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Abstract
We report on three Dutch children with a
clinical diagnosis of oculoauriculovertebral
spectrum (OAVS) and hydrocephalus.
The clinical features are compared to
15 published cases of OAVS and hydro-
cephalus. Several other cerebral abnor-
malities were present in the whole group.
About half of the cases had cleft lip/
palate, anophthalmia/microphthalmia,
or a cardiac defect. Mental retardation
was found in five of the surviving 11
patients and early death occurred in one-
third. We compared the cases with OAVS
and hydrocephalus with published re-
ports ofOAVS and other cerebral anom-
alies and found no significant clinical
differences. However, the clinical charac-
teristics were clearly more severely
expressed than generally found in
patients with OAVS. Children with
OAVS and more severe clinical features,
especially anophthalmia/microphthal-
mia and cleft lip/palate, seem to be at an
increased risk for cerebral malforma-
tions and for mental retardation.

In 1952, Goldenhar delineated a syndrome
consisting of epibulbar dermoids, preauricular
appendages, and mandibular hypoplasia.l
Gorlin et aPf extended the clinical features of
this syndrome, reviewed published reports,
and proposed the name 'oculoauriculoverte-
bral dysplasia'. Many other terms have been
used as well, such as hemifacial microsomia
and Goldenhar syndrome. In the latest edition
of Syndromes of the head and neck, Gorlin et al
used the term 'oculo-auriculo-vertebral spec-
trum' (OAVS) because of the extreme com-
plexity and heterogeneity of the condition.3 A
wide range of anomalies has been described in
this condition including unilateral or bilateral
facial hypoplasia and ear and eye malforma-
tions. Vertebral, cardiac, and renal abnormal-
ities may be part of the spectrum.4 As a mini-
mal clinical sign microtia must be present.5

Cerebral anomalies and mental retardation
have been described in OAVS.P- We had the
opportunity to examine a newborn infant with
OAVS and an extremely severe form of hydro-
cephalus. To the best of our knowledge, such
severe cerebral abnormality in OAVS has not
been reported before. Two other Dutch
patients with OAVS and hydrocephalus were
also examined. Here we present our three cases
and review pertinent published reports.

Case reports
Patient 1, a male infant, was the first child of
healthy, non-consanguineous Dutch parents.
There were no miscarriages and the family
history was negative for any congenital anom-
alies. However, the mother used 'soft' drugs.
The pregnancy was complicated by polyhyd-
ramnios. Premature rupture of the membranes
occurred at 29 weeks. Ultrasound examination
at that time indicated hydrocephalus (fetal
biparietal distance equivalent to 41 weeks and
a grossly enlarged ventricular system, with 7 to
18 mm cerebral cortex visible). No additional
malformations were found. The mother de-
livered spontaneously at 32 weeks' gestation;
birth weight was 2165 g (75th to 90th centile).
The severely deformed skull precluded reli-
able measurements of length and occipitofron-
tal circumference. There was bilateral facial
hypoplasia, more pronounced on the left side,
left sided anophthalmia, and right sided micr-
ophthalmia. In the right cornea and conjunc-
tiva an epibulbar dermoid was present on the
lower outer quadrant. Cleft lip and palate was
present on the left side (fig 1). The mandible
was very small and both ears were small and
low set with multiple preauricular tags (fig 1).
The hands and feet were normal. The child
died shortly after birth. Necropsy disclosed no
anomalies of the internal organs. Specific in-
vestigations of the eyes and brain were not
performed. On the total body x ray multiple
cervical and thoracic vertebral abnormalities
were seen. Chromosome investigation, per-
formed on both cultured lymphocytes and
fibroblasts, showed a normal male karyotype,
46,XY.

Patient 2 was the second male infant of
healthy, non-consanguineous parents. There
had been two miscarriages and the family
history was negative for congenital abnormal-
ities. At 26 weeks, ultrasonography because of
polyhydramnios showed hydrocephalus and a
breech position. After 42 weeks' gestation a
male infant was born; birth weight was 3400 g,
length 50 cm, and OFC 38 7 cm (> 97th cent-
ile). The right side of the face was hypoplastic.
The depressor anguli oris muscle was under-
developed on the right side (fig 2). The right
ear was small, low set, and dysplastic (fig 2).
He had a cardiac defect consisting of dextropo-
sition and dextroversion of the heart, trans-
position of the great arteries, and a ventricular
septal defect, which was overridden by a wide
pulmonary artery. The ductus Botalli was
wide with left to right shunting. Radiographs
of the vertebral column showed no abnormal-
ities and, apart from a convergent strabismus,
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Figure I Patient 1: lateral views showing the hydrocephalic skull, left sided cleft
lip/palate, micrognathia, low set, dysplastic ears and preauricular tags.

there were no eye abnormalities. On cerebral
CT scan supratentorial hydrocephalus and
agenesis of the corpus callosum were found.
Because of progressive increase of the head
circumference a ventriculoperitoneal shunt
was inserted. The patent ductus was surgically
closed and the pulmonary artery was banded.
His psychomotor development was not
obviously delayed. After further cardiac sur-
gery the infant suffered from septic shock and
died at the age of 20 months. Necropsy was not
performed. Cultured peripheral lymphocyte
chromosomes were normal male, 46,XY.

Patient 3 was the first born male child of
healthy, non-consanguineous parents. The
family history was negative for any congenital
abnormality. Conception took place during
oral contraceptive use and was complicated by
hypertension. At 35 weeks 5 days, the child
was born weighing 1570 g (2nd to 3rd centile),
OFC 30 cm (2nd to 3rd centile). Both ears
were very small and dysplastic with preauricu-
lar tags and narrow outer auditory canals. On
the left side of the face there was micrognathia
and macrostomia (fig 3A). Ophthalmological
examination showed no anomalies. The radius
and thumb were absent on the right (fig 3B).
The left ulna was hypoplastic and the left
thumb was 'floating'. He had bilateral club
feet. Other anomalies included a 'butterfly'
third thoracic vertebra, 13 ribs, right sided
hydronephrosis, a left kidney low in the pelvis,
and an atrial septum defect of the heart. On
cerebral ultrasound and magnetic resonance
imaging the lateral ventricles and third ven-
tricle were enlarged (fig 3C). At 3 months
increasing ventricular diameter necessitated
placement of a ventriculoperitoneal shunt.
Hearing was impaired (brainstem evoked re-
sponse bilaterally negative at 95 dB). CT scan
of the ears showed a total absence of the
ossicles on the right side and on the left side
only the incus was seen. The patient is now
trained to hear using bone conduction. Motor
development is mildly delayed owing to his

Figure 2 Patient 2: facial features giving the impression
of 'asymmetrical crying face'. Note right low set,
malformed ear.
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Figure 3A Patient 3: facial features at the age of 2
years showing the left sided macrostomia and malformed
ear.

Figure 3B Patient 3: radial ray defect.

malformed hands and feet. At present, length
and weight are on the 3rd to 10th centile and
OFC is on the 50th centile. His mental de-
velopment appears normal. Chromosome
analysis of peripheral blood lymphocytes
showed a normal male karyotype. Sensitivity
to mitomycin C was not increased and no

breakage was found on x irradiation.

Review of previously published cases

We were able to find at least 15 other pub-
lished case histories of OAVS and hydro-
cephalus.$'4 Of the total of 18 patients with

Figure 3C Patient 3: cerebral MRI at the age of 3
weeks showing considerable dilatation of the lateral
ventricle. This results in a stretched and flattened corpus
callosum. The occipital lobe is relatively prominent,
which leads to an anterior displacement of the tentorium
and sinus rectus. The contents of the posterior fossa
indicate a relatively small cerebellum. The caudal part
of the occipital bone is remarkably flattened.

OAVS and hydrocephalus several had other
cerebral anomalies including Arnold-Chiari
malformation, agenesis of the corpus callosum,
calcification of the falx cerebri, hypoplasia of
the septum pellucidum, intracranial dermoid
cyst, and lipoma in the corpus callosum. Table
1 summarises the clinical features of our three
patients and compares them with the pub-
lished cases of OAVS and hydrocephalus.

In the total group, there was a striking male
preponderance (M:F ratio 2:1). As expected
from the clinical definition, all patients had ear
anomalies and hydrocephalus. Facial hypo-
plasia (uni- or bilateral) (13/16), preauricular
tags (13/15), and vertebral anomalies (9/1 1)
were frequent findings. About half of the chil-
dren had a uni- or bilateral cleft lip/palate
(8/14), anophthalmia or microphthalmia (6/
14), or a cardiac defect (6/10). Mental retard-
ation was reported in 5/13 surviving patients
and early death was described in five infants
(owing to cardiac surgery (two patients), res-
piratory distress syndrome (one child), or
intrauterine/direct neonatal death (two in-
fants)). Table 2 compares the clinical features
in children with OAVS and hydrocephalus to
those with other cranial defects and clinical
features in OAVS in general.356 In the series of
Rollnick et aF underestimation of the internal
abnormalities may have been present since
they based their study only on craniofacial
features of OAVS. The comparison is further
hampered by the different methods of describ-
ing the data. Nevertheless, the total group of
children with OAVS and cerebral defects ap-
pears to show a higher frequency of bilateral
ear abnormalities, cleft lip/palate, anophthal-
mia/microphthalmia, vertebral anomalies, and
mental retardation when compared to children
with OAVS in general.35 A clinical comparison
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Table I Clinical features of the present patients with OA VS and hydrocephalus compared to published cases.

Manifestations Published Case 1 Case 2 Case 3 Total %
cases6'14
(n= 15)

Sex M/F 7/5 M M M 10/5
Facial hypoplasia

Total 10/13 13/16 81
Unilateral 8/13 + + 10/16
Bilateral 2/13 + 3/16

Ear malformation
Total 13/13 16/16 100
Unilateral 5/13 + 6/16
Bilateral 8/13 + + 10/6

Preauricular tags
Total 11/12 13/15 87
Unilateral 5/12 5/15
Bilateral 6/12 + _ + 8/15

Epibulbar dermoid
Total 9/15 10/18 56
Unilateral 9/15 + 10/18
Bilateral 0/15 - - 0/18

An-/microphthalmia
Total 5/11 6/14 43
Unilateral 4/11 4/14
Bilateral 1/11 + - - 2/14

Cleft lip/palate
Total 7/11 8/14 57
Unilateral 5/11 + 6/14
Bilateral 1/11 - - 1/14
Cleft palate only 1/11 1/14

Vertebral defects 7/8 + - + 9/10 90
Cardiac defects 4/7 - + + 6/10 60
Renal defects 2/6 - - + 3/9 33
Hydrocephalus 15/15 + + + 18/18 100
Additional CNS abnormalities* 8/15 ? + a - 9/17 59
Mental retardation 5/11 ?- 5/13 38
Early death 3/15 + + - 5/18 28

* Calcified falx cerebri,9 Arnold-Chiari malformation," arachnoid cyst in the posterior fossa,"3 a/hypoplasia of the septum
pellucidum,61314 (partial) agenesis of the corpus callosum,714 lipoma of the corpus callosum,7 intracranial dermoid.6
a= agenesis of the corpus callosum.

Table 2 Clinical features of patients with OA VS and hydrocephalus compared to cases with OA VS and other
cerebral defects and general cases with OA VS.356ptesent study

Manifestation OAVS + OAVS + other CNS Gorlin et aP Rollnick et aF
hydrocephalus6 abnormality6 (%) (n= 294) (%)
(present study) (n= 13) (%)
(n= 18) (%)

Ratio M:F 2:1 2.3:1 3:2 1.9:1
Facial hypoplasia 81 100 65 ?

Unilateral 77 ? 67-90 (62R) ?
Bilateral 23 ? 10-33 ?

Ear malformation 100 100 >65 99
Unilateral 36 ? ? 65 (62R)
Bilateral 64 ? ? 34

Epibulbar tumour 56 50 35 7
Unilateral 100 ? 50 ?
Bilateral 0 ? 25 ?

An-/microphthalmia 43 70 Rare ?
Cleft lip/palate 57 64 7-15 22
Vertebral defects 90 73 30 24
Cardiac defects 60 50 5-58 5
Mental retardation 38 100* 5-15 (37)* 13*
* CNS abnormality and/or mental retardation.

with the cases described by Aleksic et alf is not
possible because this study focused only on
cerebral and cranial features and mentioned
few further clinical symptoms.

Discussion
The oculoauriculovertebral spectrum3 is a
complex developmental field defect with wide
phenotypic variation. Studying cases ofOAVS
is hampered by the lack of a clear 'standard' for
OAVS and so by the uncertainty whether a
case should be included or not. The spectrum
includes microtia, preauricular tags, micro-
gnathia, epibulbar dermoids, and vertebral
anomalies. Additional features are renal and
cardiac defects, cleft lip/palate, radial ray an-
omalies, skull abnormalities, cerebral defects,
and mental retardation. The condition is aetio-
logically heterogeneous. The embryological
timing is most likely around 30 to 45 days. It

has been suggested that there could be a simi-
lar aetiological basis for all syndromes with
overlapping features in the cranial (or caudal)
region, such as Goldenhar syndrome, cardiofa-
cial syndrome, and Wildervanck syndrome.
The term 'axial mesodermal dysplasia spec-
trum' has been proposed." A disruption of
vascular supply has been shown to be able to
cause the clinical features of OAVS, even in
familial cases.'516 The OAVS phenotype has
been described in chromosomal defects, as
summarised by Rollnick,'7 and in exposure to
teratogens such as primidone, thalidomide,
and retinoic acid.'120 OAVS has been de-
scribed in infants born to mothers with dia-
betes and in syndromes of known or unknown
cause, for instance Townes-Brocks syn-
drome.2122 A viral cause or overripeness of the
fertilised egg have also been suggested.'023 In
most cases, however, the cause remains ob-
scure.
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The true incidence of central nervous sys-
tem anomalies in persons with OAVS is not
known, but it is not a rare manifestation of the
spectrum.3 Wilson6 described six cases of
OAVS and cranial defects and reviewed 12
published cases; five of these patients had
hydrocephalus. Various bony defects may be
present in OAVS including microcephaly, cra-
nial asymmetry, platybasia, hypoplasia of the
petrous and ethmoid bones, and absence of the
internal auditory canals.6 The clinical findings
in patients with OAVS and hydrocephalus are
comparable to those in children with OAVS
and other cerebral anomalies (table 2). Aleksic
et al7 reported 13 patients with OAVS and
diverse central nervous system anomalies,
including five with hydrocephalus. The other
clinical features were described only briefly.
They reviewed central nervous system and
neurological abnormalities in OAVS and
found the spectrum of abnormalities to be very
broad, ranging from involvement of the cranial
nerves, hydrocephalus and increased intracra-
nial pressure, occipital and frontal encephalo-
cele, intracranial arachnoid cyst, intracranial
lipoma, holoprosencephaly, hypoplasia of the
corpus callosum, intracranial teratoma, lissen-
cephaly, intracranial dermoid cyst, and
Arnold-Chiari malformation to mental retard-
ation.
Hydrocephalus in OAVS is frequently not

further specified. In some cases stenosis of the
aqueduct was specifically mentioned.78 1014 The
severity of hydrocephalus in patients with
OAVS varies markedly, our patient 1 showing
the most severe manifestation. In some
patients no true hydrocephalus was present
but successive periods of intracranial hyper-
tension occurred, probably caused by a relative
stenosis of the aquaduct of Sylvius, especially
during periods of increased secretion of ce-
rebral fluid, for instance during infections.824

Radial defects, as seen in patient 3, are
present in about 10% of patients with
OAVS.'25 Ulnar hypoplasia in the same child
is not a common finding in the condition.

Patient 2 had hypoplasia of the depressor
anguli oris muscle, giving the impression of a
child with an asymmetrical crying face. He had
a small, low set, and dysplastic ear on the right
side and a complicated cardiac defect. The
combination of a cardiac defect with facial
asymmetry has been named cardiofacial syn-
drome.26 Not only cardiac defects, but also ear
anomalies, vertebral abnormalities, and renal
anomalies can be found with asymmetrical
crying face.27 To our knowledge, cerebral an-
omalies like the hydrocephalus and agenesis of
the corpus callosum present in patient 2 have
not been reported. In our opinion, our second
patient provides evidence that OAVS and car-
diofacial syndrome (or asymmetrical crying
face syndrome) are clinically closely related.
The combination of OAVS and frontonasal
dysplasia (FND) may represent the most
severe form of the phenotype,'728 or may be a
separate entity, renamed oculoauriculofronto-
nasal syndrome.29
Although Cohen30 assumed a correlation

between the severity of the cranial defects and

the 'other' features in a patient with OAVS,
Aleksic et af7 could not confirm a marked
degree of correlation between the degree of
facial hypoplasia and the severity of MR. In-
deed, 3/13 cases had minimal facial involve-
ment and marked central nervous system an-
omalies. In the experience of Rollnick et al,5
anomalies of the cervical vertebrae increased
the likelihood of other anomalies.
The present study shows that the clinical

manifestations of subjects affected with OAVS
and hydrocephalus did not differ from those
with OAVS and other cerebral abnormalities.
However, comparing all cases of OAVS with
cerebral anomaly to patients with OAVS in
general,"5 we found a strikingly higher fre-
quency of bilateral ear anomalies, cleft lip/
palate, anophthalmia/microphthalmia, ver-
tebral anomalies, and mental retardation.
These features, especially anophthalmia/micr-
ophthalmia, may well be clinical markers for
increased risk of cerebral malformation and
mental retardation in a patient with OAVS.

The authors wish to thank the 'Werkgroep
voor erfelijkheidsadviezen', Nijmegen, The
Netherlands, for help in diagnosis in patient 2.
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