters anomaly (n =109 eyes);
93.7% had bilateral ASD.

Family history was present in 3.6% of our patients. Rezende
et al' reported 2 out of 47 patients to have a family history; hence,
this percentage may be appropriate. In our study, most of the
patients showed Peters anomaly. Peters anomaly is known to be
sporadic, but sometimes it is inherited. Because Peters anomaly
appeared in the majority in our study, this percentage may
represent the frequency of inheritance of Peters anomaly.

As shown previously in our study, 72.5% of patients with
Peters anomaly had bilateral ocular abnormalities. The majority
(93.7%) had ASD, and two-thirds had Peters anomaly.

Peters anomaly was first reported by Von Hippel® in
1897, although the cause was unclear at that time. In 1906,
Peters®® defined it as a dysplasia of the anterior chamber, an
incomplete separation between the lens capsule or iris tissue and
the Descemet membrane”® The essential feature of Peters
anomaly is a congenital central corneal opacity with defects in
the posterior stroma, Descemet membrane, and endothelium.>'?
It shows a wide range of morphological characteristics and
severity. Some cases were complicated and difficult to diagnose
under slit-lamp examination because the anterior chamber was
invisible because of the severe corneal opacity.

High-frequency UBM?™* and AS-OCT?® assistance
were effective in these cases. The UBM method was reported
in 1989 by Pavlin et al,>® and the possibility of rendering
images of the invisible anterior segment apparent made this
apparatus come into wide use. Recently, another apparatus has
been developed, and clinical data have been reported.
Comparative studies evaluating AS-OCT show that it produces
both more accurate and consistent images of the anterior
segment compared with UBM.*® However, limitation by the
sclera and poor visualization of the ciliary body still remain
a challenge to diagnosis by imaging.

ASD shows diverse clinical features, various severities of
CCO, and visual outcomes. Clinical diagnosis of each eye may
differ in bilateral cases. Further understanding of the disease as

© 2012 Lippincott Williams & Wilkins

Peters' anomaly,
51eyes, 46.8%
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an abnormality during embryogenesis and neural crest cell
differentiations may be required. Accurate diagnosis with UBM
and AS-OCT assistance surely will be a step forward for the
management of ASD-associated CCO in the future.

REFERENCES

1. Rezende RA, Uchoa UB, Uchoa R, et al. Congenital comeal opacities in
a comea referral practice. Cornea. 2004;23:565-570.

2. Haddad AM, Greenfield DS, Stegman Z, et al. Peter’s anomaly: diagnosis by
ultrasound biomicroscopy. Ophthalmic Surg Lasers. 1997;28:311-312.

3. Cotran PR, Bajart AM. Congenital corneal opacities. Int Ophthalmol Clin.
1992;32:93-105.

4. Traboulsi EI, Maumenee IH. Peters’ anomaly and associated congenital
malformations. Arch Ophthalmol. 1992;110:1739-1742.

5. Bermejo E, Martinez-Frias ML. Congenital eye malformations: clinical-
epidemiological analysis of 1,124,654 consecutive births in Spain. 4m
J Med Genet. 1998;75:497-504.

6. Harissi-Dagher M, Colby K. Anterior segment dysgenesis: Peters
anomaly and sclerocornea. Int Ophthalmol Clin. 2008;48:35-42.

7. Idrees F, Vaideanu D, Fraser SG, et al. A review of anterior segment
dysgeneses. Surv Ophthalmol. 2006;51:213-231.

8. Churchill A, Booth A. Genetics of aniridia and anterior segment
dysgenesis. Br J Ophthalmol. 1996;80:669-673.

9. Wilson ME. Congenital iris ectropion and a new classification for anterior
segment dysgenesis. J Pediatr Ophthalmol Strabismus. 1990;27:48-55.

10. Beauchamp GR, Knepper PA. Role of the neural crest in anterior segment
development and disease. J Pediatr Ophthalmol Strabismus. 1984;21:
209-214.

11. Bahn CF, Falls HF, Varley GA, et al. Classification of corneal endothelial
disorders based on neural crest origin. Ophthalmology. 1984;91:558-563.

12. Waring GO III, Rodrigues MM, Laibson PR. Anterior chamber cleavage
syndrome. A stepladder classification. Surv Ophthalmol. 1975;20:3-27.

13. Kenyon KR. Mesenchymal dysgenesis in Peter’s anomaly, sclerocornea
and congenital endothelial dystrophy. Exp Eye Res. 1975;21:125-142.

14. Alkemade PP. Developmental disorders of the anterior ocular segment and
xerosis conjunctivae. Ophthalmologica. 1968;155:317-329.

15. Sowden JC. Molecular and developmental mechanisms of anterior
segment dysgenesis. Eye (Lond). 2007;21:1310-1318.

16. Alward WLM. Axenfeld-Rieger syndrome and Peters anomaly. In:
Krachmer JH, Mannis MJ, Holland EJ, eds. Cornea. 2nd ed. St. Louis,
MO: Mosby; 2005:745-748.

www.corneajrnl.com | 297

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

— 250 —



Shigeyasu et al

Cornea © Volume 31, Number 3, March 2012

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Nischal KK. Congenital corneal opacities—a surgical approach to
nomenclature and classification. Eve (Lond). 2007;21:1326-1337.
Ciralsky J, Colby K. Congenital corneal opacities: a review with a focus
on genetics. Semin Ophthalmol. 2007;22:241-246.

Zaidman GW, Juechter K. Peters’ anomaly associated with protruding
cormneal pseudo staphyloma. Correa. 1998;17:163-168.

Mayer UM. Peters’ anomaly and combination with other malformations
(series of 16 patients). Ophthalmic Paediatr Genet. 1992;13:131-135.
Leff SR, Shields JA, Augsburger JJ, et al. Congenital corneal staphyloma:
clinical, radiological, and pathological correlation. Br J Ophthalmol.
1986;70:427—430.

Clementi M, Bianchi F Calabro A, et al. Eye malformations: an
epidemiological study in a million births in Italy. Presented at: 25th
Annual Meeting of the European Society of Human Genetics Book of
Abstracts, Barcelona, Spain; May 6-9, 1993; 45.

EUROCAT Working Group. Surveillance of Congenital Anomalies
1980-1992. EUROCAT Report 6. Brussels, Belgium: Institute of Hygiene
and Epidemiology; 1995:46-55.

Steinsapir KD, Lehman E, Emest JT, et al. Systemic neurocristopathy
associated with Rieger's syndrome. 4m J Ophthalmol. 1990;110:
437-438.

Von Hippel E. Uber hydrophthalmus congenitus nebst bemerkungen uber die
verfarbung der cornea durch blufarbstoff; Pathologisch-anatomische untersu-
cuchungen. Albrecht von Graefe’s Arch Ophthalmol. 1897;44:539-564.
Peters A. Uber angeborene Defektbildung des Descemet’ schen Membran.
Klin Monatsbl Augenheilkd. 1906;44:27-40.

298 | www.corneajrnl.com

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Nischal KK, Naor I, Jay V, et al. Clinicopathological correlation of
congenital corneal opacification using ultrasound biomicroscopy. Br J
Ophthalmol. 2002;86:62-69.

Kiryu J, Park M, Kobayashi H, et al. Ultrasound biomicroscopy of the
anterior segment of the eyes of infants. J Pediatr Ophthalmol Strabismus.
1998;35:320-322.

Avitabile T, Russo V, Ghirlanda R, et al. Corneal oedemas: diagnosis and
surgical planning with ultrasound biomicroscopy. Ophthalmologica.
1998;212(Suppl 1):13-16.

Kobayashi H, Kiryu J, Kobayashi K, et al. Ultrasound biomicroscopic
measurement of anterior chamber angle in premature infants. Br J
Ophthalmol. 1997;81:460-464.

Azuara-Blanco A, Spaeth GL, Araujo SV, et al. Ultrasound biomicroscopy
in infantile glaucoma. Ophthalmology. 1997;104:1116-1119.

Pavlin CJ, Harasiewicz K, Sherar MD, et al. Clinical use of ultrasound
biomicroscopy. Ophthalmology. 1991;98:287-295.

Pavlin CJ, Sherar MD, Foster FS. Subsurface ultrasound microscopic
imaging of the intact eye. Ophthalmology. 1990;97:244-250.

Park M, Kiryu I, Kurimoto Y, et al. [Ultrasound biomicroscopic
observation of the anterior eye segment in a sclerocornea and a micro-
cornea). Nippon Ganka Gakkai Zasshi. 1997;101:69-73.

Kim T, Cohen EJ, Schnall BM, et al. Ultrasound biomicroscopy and
histopathology of sclerocornea. Cornea. 1998;17:443-445.

Ramos JL, Li Y, Huang D. Clinical and research applications of anterior
segment optical coherence tomography—a review. Clin Experiment
Ophthalmol. 2009;37:81-89.

© 2012 Lippincott Williams & Wilkins

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this arficle is prohibited.

— 201 —



0O N O U A W=

Q1

European journal of Medical Genetics xxx (2012) 1-4

Y
ELSEVIER

Short clinical report

Concurrent deletion of BMP4 and OTX2 genes, two master genes

in ophthalmogenesis

Toshiki Takenouchi?, Sachiko Nishina®, Rika Kosaki€, Chiharu Torii 9, Ritsuko Furukawa®€,
Takao Takahashi?, Kenjiro Kosaki %*

2 Department of Pediatrics, Keio University School of Medicine, Tokyo, Japan

b Division of Ophthalmology, National Center for Child Health and Development, Tokyo, Japan

¢ Division of Medical Genetics, National Center for Child Health and Development, Tokyo, Japan

d Center for Medical Genetics, Keio University School of Medicine, 35 Shinanomachi, Shinjuku-ku, Tokyo 160-8582, Japan
€ Department of Pediatrics, Keiyu Hospital, Kanagawa, Japan

ARTICLE INFO

ABSTRACT

Article history:

Received 31 July 2012
Accepted 12 October 2012
Available online xxx

Keywords:
BMP4
OTX2
14q22

BMP4 and OTX2 are master genes in ophthalmogenesis. Mutations of BMP4 and OTX2 often lead to eye
defects, including anophthalmia—microphthaimia. A significant degree of variable expressivity has been
reported in heterozygous individuals with BMP4 or OTX2 mutation. Interestingly, both BMP4 and OTX2
reside on 14q22, being only 2.8 Mb apart. Previous studies reported that among three patients with
1422 deletion involving BMP4 and OTX2, all had severe eye defects. The minimal degree of variable
expressivity among these individuals who were doubly deleted for BMP4 and OTX2 could be attributed to
the combinatorial relationship of the two genes observed in animal models. We herein report a patient
with a concurrent deletion of BMP4 and OTX2 who exhibited bilateral microphthalmia, more specifically,
anterior segment dysgenesis with microcornea. Evolutionarily conserved physical linkage of Bmp4 and
Otx2 loci may suggest an advantage of the proximal alignment of the two genes. Another striking feature
in the propositus was the progressive white matter loss observed by serial neuroimaging. A review of
twelve previously reported patients with 14q22 microdeletion revealed decreased white matter volume
in half of the patients. It remains to be elucidated whether the white matter lesion is age-dependent and
progressive. In conclusion, anterior segment defects of the eyes, especially when accompanied by
decreased -white matter volume on neuroimaging, should raise the clinical suspicion of 14q22
microdeletion.

: © 2012 Published by Elsevier Masson SAS.

1. Introduction

Mutations of BMP4 lead to eye defects, including AM [4]. Simi-
larly, mutations of OTX2 can also cause an indistinguishable

14922 microdeletion syndrome has been proposed as a recog-
nizable contiguous gene deletion syndrome, mainly characterized
by anophthalmia—microphthalmia (AM) and developmental delay
[1]. In terms of AM, it is noteworthy that the 14q22 region contains
two master genes for ophthalmogenesis, BMP4 and OTX2, the two
genes being only 2.8 Mb apart. Bmp4 belongs to the Tgfb1 super-
family and plays a pivotal role in ocular development as well as in
the development of the teeth, limbs and bones [2]. Otx2 is a critical
gene for tissue specification in the forebrain and its derivative,
eyes [3]. :

Abbreviations: AM, anophthalmia—microphthalmia.
* Corresponding author. Tel.: +81 3 3353 1211x62901; fax: +81 3 5379 1978.
E-mail address: kkosaki@z3.keio.jp (K. Kosaki).

1769-7212/$ — see front matter © 2012 Published by Elsevier Masson SAS.
http://dx.doi.org/10.1016/j.ejmg.2012.10.007

phenotype [5]. In both humans and mice, with heterozygous
mutation of BMP4 [4,6], and in those with heterozygous mutations
of OTX2 [5,7], a significant degree of variable expressivity of the
ocular phenotype is the rule. In mice, Bmp4 +/— causes anterior
segment dysgenesis, but the penetrance and severity of the ocular
phenotype is strongly influenced by the genetic background. On the
C57BL/6] background, most of Bmp4 +/— mice exhibit a bilateral
severe ocular phenotype, whereas on other genetic backgrounds,
few heterozygous mice show clinically detectable ocular pheno-
types [6]. Similarly, in humans, the severity of the ocular phenotype
varies significantly among affected patients, and truncating muta-
tion of OTX2 identified in children with bilateral AM have been
detected in unaffected parents, providing evidence for incomplete
penetrance [5].

Among three patients with 1422 deletion involving BMP4 and
OTX2, all had severe eye defects. The minimal degree of variable
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expressivity among these individuals with doubly heterozygous
mutations of BMP4 and OTX2 could be attributed to the functionally
related roles of the two genes observed in animal models. Both Otx2
and Bmp4 are involved in retinal pigment epithelial differentiation
and formation of the anterior structures of the eyes in vertebrates
[8]. Co-expression of the two genes was observed in some species
[9]. Here, we present a patient with concurrent deletion of OTX2
and BMP4 that lends support to the aforementioned hypothesis,
and to better delineate, in further detail, the phenotypic charac-
teristics of the 14g22 microdeletion syndrome.

2. Clinical report

The propositus is a Japanese girl born to non-consanguineous
parents. Her family history was non-contributory. The pregnancy
was uneventful and she was born at 37 and 5/7 weeks of gestation
via cesarean section for decreased fetal movements. Her birth
weight was 2335 g and head circumference was 33 cm. Her face
was characterized by a prominent forehead, microphthalmia, thin
upper lip, long palpebral fissures, and long eyelashes (Fig. 1-A).
Ophthalmic slit-lamp examination revealed bilateral extreme
microcornea with a corneal diameter of 4 mm in the right eye and
2 mm in the left eye, severe anterior segment dysgenesis with
bilateral corneal opacities, iris coloboma in the right eye, and
occluded pupil in the left eye (Fig. 1-B). No posterior segment

abnormalities were identified in either eye by ultrasonography.
Both eyes showed light perception, but grating visual acuity could
not be measured. Involuntary upward movements of the eye were
seen on both sides. There was a prominent finger pad and a small
but deep sacral dimple. She also had a small atrial septal defect,
which closed spontaneously. She showed delayed tooth eruption.
At two weeks of age, a computed tomography of the head revealed
only an extremely thin corpus callosum without significant cerebral
volume changes (Fig. 1-C). A magnetic resonance imaging at the age
of 21 months demonstrated significant and progressive global
atrophy, most prominent in the frontal lobes. The striking volume
loss predominantly involved the white matter, with relative pres-
ervation of the gray matter (Fig. 1-D). Neuroimaging did not reveal
any suprasellar abnormalities. Her thyroid function test results
were all within normal limits (thyroid-stimulating hormone
4.28 mU/L (reference for age: 0.7—6.4 mIU/L); free triiodothyronine
4.1 pg/mL (2.3—5.6 pg/mL); free thyroxinel.2 ng/dL (0.8—2.2 ng/
dL)). Serum somatomedin C was normal for age. i.e., 93.0 ng/mL
(74~202 ng/mL). Her development was profoundly delayed despite
the absence of microcephaly, failure to thrive, or deafness on
auditory ‘brainstem response. Currently, she is 2 years and 10
months old and her height is 85.7 cm (—1.35SD), weight is 10.34 kg
(—1.64SD), and head circumference is 48.4 cm (+0.085D). She is
only able to sit without support. She does not follow commands or
speak any meaningful words. She has never had seizures. On

Fig. 1. Clinical and radiographic features of the propositus. A: Facial appearance of the propositus. Note the prominent forehead, microphthalmia, thin upper lip, long palpebral
fissures, and long eyelashes, B: Appearance of the left eye at the age of 2 years: extreme microcornea with an occluded pupil can be seen. C: Axial computed tomography at 2 weeks
of age. Note the preserved white matter volume. D: Axial magnetic resonance imaging of the brain at 21 months of age, demonstrating significant global volume loss predominantly

involving white matter.

— 263 —

176
177
178
179
180
181

182
183
184
185
186
187
188
189
190
191

192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211

212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240



241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305

T. Takenouchi et al. / European Journal of Medical Genetics xxx (2012) 14 3

examination, she has bilateral microphthalmia, a wide open ante-
rior fontanelle measuring approximately 3 x 3 cm, and diffuse
hypotonia. There are no dystonic movements or diurnal fluctua-
tions in her muscle tone. A G-band analysis was reportedly normal.
A microarray analysis demonstrated a de novo 6.2-Mb deletion in
14q22.2-22.1 from position 52,830,547 to 59, 031,284 (NCBI36/
hg18, March 2006), which included approximately 53 genes (Fig. 2).

3. Discussion

Here, we report a patient with severe anterior segment
dysgenesis due to concurrent heterozygous deletion involving
both the OTX2 and BMP4 loci. A review of the previously reported
patients with concurrent deletion of OTX2 and BMP4, i.e. [1], Case
1 and 2 in Ref. [4] reveals that the severe AM phenotype indeed
showed high penetrance: all three patients with such concurrent
deletion showed severe AM. Our clinical observation is compat-
ible with the notion that BMP4 and OTX2 act via a common
pathway.

It is intriguing that two functionally close genes such as BMP4
and OTX2 are in physical proximity to each other. Another example
of functional proximity between two neighboring genes has been
reported for the combination of EVC and EVC2 at the Ellis-van
Creveld syndrome (MIM 225500) locus: mutations in the two
genes, which share no sequence homology, lead to the same syn-
dromic phenotype [10]. It is speculated that the two genes, namely,
EVC and EV(2, are under the control of the same regulatory
element, and a similar explanation could apply to the combination
of BMP4 and OTX2. Phylogenetic analysis of the alignment of Bmp4
and Otx2 reveals that the proximity of the two genes is conserved
down to the chicken. This genomic observation does not prove, but
lends support to the idea that the alignment of the two genes in
proximity may be advantageous from an evolutionary standpoint.
Alternatively, OTX2 and BMP4 may not have any functional
complementarity despite their physical proximity,-since .Otx2
interacts with Sox2, whereas Bmp4 interacts with Pax6 and Bmp7 in
lens formation [11]. -

We confirmed that AM represents a cardinal sign of the 14q22
microdeletion syndrome. In order to define 14q22 microdeletion

¥

syndrome as a clinically recognizable entity, we further attempted
to delineate the extra-ocular phenotypes in patients with 14q22
microdeletion. At least seven out of thirteen patients with micro-
deletion involving 14922 showed decreased white matter volume
or increased ventricular size at some point in their clinical course
[112]:;, case 1 and 2 in Ref. [4], II-5 and 1lI-6 in Ref. [13] and the
propositus.

Inclusion mapping among patients with 14q22 microdeletion
suggests that the shortest region of overlap for decreased white
matter volume is located between the centromeric end of the
deletion interval of the propositus and the telomeric end of the
deletion interval reported by Hayashi et al. (Fig. 3) [12]. Exclusion
mapping with Case 1 described in the report by Wyatt et al., who
had no abnormal findings on computed tomography findings,
indicated BMP4 as the only candidate gene for the white matter
lesion [14]. However, intragenic loss-of-function mutations in BMP4
have been reported to cause ophthalmic lesions without exerting
any effect on the white matter [15]. Lumaka et al. described a family
with microscopic deletions involving BMP4, and only half of
affected members had brain lesions [13]. A possible explanation for
this inconsistency in the mappings is that decreased white matter
volume associated with 14g22 microdeletion could be an age-
dependent lesion. Indeed, serial neuroimaging in the propositus
showed normal white matter volume at 2 weeks of age, but
a striking progressive white matter loss at 21 months of age. We
suggest that serial neuroimaging be performed in other patients
with.14q22 microdeletion to confirm whether the decreased white
matter volume associated with 1422 microdeletion might be age-
dependent and progressive. If so, the above mapping data require
some modification.

From the genetic counseling standpoint, it is critical to investi-
gate the exact etiology of AM. 14q22 microdeletion syndrome,
which is essentially a de novo condition, carries a low risk of
recurrence, whereas the risk can be as high as 25% in other auto-
somal recessive conditions [16]. In conclusion, 14q22 microdeletion
should be included in the differential diagnosis of patients pre-
senting with anterior segment dysgenesis of the eyes, and
decreased white matter volume on brain imaging may be helpful
for the clinical diagnosis.
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Fig. 2. Result of the microarray analysis. Note the deleted region highlighted in green.
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Fig. 3. Schematic mapping of patients with 1422 microdeletion. The black vertical lines represent the extent of deletion on the UCSC genome browser (http://genome.ucsc.edu/)
(NCBI36/hg18, March 2006) in each patient, whose ocular and neuroimaging characteristics are listed on the right.
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