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Abstract

Purpose: To describe the ophthalmic findings in the fundus of a Japanese infant with
Potter sequence having a mutation in the PAX2 gene.

Methods: A 1-month-old infant diagnosed with Potter sequence who had bilateral renal
hypoplasia and a mutation in the PAX2 gene was subjected to detailed ophthalmic
examination.

Results: Funduscopy revealed a megalopapilla with marked excavation in the right eye.
The left optic disc showed a similar abnormality, but to a lesser extent. B-mode
ultrasonography and magnetic resonance imaging detected giant cystic lesions
occupying the optic nerve head in both eyes. According to these results, we diagnosed
this patient as having papillorenal syndrome (PRS) associated with a PAX2 mutation.
Conclusions: This report shows ophthalmic findings in the youngest patient with PRS
and PAX2-associated Potter sequence. Optic disc anomalies may be involved in some
infants with Potter sequence. We anticipate an increase in opportunities for ophthalmic
examinations in infants with diseases such as Potter sequence with previously high
mortality rates.

Introduction

Potter syndrome results from oligohydramnios secondary to renal agenesis, which was
first reported by Potter [1]. The ophthalmic features of a child with Potter syndrome have
not been clarified since current knowledge of the disease is lacking due to a high neonatal
mortality rate.

Recently, survival rates of infants with renal dysfunction diseases (i.e. polycystic
kidneys, renal hypoplasia, dysplastic kidneys and posterior urethral valve anomalies) have
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increased with improved intensive pediatric care [2]. The abovementioned diseases show
similar although slightly milder symptoms compared with Potter syndrome. These
entities are usually called Potter sequence [3]. Although Potter sequence is not well
documented in ophthalmology, abnormal ocular findings associated with renal
hypoplasia were first described by Rieger in 1977 as papillorenal syndrome (PRS), also
known as renal coloboma syndrome [4]. PRS is considered to be an extremely rare
autosomal disease consisting of bilateral optic disc anomalies associated with hypoplastic
kidneys, implicating PAX2 and PAX6 as the causative genes [5-7].

The fundus characteristics of PRS consist of the presence of numerous cilioretinal
vessels with absent or rudimentary central retinal vessels. A supranasal visual field defect
corresponding to retinal hypoplasia and an abnormal retinal and choroidal perfusion at
the inferotemporal area can be observed. In many cases, examination of the kidney or
urinary tract is lacking. Hence, the ocular findings are frequently misdiagnosed as
glaucoma (in particular normal tension glaucoma), colobomas, or atypical morning glory
anomalies [7].

In the Western world, several cases of PRS with varying degrees of severity have been
diagnosed mainly in school age children or young adults. However, there are no reports
describing ophthalmic findings of PRS in early infancy. Furthermore, no report regarding
ophthalmic findings in Potter sequence exists.

Here, we report a case of Potter sequence with a mutation in the PAX2 gene which
exhibited similar abnormal optic nerve heads as seen in PRS of children and adults.

Case Report

A male Japanese newborn with a birth weight of 2,410 g was delivered by caesarean section at the
37th week of gestation due to oligohydramnios. The infant was immediately admitted to the neonatal
intensive care unit and was diagnosed with Potter sequence because of bilateral renal hypoplasia with
pulmonary hypoplasia. He survived due to cardiopulmonary intensive care including peritoneal dialysis.
A genetic analysis of the PAX2 gene found a heterozygous insertion of a G at position 619 [8].

He was referred to ophthalmology for suspected exotropia at the age of 45 days. At the initial
consultation, mild exotropia was confirmed. Slit-lamp examination revealed no abnormality in the
cornea, iris and anterior chamber of both eyes. The macula and peripheral retina appeared normal in
the funduscopic examination. However, optic disc abnormalities were observed bilaterally. The right
fundus showed a megalopapilla with marked excavation and absent central vessels. All vessels had entry
or exit points at the disc margin (fig. 1a). These findings resemble those found in papillary coloboma or
morning glory syndrome. B-mode ultrasonography and orbital magnetic resonance imaging (MRI)
detected a giant cystic lesion at the right optic nerve head (fig. 1c, d). The left optic disc showed a similar
abnormality, but to a lesser extent (fig. 1b, d). We diagnosed PRS with the phenotype of Potter sequence
and abnormal development of the optic nerve associated with a mutation in exon 2 of PAX2.

Discussion

In this report, we describe the ophthalmic findings in a case of Potter sequence with a
mutation in the PAX2 gene. The case had optic disc hypoplasia observed by funduscopic
examination. B-mode ultrasonography and MRI revealed that the optic nerve heads were
replaced by giant cystic lesions.
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A few studies have reported PRS with PAX2 and PAX6 mutations [5-7]. Yoshimura et
al. [9] initially reported that a heterozygous insertion of guanine at position 619 in the
PAX2 gene caused a frameshift, which resulted in a truncated protein due to a
termination codon at the 26th amino acid. They hypothesized that abnormal
development of the optic stalk leads to the abnormal optic nerve head seen in congenital
optic nerve anomalies with PAX2 mutations. Interestingly, the mutation found in the
present case was exactly the same as in their report. They further proposed the diagnostic
value of the presence of a mutational hot spot in the PAX2 gene [9, 10].

On the other hand, Parsa et al. [7] hypothesized that a primary deficiency in vascular
development compromises growth of substantial portions of the retina and choroid and
accounts for the types of ocular abnormalities seen in their subjects. In this report,
B-mode ultrasound examination and MRI revealed giant cystic lesions in the place of the
optic discs. The right optic disc showed marked excavation with absent central vessels. All
retinal vessels had their entry and exit points at the disc margin. We speculate that both
the abnormal development of the optic stalk and a primary deficiency in vascular
development contributed to the abnormal optic nerve development and compromised
growth of substantial portions of the retina and choroids, which was associated with a
PAX2 mutation. Since the present case showed that Potter sequence shares many
ophthalmic features with PRS including PAX2 mutation, some cases with Potter sequence
might be involved in PRS, although they could not be referred to an ophthalmologist due
to lethal events. However, more cases are necessary to draw more definitive conclusions.

Due to recent progress in the quality of intensive pediatric care, more opportunities to
examine Potter sequence cases may arise. Hence, ophthalmic findings of Potter sequence
in the early postnatal period, coupled with the possibility of long-term observation due to
increased survival rates, will lead to a better understanding of the clinical course,
treatment, and outcome of this disease.
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Fig. 1. Fundus photographs (30 degree) showing bilateral optic disc abnormalities. The right fundus
showed a megalopapilla with marked excavation of the optic disc, absence of central vessels, with vessels
having their entry or exit points at the disc margins (thick arrows) (a). The left fundus had milder
findings (b). B-mode ultrasound examination and MRI showing a giant cystic lesion in the optic disc
head (thin arrow and black arrows) (c, d).
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