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developed clinical features of lower intestinal
obstruction and died of aspiration pneumonia
before surgery could be performed. At necropsy,
multiple ileal bands and a narrowed distal ileum
were noted (fig 2). Histopathological examination
showed the presence of ganglion cells in the normal
looking proximal ileum as well as in the distal
narrowed segment.
One male and one female sib are alive and

unaffected, two male sibs not known to be affected
died, and two other sibs (both males) were seen
earlier with exactly the same pigmentary disorders
of the hair and skin who died in the neonatal period
because of intestinal obstruction. One of the sibs
had ileal atresia and died postoperatively and the
other died at home. Histopathological examination
was not done in either of these sibs. In none of our
cases could deafness be ascertained because of age.
Examination of both parents, three surviving grand-
parents, and several aunts and uncles did not show
any features of WS.
Shah et a13 from India described 12 newborns with

pigmentary disorders of eye, hair, and skin with
total intestinal aganglionosis, which they considered
to be a variant of WS. The autosomal recessive
inheritance noted in some of their cases has created
interest in the heterogeneity of WS. Our present
cases were clearly inherited as autosomal recessive
traits and showed great similarity to the cases of
Shah et al,3 except for the intestinal manifestations;
the ileal lesions were only found in our cases. The
association of Hirschsprung's disease with classical
WS is well known. Farndon and Bianchi4 described
a Pakistani child of consanguineous parents with
features of type I WS and total aganglionosis and
considered this association to be a distinct clinical
entity with autosomal recessive inheritance. An
association between WS and atretic gastrointestinal
lesions at the oesophageal and anal level was
described earlier,5 but, to the best of our know-
ledge, no case of ileal atresia and band lesions has
been described in association with either WS or its
variants. Aganglionosis could be explained by a
common pathological process of faulty neural crest
migration. ' However, postduodenal atresia, like
ileal atresia, is more often the consequence of a
vascular accident resulting from torsion of a long
mesenteric attachment that suspends the small
intestine from the posterior abdominal wall. The
complex development of the intramural neuro-
regulatory system leaves ample room for consider-
ing various mechanisms that lead to the mal-
development of the gut. Nutman et al5 speculated
that the gene in WS disrupts cell migration in the
gastrointestinal tract, accounting for the various
atretic lesions.

Waardenburg's syndrome has been described in
many populations throughout the world.' However,
the peculiar association of features suggestive of WS
with total intestinal aganglionosis and ileal atresia
and bands, manifesting in the neonatal period, with
an autosomal recessive mode of inheritance, seems
peculiar to the population of the Indian sub-
continent.34

M L KULKARNI, MATHEW KURIAN, G GURUPRASAD,
AND M S PANCHAKSHARIAH

Department of Paediatrics, JJM Medical College,
Davangere-577 004, Karnataka, South India.

References

Mallory SB, Wicner E, Nordlund JJ. Waardenburg's syndrome
with Hirschsprung's disease: a neural crest defect. Pediatr
Dermatol 1986;3:119-24.

2 Hageman MJ, Delleman JW. Heterogeneity in Waardenburg
syndrome. Am J Hum Genet 1977;29:468-85.

3 Shah KN, Dalal SJ, Desai MD, Sheth PM, Joshi NC, Ambani
LM. White forelock, pigmentary disorder of irides and long
segment Hirschsprung disease-possible variant of Waarden-
burg syndrome. J Pediatr 1981;99:432-5.

4 Farndon PA, Bianchi A. Waardenburg syndrome associated
with total aganglionosis. Arch Dis Child 1983;58:932-3.
Nutman J, Nissenkorn 1, Varsano 1, Mimouni M, Goodman
RM. Anal atresia and the Klein-Waardenburg syndrome. J Med
Genet 1981;18:239-41.

Current trends in the prevalence at birth of neural
tube defects in Singapore

SIR,
A decline in the prevalence at birth of neural tube

defects (NTD) has been reported in most western
countries.' 2 The reasons for the decline are un-
known as the aetiology of NTD is still not well
understood. Increased public health awareness,
more demand for genetic counselling, improved
maternal environment, better prenatal care, and
early detection and termination of pregnancy have
been suggested to be responsible for the reduction
of the prevalence at birth of NTD.3 4 On the other
hand, some authors in the United Kingdom do not
agree that prenatal screening and increase in the
number of terminations of pregnancy are the main
factors behind the recent decline.5 Furthermore, in
the United States the decline started well before
1970 when screening was not widely available.6 7
A retrospective study of NTD was conducted in

our hospital to see if there was a change in the
prevalence at birth of NTD in the last 12 years (1976
to 1987). In this period, as a general practice in this
hospital, only mothers who had had an infant with
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TABLE Prevalence at birth of neural tube defects at Toa Payoh Hospital.

Year No of Anencenhalr Spina bifida Encephalocele Total
deliveries

No Rate No Rate No Rate No Rate

1976-78 16 203 12 0 74 5 0 31 3 0(19 20 1-23
1979-81 16 702 8 0-48 9 0(54 2 0f12 19 1-14
1982-84 14 186 12 0-85 6 042 2 0(14 20 1 41
1985-87 10 723 16 1 49 4 0-37 3 0-28 23 2.14
Total 57 814 48 0-89 24 0 41 10 0-18 82 1-49
x2 (3 df) 8-301 1-107 - 5-305
p 0-02<p<0-05 p>0-50 - 0lO<p<0-20

an NTD had access to prenatal diagnosis in their
future pregnancies. Serum a fetoprotein and ultra-
sonic screening of prenatal patients are not routinely
provided because of the relatively low prevalence at
birth of these malformations.
Over the -12 year period, 82 cases of NTD were

identified among 57 814 deliveries. The annual
prevalence at birth of all NTD ranged from 0-54 to
2-53 per 1000 deliveries, with an overall prevalence
at birth of 1-49 (SD 0-56) per 1000 deliveries.
Anencephaly, spina bifida, and encephalocele
occurred with frequencies of 0*89 (SD 0-47), 0-41
(SD 0.25), and 0-18 (SD 0-14) respectively per 1000
deliveries (table). Despite the small numbers there
is a significant variation in the prevalence of
anencephaly, which trebled between 1979 and 1981
and 1985 and 1987.
Given this increase, it is of interest that Choi and

Klaponski8 and Crowe et at3 suggested that the
prevalence of NTD might be increased after thera-
peutic abortion or oral contraception. These have
become more widespread in Singapore: a family
planning programme which has been successful in
controlling population growth was introduced in
1970, and the number of legalised abortions per-
formed under the Abortion Act increased from 1913
in 1970 to 16 412 in 1980.'") However, oral con-
traception and therapeutic abortion are also wide-

spread in western countries where the prevalence of
NTD has declined.
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