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goldenhar syndrome. Purpose: To investigate the ear abnormalities of a sample of patients with OAVS.

Materials and methods: The sample consisted of 12 patients with OAVS seen at the Clinical
Genetics Unit, UFCSPA/CHSCPA. The study included only patients who underwent mastoid computed
tomography and with normal karyotype. We performed a review of its clinical features, giving
emphasis to the ear findings.

Results: Nine patients were male, the ages ranged from 1 day to 17 years. Ear abnormalities were
observed in all patients and involved the external (n=12), middle (n=10) and inner ear (n=3). Microtia
was the most frequent finding (n=12). The most common abnormalities of the middle ear were:
opacification (n=2), displacement (n=2) and malformation of the ossicular chain. Agenesis of the
internal auditory canal (n=2) was the most frequent alteration of the inner ear.

Conclusions: Ear abnormalities are variable in patients with OAVS and often there is no correlation
between findings in the external, middle and inner ear. The evaluation of these structures is important
in the management of individuals with OAVS.
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INTRODUCTION

Branchial arch disorders comprise several develo-
pmental anomalies including the oculo-auriculo-vertebral
spectrum (OAVS), also known as Goldenhar’s syndrome,
or hemifacial microsomy (OMIM 164210)*. This is a rare,
complex, and phenotypically variable condition*?. Its
estimated prevalence is 1 case for every 5,600 to 26,550
births*®; the condition affects males more than females
(about 3:2)*. The OAVS may range from mild to severe
forms; facial involvement is usually asymmetric, occurring
mostly on the right*’.

The origin of the OAVS is unclear, but it is a
complex and heterogeneous condition. Two patho-
physiologic mechanisms have been proposed for the
OAVS: a reduced blood flow, and focal hemorrhage in
the development region of the first and second branchial
arches around 30 to 45 days of pregnancy, in the blasto-
genesis period?. These mechanisms explain the outer ear
abnormalities in this spectrum, as the first branchial arch
gives rise to the anterior ear primordium, and the second
branchial arch originates the posterior ear primordium.
Also, the outer ear canal derives from the dorsal portion
of the first branchial cleft®®. It is thought that the etiolo-
gy may be related with a migration anomaly of neural
crest cells. Other evidence has suggested that there are
genetic determinants in some cases. A few reports have
mentioned families with recessive autosomal or dominant
autosomal inheritance. The literature contains several
descriptions of chromosomal anomalies and gestational
exposure that mimic its phenotype (thalidomide, retinoic
acid, and diabetes mellitus)>.

Although external ear anomalies have been des-
cribed in OAVS patients - to the point of being inclusion
criteria - middle and especially inner ear alterations have
received little attention in the literature®!3. Thus, the pur-
pose of this study was to investigate the clinical findings
in a sample of OAVS patients, focusing on ear alterations.

MATERIAL AND METHODS

The sample comprised 12 patients with the OAVS
seen at the Clinical Genetics Unit, UFCSPA/CHSCPA.
The inclusion criteria were alterations in at least two of
the following bodily regions: oro-cranial-facial, ocular,
auricular, and vertebral, according to Stromland et al.’s
criteria (2007)'2. Only patients with normal GTG banded
karyotypes (to exclude patients with chromosomal al-
terations that mimic the OAVS), according to the Yunis
modified technique (198D and in which computed
tomography of the mastoid including middle and inner

ear assessments had been done were included. All pa-
tients belonged to the sample described by Rosa et al.
(2010)%; these authors evaluated the frequency and type
of cardiac anomalies in OAVS patients.

The registries of patients were reviewed to gather
clinical data and the results of diagnostic tests (focusing
on ear anomalies). Fisher’s exact test (bicaudate) was
applied to compare the frequencies were found. The
software was the PEPI program. Values of p<0.05 were
considered statistically significant. The institutional re-
view board approved this study (Opinion no. 581/08 of
25/01/2008).

RESULTS

There were 9 male and 3 female subjects. The ages
at the first visit ranged from 1 day to 17 years (10 were
aged 1 year or less). Most of these patients were referred
from the pediatrics unit (n=7); two others were referred
from the plastic surgery unit, one from the cardiology
unit, one from the otorhinolaryngology unit, and one
from the pediatric surgery unit. Eight subjects had two
of the inclusion criteria, three subjects had three, and
one had four. All subjects had ear anomalies, affecting
the external ear (n= 12), the middle ear (n= 8), and the
inner ear (n= 3). Microtia was the most frequent finding
- it was observed in all cases (ranging from grades I to
IV). It was mostly unilateral, to the left, and grade III.
Four patients had bilateral microtia (33%). The most
common middle ear anomaly was opacification (n= 2),
and displaced (n= 2) and malformed ossicular chains
(n= 2). Agenesis of the inner ear canal (n= 2) was the
most frequent inner ear anomaly. The most common
finding in the temporal bone was a non-aerated mastoid
(n=5). Additional alterations in other organs or systems
consisted of low height (n=4), craniofacial anomalies
(n= 11), ophthalmologic anomalies (n= 2), esophageal/
pulmonary anomalies (n= 6), cardiac anomalies (n= 7),
abdominal anomalies (n= 4), skeletal anomalies (n= 06),
and cerebral anomalies (n= 5) (Figs. 1 and 2; Table 1).

Figure 1. Images showing different grades of microtia in patients of
the study sample: normal ear with preauricular appendage (A); grade |
microtia with preauricular appendages (B); grade Il microtia (C); grade
lii microtia (D), grade IV microtia or anotia (E).
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DISCUSSION

External ear malformations in OAVS patients ran-
ged from slightly dysmorphic to absent ears (or anotia
- the most severe form of microtia)'. The term microtia
literally means “small ear” although in the literature it
applies to small or malformed ears. These ears are often
implanted lower down'”'8. A few authors have suggested

Figure 2. OAVS patient from the study sample (number 12 in Table 1) - that microtia is the minimum form of the OAVS?; microtia

the computed tomography of the mastoid showing right ear anomalies
(opacified middle ear and malformed ossicular chain).

alone or with other minor ear malformations is commonly

Table 1. Clinical findings in OARS patients in our sample

Oculo-auriculo-vertebral spectrum (OAVS) Total

Clinical findings 1 2 3 4 5 6 7 8 9 10 11 12

Sex F F F M M M M M M M M M M-9 / F-3
Ethnic group C M C C C M C C C C C C C-2/ M-2
Age at first visit ly 6m 2m 2d 1d 17y 2d 1m 6d 2m Sy 1m 1d-17y
Stromland et al.’s criteria (2007)11 3 2 3 2 4 2 2 2 2 2 3 2 2-8/ 33/ 4-1
Low height + + + + 4
Craniofacial anomalies + + + + + + + + + + + 11

Facial hypoplasia (asymmetry) L L L L R L-7/R-1
Facial palsy L L L R L-3/R-1
Others + + + + + + + + + 9

Eye anomalies + + 2

Ear anomalies + + + + + + + + + + + + 12

- External ear + + + + + + + + + + + + 12
Preauricular appendages R L R L L-3/R4/B-1
Microtia + + + + + + + + + + + + 12

Grade 1 L B L B L-2/B-2
Grade 11 L L-1
Grade IIT L R L L L L R L-5/ R-2
Grade IV B B-1
Agenesis of the outer ear canal L L L L L L B L L-7/R-1/ B-1
Stenotic outer ear canal L R L-1/R-1
- Middle ear + + + + + + + 8
Opacified middle ear R R R-2
Agenesis of the middle ear B B-1
Hypoplasic tympanic cleft R R-1
Agenesis of the tympanic cleft L L-1
Hypoplasic ossicular chain L L-1
Displaced ossicular chain L B L-1/B-1
Malformed ossicular chain R L-1/R-1
Widened tympanic cavity L L L-2
Decreased tympanic cavity L L-1

- Inner ear + + + 3
Hypoplasic inner ear L L-1
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Agenesis of the inner ear canal B
Altered cochlear morphology

Altered semicircular canals

Temporal bone anomalies +
Non-aerated mastoid L

Lengthened mastoid antrum

Esophageal/lung anomalies +
Congenital cardiopathies + + +
Abdominal anomalies +
Skeletal anomalies +

CNS anomalies +

L L-1/B-1
L L-1
L L-1
+ + + + 5
B B B B L-1/ B4
B B-1
+ + + + + 6
+ + + + 7
+ + + 4
+ + + + + 6
+ + + + 5

M: male; F: female; C: Caucasian; M: mixed color; d: day(s); m: month(s); y: year(s); NA: not applicable; NE: not examined; L: left; R: right; B: bilateral.

viewed as one of the minimal criteria for diagnosing this
syndrome*”*. Thus, as observed in our study (all sub-
jects presented microtia), its frequency is high in OAVS
patients (82 to 100%)7'%171 In the literature, microtia
has been described as being mostly unilateral and to
the right’, which differed from our findings, where a left
incidence predominated. Microtia is usually associated
with the involved side of the face!®!’, as shown on Ta-
ble 1. Occasionally both ears may be involved (18% to
50% of cases)”, as seen in 33% of our study subjects.
Common minor ear anomalies in these patients include
preauricular appendages and pits. The former consist
of skin and cartilage appendages located in any area
between the tragus and the angle of the mouth. The
latter consist of small depressions generally located on
the anterior margin of the ascending portion of the ear
helix'®. Both may be unilateral or bilateral, and have
been described in 53% to 90% of OAVS patients'®'; in
our sample, 8 patients (67%) had these anomalies. Other
external ear alterations were stenosis (usually in mild
cases) and atresia (usually in more severe cases) of the
outer ear canal (Table 1 and Frame 1).

Because the ossicles of the ear develop from
the dorsolateral terminations of the cartilage in the first
(Meckel’s cartilage) and second (Reichert’s cartilage)
branchial arches, anomalies of these structures are of-
ten found in the OAVS. Anomalies in the stapedial and
tympanic tensor muscle suggest that these structures
originate from the first and second branchial arches’. In
our sample, 8 patients (67%) had middle ear anomalies,
which is a similar to previously reported rates (75%)".
The main middle ear anomalies we encountered were
opacification, and displaced or malformed ossicles.

Although external middle ear anomalies are well
known, inner ear alterations are rarely observed; these
anomalies vary widely and range from mild to severe'*3.

Frame 1. Auricular and temporal bone anomalies described
in OAVS patients, according to the literature (Based on Bisdas
et al., 2005'").

- Temporal bone anomalies

Poorly pneumatized mastoid antrum

Enlarged cartilaginous portion of the Eustachian tube lumen and
absence of the cartilaginous lateral lamina of the Eustachian tube

Lengthened mastoid antrum

- Outer ear malformations

Preauricular appendages and pits
Ear anomalies

Atresia/stenosis of the outer ear canal
Undeveloped tympanic membrane

Microtia/anotia

- Middle ear malformations

Incomplete development of the tympanic cavity
Immature and malformed ear ossicles

Absent oval and round window

Absence of the tympanic tensor muscle

Abnormal path of the facial nerve and absence of the chorda
tympani nerve

- Inner ear malformations

Distorted and hypoplasic cochlea
Absence of the cochlear aqueduct

Immature vestibular system and absence/fusion of semicircular
canals

Displaced endolymphatic duct

Widened vestibular aqueduct
Absent/abnormally coursing facial nerve canal
Small, wide, and/or duplicated inner ear canal
Agenesis of the inner ear canal

Duplicated inner ear canal
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The frequency of these anomalies in our sample (25%)
was similar to previously reported rates (27% to 36%)!12,
Inner ear malformations may be agenesis of the inner
ear canal, and altered cochlear and semicircular canal
morphology - as seen in our study sample. Walking late
in children may be associated with malformed vestibular
organs, which may be seen in computed tomography*2.
Inner ear anomalies - in contrast with external and mi-
ddle ear - go beyond the concept of first and second
branchial arch development; in this case a neural crest
cell migration disorder is an added pathogenic factor in
the OAVS’. Stoll et al. (1998)% have suggested that there
are several pathogenic mechanisms causing the OAVS.
Goret-Nicaise et al. (1997)*' have proposed that a defect
in blastogenesis may explain its origin.

As mentioned above, the most frequently reported
ear anomalies in the OAVS are external and middle ear
abnormalities. Thus, secondary conductive hearing loss
predominates in these patients***; the degree of hearing
loss correlates directly with the level of involvement of
structures”'?. However, at times a sensorineural compo-
nent has been observed, which is evidenced by inner
ear malformations®®. Bilateral profound hearing loss
is rare in these patients. As described in the literature,
these hearing losses may cause impaired language
acquisition, because speech and language develop as
hearing matures®.

Surgery is difficult because of the complexity of
this condition and the number of factors that may affect
the outcome of surgical therapy. On the other hand,
hearing loss is generally unilateral in the OAVS; the
majority of patients develop speech, and their level of
hearing enables them to be socially active. However,
patients with bilateral mixed profound hearing loss or
pure sensorineural hearing loss required more advanced
forms of treatment, such as cochlear implants or bone
anchored hearing aids®.

CONCLUSION

Ear anomalies are frequent and varied in OAVS
patients; often there is no correlation among external,
middle, and inner ear findings. Therefore, it is impor-
tant to assess these structures using radiologic methods
(such as computed tomography of the mastoid) when
managing patients with OAVS.
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