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Summary A case of trisomy 21 with holoprosencephaly, the fifth case
in the literature, is described. The patient also had extracephalic mal-
formations frequently associated with Down syndrome. The possibi-
lity of a causal relationship between trisomy 21 and holoprosencephaly is
discussed.
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INTRODUCTION

Despite the presence of many dysmorphic features in Down syndrome, major
malformations produced by trisomy 21 principally involve only two systems, the
heart and the gastrointestinal tract. Although structural abnormalities such as
reduced brain weight, decreased number and depth of sulci in the cerebral cortices,
neuronal heterotopias, and reduced numbers of specific populations of neurons
in the cerebral cortices have been frequently observed, the results of neuropath-
ologic study in the majority of patients with Down syndrome are normal. The
only gross defect of the brain which has been observed as a result of trisomy 21 is
holoprosencephaly, a malformation complex of impaired cleavage of the embryonic
forebrain and incomplete midfacial development. Four cases of trisomy 21 with
holoprosencephaly have been reported.

We here describe the fifth case with both conditions, the first Japanese case,
and discuss the possibility of the causal relationship.

CASE REPORT

The female newborn was the fourth child of a 33-year-old mother and a 35-
year-old father, both healthy and nonconsanguineous. The family history was
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noncontributory. Three elder siblings were all healthy. The mother’s first preg-
nancy had resulted in a spontaneous abortion at 8 weeks of pregnancy.
At approximately 36 weeks gestation, the patient’s mother was evaluated by

Fig. 1. (A, B) Female newborn showing cyclopia, a supraorbital proboscis, astomia and
synotia.

Fig. 2. Alobar holoprosencephaly without separate hemispheres.
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ultrasound, documenting holoprosencephaly in the fetus. At 37 weeks gestation,
vaginal delivery of the proposita was induced. The Apgar score was 3 at 1 min.
Her weight and length were 2,025 g (< 5th centile) and 44 cm (< 10th centile), re-
spectively. She lived approximately 40 min. She had a single fused eye, a supra-
orbital proboscis, astomia and synotia (Fig. 1).

Autopsy showed alobar holoprosencephaly (Fig. 2) with an egg-sized dorsal
sac in the occipital region and agenesis of hypophysis, cyclopia in one orbit cavity,
a soy-bean sized proboscis, astomia with accompanied agnathia, synotia and micro-
glossia, megacolon of the sigmoid colon, hypogenesis of both adrenals, and a ven-
tricular septal defect of about 10 mm in diameter and persistence of ductus arteriosus
in the heart.

Chromosome analyses with GTG banding showed a 47,XX,+21 chromosome
constitution in all 50 peripheral lymphocytes examined. The parents had normal
karyotypes.

DISCUSSION

The present case had alobar holoprosencephaly with cyclopia. Besides the
holoprosencephaly complex, she had low birth weight and length, megacolon of
the sigmoid colon, hypogenesis of both adrenals, and a ventricular septal defect
and persistence of ductus arteriosus in the heart. These extracranial features could
be considered as manifestations of trisomy 21. Thus, although holoprosencephaly
obscured the craniofacial features of Down syndrome, some malformations fre-
quently associated with chromosomal abnormalities indicated that the present case
should be investigated cytogenetically.

Holoprosencephaly is a anomaly in the central nervous system which results
from differential disturbance of prosencephalon at three cephalon to five cephalon
in the early embryo. There is a spectrum, in decreasing severity, from alobar to
semilobar and lobar holoprosencephaly (DeMyer et al., 1964). In alobar holopro-
sencephaly, an abnormally small forebrain mass with complete failure of formation
of the hemispheres is seen. Holoprosencephaly is usually associated with defects
of midline craniofacial development, ranging in severity from cyclopia to lesser
deformities such as mild hypotelorism or single maxillary central incisor. In
cyclopia, the most extreme defect, a single eye globe with varying degrees of doubl-
ing of intrinsic ocular structures, arrhinia and a blind-ending proboscis located
above the median eye are found.

Etiologically, holoprosencephaly is extremely heterogenous and has been
reported in autosomal dominant (Seidlitz ez al., 1983) and recessive forms (Cohen
and Gorlin, 1969), as part of various syndromes, as a result of infection by cyto-
megalovirus (Byrne et al., 1987), in infants of diabetic mothers, and in association
with chromosomal abnormalities. About two-thirds of the cases of holoprosen-
cephaly show chromosomal abnormalities (Moerman et al., 1988). Structural and
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numerical aberrations of chromosome 13 and 18 are the most frequent chromosomal
abnormalities found in individuals with holoprosencephaly. There are numerous
case reports with trisomy 13, duplications or deletions of different regions on 13¢
and ring chromosome 13. Deletion of 18p is also a frequent cause of this cranio-
facial malformation complex. Holoprosencephaly is not frequently found in pa-
tients with trisomy 18, though there are a number of case reports.

In contrast to trisomies 13 and 18, holoprosencephaly has been extremely rarely
found in patients with trisomy 21; only four cases have been reported so far. The
first case, reported by Pi e al. in 1980, was born to a mildly diabetic mother and
had semilobar holoprosencephaly and duodenal atresia. Pi et al. (1980) asserted a
causal relationship between trisomy 21 and holoprosencephaly, and also suggested
an increased susceptibility to the developmental defect due to the association of the
pregnancy with very mild diabetes. The second case of Down syndrome with
holoprosencephaly was reported by Urioste et al. in 1988. The patient had alobar
holoprosencephaly and was born to a nondiabetic mother. They supported the
opinion in favor of a causal relationship between trisomy 21 and holoprosencephaly,
because of the very low probability of concurrence of both abnormalities by chance
in the same patient—about 1 in 11 million calculated from a rate of trisomy 21 of
1/645 and a rate of holoprosencephaly of 1/18,000 (Martinez-Frias, 1989). On the
other hand, Epstein et al. (1988), reporting the third case of trisomy 21 with semi-
lobar holoprosencephaly, submitted that the presentation of the probabilities by
Urioste et al. (1988) was misleading because the number of cases (three) reported
in the United States and Europe during 8 years had hardly exceeded the number
expected purely by chance. In 1990, Corsello er al. presented the fourth case of
trisomy 21 with holoprosencephaly. However, they had no discussion about the
causal relationship between the two conditions.

The present case is the first case reported in Japan. The birth defects monitor-
ing programs in Japan show that the incidence of Down syndrome is between
1/1,100 and 1/1,600 and thatof holoprosencephaly between 1/16,000 and 1/50,000
(Kuroki and Konishi, 1984). Therefore, the probability of concurrence of trisomy
21 and holoprosencephaly in the same patient purely by chance is expected to be
about 1 in 18-80 million in Japan. With an annual birth rate of about 1.5 million
infants in Japan for the last 10 years, one infant with both Down syndrome and
holoprosencephaly would be expected every 10 or more years in Japan by chance.
This figure is, of course, assuming that the complication of both conditions does
not cause more fetal losses than either single abnormality does. The very small
number of such cases, only one in Japan and five in the world for the 11 years since
the first documented case was reported, might be evidence against a causal relation-
ship between the two conditions. Although the question as to whether trisomy
21 increases susceptibility to holoprosencephaly is still open, at present it seems to
be reasonable to conclude that trisomy 21 does not cause gross brain anomalies,
including holoprosencephaly.
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