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47,XX,+G(8%).5 This low percentage mosaic state
for a small acrocentric chromosome was probably
coincidental. A karyotype of 46,XX,r(18)(p11q23),
also probably an unrelated finding, was found in a
third infant with lethal 01.6 Finally, a child with less
severe disease had a karyotype of 46,XY,del(12)
(pl2pl3). His father, who had a normal karyotype,
also had moderately severe OI, indicating that OI in
the child was probably unrelated to the partial dele-
tion.7 We know of no previous report of OI asso-
ciated with karyotypic abnormalities involving type I
collagen gene sites.
Damage to one a2(I) procollagen allele caused by

the inversion might have contributed to disease in
the infant if a mutation affecting the other allele was
present. Such a mutation might either have occurred
de novo or have been inherited from the father;
compound heterozygosity for abnormalities in the
a2(I) procollagen gene, one of which was pheno-
typically recessive, has previously been reported in
lethal 'broad boned' 01.8 It is also possible that a
different de novo mutation caused OI in the infant
by affecting one al(I) procollagen allele9 and that
the observed inversion was not related to his
disease. The risk that other children born to these
parents will have 01 is increased only if each parent
is heterozygous for an a2(I) procollagen gene
abnormality. Attempts are now in progress to
characterise a2(I) procollagen genes and gene pro-
ducts in the parents for purposes of genetic counsel-
ling.
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Absence of a vagina and right sided adnexa uteri in the Waardenburg
syndrome: a possible clue to the embryological defect
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SUMMARY An 18 year old single Jewish
woman with the Waardenburg syndrome and
-absence of a vagina and right sided adnexa
uteri is reported. Other congenital malforma-
tions associated with the Waardenburg syn-
drome are mentioned and it is postulated that
they may be the result of an altered invasion of
neurones or altered neurones in certain organ
systems early in embryogenesis.
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Over the years our group has described various
congenital malformations associated with the Waar-
denburg syndrome.14 Recently, we had the oppor-
tunity to re-evaluate one of our patients that we had
seen many years ago, and to our surprise we learned
that she was born without a vagina and right adnexa
uteri. The purpose of this brief report is to discuss
the above observations in relation to other hypo-
plastic or aplastic congenital malformations seen in
the Waardenburg syndrome.

Case report

An 18 year old single Jewish woman was referred to
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FIGURE Theproband showing the characteristic
facialfeatures in Waardenburg syndrome plus a

whiteforelock.

our genetic clinic with the diagnosis of the Waaiden-
burg syndrome and absence of a vagina. In going
through our records we noted that this woman had
been seen in our clinic some seven years ago during
a survey of Waardenburg syndrome in Israel. No
mention was made of any abnormal genital problems
at that time.
The patient has a four generation family history of

this disorder with several affected members. To the
best of our knowledge no other affected female is
known to have absence of the vagina. She received
the Waardenburg gene from her affected father. She
has all the classical features of this disorder includ-
ing iris heterochromia, dystopia canthorum, broad
nasal bridge, hypoplastic alae, cupid bow upper lip,
full lower lip, and prominent mandible. In addition
she has a white forelock and usually wears a hearing
aid for severe bilateral congenital deafness (figure).
At birth a low imperforate anus was noted and this
was treated surgically.
At the age of 16 years she consulted a gynaecolo-

gist because menarche had not occurred. Examina-
tion at that time showed that her secondary sexual
characteristics, breasts, and pubic hair were well
developed. Pelvic examination showed normal ex-

ternal genitalia with a well developed vulva and a

Case reports

normal sized clitoris. The vagina was absent. The
uterus was not palpated but on the left side
an immobile 5 to 6 cm mass was palpated. She then
underwent diagnostic laparoscopy and a 7 to 8 week
size uterus was noted and diagnosed as a haema-
tometra. On the left side a normal ovary and oviduct
were observed while no adnexa uteri were seen on
the right side. An IVP showed a normal right kidney
and an ectopic left kidney.
At the age of 17 years she was operated upon and

a neovagina was formed and covered by a transfer of
a skin graft from her inner left thigh. The neovagina
was 2 to 3 cm wide and 5 to 6 cm deep. Since then
she has been using moulds to maintain patency of
the vagina. At the age of 18 years she was referred
to the gynaecological clinic of the Sheba Medical
Center for anastomosis of the neovagina with her
uterus. Pelvic examination showed a vagina of 6 cm
in depth. Bimanual examination revealed a normal
sized uterus, with no masses in the left adnexa and
no palpable right adnexa. All her secondary sexual
features were normal.

Discussion

The first major congenital malformation shown to
be definitely associated with the Waardenburg
syndrome was aganglionic megacolon (Hirschsprun
disease).5 Later atretic gastrointestinal anomalies3
such as oesophageal atresia, anal atresia, and
combined atretic lesions with or without tracheo-
oesophageal fistula were described.4

It is of interest that in 1947 when Klein6 reported
his case, now referred to as Klein-Waardenburg
type III disorder, his patient had severe hypoplastic
development of the shoulders and upper extremi-
ties. Since this original report other cases have also
been described with identical findings.' 2 In 1981
we concluded, as others had, that the facial,
pigmentary, hearing loss, and aganglionic megaco-
lon findings in the Waardenburg syndrome could be
explained by some basic defect in neural crest cell
development or migration or both.'

Essentially all of the previously mentioned con-
genital malformations of the gastrointestinal tract
and the musculoskeletal system, known or thought
to be associated with the Waardenburg syndrome or
one of its variants, are of an aplastic or hypoplastic
nature. Thus, we think that the finding in our
proband of absence of a vagina and one sided
adnexa uteri is integrally related to the basic defect
in this syndrome. It should be mentioned that the
incidence of absence of the vagina is not known and
estimates vary greatly. A group from the Mayo
Clinic observed one case in every 4000 female
patients.7
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In conclusion, we would like to postulate further
that an altered invasion of neurones (of neural crest
origin) in certain organ systems may in some way
influence the embryological development of a given
organ. We fully realise the speculative nature of the
above comments and, until similar observations are
made by others, all remains theoretical.
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Genetic Diseases and LA-CO Industries Inc
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