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Genotype-phenotype correlation in
neuronal migration disorders and
cortical dysplasias

Mitsuhiro Kato **

Department of Pediatrics, Yamagata University Faculty of Medicine, Yamagata, Japan

Neuronal migration disorders are human (or animal) diseases that result from a
disruption in the normal movement of neurons from their original birth site to their
final destination during early development. As a consequence, the neurons remain
somewhere along their migratory route, their location depending on the pathological
mechanism and its severity. The neurons form characteristic abnormalities, which
are morphologically classified into several types, such as lissencephaly, heterotopia,
and cobblestone dysplasia. Polymicrogyria is classified as a group of malformations
that appear secondary to post-migration development; however, recent findings of
the underlying molecuiar mechanisms reveal overlapping processes in the neuronal
migration and post-migration development stages. Mutations of many genes are involved
in neuronal migration disorders, such as LIST and DCX in classical lissencephaly
spectrum, TUBATA in microlissencephaly with agenesis of the corpus callosum, and
RELN and VLDLR in lissencephaly with cerebellar hypoplasia. ARX is of particular
interest from basic and clinical perspectives because it is critically involved in tangential
migration of GABAergic interneurons in the forebrain and its mutations cause a variety
of phenotypes ranging from hydranencephaly or lissencephaly to early-onset epileptic
encephalopathies, including Ohtahara syndrome and infantile spasms or intellectual
disability with no brain malformations. The recent advances in gene and genome analysis
technologies will enable the genetic basis of neuronal migration disorders to be unraveled,
which, in turn, will facilitate genotype-phenotype correlations to be determined.

Keywords: lissencephaly, heterotopia, polymicrogyria, tubulinopathy, interneuronopathy, LIS1, DCX, ARX

Introduction

The characteristic six-layered neocortex in the human brain is formed by two types of neuron,
projection neurons and interneurons, which migrate from their birth places, such as the ventricular
zone and ganglionic eminence, respectively. Neuronal migration disorders are human (or animal)
diseases that result from the disruption of normal movement of neurons from their original
birth site to their final destination during early development. As a consequence, the neurons
remain somewhere along their migratory route, their location depending on the pathological
mechanism and its severity. Many genes have been found to be responsible for neuronal
migration disorders, such as LISI and DCX in classical lissencephaly spectrum, TUBAIA in
lissencephaly with cerebellar hypoplasia, ARX in X-linked lissencephaly with abnormal genitalia
(XLAG), FLNA and ARGEF2 in periventricular heterotopia, FCMD and glycosylation-related

Frontiers in Neuroscience | www.frontiersin.org 1

May 2015 | Volume 9 | Article 181



Kato

Clinical manifestation of lissencephaly spectrum

genes, such as POMTI, POMT2, POMGNTI, POMGNT2,
EKRP, LARGE, TMEMS5, POMK, ISPD, GMPPB, B3GNTI,
and B3GALNT2 in cobblestone dysplasias, GPR56, SRPX2,
and some tubulin-related genes, e.g., TUBAS, TUBB2B,
and TUBB3, in polymicrogyria (Kato and Dobyns, 2003;
Vuillaumier-Barrot et al, 2012; Buysse et al, 2013; Stevens
et al., 2013; Fry et al., 2014). Recently, we found that mutations
in COL4A1, which encodes type IV collagen alpha 1 subunit,
cause schizencephaly accompanied by polymicrogyria in
the adjacent cortex of the transmantle cleft as well as focal
cortical dysplasia (Yoneda et al,, 2013). Historically, brain
malformations including neuronal migration disorders
have been classified based on a postmortem examination.
The advancement and spread of neuroimaging techniques,
particularly magnetic resonance imaging (MRI), make it easier
to find out many types of brain malformations, but make it
more complicated to classify them. Moreover, the unveiling
of responsible genes for brain malformations has changed
the classification scheme and causes most neuroscientists
and even physicians trouble to follow it. Here, I review the
clinical manifestation of neuronal migration disorders, focusing
mainly on lissencephaly, in terms of genotype-phenotype
correlations.

Lissencephaly Spectrum: Classical
Lissencephaly to Subcortical Band
Heterotopia

Lissencephaly is classified as a spectrum of disorders caused
by widespread abnormal transmantle migration, ranging from
classical lissencephaly (agyria or pachygyria) to subcortical band
heterotopia or double-cortex syndrome (Barkovich et al,, 2012).
Classical lissencephaly is characterized by a smooth (lissos in
Greek) brain surface with a decreased number of sulci and wide
gyri. Mutations in LIS, located on chromosome 17p13.3, or DCX
on Xq23 are the main cause for classical lissencephaly (Table 1)
(Kato and Dobyns, 2003). Mutations in DCX are causative for
classical lissencephaly in male individuals and subcortical band
heterotopia in female individuals. A combination of a severity
grading scale [the most severe form, Grade 1 (total agyria) to
the mildest form, Grade 6 (subcortical band heterotopia) via
the intermediate forms comprised of a combination of agyria,
pachygyria, and subcortical band heterotopia] and an anterior or
posterior gradient scale is useful to predict the causative gene for
lissencephaly spectrum (Kato and Dobyns, 2003). For instance,
mutations of LISI, ARX, or TUBAIA result in a posterior
more severe than anterior gradient, while mutations of DCX or
RELN lead to an anterior more severe than posterior gradient.
LIS1 participates in cytoplasmic dynein-mediated nucleokinesis,
somal translocation, and cell motility (Smith et al., 2000) as
well as mitosis or neurogenesis and chromosomal segregation
(Faulkner et al,, 2000). DCX is a microtubule-associated protein
and is involved in microtubule polymerization and stabilization
(Gleeson et al., 1999). Missense mutations in DCX responsible for
lissencephaly spectrum are mainly located in two tandem repeats
(N-terminal or C-terminal doublecortin domains), which bind to

microtubules or free tubulin and other components (Friocourt
et al., 2005), respectively.

MRI of the brain is useful to discriminate agyria, pachygyria,
and subcortical band heterotopia. Agyria is generally
characterized by the disappearance of deep sulci in more
than one lobe and the thickness of the cortex is 10-20 mm
(Figure 1). The gyri in pachygyria are wider than in the normal
cortex and the thickness of the cortex is 4-9mm (Figure 2).
Brain MRI of subcortical band heterotopia shows bilateral
continuous symmetric bands of gray matter underlying an
almost normal cortical mantle with relatively shallow sulci
(Figure 3). More than 90% of patients with subcortical band
heterotopia are female and the cause is usually heterozygous
DCX mutation. Subcortical band heterotopia in male patients
is caused by somatic mosaic DCX mutations or LISI mutations
(Gleeson et al., 2000; Kato et al., 2001; D’agostino et al., 2002;
Poolos et al, 2002). Coexistence of agyria and pachygyria or
pachygyria and subcortical band heterotopia can be seen in
the same patient, suggesting common mechanisms for these
phenotypes. Microscopically, agyria and pachygyria present a
four-layered cortex with an outer molecular layer, superficial
layer, cell sparse layer, and deep cellular layer. In the marginal
zone between pachygyria and subcortical band heterotopia, the
outer molecular layer corresponds to layer I of the normal six-
layered cortex, the superficial layer corresponds to layers II-VI,
the cell sparse layer corresponds to subcortical white matter, and
the deep cellular layer corresponds to band heterotopia with
a mass of unlayered ectopic neurons (Figure 4). The primary
pathology of lissencephaly due to the DCX mutations shows only
minor differences compared with that caused by LISI mutations,
for example, inferior olivary ectopia is present in LISI mutation
brains but is absent in DCX mutation brain (Berg et al., 1998);
however, Viot et al. report a different cortical architecture for
DCX lissencephaly (Viot et al., 2004).

The severity of the clinical manifestations of lissencephaly
spectrum is correlated with the degree of brain malformation.
Patients with agyria show severe muscle hypotonia from infancy
(known as floppy infant) and achieve neither head control nor are
they able to say meaningful words. A specific form of epileptic
seizure, epileptic spasms, occurs in 80% of patients with agyria
or pachygyria, although electroencephalography (EEG) may not
present with typical hypsarrhythmia, which is characteristically
seen in infantile spasms or West syndrome (Guerrini, 2005).
However, the main clinical features of subcortical band
heterotopia are intellectual disability and epileptic seizures,
both of which are milder than those of agyria or pachygyria.
Intellectual disability ranges from normal to severe retardation
and correlates with the thickness of the band and the degree of
pachygyria (Barkovich et al., 1994; Bahi-Buisson et al., 2013).
Genetic counseling is particularly important for parents that have
a boy with classical lissencephaly or a girl with subcortical band
heterotopia because the mother may be a heterozygous carrier of
the DCX mutation.

Miller-Dieker syndrome is a contiguous gene syndrome
caused by a microdeletion in 17p13.3, a region that contains
LISI and YWHAE (which encodes 14-3-3 protein epsilon).
Phenotypes of Miller-Dieker syndrome are more severe than
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TABLE 1 | Clinical features of gene mutations causing cortical disruptions.

Gene Locus Inheritance mode Lis HET PMG MIC at birth ACC PCH Brain Other findings
LIST1~YWHAE 17p13.3 AD + Total agyria (Figure-of-8 appearance) Characteristic face and MCA
LIST 17p13.3 AD + +, rare Agyria to subcortical band HET, mainly
pachygyria in anterior and agyria in posterior
DCX (male) Xg23 XL + + LIS. Subcortical band HET due to somatic
mosaic mutation.
DCX (female) Xg23 XL +, rare + Subcortical band HET
TUBATA 12g13.12 AD + +, rare +, rare + + + MIC, agyria to subcortical band HET, PMG,
PCH, ACC
TUBA8 22q11 AR + + PMG, agenesis or hypogenesis of the corpus Optic nerve hypoplasia
callosum, dysmorphic brainstem
TUBB2A 6p25.2 AD + Mild PCH
TUBB2B 6p25.2 AD + + + MIC, PMG, dysmorphic basal ganglia, PCH, CFEOM
dysmorphic brainstema
TUBB3 16924.3 AD + + PMG, gyral disorganization, dysmorphic basal CFEOM
ganglia, PCH
TUBB 6p21.33 AD + + + + MIC, focal band HET or PMG, dysmorphic Microophthalmia
basal ganglia, abnormal corpus callosum
TUBGT 17g21.2 AD + + Posterior dominant lissencephaly, dysmorphic
corpus callosum
ARX (male) Xp22.13 XL + + Posterior dominant LIS with ACC and Hypoplastic genitalia, diarrhea
dysmorphic basal ganglia
ARX (female) Xp22.13 XL + ACC in half of the cases
RELN 7q22.1 AR + + Anterior dominant diffuse pachygyria with PCH
VLDLR 9p24.2 AR + + Diffuse pachygyria with PCH
MCPH1 8p23.1 + MIC
WDR62 19g13.12 AR + + + + + MIC, pachygyria, PMG, or subcortical band
HET, abnormal corpus callosum
NDET 16p13.11 AR + + MIC, simplified gyral pattern, ACC
COL4A1 13034 AD, low penetrance Porencephaly, schizencephaly, focal cortical Myopathy, hematuria, anemia

dysplasia

ACC, Agenesis of the corpus callosumn; CFEOM, Congenital fibrosis of the extraocular muscle; HET, heterotopia; LIS, classical lissencephaly or agyria/pachygyria; MCA, multiple congenital anomalies; MIC, microcephaly; PCH,

pontocerebellar hypolasia; PMG, polymicrogyria.
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FIGURE 1 | Complete agyria in a DCX mutation patient (Grade 1 on the
severity scale). T2-weighted axial MRI image. Wide shallow sylvian fissures
create a figure-of-eight appearance. The thickness of the cortex is over

10 mm. A high-intensity (white) line (arrow heads) beneath the cerebral surface
is consistent with a cell sparse layer of the four-layered cortex.

FIGURE 2 | Anterior pachygyria and posterior agyria in a LIST mutation
patient (Grade 3 on the severity scale). T2-weighted axial MRI image. Note
the difference in the width of gyri, the depth of sulci and the thickness of the
cortex (bars) between anterior and posterior regions.

FIGURE 3 | Subcortical band heterotopia or double cortex syndrome in
a DCX mutation patient (Grade 5 on the severity scale). T2-weighted
axial MRl image. Subcortical heterotopic gray matter in the posterior region
fuses into the pachygyric cortex in the anterior region (arrowheads).
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FIGURE 4 | Schematic diagram of cortical layers in the lissencephaly
spectrum compared to the normal brain. Deep celiular layer of the
pachygyric or agyric cortex fuses with laminar or band heterotopia in the
subcortical white matter, but not with normal six-layered cortex.

that of classical lissencephaly because of an isolated LISI
mutation. They are characterized by complete agyria and
facial abnormalities including prominent forehead, bitemporal
hollowing, short nose with upturned nares, prominent upper lip
with downturned vermilion border and small jaw, and sometimes
other congenital defects involving the heart, kidneys, intestine,
or fingers (Kato and Dobyns, 2003). Neurological findings of
Miller-Dieker syndrome are similar to those of patients with
agyria, such as severe developmental delay with weak muscle
tone and profound intellectual disability, intractable seizures,

dysphagia, and poor prognosis with recurrent infection of the
respiratory system.

Tubulin-Related Disorders, Tubulinopathies

Microtubules provide the main structural framework for the
shafts of axons and dendrites, and with actin serve as tracks
for intracellular trafficking and to provide the driving force
underlying neurite extension and intracellular movement of
organelles during mitosis (Flynn et al, 2013). Recently, genes
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involved in microtubule function have been identified to be
causative for various human diseases, such as lissencephaly
(Keays et al., 2007; Poirier et al., 2007), polymicrogyria (Abdollahi
et al., 2009; Jaglin et al,, 2009; Jansen et al., 2011), simplified
gyral patter in which the cortical thickness is normal (Cushion
et al., 2014), complex brain malformations (Poirier et al., 2010,
2013; Breuss et al., 2012), abnormal eye movement (Tischfield
et al, 2010), torsion dystonia (Hersheson et al, 2013), and
hypomyelinating leukodystrophy (Simons et al., 2013). All the
above are classified as tubulinopathies (Cushion et al., 2013;
Bahi-Buisson et al., 2014). Microtubules are assembled from
soluble tubulin heterodimers consisting of alpha- and beta-
tubulin. Multiple isoforms of both tubulins are encoded by
different genes. Mutations of TUBAIA, which encodes alpha
tubulin, cause lissencephaly spectrum, particularly diffuse agyria
or perisylvian pachygyria, with microcephaly, agenesis of the
corpus callosum, and cerebellar hypoplasia (Figure5) (Bahi-
Buisson et al., 2008). TUBAIA mutations account for only 1%
of isolated classical lissencephaly; however, they account for
approximately 30% of patients with lissencephaly associated with
cerebellar hypoplasia (Kumar et al, 2010). Dysgenesis of the
anterior limb of the internal capsule and disorganization of
the hippocampus are other neuroimaging features for TUBA1A
mutation (Poirier et al, 2007). Mutations of TUBAIA cause
polymicrogyria as well. Interestingly, mutations of TUBB2B
cause polymicrogyria with or without congenital fibrosis of
the external ocular muscles as well as bilateral perisylvian
pachygyria(Cederquist et al,, 2012; Romanieilo et al, 2014).
Polymicrogyria is classified as a group of malformations that
appear secondary to post-migration development; however,
recent findings of the underlying molecular mechanisms reveal
overlapping process in neuronal migration and post-migration
development stages.

Mutations of TUBA8 cause polymicrogyria with optic
nerve hypoplasia and display autosomal recessive inheritance

(Abdollahi et al., 2009). Mutations of TUBB2A, which encodes
beta-tubulin, cause infantile-onset epilepsy with simplified gyral
patterning (Cederquist et al, 2012; Cushion et al, 2014;
Romaniello et al, 2014). Mutations of TUBB3 cause two
distinct forms. One is congenital fibrosis of the external
ocular muscles or oculomotor nerve hypoplasia and later-onset
peripheral axon degeneration with dysgenesis of the corpus
callosum, anterior commissure, and internal capsule, but with no
cortical dysplasia suggesting migrational defects (Tischfield et al.,
2010). Another is cortical dysgenesis including polymicrogyria,
pontocerebellar hypoplasia, and abnormal basal ganglia, but
with no ocular motility defects (Poirier et al, 2010). The
main mechanisms underlying the phenotypes caused byTUBB3
mutations are impaired axon guidance owing to disrupted
microtubule dynamics and kinesin interaction (Tischfield et al.,
2010). Tubulinopathies caused by the mutations of the genes
encoding alpha- or beta-tubulin demonstrate more extensive
phenotypes compared to other gene mutations, such as LISI,
DCX, or RELN. Mutations of TUBAIA, which encodes alpha-
tubulin 1A, is the most frequently found in patients with brain
malformations, while more genes encoding beta-tubulin, such as
TUBB2A, TUBB2B, TUBB3, TUBB4A, and TUBB, are identified
in a wide spectrum of disorders besides brain malformations.
Pathological mechanisms and discrepancy between alpha- and
beta-tubulinopathies should be elucidated.

ARX-Related Disorders,
Interneuronopathies

The embryonic cerebral cortex at the stage of neuronal
migration contains neuronal cells with two modes of migration;
radial migration from the ventricular zone toward the pia
and tangential migration from ganglionic eminence along
a tangential trajectory into the developing cortex. Radially

FIGURE 5 | Complete agyria in a TUBATA mutation patient (Grade 1 on the severity scale). T2-weighted axial MRI image (left) and midsagittal image (right).
The boundary of the caudate nucleus and lentiform nucleus is obscure. Complete agenesis of the corpus callosum and pontocerebellar hypoplasia are also seen.
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migrating neurons in the cortex are mainly excitatory projection
neurons expressing glutamate as a neurotransmitter. Tangentially
migrating neurons are inhibitory interneurons expressing
the neurotransmitter GABA. XLAG is caused by mutation
of ARX, which is expressed in the embryonic ganglionic
eminence, neocortex, and hippocampus and plays important
roles in neuronal proliferation, interneuronal migration, and
differentiation in the embryonic forebrain, as well as a secondary
role in differentiation of the testes (Kitamura et al, 2002).
Patients with XLAG present occipital-predominant classical
lissencephaly, particularly anterior pachygyria and posterior
agyria, or a simplified gyral pattern, agenesis of the corpus
callosum, and abnormal basal ganglia (Kato et al, 2004). In
the most severe form of XLAG, patients show hydranencephaly
with a large occipital cavity. Female carriers of ARX mutations
causing XLAG have a risk of agenesis of the corpus callosum
with no cortical defects. Abnormalities of external genitalia range
from hypoplastic penis or undescended testes to complete female
appearance, while the karyotype is 46,XY. Neuropathological
studies show a complete loss or a decreased number of
cortical interneurons in human XLAG and in Arx-null mice
(Bonneau et al., 2002; Kitamura et al., 2002) and a three-layered
cortex in human XLAG (Forman et al,, 2005). Patients with
XLAG show intractable seizures soon after birth, suggesting
a great disparity between excitatory projection neurons and
inhibitory interneurons. ARX mutations in patients with XLAG
are null mutations or non-conservative missense mutations at
critical amino acids in the homeodomain, while other missense
mutations or expansion mutations in the polyalanine tract result
in X-linked intellectual disability with or without dystonia,
West syndrome, Ohtahara syndrome, or early infantile epileptic
encephalopathy with suppression burst on EEG but with no
brain malformation (Bienvenu et al., 2002; Stromme et al., 2002;
Guerrini et al., 2007; Kato et al., 2007, 2010). Interestingly, longer
polyalanine expansion is correlated with more severe and earlier
onset phenotypes. A wide spectrum of ARX-related disorders
forms a group of interneuronopathies based on the role of ARX
during neurogenesis, as seen in patients and in the Arx-null
mouse model (Kato and Dobyns, 2005; Marsh et al., 2009).

Classical Lissencephalies Associated with
Other Forms of Brain Malformation

Classical lissencephaly caused by LISI or DCX mutations usually
exist in isolated forms and only show cortical dysplasia on
brain MRI. Rare variant forms of lissencephaly are associated
with congenital microcephaly, cerebellar hypoplasia, or agenesis
of the corpus callosum. Each form demonstrates characteristic
radiological findings and some of the causative genes have been
identified.

A lissencephaly group with cerebellar hypoplasia can be
classified into several types according to brain imaging,

additional clinical features, and causative genes (Ross et al., 2001).
Among them, frontal predominant mild lissencephaly (diffuse
pachygyria) with severe hippocampal and cerebellar hypoplasia
or Reelin-type lissencephaly is caused by mutation of either RELN
or VLDLR and shows autosomal recessive inheritance (Hong
et al.,, 2000; Boycott et al., 2005). Dysequilibrium syndrome is an
allelic disorder of the VLDLR locus (Moheb et al., 2008). Reelin-
type lissencephaly has an inverted or no clear pattern of cortical
lamination attributable to abnormal migration of the neurons in
an outside-in birth order (Cooper, 2008; Dekimoto et al., 2010).

Lissencephaly can be associated with congenital microcephaly,
though the head circumference of lissencephaly caused by the
LISI or DCX mutations is usually within the normal range.
Lissencephaly with a head circumference of less than —3 SD
at birth is classified as microlissencephaly (Barkovich et al,
2005) or microcephaly with lissencephaly (Barkovich et al., 2012).
Although many genes identified to be responsible for primary
microcephaly, such as MCPHI1, ASPM, CENPJ], CDK5RAP2, and
PNKP, are involved with the cell-cycle phase of mitosis affecting
neurogenesis (Barbelanne and Tsang, 2014), the causative
genes for microlissencephaly remain unknown in many cases.
Mutations of WDR62, which encodes a protein localized to
centrosomes throughout mitosis and nucleoli during interphase,
cause microcephaly with pachygyria or polymicrogyria (Bilguvar
et al., 2010). Mutations of NDEI, which encodes a protein that
binds dynein and functions in centrosome duplication, as well
as the TUBA1A mutations mentioned above, cause microcephaly
with a simplified gyral pattern, agenesis of the corpus callosum,
and cerebellar hypoplasia (Alkuraya et al., 2011; Bakircioglu et al.,
2011).

Conclusion

Neuronal migration disorders are classified based on causative
genes as well as on brain MRI and neuropathological findings.
There are strong relationships between clinical manifestations
and mutation of a particular gene, in accordance with the
expression and functions of that gene. Recent advances in
gene and genome analysis technology will enable the genetic
basis of neuronal migration disorders to be readily determined,
facilitating the elucidation of genotype-phenotype correlations.
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Abstract

Purpose To analyze the clinical characteristics of con-
genital/developmental cataract undergoing surgery.
Methods A mail questionnaire was sent to 49 facilities
engaged in surgical treatment of congenital cataracts, and
data on preoperative clinical features were collected.
Results Twenty nine facilities reported on 864 eyes of
521 patients with congenital/infantile cataract, ranging in
age at initial visit from O to 18.8 years (2.6 & 3.3 years,
mean =+ standard deviation). Among the patients, 65.8 %
had bilateral cataracts and 34.2 % were unilaterally affec-
ted. Family history was found for 22.4 % of cases, of
which 98.1 % were bilateral. Family history was positive
for 33.1 % of bilateral and 1.3 % of unilateral cases. The
most common main complaint was white pupil for 35.7 %
of bilateral cases and 32.7 % for unilateral cases.
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Concomitant systemic abnormalities were more frequently
associated with bilateral cases (31.6 %) than with unilateral
cases (16.7 %). Associated ocular diseases, such as stra-
bismus, persistent fetal vasculature, and posterior lentico-
nus, were more frequently seen among unilateral cases
whereas nystagmus was more common among bilateral
cases.

Conclusions Among congenital/developmental cataracts,
the ratio of bilateral and unilateral cases was approximately
2:1. Almost all patients with a family history of congenital
cataract were bilateral. Initial visits to a physician were
rather late, 2.6 years from birth; this should be improved.
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Introduction

Although surgical treatment of cataracts in childhood has
continued to evolve in economically developed nations [1],
overall surgical and visual outcomes for pediatric cataract
patients is suboptimum compared with those for adult
cataract patients. Because childhood cataracts are a major
cause of avoidable blindness [2, 3], early detection and
“timely treatment of congenital/developmental cataracts are
crucial to preventing irreversible visual impairment among
children. It is clinically important to analyze the preoper-
ative features of congenital/developmental cataract in
detail for planning of comprehensive strategies in tackling
childhood cataracts. However, there are few studies of the
clinical characteristics of cases with congenital/develop-
mental cataract undergoing surgery [4-7], especially in
Asian countries. We conducted a retrospective, mail
questionnaire study to investigate the clinical features of
congenital/developmental cataracts in Japan.

Patients and methods

A mail survey was sent to 49 facilities known to be con-
ducting surgical treatment of congenital/developmental
cataracts in Japan, to enquire about cases operated on
between January 2005 and December 2009. Twenty-nine
facilities reported on 872 eyes of 526 patients. Among
these, patients 20 years of age and older, patients with
congenital ectopia lentis, and cases of secondary implan-
tation of an intraocular lens (IOL) were excluded, and data
for the remaining 864 eyes of 521 patients were used for
the subsequent analysis. Because the exact distinction
between congenital and developmental cataract is difficult,
both of these clinical entities were included in this study.
The study received approval from the institutional review
committee of Kyorin University School of Medicine.

Results

Laterality

Among the patients, 65.8 % (343) had bilateral cataracts
and 34.2 % (178) were unilaterally affected, so the ratio of
bilateral to unilateral cases was approximately 2:1.
Family history of congenital cataracts

Forty-eight cases for which information was not available
were excluded, and the remaining 473 patients were ana-

lyzed. Family history was found for 22.4 % (106 cases), of
which 98.1 % were bilateral cases. Family history was

@ Springer

positive for 33.1 % of bilateral cases and 1.3 % of unilat-
eral cases, which were significantly different from each
other (i test, p < 0.0001). The mode of inheritance was
not investigated in this study.

Associated systemic diseases

Seventy-seven cases were excluded from the analysis
because of lack of clear information about systemic
comorbidities. For the remaining 444 patients, 118 cases
(26.6 %) had some form of systemic disorder. Prevalence
was significantly higher among bilateral cases (93/294,
31.6 %) than among unilateral cases (25/150, 16.7 %)
(p = 0.0007). When the incidence of individual diseases
was studied, mental retardation was significantly more
frequent among bilateral than among unilateral cases
(p = 0.004); other systemic abnormalities were not statis-
tically different between these groups (Table 1).

Associated ocular diseases

Data were not available for several cases. As shown in
Table 2, nystagmus was more frequently seen among
bilateral than among unilateral cases (p < 0.0001) whereas
strabismus (p < 0.0001), persistent fetal vasculature
(p < 0.0001), and posterior lenticonus (p = 0.046) were
significantly more common among unilateral cases.

Main complaints

The most common complaint at the initial visit was white
pupil for 34.7 % followed by, in a descending order, poor
vision for 23.5 %, strabismus for 12.0 %, cataract diag-
nosed by a previous physician for 9.1 %, cataract found
with other diseases for 5.9 %, nystagmus for 5.7 %, pho-
tophobia for 4.3 %, family history for 3.0 %, and poor
visual fixation for 1.8 %.

When bilateral and unilateral cases were compared
(Table 3), bilateral cases had significantly greater inci-
dence of nystagmus (p <0.05) and family history
(p < 0.05) whereas unilateral cases were significantly more
frequently associated with strabismus (p < 0.05).

Age at initial visit

When the patients were first seen by ophthalmologists at
the facilities participating in this study, their average age
was 2.6 £ 3.3 years (mean = standard deviation; range 0
to 18.8 years). The median was 1.2 years and the inter-
quartile range was from 3 months to 3.8 years.

It is reported that to achieve a good visual outcome for
congenital unilateral cataracts surgery should be performed
before 6 weeks after birth, to minimize the effect of visual
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Table 1 Associated systemic

; Bilateral cases (n = 294) Unilateral cases (n = 150) p value*
disorders
Chromosomal disorder
Down syndrome 24 (8.2 %) 5 (3.3 %) n.s.
Others 4 (1.4 %) 3 (2.0 %) n.s.
Intrauterine infection
Rubella 2 (0.7 %) 1 (0.7 %) n.s.
TORCH syndrome 1(0.3 %) 0 n.s.
Central nervous system abnormality
Mental retardation 20 (6.8 %) 1 (0.7 %) p <0.05
Epilepsy 6 (2.0 %) 1 (0.7 %) n.s.
Others 9 (3.1 %) 1 (0.7 %) n.s.
* Bilateral and unilateral cases2 Cardiac anomaly 21 (7.1 %) 1 (0.7 %) n.s.
:’;:t“’ compared by use of the ¥~ | oy birth weight 9 (3.1 %) 3 (2.0 %) ns.
L. Others 21 (7.1 %) 10 (6.7 %) n.s.
n.s. not significant
Table 2 Associated ocular Bilateral cases Unilateral cases p value*
disorders
Strabismus (cases) 78/309 (25.4 %) 79/163 (48.5 %) p < 0.0001
Nystagmus (cases) 751307 (24.4 %) 6/150 (4.0 %) p < 0.0001
Microcornea (eyes) 45/686 (6.6 %) 71177 (4.0) n.s.
Nanophthalmos (eyes) 25/686 (3.6 %) 6/177 (3.4 %) n.s.
* Bilateral and unilateral cases Persistent fetal vasculature (eyes) 3/686 (0.4 %) 14/177 (1.9 %) p < 0.0001
:;:t“" compared by use of the ¥°  pogterior lenticonus (eyes) 71686 (1.0 %) 6/177 (3.4 %) p <0.05
L Others (eyes) 38/686 (5.5 %) 12/177 (6.8 %) n.s.
n.s. not significant
Table 3 Main complaints at Main complaint Bilateral cases Unilateral cases p values*
initial visit
White pupil 117/328 (35.7 %) 54/165 (32.7 %) .s.
Poor vision 70/328 (21.3 %) 46/165 (27.9 %) n.s.
Cataract diagnosed by previous physician 31/328 (9.5 %) 14/165 (8.5 %) n.s.
Nystagmus 28/328 (8.5 %) 0 p <0.05
Strabismus 25/328 (7.6 %) 34/165 (20.6 %) p <0.05
Other diseases 22/328 (6.7 %) 71165 (4.2 %) n.s.
Photophobia 15/328 (4.6 %) 6/165 (3.6 %) n.s.
* Bilateral and unilateral cases Family history 14/328 (4.3 %) 1/165 (0.6 %) p <0.05
were compared by use of the ¥*  poor visual fixation 6/328 (1.8 %) 3/165 (1.8 %) ns.

test
_ Unknown
n.s. not significant

15/343 13/178

deprivation [8]. Likewise, for bilateral cases, the critical
period for surgical treatment to achieve optimum orthoptics
is reported to be 8 [9], 10 [10], or 14 weeks [11] of age. We
defined the critical visual period to be 6 weeks for unilat-
eral cases and 12 weeks for bilateral cases and, following
these guidelines, analyzed the patients in our survey. It was
found that 15.2 % (25/165 cases) of unilateral cases first
visited the physician within 6 weeks and 31.4 % (103/328
cases) of bilateral cases were seen for the first time within
12 weeks after birth.

Main complaints and age at initial visit

The relationship between main complaint and age at the
initial visit was analyzed. For unilateral cases, 42.6 % of
cases with white pupil and 28.6 % with cataract found with
other diseases visited the physician within 6 weeks of birth.
No cases with other main complaints were seen within the
critical period. Among bilateral cases, the percentage of
patients who underwent ocular examination within
12 weeks of birth was 64.3 % with family history of
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congenital cataract, 51.3 % with white pupil, 40.9 % with
cataract found with other diseases, 33.3 % with poor visual
fixation, 32.3 % with cataract diagnosed by previous phy-
sicians, 28.6 % with nystagmus, 13.3 % with photophobia,
8.0 % with strabismus, and 1.4 % with poor vision.

The timing of first visit to ophthalmologists was earliest
for those with nystagmus (5.4 + 4.3 months) followed by,
in descending order, poor visual fixation (9.0 +
8.7 months), white pupil (9.7 & 21.2 months), family his-
tory (10.8 & 21.7 months), cataract diagnosed with other
diseases (11.1 & 19.9 months), photophobia (29.2 &+
14.5 months), strabismus (38.2 &= 34.3 months), cataract
diagnosed by previous physicians (47.4 £ 69.4 months),
and poor vision (81.3 &+ 46.8 months).

Family history and other variables

Because more than 98 % of unilateral cases had no family
history, the relationship between family history and other
variables were analyzed for bilateral cases.

The average age at initial visit for cases with family
history was 2.5 £ 3.4 years whereas that for cases without
family history was 2.5 & 3.6 years (no significant differ-
ence; Student ¢ test, p = 0.851). The incidence of associ-
ated ocular anomalies did not differ between the two
groups (15.4 vs. 15.7 %). The prevalence of associated
systemic problems was significantly lower among cases
with family history (5.8 %) than among those without
(35.7 %) (p < 0.0001).

Cataract morphology

Because cataract morphology for both eyes was similar for
more than 90 % of bilateral cases, analysis was based on
the number of cases rather than the number of eyes, after
exclusion of those for which valid information was not
available.

The common morphological type of cataract included
total cataract (29.3 %), nuclear cataract (19.4 %), and
lamellar cataract (18.5 %) in bilateral cases whereas

posterior subcapsular/polar cataract (34.7 %), nuclear cat-
aract (23.5 %), and total cataract (21.8 %) were frequently
found in unilateral cases. These numbers were calculated
including those with unknown and other type of cataract,
and thus are different from those shown in Table 4.

Bilateral and unilateral cases were compared after
excluding cases with unknown type, bilaterally different
type, and other type of cataract (Table 4). The percentage
of total (p < 0.05) and lamellar cataracts (p < 0.05) was
significantly greater among bilateral cases whereas pos-
terior subcapsular/polar cataracts were more frequent in
unilateral cases (p < 0.05).

Cataract morphology and other variables

Age at initial visit is plotted as a function of cataract mor-
phology in Fig. 1. Cases with anterior subcapsular/polar
cataract visited the physician earliest, followed by those with
total, nuclear, combined, lamellar and posterior subcapsular/
polar cataracts. Statistical analysis revealed that age at initial
visit was significantly lower for patients with anterior sub-
capsular, total, and nuclear cataract than for those with
lamellar and posterior subcapsular cataract (p < 0.05, Krus-
kal-Wallis test, Scheffe multiple comparison).

For cases with total cataract, age at the initial visit was
significantly lower for bilateral (12.3 & 21.3 months) than
unilateral cases (25.7 + 34.4 months) (p = 0.0314, Welch
t-test). Such differences were not found for cases with other
cataract morphology.

The relationship between cataract morphology and
family history was analyzed for bilateral cases. Family
history was found in 30.6 % of cases with total opacity,
27.1 % of cases with lamellar opacity, 44.8 % of cases
with nuclear opacity, 41.2 % of cases with posterior sub-
capsular/polar opacity, 33.3 % of cases with anterior sub-
capsular/polar opacity, 43.8 % of cases with combined
opacity, 21.2 % of cases with a different type of opacity
bilaterally, and 28.6 % of cases with another type of
opacity. These percentages were not statistically signifi-
cantly different.

Table 4 Cataract morphology Morphology Bilateral cases Unilateral cases p value*
Total 95/281 (33.8 %) 37/169 (21.9 %) p <0.05

Percentages are calculated after Lamellar 60/281 (21.4 %) 11/169 (6.5 %) p < 0.05

excluding cases with bilaterally  Nyclear 63/281 (22.4 %) 40/169 (23.7 %) n.s.

?nflfifv?;tg;é g:,h(f;tzs:t igd Posterior capsular/polar 23/281 (8.2 %) 59/169 (34.9 %) p <005

compare bilateral and unilateral Anterior capsular/polar 6/281 (2.1 %) 5/169 (3.0 %) n.s.

cases Combined 34/281 (12.1 %) 17/169 (10.1 %) n.s.

n.s. not significant Different bilaterally 37/343 - -

* Bilateral and unilateral cases Others 6/343 1/178 -

were compared by use of the ¥ Unknown 19/343 8/178 _

test
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Fig. 1 Age at initial visit (months) as a function of cataract
morphology

There was no significant association between cataract
morphology and prevalence of associated systemic disor-
ders. For cases with total cataract, the incidence of sys-
temic disorders was 37.6 % among bilateral cases and
15.6 % among unilateral cases, which was significantly
different (p = 0.022). For cases with nuclear cataracts, the
incidence of systemic abnormalities was significantly
higher for bilateral cases (32.8 %) than for unilateral cases
(2.9 %) (p = 0.0007). Such differences were not found for
cases of cataracts with a different morphology.

The relationship between cataract morphology and
incidence of associated ocular comorbidities was assessed
(Table 5). It was found that cases with total cataracts were
frequently associated with strabismus, nystagmus, and
microphthalmos whereas nuclear cataract cases presented
high prevalence of microcornea. Persistent fetal vascula-
ture and posterior lenticonus were more often seen for eyes
with posterior subcapsular/polar cataract than for those
with other cataract morphology.

Presumed etiology of congenital cataract

The etiology was estimated from the data provided by the
survey and classified into several categories, including

Table 6 Presumed etiology of congenital cataract

Etiology Bilateral cases  Unilateral cases
Hereditary (family history) 104 (30.3 %) 2 (1.1 %)
Congenital ocular abnormality 36 (10.5 %) 38 (21.3 %)

Persistent fatal vasculature 3 14

Nanophthalmos 11 6

Microcornea 12 5

Others 10 13
Systemic diseases 80 (23.3 %) 17 (9.6 %)
Chromosomal disorder

Down syndrome 24

Others 4 3
Intrauterine infection

Rubella 2 1

TORCH 1 0
Central nervous system abnormality

Mental retardation 6 0

Epilepsy 6 0

Others 13 0

Cardiac anomaly 10 1

Low birth weight 6 3

Other systemic diseases 8 5
Unknown 123 (35.9 %) 121 (68.0 %)
Total 343 178

hereditary, congenital ocular abnormality, congenital sys-
temic diseases, and unknown (Table 6). Whenever family
history of congenital/developmental cataract was positive,
it was judged to be hereditary.

Among 343 bilateral cases, unknown etiology (idio-
pathic) was most common among 123 cases (35.9 %),
followed by hereditary (104 cases, 30.3 %), systemic
anomalies (80 cases, 23.3 %), and congenital ocular
abnormality (26 cases, 10.5 %).

Among 178 unilateral cases, the presumed etiology was
unknown for 121 (68.0 %), congenital ocular abnormality
for 38 cases (21.3 %), systemic diseases for 17 cases
(9.6 %), and hereditary for 2 cases (1.1 %).

Table 5 Frequently associated
ocular comorbidities and

Ocular diseases

Bilateral cases Unilateral cases

cataract morphology Strabismus

Nystagmus

Microcornea
Microphthalmos

Persistent fetal vasculature

Posterior lenticonus

Total, different bilaterally Nuclear
Total -
Nuclear -
Anterior subcapsular/polar, total Total

Posterior subcapsular/polar
Posterior subcapsular/polar

Posterior subcapsular/polar
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Discussion

This study population was confined to those undergoing
surgical treatment for congenital/developmental cataracts;
patients whose surgical intervention was not indicated were
not included. This was because, when planning this retro-
spective study, we believed that more detailed clinical data
would be available for surgical cases than for non-surgical
cases. Thus, it should be noted that these results do not
necessarily give a complete picture of cases with congen-
ital/developmental cataract in general. Cases with unilate-
ral dense cataracts diagnosed too late for surgery and those
with severe preexisting ocular anomalies contraindicated to
cataract surgery were not included in this study. Likewise
patients with severe systemic comorbidities at a high risk
of developing complications in general anesthesia were
excluded from the current study population. Nevertheless,
another study among facilities similar to those in this study
showed that more than 85 % of respondents will recom-
mend surgery for congenital cataract even when visual
prognosis may not be very promising, after fully explaining
the pros and cons of surgery to the patients’ family.
Therefore, we believe that the results obtained herein do
not deviate substantially from the overall situation for
congenital/developmental cataracts in Japan.

Laterality

In 2000, Rahi et al. [12] studied 243 cases with congenital
cataracts in the UK and reported that 66 % were bilateral.
A Danish study by Haargaard et al. [13] in 2004 reported
that 64 % of 1,027 congenital cataracts were bilateral, and
an Australian study by Wirth et al. in 2002 found that 56 %
of 421 cases had cataracts in both eyes [14]. These studies
were conducted nationwide and/or across wider regions,
and their results are in good agreement with ours. Smaller-
scale studies, however, report different results. Eckstein
et al. [15] investigated 366 cases in India and reported an
incidence of bilateral cases of 78.1 %, of which 15 % were
caused by rubella; Jain et al. [16] reported that 92.1 % of
76 congenital cataracts were bilateral. SanGiovanni et al.
[17] stated that 47.9 % of 73 congenital cataracts in the
USA were bilateral. Judging from previous large-scale
studies and our current results, it seems that the ratio of
bilateral and unilateral cases in congenital cataract is
approximately 2:1.

Family history of congenital cataract
We found that family history was significantly higher for
bilateral cases (33.1 %) than for unilateral cases (1.3 %), in

good agreement with results reported by Rahi et al. [12]
and Haargaard et al. [13].
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Associated systemic diseases

Consistent with our results, Rahi et al. [12] and Haargaard
et al. [13] reported that the incidence of associated sys-
temic comorbidities was higher for bilateral cases than for
unilateral cases.

Associated systemic anomalies were found for 35.7 %
of patients without a family history of congenital cataract,
compared with only 5.8 % of those with family history.
The prevalence of preexisting ocular problems was not
associated with family history of congenital cataract,
however. These results suggest that many patients with
hereditary congenital cataract have no concurrent systemic
and ocular diseases other than cataract. Haargaard et al.
[13] also reported that 91 % of cases with hereditary
congenital cataract had no abnormality other than cataract
(isolated cataract).

Associated ocular diseases

We found that strabismus accompanied congenital/devel-
opmental cataracts among 33.3 % of patients, which is
consistent with results from previous studies, for example
24.1 % reported by Deweese [18], 33.6 % reported by
Yang et al. [19], and 28 % reported by Kim et al. [20].

The incidence of nystagmus associated with congenital
cataract varies: 22.6 % reported by Deweese [18], 38.1 %
reported by Yang et al. [19], and 15 % reported by Kim
et al. [20]. Our results (17.7 %) fall within this range.

The prevalence of microphthalmos associated with
congenital cataract was reported to be 4.5 % by Deweese
[18] and 6.6 % by Rahi et al. [12]. The prevalence of either
microphthalmos or microcornea was reported to be 3.9 %
by Haargaard et al. [13], and the prevalence of microcornea
was 10.8 % among cases in the study by Yang et al. [19].
In many of these studies, microphthalmos and microcornea
are not distinguished clearly. In this study, we found
microphthalmos in 3.6 % and microcornea in 6.0 % of
cases. When combined, either microphthalmos or micro-
cornea was present in 8.6 % (45/521).

Persistent fetal vasculature often coexists with congen-
ital cataract, and its incidence is reported to be 3.8 % by
Yang et al. [19], 5.7 % by Haargaard et al. [13], 8.2 % by
Rahi et al. [12], 4.3 % by Ledoux et al. [21], and 3.0 % by
Plager et al. [22] The prevalence found in our study, 2.0 %,
is somehow lower than in these reports.

The incidence of posterior lenticonus in eyes with
congenital cataracts varies substantially, depending on the
study: 0.9 % reported by Haargaard et al. [13], 10.1 % by
Ledoux et al. [21], and 14.9 % by Plager et al. [22]. In our
study, 1.5 % of cases presented with posterior lenticonus.
These discrepancies may be because of different study
populations, different surgical procedures, and/or timing of
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diagnosis. Diagnosis of posterior lenticonus is sometimes
difficult before surgery, because of dense opacity, and even
during surgery, when the lens is being removed by use of
the pars plana lensectomy technique. In fact, one of the
authors (TN) found posterior lenticonus in 9.8 % (6/61) of
cases during surgery in which limbal approach technique
with implantation of an intraocular lens was scheduled.

Concomitant ocular abnormalities, for example strabis-
mus, persistent fatal vasculature, and posterior lenticonus,
are more frequently associated with unilateral rather than
bilateral cases of congenital cataract. For persistent fatal
vasculature, Haargaard et al. [13] reported prevalence of
15.0 vs. 0.5 % (unilateral vs. bilateral, p < 0.0001) and
Rahi et al. [12] reported 21.7 vs. 1.3 % (p < 0.0001). The
incidence of posterior lenticonusis was reported to be 1.9
vs. 0.3 % (p = 0.025) by Haargaard et al. [13]. For the
association of microphthalmos with congenital cataract,
Rahi et al. [12] reported no difference between unilateral
and bilateral cases (7.2 vs. 6.3 %, p = 0.770) whereas
Haargaard et al. [13] reported that the prevalence of either
microphthalmos or microcornea among patients with con-
genital cataracts was significantly larger for unilateral
(5.9 %) than for bilateral (2.8 %) cases (p = 0.0127). We
found the incidence of microphthalmos and microcornea to
be no different between bilateral and unilateral cases.

Age at initial visit

In this study, age at the first visit to ophthalmologists
averaged 2.6 £ 3.3 years (mean = standard deviation;
range 0 to 18.8 years). Yang et al. [19] reported an average
age of 2 years 1 month (0-10 years 1 month) and Haarg-
aard et al. [13] reported a medium age of 3 years; both
results are very similar to ours. Patients in the UK were,
however, examined and diagnosed at a very early stage,
average 8 weeks (0-15 years) after birth, as reported by
Rahi et al. [12]. This is because of the national ophthalmic
surveillance scheme in the UK, administered ophthalmol-
ogists and pediatricians, in which all British pediatricians
are required to conduct ocular examinations of newborns;
screening by pediatricians and treatment by ophthalmolo-
gists are free of charge; and 89 % of ophthalmologists
participate in the national survey of congenital/infantile
cataracts and report to the registry [12].

There is a specific critical period for surgical treatment
of congenital cataract to achieve optimum orthoptics. For
unilateral cases, the report of 6 weeks from birth by Birch
et al. [8] is widely accepted. For bilateral cases, there are
several opinions, ranging from 8 [9] and 10 [10] to
14 weeks [11] from birth; we adopted 12 weeks as the
threshold for this analysis. We found that only 15.2 % (25/
165 cases) of unilateral cases and 31.4 % (103/328 cases)
of bilateral cases were seen for the first time within the

critical visual period, indicating that detection and diag-
nosis of congenital cataracts were too late in many cases.

The relationship between main complaint and age at the
initial visit was analyzed. For bilateral cases, 64.3 % with a
family history of congenital cataracts visited within
12 weeks, followed by 51.3 % with white pupil, and
40.9 % with cataract diagnosed with other eye diseases.
For unilateral cases, the percentage of patients who saw a
physician within the critical period was 42.6 % for those
with white pupil and 28.6 % for those with cataract diag-
nosed with other eye diseases, compare with 0 % for other
main complaints. Thus, two-thirds of the patients with
family history visited within the critical period, and fewer
than half of those with white pupil came to see a doctor
within that period.

When studying the relationship between cataract mor-
phology and age at initial visit, it was found that patients
with total, anterior subcapsular, and nuclear opacity visited
a physician significantly earlier than those with posterior
subcapsular and lamellar opacity. This seems to be because
total, anterior subcapsular, and nuclear cataract are often
apparent from white pupils at an earlier stage, in contrast
with posterior subcapsular and lamellar cataract.

Main complaints

Few studies have investigated the main complaints of
patients with congenital/developmental cataract. Yang
et al. [19] reported the distribution of initial presentations
of suspected cataract: poor visual acuity or complaint of
blurred vision for 33.3 %, white pupil for 31.5 %, dis-
covery on screen test by pediatricians or at school for
19.8 %, squint for 10.8 %, eye shaking for 2 %, head tilt
for 1.5 %, and photophobia for 1 %. The percentages of
white pupil and squint in their report are similar to our
results, but those of nystagmus and photophobia are
inconsistently lower; the reason for this is currently
unknown.

Cataract morphology

There are a variety of reports on the distribution of mor-
phological types of cataract. Haargaard et al. [13] found
nuclear or lamellar cataract among 34 %, total cataract
among 15 %, posterior subcapsular cataract among 14 %,
combined cataract among 10 %, posterior polar cataract
among 10 %, anterior polar cataract among 6 %, others
among 8 %, and unknown among 3 %. Compared with
their results, we found a somewhat higher proportion of
total cataracts and a lower proportion of posterior sub-
capsular/polar and anterior subcapsular/polar cataracts.
Yang et al. [19] reported a very high frequency of
nuclear cataracts (48.4 %) compared with total (22.4 %),

@ Springer



T. Nagamoto et al.

posterior polar (13.8 %), and lamellar (8.5 %) cataracts.
Plager et al. [22] found lamellar among 35.8 % of cases,
nuclear among 16.4 %, posterior subcapsular/polar among
38.8 %, total among 6.0 %, and anterior polar cataract
among 1.5 %. Ledoux et al. [21] state that lamellar opacity
was present among 30.9 %, nuclear among 24.5 %, pos-
terior subcapsular among 14.4 %, posterior lenticonus
among 10.1 %, posterior polar among 7.9 %, total among
2.9 %, anterior polar opacity among 2.9 %, and others
among 2.2 %. These conflicting results seem suggestive of
different surgical indications for congenital cataracts, and
diverse background of patients, for example age, ethnicity,
and socioeconomic situations.

The distribution of cataract morphology did not differ
substantially between those with and without family his-
tory of congenital cataracts, indicating that inherited and
non-inherited congenital cataracts are no different in their
phenotype. Haargaard et al. [13]. stated that hereditary
cataracts tend to be more associated with nuclear and
lamellar cataracts, whereas idiopathic types are more likely
to be linked with posterior subcapsular/polar cataracts, but
they did not show a statistically significant difference
between them.

There is no study of the relationship between cataract
morphology and the incidence of ocular comorbidities. We
found that cases with total cataract were frequently asso-
ciated with strabismus, nystagmus, and microphthalmos
whereas persistent fetal vasculature and posterior lentico-
nus were more often seen for eyes with posterior subcap-
sular/polar cataracts than for those with other cataract
morphology. These results can be explained by the fact that
total cataract results in more severe visual deprivation,
leading to strabismus and nystagmus at an early stage,
whereas posterior fetal vasculature and posterior lenticonus
are anatomically related to posterior subcapsular/polar
cataracts.

Presumed etiology of congenital cataract

The distribution of presumed etiology in this study is in
good agreement with that reported by Rahi et al. [13], who
reported that 34 % of bilateral cases were of unknown
etiology, 28 % were hereditary, 25 % were associated with
systemic diseases, and 13 % were linked to ocular diseases.
They also reported a higher proportion of unilateral cases
associated with ocular comorbidities, however [12]. This is
because their statistics include unilateral cases with per-
sistent hyperplastic primary vitreous and anterior segment
dysgeneses, severe cases of which were excluded from our
study population because of the absence of surgical indi-
cations. The breakdown of presumed etiology reported by
Haargaard et al. [13] is highly consistent with our results
for both bilateral and unilateral cases.
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In conclusion, we herein report the clinical features of
cases with congenital/infantile cataracts who underwent
surgical treatment. Understanding the detailed clinical
characteristics of these cases and analyzing the relation-
ships among the different variables will be of clinical
importance to achieving earlier diagnosis and providing
timely treatment of congenital/developmental cataract to
prevent potentially treatable amblyopia in children.
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Abstract. Purpose of developing the guidelines: Mass screening for congenital hypothyroidism
started in 1979 in Japan, and the prognosis for intelligence has been improved by early diagnosis
and treatment. The incidence was about 1/4000 of the birth population, but it has increased due to
diagnosis of subclinical congenital hypothyroidism. The disease requires continuous treatment, and
specialized medical facilities should make a differential diagnosis and treat subjects who are positive
in mass screening to avoid unnecessary treatment. The Guidelines for Mass Screening of Congenital
Hypothyroidism (1998 version) were developed by the Mass Screening Committee of the Japanese
Society for Pediatric Endocrinology in 1998. Subsequently, new findings on prognosis and problems
in the adult phase have emerged. Based on these new findings, the 1998 guidelines were revised in
the current document (hereinafter referred to as the Guidelines). Target disease/conditions: Primary
congenital hypothyroidism. Users of the Guidelines: Physician specialists in pediatric endocrinology,
pediatric specialists, physicians referring patients to pediatric practitioners, general physicians,
laboratory technicians in charge of mass screening, and patients.
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Introduction

Thyroid hormone is essential for
neurodevelopment in the fetal and early neonatal
phases. Congenital hypothyroidism (CH) causes
neuronal migration disorder due to thyroid
hormone deficiency, and serious CH delays
psychomotor development. CH is preventable by
early detection and treatment. Neonatal mass
screening is performed worldwide and is useful
for detection of CH (1, 2). Mass screening for CH
started in 1979 in Japan and has been effective
(3-5). The Guidelines for Mass Screening of
Congenital Hypothyroidism were developed by
the Japanese Society for Pediatric Endocrinology
in 1998 (6, 7). Subsequently, the incidence of CH
increased in several regions, and orthotopic slightly
impaired synthesis also increased (8, 9). Details
on the prognosis of adult CH and several genetic
causes have also emerged. The American Academy
of Pediatrics published clinical guidelines for CH
in 2006 (10). The European Society for Paediatric
Endocrinology held a meeting to reach a clinical
and therapeutic consensus on CH to revise
previous guidelines in 2010 (11) and published
new guidelines in 2014 (12).

Based on new findings, we revised the
guidelines for diagnoses and treatment of
primary CH detected in neonatal mass screening.
CH is described in the Guidelines as primary CH.
Recommendations in the Guidelines include a
“grade” and an “evidence level.” The grade shows
the strength of the recommendation based on
findings in published studies, and the evidence
level indicates the level of the study. Expert
opinions are included in the Guidelines if there
are no findings in studies or the opinions are
considered to be appropriate.

Grade level
1. Major recommendation: Most patients receive
benefits.
2. Minor recommendation: Many patients
receive benefits. Requires consideration and
selection based on the patient’s conditions.
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Evidence level
eoo Low: Evaluation of case reports without
controls
eeo Medium: Cohort study without controls
eee Cohort study with controls, nonrandomized
comparative study
Consensus: Widely recognized ideas, even if a
study has not been performed

1. Definition of Congenital Hypothyroidism

Recommendation

1-1. Primary congenital hypothyroidism (CH)
should be used as a generic term for
congenital thyroid hormone deficiency due to
a morphological abnormality or dysfunction
of the thyroid gland that develops in the
fetal or perinatal stage. 1 (Consensus)

1-2. CH may be due to thyroid hormone
deficiency. (Consensus)

1-3. Most cases of CH are persistent, but
transient CH also occurs. Treatment should
be the priority for hypothyroid patients. 1
(eo00)

1-4. CHincludes subclinical CH. However, there
is a lack of consensus on the definition of
subclinical CH. Particularly in the neonatal
stage, hypothyroidism may manifest
suddenly, after which it is difficult to define
such a case as subclinical CH. 2 (ec0)

Explanation

a. Congenital hypothyroidism

CH is a generic term for congenital thyroid
hormone deficiency due to a morphological
abnormality or dysfunction of the thyroid
gland that develops in the fetal or perinatal
stage. Thyroid hormone is essential for nerve
myelination in the fetal, neonatal and infant
stages. An insufficient thyroid hormone
level causes irreversible mental retardation.
In addition to direct involvement in bone
maturation, thyroid hormones stimulate growth
hormone secretion and enhance production of
insulin-like growth factor-I. Therefore, thyroid



