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Ocular and systemic features

of Peters’ anomaly

Abstract Background: To clarify
the relationship between associated
systemic anomalies and ocular mani-
festations in patients with Peters
anomaly, a retrospective study was
conducted. Methods: We classified
37 patients with Peters’ anomaly into
two groups, one with (+) and one
without (-) systemic anomalies.
Results: The systemic anomaly (+)
group consisted of 13 patients, eight
males and five females, with mean
age of 2.3 months. Peters' anomaly
was bilateral in sux cases and unilat-
eral in seven. Corneolenticular adhe-
sion was observed in 11 cases. Asso-
ciated ocular anomalies were seen in
12 cases, and developmental glauco-
mawas present in eight cases. The
systemic anomaly (—) group com-

Introduction

prised 24 patients, 13 males and 11
femal es, with mean age of 28.3
months. Peters anomaly was bilater-
al in 11 cases and unilateral in 13.
Corneolenticular adhesion was ob-
served in five cases. The associated
ocular anomalies were observed in
10 cases, and developmental glauco-
ma was accompanied in six cases.
The incidences of cases with corneo-
lenticular adhesion, those with other
ocular anomalies, and those with
glaucoma were significantly higher
in the systemic anomaly (+) group
than in the systemic anomaly (-)
group. Conclusions: Peters' anomaly
accompanying corneolenticular ad-
hesion and/or other ocular anomalies
should be evaluated for the presence
of systemic anomalies.

To clarify the relationship between associated syste-

In 1906, Peters [19] first reported on patients with cen-
tral corneal opacity and ring-shaped iridocornea adhe-
sion caused by the absence of the corneal Descemet’s
membrane. Later, similar conditions were named Peters
anomaly. Embryologically, Peters anomaly is catego-
rized as mesenchymal dysgenesis of the ocular anterior
segment, a spectrum of developmental disorders that
includes congenital glaucoma, posterior embryotoxon,
Axenfeld-Rieger syndrome, and sclerocornea[2, 3, 24].

Peters anomaly is usually seen as an isolated ocular
defect, but the disease can accompany systemic anoma-
lies [9, 10, 15, 21, 23]. The ability to detect associated
systemic anomalies in their early stages is clinically sig-
nificant, because early treatment for those anomalies is
essential to normal development.

mic anomalies and ocular findings of Peters anomaly,
we retrospectively reviewed the clinical findings in 37
patients with Peters’ anomaly encountered at our hospi-
tal during the past 18 years.

Patients and methods

In this study, patients who were considered by dlit-lamp examina-
tions to have congenital central corneal opacity due to the absence
of the corneal endothelium, Descemet’'s membrane, and posterior
stroma were diagnosed as having Peters anomaly. We reviewed
the data on 37 cases of Peters’ anomaly that were encountered at
Nagoya City University Hospital between January 1982 and De-
cember 1999. Ocular examinations were conducted, including vi-
sual acuity (if possible), intraocular pressure, slit-lamp examina-
tion, gonioscopy, fundus examination, and axial length measure-
ment by ultrasonography. The following data were documented:
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age at first examination, sex, pregnancy history, systemic condi-
tions, chromosomal analysis, and family history. On being diag-
nosed as having Peters' anomaly, the patients were referred to a
pediatrician for examination to detect associated systemic anoma-
lies. In addition, we examined as many of the patients’ relatives as
possible.

We classified the 37 patients into two groups based on the
presence (+) or absence (-) of associated systemic congenital
anomalies. We compared ocular findings and backgrounds be-
tween the two groups.

For statistical analysis, Welch’s t-test and chi-sgquare test were
used. A level of P<0.05 was accepted as statistically significant.

Results
Systemic anomaly (+) group

The systemic anomaly (+) group consisted of 13 patients,
eight males and five females, ranging in age at first ex-
amination from 1 day to 7 months, mean 2.2 + 2.4 (+SD)
months. The follow-up period ranged from 1 month to
14 years, mean 4.6 £ 3.2 years. Peters’ anomaly was bi-
lateral in six cases and unilateral in seven cases. Corneo-
lenticular adhesion was observed in 11 cases (85%)
(Figs. 1-3). Associated ocular anomalies and their inci-
dences in this group are shown in Table 1. They were ob-
served in 12 cases (92%). These anomalies included mi-
crophthalmos in six cases, anterior staphyloma in six
(Figs. 1, 2), posterior embryotoxon in five (Fig. 3), scle-
rocornea (peripheral sclerocornea) in four, typical iris co-
loboma in one, and aniridia in one. Eleven eyes (58%) of
eight patients (62%) developed glaucoma. In this study,
patients whose eyes had an abnormally indistinct sclero-
corneal border were diagnosed as having peripheral scle-
rocornea (Fig. 4).

Accompanying systemic anomalies are listed in
Table 2. They included six cases of retarded growth, five
each of cleft lip and/or palate and conotruncal anomalies
of the heart, two each of ear anomalies, central nervous
system anomalies, and urogenital anomalies, and one
each of laryngomalacia, facial anomalies, and macroglos-
sia. In four patients, some systemic anomalies were new-

Table 1 Associated ocular anomalies in both groups

Ocular anomaly Systemic anomaly ~ Systemic anomaly

(+) group (=) group

Number Number Number Number

of cases of eyes of cases of eyes
Microphthalmos 6 (46%) 9 (47%) 9(38%) 14 (40%)
Anterior staphyloma 6 (46%) 7 (37%) 3(13%) 4 (11%)
Posterior embryotoxon 5(38%) 5(26%) 2 (8%) 3 (9%)
Sclerocornea 4(31%) 5(26%) 2 (8%) 3 (9%)
Typical iriscoloboma  1(8%) 1(5%) 1(4%) 1 (3%)
Aniridia 18%) 1(5%) O 0
Persistent hyperplastic 0 0 2 (8%) 2 (6%)

primary vitreous

ly detected when they were referred to the pediatrician af-
ter our examination and diagnosis of Peters' anomaly.
Surgical treatment was undertaken in five cases of
cleft lip and/or palate, two cases of urogenital anomalies,
and one case each of ear anomalies and laryngomalacia.

Fig. 1 Peters anomaly with corneolenticular adhesion and anteri-
or staphyloma in the left eye. The cornea is noticeably protruded
and densely opague overal. These findings correspond to anterior
staphyloma

Fig. 2 A photograph of the section of the eyeball described in
Fig. 1. The degenerative lens adheres to the central cornea by the
lens stalk (arrow)
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Fig. 3 Peters' anomaly with corneolenticular adhesion and poste-
rior embryotoxon in the left eye. Central corneal opacity is evi-
dent, and corneolenticular adhesion is seen in the center of the
corneal opacity. Prominent Schwalbe's line corresponding to pos-
terior embryotoxon is observed along the temporal limbus (arrow)

Fig. 4 Peters anomaly with peripheral sclerocornea in the right
eye. Mild central corneal opacity is observed with severa irido-
corneal adhesions. The upper sclerocorneal border is indistinct,
corresponding to peripheral sclerocornea

In al cases, serologica tests for TORCH embryopa-
thy were negative. No teratogens were identified in any
pregnancies. Chromosomal analysis was performed in 12
of 13 patients, and all patients examined showed normal
karyotypes.

In one family, the elder sister of the affected patient
suffered from congenital glaucoma with mild peripheral
sclerocornea.

Table 2 Associated systemic anomalies in the systemic anomaly
(+) group

Systemic anomaly Number of cases

Retarded growth 6 (46%)
Cleft lip/palate 5 (38%)
Conotruncal anomalies of the heart 5 (38%)
Ear anomalies 2 (15%)
Central nervous system anomalies 2 (15%)
Urogenital anomalies 2 (15%)
Facial anomalies 1 (8%)
Laryngomalacia 1 (8%)
Macroglossia 1(8%)

Systemic anomaly (-) group

The systemic anomaly () group comprised 24 patients,
13 males and 11 females, ranging in age at first exami-
nation from 3 days to 55 years, mean 28.3 = 134.6
months. The follow-up period ranged from 1 month to
15 years, mean 5.2 + 4.9 years. Peters' anomaly was bi-
lateral in 11 cases and unilateral in 13 cases. Corneolen-
ticular adhesion was observed in only five cases (21%).
Associated ocular anomalies and their incidences in this
group are listed in Table 1. They were observed in 10
patients (42%). These anomalies included nine cases of
microphthal mos, three cases of anterior staphyloma, two
cases each of posterior embryotoxon, sclerocornea (pe-
ripheral sclerocornea) (Fig. 4), and persistent hyperplas-
tic primary vitreous, and one case of typical iris colobo-
ma. Ten eyes (29%) of 6 patients (25%) developed glau-
coma.

In al cases, serologica tests for TORCH embryopa-
thy were negative. No teratogens were identified in any
pregnancies. Chromosomal analysis was performed in 21
of 24 patients, and all showed normal karyotypes.

Four cases involved siblings, two each from two fam-
ilies. In each family, normal parents had two affected
children.

Ocular and systemic findings of each case are listed
in Table 3.

Comparison between the two groups

There was no significant difference between the two
groups in sex (chi-square test), laterality (chi-square
test), or age (Welch’s t-test). However, the incidence of
cases with corneolenticular adhesion was significantly
higher in the systemic anomaly (+) group than in the sys-
temic anomaly (-) group (chi-square test, P=0.0007).
The incidence of patients with other ocular anomalies
was also significantly higher in the systemic anomaly (+)
group than in the systemic anomaly (-) group (chi-
square test, P=0.0082). In addition, the incidence of
cases accompanied by glaucoma was significantly higher
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Table 3 Clinica findingsin 37 patients with Peters' anomaly (B bilateral, L left, Rright; PHPV persistent hyperplastic primary vitreous,
COFS cerebro-ocul o-facio-skel etal)

Patient Age Sex Later- Corneol Anterior Glau- Associated Associated Others
no. ality enticular staphyloma coma ocular systemic
adhesion malformations anomaly
1 1month Mae L (L+) (L+) ) L: PHPV, ) L: Enucleation
microphthalmos
2 2weeks Mde B (L+) ) (B+) R: Posterior Micropenis L: Keratoplasty;
embryotoxon, B: lens extraction
microphthalmos
3 2weeks Mae B (R+) =) (B+) R: Posterior Low-set ears B: Trabecul ectomy;
embryotoxon brother of no. 1
4 1month Mae R C) e CHNG e
5  S5yeas Femde L () S SHS) S
6 11 months Female B =) )] =) ) )
7 7months Femae R =) ) =) ) Double ureters R: Keratoplasty
8 1month Mae L ) ) ) ) )
9 2weeks Femae R ) ) ) R: Persistent )
pupillary
membrane,
microphthalmos
10 1 week Male L =) =) =) L: Microphthamos  (-)
11 1 week Mae B (R+) ) =) L: Iris coloboma; )
B: microphthalmos
12 5months Mae L (L+) (L+) (L+) L: Sclerocornea, Retarded growth, L: Cyclocryo-
iris coloboma, heart anomalies cautery,
microphthalmos enucleation
13 3 days Female L (L+) (L+) (L+) L: Sclerocornea, Microcephalia,
microphthalmos facial anomalies,
heart anomalies,
retarded growth,
cleft palate, craw
fingers (COFS
syndrome)
14 3months Mae L (L+) (L+) ) L: Sclerocornea Heart anomalies,
cleft lip and palate,
retarded growth,
ear anomalies
15 3weeks Mae L =) (L+) (L+) L: Sclerocornea, &) L: Cyclocryo-
PHPV, micro- cautery,
phthalmos enucleation
16 1month Mae B (B+) ) (B+) B: Sclerocornea, )
microphthalmos
17 1month  Female B (L+) (B+) (B+) B: Microphthamos (-)
18 3months Made B (R+) ) ) B: Sclerocornes; Laryngomalacia
R: Posterior
embryotoxon
microphthalmos
19 1 week Mae B =) ) (B+) B: Microphthamos (-)
20 1 week Female B =) =) =) B: Iris hypoplasia ) Sister of no. 19
21 3months Femae B (B+) (B+) (L+)  B: Microphthalmos  Arachnoid cyst,
retarded growth
22 1 day Femae B (B+) (L+) (L+) B: Microphthamos Cleft palate,
retarded growth
23 1 week Female B (B+) =) (B+) B: Microphthalmos, (-) B: Trabeculectomy;

posterior
embryotoxon

sister: B
congenital
glaucoma




Table 3 (continued)

Patient Age Sex Later- Corneol Anterior Glau- Associated Associated Others
no. aity enticular staphyloma coma ocular systemic
adhesion malformations anomaly
24 6 days Mae L (L+) (L+) (L+) L: Posterior Cleft palate, L: Cyclocryocau-
embryotoxon heart anomalies tery, enucleation
25 5weeks Female R -) &) RY) )
26 3months Mae R (R+) ) — R: Posterior Cleft palate
embryotoxon
27 3weeks  Male L -) ) () O Q)
28 5months Femae R ) ) ) R: Posterior Retarded growth,
embryotoxon heart anomalies
29 1month Mae R ) ) &) ) )
30 3days Male R -) ) (0 )
31 2weeks  Mae B -) ) () (O )
32 1month Made B =) ) ) ) =)
33 3weeks Femae B ) ) ) ) )
34 2weeks Femade B =) ) =) &) )
35 2weeks Femade R =) ) ) ) =)
36 lweek  Femae L (=) -) = O )
37 1 week Mae B (L+) (L+) (B+) B: Aniridia Macroglossia L: Enucleation;

R: trabecul otomy

in the systemic anomaly (+) group than in the systemic
anomaly (-) group (chi-sguare test, P=0.0287)
Considerable variation in the location and severity of
corneal opacity was encountered in both groups. Howev-
er, the location or severity of corneal opacity did not cor-
relate with the presence of associated systemic anomalies.

Discussion

First, we evaluated the associated systemic anomalies
observed in the systemic anomaly (+) group according to
their embryonic origin. Craniofacial bones, cartilage, and
connective tissues [4, 25] and the conotruncus of the
heart [11, 12] are of neural crest origin, suggesting that
cleft lip and/or palate, ear anomalies, laryngomalacia,
macroglossia, and heart anomalies may have their origin
in from the maldevelopment of neural crest cells. In ad-
dition, the adenohypophysis of the pituitary gland is de-
rived from neural crest cells [4, 25], therefore, the most
frequently associated anomaly, retarded growth detected
in six (16%) of 37 cases, might be due to inadequate se-
cretion of growth hormone from the adenohypophysis.
Heon et al. [10] also reported that 15% of the patients
with Peters' anomaly presented retarded growth.

As described above, all associated systemic anomalies
appeared to arise from maldevelopment of the neural
crest cells.

Peters anomaly is usually seen as an isolated ocular
defect [10, 15, 23]. In our series, 35% of patients with
the anomaly developed systemic anomalies. Therefore,
Peters' anomaly deserves special attention because of the
possible presence of systemic anomalies, especialy in
tissues derived from neural crest cells.

In 1984, van Schooneveld et a. [23] first proposed
the term Peters'-Plus syndrome, comprising Peters
anomaly, face anomalies, clefting, short limb dwarfism,
and retarded development. In our series, several patients
presented with some of these findings, however, no cases
completely fulfilled the criteriafor this syndrome [9]. On
the other hand, case 13 presented Peters’ anomaly ac-
companied by microcephalia, heart anomalies, facial
anomalies, retarded growth, cleft palate, claw fingers,
and short neck, and was diagnosed as having cerebro-
oculo-facio-skeletal syndrome [18].

This study revealed that Peters anomaly with corneo-
lenticular adhesion, other ocular anomalies, or glaucoma
was accompanied by systemic anomalies more frequent-
ly than not. Therefore, it is conceivable that cases with
Peters' anomaly accompanied by corneolenticular adhe-
sion, other ocular anomalies, or glaucoma especially
need to be evaluated for the presence of systemic anoma-
lies. Recently, we have been referring such patients for
examination by a pediatrician at their first visit.

We also evaluated associated ocular anomaliesin both
groups according to their embryonic origin. Posterior
embryotoxon and sclerocornea have been attributed to
mesenchymal dysgenesis of the anterior ocular segments
resulting from the abnormal migration of neural crest
cells as well as Peters' anomaly [2, 3, 24]. Because the
primary vitreous is of neural crest origin [14, 20], it is
conceivable that the maldevelopment of neural crest
cells is responsible for persistent hyperplastic primary
vitreous. Moreover, we recently demonstrated in mice
[16, 17, 20], using the method of experimental terato-
logy, that the faulty closure of the embryonic fissure cor-
responding to typical uveal coloboma and developmental
abnormalities of the vitreous corresponding to persistent
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hyperplastic primary vitreous are caused by the abnor-
mal migration of excessive mesenchymal cells derived
from the neural crest. Therefore, typical iris coloboma
and persistent hyperplastic primary vitreous are consid-
ered to develop from a disorder of the neural crest cells.
As described above, ailmost all of the associated ocular
anomalies in patients with Peters anomaly in both
groups are related to the maldevelopment of the neural
crest cells.

Based on these observations, patients with Peters
anomaly should be examined for the presence of both
ocular and systemic anomalies that are related to the
mal devel opment of neural crest cells.

Recently, an ultrasound biomicroscope has been dem-
onstrated to be very useful for imaging architectures of
the anterior chamber and the chamber angle, and mea-
suring central and peripheral corneal thickness[1, 22]. In
addition, in cases with opague cornea, an ultrasound bio-
microscope could yield morphological information on
the anterior chamber and the chamber angle [7]. There-
fore, it isinferred that typical ocular findings for Peters
anomaly such as corneolenticular and iridocorneal adhe-
sions, and central corneal thinning can be clearly detect-
ed by ultrasound biomicroscopy. In this study, however,
we could not examine the patients with this apparatus
because it was not available in our institution.

Four (14%) of the 37 cases occurred in two families.
Our investigation thus confirms that familial cases of
Peters' anomaly are not uncommon in Japan. Therefore,
it isessential to examine the relatives of patients with the
anomaly. Peters' anomaly has been described as display-
ing various patterns of inheritance, e.g. an autosomal
dominant and an autosomal recessive pattern [21]. In the
present two families, normal parents had two affected
children, one of each sex and all these five cases accom-
panied other ocular anomalies. Although, in these cases,
we could not examine other family members, e.g., sib-
lings of the parents, we could infer the inheritance of
Peters anomaly with other ocular anomalies as an auto-
somal recessive pattern.

It was demonstrated by the method of experimental
teratology that taking an excessive dose of vitamin A
[13], retinoic acid [5, 16] or ethanol [5, 6] could induce
keratolenticular adhesion corresponding clinically to
Peters anomaly. In the series, however, we detected no
environmental agents.

Recently, mutation or deletion of the PAX6 gene was
demonstrated to underlie some cases of Peters anomaly
[8]. In this retrospective clinical study, we could not ex-
amine the patients in the series genetically; however, ge-
netic investigation of both patients and their relativesisre-
quired if we are to elucidate the causes of this anomaly.
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