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Abstract

Purpose To report the current status of patients with
microphthalmia based on a cross-sectional survey of
patient hospital visits.

Methods A questionnaire was sent to the departments of
ophthalmology in 1,151 major Japanese hospitals to survey
the following: the number of patients with microphthalmia
who visited the outpatient clinics between January 2008
and December 2009; gender; age; family history; associ-
ated ocular complications and systemic
diseases; surgical treatment; vision and management. A
retrospective quantitative registry of 1,254 microphthalmic
eyes (851 patients) from 454 hospitals (39.4%) was
compiled.

Results  Of the patients for whom data were available,
50% ranged in age from 0 to 9 years. The major ocular find-
ings were nanophthalmos, coloboma, and vitreoretinal mal-
formations. Ocular complications frequently developed,
including cataracts, glaucoma, and retinal detachment.

anomalies;
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Surgery was performed in 21.4% of all cases, and systemic
diseases were present in 31% of all cases. The vision associ-
ated with microphthalmia exceeded 0.1 in about 30% of the
eyes. Glasses and low vision aids were used by 21.6% of
patients.
Conclusions Patients with microphthalmia often have
ocular and systemic anomalies. Early assessment and
preservation of vision and long-term complication man-
agement are needed.

Keywords Microphthalmos - Epidemiology - Survey -
Intractable disease

Introduction

Microphthalmos is defined as the arrested development of
all global dimensions and is often is associated with other
ocular and systemic anomalies [1]. Chromosomal disor-
ders, genetic syndromes, and environmental factors, such
as maternal infection and exposure to X-rays or drugs, are
reported as causes [2]. However, in most cases the precise
pathogenesis is unknown although some causative genes
(SOX2 and PAX6) have been identified [2-4].

Previous studies conducted in the UK report that the
prevalence rates of microphthalmia, anophthalmia, and
typical coloboma are 10-19 per 100,000 births [4-7].
Microphthalmia is rare, and only a few disease, genelic, and
epidemiologic studies and a few reports on the practical
patient status have been published. The condition generally
causes substantial visual impairment, but standard manage-
ment and treatments have not been established.

We conducted a cross-sectional national survey to
investigate the current status of patients with microph-
thalmia, focusing especially on ocular associations,
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complications, surgery, and vision examinations performed
by ophthalmologists.

Materials and methods

A questionnaire was sent to the departments of ophthalmology
in 1,151 major hospitals nationwide, all of which are autho-
rized by the Japanese Ophthalmological Society as training
institutions for physicians specializing in ophthalmology, to
survey the number of patients with microphthalmia who vis-
ited their outpatient clinics between January 2008 and
December 2009. Patients referred to other hospitals during
this period were excluded.

The diagnostic criterion for pure microphthalmos is the
presence of an eye with two-thirds the normal ocular volume,
i.e., 0.87 below the normal axial length [1]. The Japanese
criteria were established by Majima [8], based on the average
axial length for each age group of Japanese patients. The
clinical definition can be determined by a substantial size
difference between the two eyes. Axial lengths of <21 mm in
adults and <19 mm in 1-year-old children, i.e., two standard
deviations below normal, are used. Corneal diameters of
<10 mm in adults and <9 mm in infants are used for a simple
diagnosis [9]. In our survey, either Majima’s criteria for pure
microphthalmos or the clinical definition for complicated
microphthalmos was applied.

The questionnaire asked for either the numbers of patients
or the number of eyes and was divided into two sheets. The
first sheet comprised questions on the number of cases, the
number of cases operated on, whether the condition was
unilateral or bilateral, gender, age, family history; the second
sheet consisted of questions about the number of associated
ocular anomalies and complications, surgical treatment,
associated systemic diseases, vision and management with
glasses, low vision aid, and the use of a prosthetic shell.

A retrospective quantitative registry of microphthalmia
was compiled from the responses from 454 hospitals
(39.4%). The data from 1,254 microphthalmic eyes of 851

cases in total were collected from the first sheet, but as
some hospitals did not complete the second sheet, only data
from 1,069 eyes of 722 cases were collected from the
second sheet. Of the data collected for these 1,069 eyes,
data on the vision of 56 eyes (5.2%) were incomplete.
Thus, data from 1,013 eyes were analyzed for vision.

We surveyed the number of patients managed in Japa-
nese hospitals and analyzed the associated ocular anoma-
lies and complications, surgical treatment, systemic
diseases, vision and ophthalmic management.

Results

Of the 851 cases [396 (46.5%) male, 455 (53.5%) female]
of microphthalmia reported on the first sheet, 444 (52%)
were unilateral and 405 (48%) were bilateral (for two cases
no information on unilateralism or bilateralism was
reported). In terms of age distribution, 50% of the patients
were 0-9 years and 16% were 10-19 years; between ages
20 and 79 years, the prevalence remained relatively con-
stant, ranging between 4.3 and 6.8% (Fig. 1). Family his-
tories were positive in 61 cases (7.2%), of which 25 cases
(41%) of autosomal dominant inheritance, three cases of
X-linked recessive inheritance, and one case of autosomal
recessive inheritance were identified; the other 32 cases
were undetermined.

The data from the 1,069 microphthalmic eyes of 722
cases retrieved from the second sheet were compiled and
analyzed for associated ocular anomalies and complica-
tions, surgical treatment, associated systemic diseases, and
management with glasses, low vision aids, and prosthetic
shells. The ocular abnormalities and complications asso-
ciated with microphthalmia are shown in Fig. 2. The
identified ocular findings were nanophthalmos, coloboma
(choroid, retina, lens, iris), vitreoretinal malformation
(retinal dysplasia, retinal fold, persistent fetal vasculature,
etc.), anophthalmos/extreme microphthalmos, anterior
segment dysgenesis (Peters’ anomaly, aniridia), and optic
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Fig. 2 Ocular abnormalities
and complications associated
with microphthalmia. The rate
of each associated anomaly or
complication is given
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nerve anomaly (disc anomaly, optic nerve hypoplasia). The
most frequent ocular complications were cataracts in
34.1%, followed by glaucoma and exudative or rhegma-
togenous retinal detachment.

Surgery had been performed in 182 (21.4%) of the 851
cases; the surgical procedures for ocular complications are
shown in Fig. 3. The procedures performed the most often
were cataract extraction in 246 eyes (23.0%) of 1,069 eyes,
followed by glaucoma surgery and vitreoretinal surgery.

Systemic diseases were present in 224 patients (31%) of
722 cases of microphthalmia, with 92 cases (12.7%) of
developmental cerebral anomalies and mental deficiency,
68 cases (9.4%) of multiple anomalies and genetic syn-
dromes, 26 cases (3.6%) of chromosomal disorders, and 38
cases (5.3%) of others.

The distribution of vision in microphthalmia is shown in
Fig. 4. The data from 1,013 microphthalmic eyes were
analyzed for vision. The visual acuity (VA) in microph-
thalmos was <0.02 in 348 eyes (34.4%), <0.1 but not
<0.02 in 116 eyes (11.4%), <0.3 but not <0.1 in 93 eyes
(9.2%), not <0.3 in 157 eyes (15.5%), unmeasurable with
poor visual performance in 241 eyes (23.8%), and good
visual performance in 58 eyes (5.7%).

50 100 150 200 250 300
Number of eyes

*Good visual performance

*Poor visual
erformance
23.8Y%

70.02-0.1
4 11.4% 7

";}fif |

Fig. 4 Visual acuity (VA) in microphthalmos. Asterisk VA not
measured due to young age or mental retardation. The rate of each
VA group is given (N = 1,013 eyes)

Glasses and low vision aids were used in 156 cases
(21.6%) of 722 cases, while prosthetic shells were applied
in 211 eyes (19.7%) of 1,069 eyes.
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Discussion

This is the first national survey that reports the epidemiologic
aspects and current status of patients with microphthalmia in
Japan. It is also the largest survey conducted by ophthal-
mologists of patients with microphthalmia who present at a
hospital. The results based on cross-sectional surveys of
patients’ hospital visits may be considerably biased and may
not be comparable with those of previous epidemiologic
studies in other countries. However, the results of this survey
showing the precise ocular associations, complications, types
of surgeries, and vision, may be useful for future ocular
management and investigation.

Approximately one-half of the patients in this survey who
presented to a hospital were children under the age of
10 years, indicating that diagnosis and treatment of
microphthalmia during the period of visual development are
both needed and common practice in Japan. In addition,
continuous management of low vision and ocular complica-
tions is required in order to maintain proper vision throughout
life. Among the responders in this study, the distribution of
microphthalmia was evenly divided between men and
women and between unilateral cases and bilateral cases.
Previous studies also report no biased association between
microphthalmia and gender; however, those on laterality are
mixed, with bilateral being more common in some studies
and unilateral cases being more common in others [10].
Kallenetal. [11] reported that among their patient population,
>70% of microphthalmia cases were bilateral and associated
with chromosomal disorders, 53-60% were either associated
or not associated with other malformations, but only 27%
were cases of isolated microphthalmia. Microphthalmos
associated with systemic diseases, nanophthalmos, colobo-
matous microphthalmos, and some cases of complicated
microphthalmos often develop bilaterally and need more
medical management for low vision and periodic follow-up.
However, the current survey indicated that unilateral cases
also require ophthalmic treatment and management.

The family histories were positive in 7.2% of cases;
however, most cases have not been investigated for genetic
etiology. To clarify the pathogenesis of various microph-
thalmia and develop useful treatments, effective genetic
screening should be performed.

The current patient population had varying kinds and
degrees of ocular-associated anomalies; among these,
posterior segment dysgenesis, including coloboma and
vitreoretinal malformations, was seen frequently. Thus,
early morphologic and electrophysiologic evaluation of the
posterior segment may be required to assess the visual
potential and indications for surgical, optical, and ambly-
opia treatment or for a cosmetic shell.

The rates of developing cataracts, glaucoma, and retinal
detachments were extremely high among the young
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patients. These ocular complications were major indica-
tions for surgical intervention, although the prognoses were
generally poor [12]. Patients with microphthalmia require
lifelong management for early prevention and detection of
these complications. A less invasive surgical procedure for
microphthalmia should be developed [13-19].

Various systemic anomalies are frequently associated with
microphthalmia, indicating that initial assessment and con-
tinuous management by pediatricians are essential. Although
31% of the cases in our survey were microphthalmia associ-
ated with systemic disease, analysis of a population-based
birth defects registry in Hawaii from 1986 to 2001 revealed
that only 5% of the 96 cases had either isolated anophthalmia
or microphthalmia, whereas 25% had confirmed chromo-
somal abnormalities, such as trisomy 18 and 13, and others
had malformation syndromes, limb and musculoskeletal sys-
tem defects, and cardiac and circulatory system defects [10].
Our survey included more unilaterally isolated cases, proba-
bly because ophthalmologists conducted the survey and pro-
vided detailed descriptions of the ocular status of the patients
who presented to the hospitals.

Overall useful vision and good visual performance >0.1
were obtained in about 30% of microphthalmia cases,
whereas about 34% of microphthalmia patients were blind
(VA <0.02). However, glasses and low vision aids were
used in around 22% of the cases, while prosthetic shells
were used in about 20% of eyes. The visual prognosis of
microphthalmos depends largely on the difference between
the two eyes. The chances of obtaining good VA are lim-
ited in cases of severe unilateral microphthalmos, where
orbital growth may be retarded and facial deformity may
develop. Early socket expansion and wearing of a pros-
thetic shell are important for cosmetic treatment in
anophthalmos and extreme microphthalmos [20]. However,
microphthalmos with visual potential should be assessed
early and glasses prescribed to maximize the VA.

In summary, our analysis of the survey data revealed
that patients with microphthalmia have various ocular and
systemic anomalies and that the rates of ocular complica-
tions are high in young patients. Early assessment, pres-
ervation of vision, and long-term management of
complications are needed for these patients.
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Colobomna and various ocular abnormalities bave been described
in CHARGE syndrome, although the severity of visual impair-
ment varies from case (o case. We conducted a multicenter study
to clarify the ophthalmic features of patients with molecedarly
confirmed CHARGE syndrome. Thirty-eight eves in 19 patients
with CHARGE syadrome and confirmed CHIYY mutations
treated at four centers were refrospectively studied. Colobomata
affected the posterior segment of 35 eyes in 18 patients. Both
retinochoroidal and optic disk colobomata were bilaterally
observed in 15 patients and unilaterally observed in 3 patients.
The coloboma involved the macula totally or partially in 21 eyes
of 13 patients. We confirmed that bilateral large retinochoroidal
colobomata represents a typical ophthalmic featare of CHARGE
syndrome in patients with confivmed CHD7 mutations; how-
ever, even eyes with large colobomata can form macalas, The
anatomical severity of the eye defect was graded according to the
presence of colobomata, macula defect, and microphthalmes.
A comparison of the severity in one eye with that in the other eye
revealed alow-to-moderate degree of agreement between the two
eves, rveflecting the general facial asymmetry of patients with
CHARGE syndrome. The location of protein truncation and the
anatomical severity of the eyes were significantly correlated. We
suggested that the early diagnosis of retinal morphology and
function 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.
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features
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INTRODUCTION

CHARGE syndrome is a multiple malformation syndrome named
from the acronym of its major features: coloboma, heart defects,
atresia of the choanae, retarded growth and/or development,
genital anomalies, and ear abnormalities [Pagon et al., 1981;
Zentner et al, 2010]. The major ocular feature of CHARGE
syndrome is coloboma, and a previous investigation by ophthal-
mologists revealed an incidence of up to 86%, although the severity
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of coloboma and visual impairment varied from case to case
[Russell-Eggitt et al., 1990].

Recently, the gene Chromodomain helicase DNA-binding protein-
7 (CHD7) at chromosome 8q12.1 was identified as a causative
gene of CHARGE syndrome [Vissers et al., 2004]. Up to 70% of
patients clinically diagnosed as having CHARGE syndrome exhibit
mutationsin the CHD7 gene [ Aramaki et al., 2006a; Jongmans et al.,
2006; Lalani et al., 2006]. Although the exact function of this gene
product remains unknown, it may have an important effect on an
early stage of ocular morphogenesis.

We conducted the present multicenter study to clarify the
ophthalmic features of patients with molecularly confirmed
CHARGE syndrome and to explore the role of CHD7 in ocular
development.

Thirty-eight eyes in 19 patients clinically diagnosed as having
CHARGE syndrome at the National Center for Child Health and
Development, the Osaka Medical Center and Research Institute for
Maternal and Child Health, the Kanagawa Children’s Medical
Center, or the Institute for Developmental Research, Aichi Human
Service Center were retrospectively studied. All the patients had
been molecularly confirmed to carry CHD7 mutations at the Keio
University School of Medicine [ Aramaki et al., 2006a]. The clinical
diagnosis of CHARGE syndrome was made based on the Blake
criteria [Blake et al., 1998]. Molecular screening for mutations in
the CHD7 gene was conducted as reported previously [Aramaki
et al., 2006b]. Ophthalmic features were examined using slit-lamp
biomicroscopy and binocular indirect ophthalmoscopy. Two
patients were also examined using a spectral domain optical
coherence tomography (SD-OCT). The SD-OCT images were
obtained with RS-3000 (NIDEK Co., Ltd., Gamagori, Japan).
The best-corrected visual acuity (BCVA) was measured with a
standard Japanese VA chart using Landolt rings or pictures at
5m, then converted to Snellen VA.

The anatomical severity of the eye defect was classified as follows:
Grade 1, Normal; Grade 2, colobomata with macular formation;
Grade 3, colobomata including the macula; and Grade 4, colobo-
mata, macular defect, and microphthalmos. Then, Cohen’s kappa
coefficient [Cohen, 1960] was used to measure the agreement of the
severity in the two eyes among 19 CHD7-mutation positive
patients. The potential 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
was evaluated among 14 patients with protein-truncating
mutations.

This study was approved by the institutional ethics committee;
the patients or the parents of the patients provided informed
consent prior to enrollment in the study.

The characteristics of the 38 eyes of the 19 patients with CHARGE
syndrome carrying CHD7 mutations are summarized in Table 1.
Ten patients (53%) were male and 9 (47%) were female. The age of
the patients at the time of the examination ranged from 1 to 21 years

TABLE 1. Characteristics of Patients of CHARGE Syndrome With
CHIY Mutations [n = 8]

Variable Number
Gender
Male 10 (53%]
Female 9 (47%)
Age at examination 1-21 years
Mean 7.9+ 5.0 years
Ocular abnormalities (colobomata)
Bilateral 17 (89.4%)
Unilateral 1 [5.3%)
None 1 (5.3%)
. BCVA
© <20/400 4 (21.1%)
20/400 to <20/60 7 (36.8%)
20/60 to 20/20 6 (31.6%)
Not measured 2 (10.5%)

BCVA, best-corrected visual acuity.

(mean 7.945.0 years). Ocular abnormalities were found in 18
patients (94.7%), bilateral abnormalities were observed in 17
patients (89.4%), and unilateral abnormalities were observed in
1 patient (5.3%). Among these 18 patients, all 35 abnormal eyes had
varying severities of colobomata.

The ocular features of the individual patients are summarized in
Table I1. Colobomata affected the posterior segment in 35/38 eyes
(92.1%), retinochoroidal coloboma was present in 33 eyes (86.8%),
and optic disk coloboma was present in 33 eyes (86.8%). Both
retinochoroidal coloboma and optic disk coloboma were bilaterally
present in 15 patients (78.9%) and unilaterally present in 3 patients
(15.8%). The coloboma involved the macula totally or partially in
21 eyes (55.3%) of the 13 patients (68.4%): bilaterally in § patients

TABLE 1. Ocular Features of the Patients {n= 19 patients, 38 syes]

Number of patients (%)

Number of
Findings Bilateral Unilateral  Total eyes (%)
Colobomata 17 (89.5) 1(53) 18 (94.7) 35 (92.1)
Retinochoroidal-.15 (78.9) - 3 (15.8) - 18 (94.7) 33 (86.8)
Optic disk 15 (78.9) 3 (158) 18(94.7) 33 (86.8)
Macula 8 (42.1) 5(263) 13 (68.4] 21 (553)
Iris 1(53) 0(00) 1(53) 2(53)
Lens 0(00) 1(53) 1(53] 1(26)
Microphthalmos 3 (15.8) 2 (10.5) 5 (26.3) 8 (21.1)
Microcornea 3{15.8) 1 (5.3) 4 (21.1) 7 [18.4)
Ptosis 1(53) 1(53) 2(105) 3(?.9)
PFV 0(0.0) 1(53) 1(53] 1(26)
Cataract 0.{0.0) - 1(5.3) 1.(53} .1(286)
 High myopia 2(105) 1(53)  3(158] 5(13.2)
(>6.0 D) =

PFV, persistent fetal vasculature.
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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

FIG. 1. Fundus photographs and spectral domain optical coherence tomography {SD-OCT) scan of the retina in the right eye (A,B) and the left eye (C,D}
in a 6-year-old girl. A: Retinochoroidal colobomata inferior to the optic disk is visible in the right eye. B: The SD-0CT shows a good macular formation in
the right eye, resulting in a BCVA of 20/20. C: Retinochoroidal and optic disk coloboma are seen in the left eye. The colobomata partially involved the
macula (arrow). D: The SD-OCT shows a partially formed macula (arrow) and cystic changes in the colobomatous area (arrow head) in the left eye,

resulting in a BCVA of 20/50 after amblyopia treatment.
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FIG. 2. The correlation between the anatomical severity of the eyes
inanindividual and the amino acid position where the truncation of
the CHD? protein occurred in the same individual. Horizontal axis
indicates amino acid position of the CHD? protein together with the
domains of the protein. Vertical axis indicates the anatomical
severity of the eye defect classified as follows: Grade 1, Normal;
Grade 2, colobomata with macular formation; Grade 3, colobomata
including the macula; and Grade 4, colobomata, macular defect,
and microphthalmos.

significant correlation between the location of protein truncation
and the anatomical severity of the eyes (P=0.02, chi-squared
test).

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
colobomawasonly 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 darify the function of CHD7 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.



