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ORIGINAL RESEARCH
PEDIATRICS

Cranial Nerve Abnormalities in Oculo-Auriculo-Vertebral
Spectrum

R. Manara, D. Brotto, S. Ghiselli, R. Mardari, I. Toldo, G. Schifano, E. Cantone, R. Bovo, and A. Martini

ABSTRACT

BACKGROUND AND PURPOSE: Cranial nerve abnormalities might be observed in hemifacial microsomia and microtia (oculo-auriculo-
vertebral spectrum), but the rate, features, and relationship with functional impairment or phenotype severity have not yet been defined.
This study aimed at investigating absence/asymmetry, abnormal origin, morphology and course of cranial nerves, and presence/asymme-
try of the foramen ovale and inferior alveolar nerve canal in a cohort of oculo-auriculo-vertebral spectrum patients.

MATERIALS AND METHODS: Twenty-nine patients with oculo-auriculo-vertebral spectrum (mean age, 7 years; age range, 0.2–31 years; 12
females) underwent brain MR imaging, CT, and neurologic evaluation; 19 patients had a more severe phenotype (Goldenhar syndrome).

RESULTS: Cranial nerve abnormalities were detected only in patients with Goldenhar syndrome (17/19, bilaterally in 8) and were involved
the second (4/19), third (1/18), fifth (11/19), sixth (8/16), seventh (11/18), and eighth (8/18) cranial nerves. Multiple cranial nerve abnormalities
were common (11/17). Eleven patients showed bone foramina abnormalities. Trigeminal and facial nerve dysfunctions were common (44%
and 58%, respectively), especially in patients with Goldenhar syndrome. Trigeminal abnormalities showed a good correlation with ipsilat-
eral dysfunction (P � .018), which further increased when bone foramina abnormalities were included. The facial nerve showed a trend
toward correlation with ipsilateral dysfunction (P � .081). Diplopia was found only in patients with Goldenhar syndrome and was associated
with third and sixth cranial nerve abnormalities (P � .006).

CONCLUSIONS: Among patients with oculo-auriculo-vertebral spectrum, cranial nerve morphologic abnormalities are common, corre-
late with phenotype severity, and often entail a functional impairment. The spectrum of cranial nerve abnormalities appears wider than
simple hypo-/aplasia and includes an anomalous cisternal course and partial/complete fusion of diverse cranial nerves.

ABBREVIATIONS: CN � cranial nerve; OAVS � oculo-auriculo-vertebral spectrum

Oculo-auriculo-vertebral spectrum (OAVS) (Online Mende-

lian Inheritance in Man, 164210)1 is a rare heterogeneous

congenital condition (incidence, 1:3500 –5600 live births; male/

female ratio, 3:2),2-4 in which the head structures originating

from the first and second pharyngeal arches are incompletely de-

veloped on 1 (85% of cases) or both sides.3,5 The disease mostly

results in ear (microtia) and jaw (hemifacial microsomia) abnor-

malities (On-line Fig 1). Nonetheless, the abnormality spectrum

might be fairly wide, from mild external and medium ear involve-

ment or isolated facial asymmetry to anotia with complex facial

deformity. The most severe cases also present with eye or spine

involvement and are known as Goldenhar syndrome from the

French ophthalmologist who first described the syndrome in

1952.6 Familial history suggestive of both autosomal recessive and

dominant inheritance has been reported, and genes on chromo-

somes 5, 12, 14, and 22 have been implicated.7-10 However, most

cases of OAVS are sporadic and without a known etiology. Ab-

normal embryonic vascular supply,11 hematomas, and drug use

during the early phases of gestation have been reported to cause

the disruption of mesodermal migration, leading to defective for-

mation of bone and soft-tissue structures.12

Most interesting, a few case reports and small series studies

have shown a concomitant impairment of cranial nerves

(CNs),13-26 highlighting the possible involvement of neural struc-
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tures in OAVS and addressing its potentially relevant clinical im-

pact. To date, the underlying anatomic and structural CN abnor-

malities have been poorly investigated because the available data

rely on anecdotal postmortem examination17 or neuroimaging

findings.19 Additionally, the overall frequency of CN abnormali-

ties, their association with CN dysfunction, and the relationship

with the OAVS phenotype severity have not yet been defined, to

our knowledge.

In the past few years, MR imaging has become a powerful tool

for investigating in vivo the cisternal segment of the CNs. With

routinely available 1.5T MR imaging scanners and dedicated

high-resolution sequences, it is possible to verify the presence and

characterize the morphology, diameter, and cisternal course of

most CNs. CN MR imaging evaluation has, therefore, become

helpful for diagnosing several conditions such as Kallmann syn-

drome, optic neuritis, septo-optic dysplasia, neurovascular con-

flicts, and so forth. Moreover, the evaluation of the intrameatal

branches of CN VIII is included in the diagnostic work-up of

implant planning in patients with congenital profound hearing

loss. Besides, because skull base foramina and bone canal devel-

opment is induced by the presence of the corresponding CN

branch,27 CN abnormalities might be also indirectly inferred by

bone CT. Absence or hypoplasia/stenosis of the facial canal, inter-

nal acoustic canal, foramina ovalia and rotundum, hypoglossal

canal, or inferior alveolar canal might indicate hypoplasia or apla-

sia of the relative nerves and branches.

Therefore, MR imaging and CT might help to detect or raise

the suspicion of morphologic CN abnormalities providing rel-

evant information, especially when the CN impairment is dif-

ficult to evaluate due to early age, concomitant facial bone and

soft-tissue asymmetry, or poor compliance of patients with

OAVS.

The present study aims at investigating, in patients with

OAVS, the rate of CN abnormalities, the type (eg, agenesia, hypo-

plasia, abnormal origin, or cisternal course), the association with

functional impairment, and the side of hemifacial microsomia as

well as the relationship with the phenotype severity.

MATERIALS AND METHODS
Subjects
Twenty-nine patients (mean age, 7 years; age range, 0.2–31 years;

12 females) with hemifacial microsomia and microtia were con-

sidered (On-line Table 1). Nineteen patients (mean age, 7.7 years;

age range, 0.2–31 years; 9 females) also presented with ocular or

cervical vertebral abnormalities and fulfilled the diagnostic crite-

ria for Goldenhar syndrome (abnormalities involving the face,

ear, eye, and/or cervical vertebrae).

The phenotypic spectrum of patients with OAVS is presented

in On-line Table 2.

Neuroimaging
All except 1 patient underwent 1.5T MR imaging; 3 patients un-

derwent MR imaging in other centers, but the image quality was

considered appropriate for the study purposes. Our hospital MR

imaging study protocol (Achieva 1.5T; Philips Healthcare, Best,

the Netherland) included the following: 1) high-resolution T2-

weighted imaging for the visualization of CNs (driven equilib-

rium sequence; TR, 1500 ms; TE, 250 ms; FOV, 130 mm; voxel-

size, 0.6 � 0.6 � 0.6 mm) covering the whole brain stem; 2)

high-resolution volumetric T1-weighted imaging (TR, 20 ms; TE,

5.8 ms; voxel-size, 0.66 � 0.66 � 1 mm) covering the whole brain.

From both sequences, multiplanar reconstructions were gener-

ated along the 3 orthogonal planes. Contrast medium was never

administered. The entire MR imaging examination lasted approx-

imately 20 –25 minutes. Patients younger than 5 years of age re-

quired sedation, except for some infants who underwent the ex-

aminations without sedation.

At MR imaging, the neuroradiologists assessed the presence/

absence of the CNs, their side-to-side diameter asymmetry on

images orthogonal to their cisternal course, any anomaly regard-

ing the origin from the brain stem, the morphology, and the cis-

ternal course.

In this study, the evaluation was mostly based on T1-weighted

images for CNs I–II and on T2-weighted images for CNs III–XI.

The ninth and twelfth CN cisternal course is inconstantly recog-

nizable at 1.5T imaging, especially because these CNs are thin and

there are several small vessels running in the same cisternal space;

therefore, these nerves were not considered in the study. Regard-

ing the inferior CNs, the ninth-through-eleventh CN origin to-

gether with several roots from the retro-olivary sulcus, the num-

ber of roots might vary from subject to subject, thus usually

making it impossible to recognize which root belongs to a specific

nerve (except for the most cranial root that certainly belongs to

CN IX).

All patients with OAVS had petrous bone or head CT. The

study protocol varied greatly because several examinations were

performed in other centers or in our center with different scan-

ners; section thickness was �1 mm (0.6 mm in 26 cases) with

subsequent 3D multiplanar reconstructions. Examinations

were not repeated in patients with CT performed in different

centers unless required for clinical or surgery management,

even though in some cases not all bone structures were evalu-

able. In particular, CT allowed the assessment of the foramen

ovale and the inferior alveolar bone canal in 25/29 and 19/29

patients, respectively.

CT evaluation focused on the internal, middle, or external ear

abnormalities and the presence and symmetry of the foramen

ovale and the inferior alveolar bone canal. Neuroradiologists as-

sessed the presence/absence and the side-to-side asymmetry of the

above-mentioned bone foramina.

Clinical information about the third-through-seventh CN

function was obtained by the pediatrician or the family doctor of

20/29 patients. In addition, the presence of anisocoria, diplopia,

facial hypoesthesia (including corneal reflex), and masticatory

muscle and upper and lower facial muscle weakness was assessed

by neurologic evaluation. Visual and hearing abnormalities were

obtained for all patients from clinical records.

All MRI and CT was evaluated in consensus by 2 experienced

neuroradiologists (R.Manera, R.Mardari), blinded to the pa-

tients’ clinical findings.

The study protocol was approved by our ethics committee,

and all patients or parents of children gave written informed

consent.
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Statistical Analysis
Study data were analyzed by the Fisher exact test; statistical signif-

icance was set at P � .05.

RESULTS
Findings on CNs and bone foramina are shown in On-line Table

3. In particular, 17/29 (59%) patients presented with intracranial

CN abnormalities, and 11 patients showed abnormalities of the

bone foramina of the trigeminal branches (foramen ovale, infe-

rior alveolar nerve bone canal). Two patients presented with iso-

lated bone foramen abnormalities without CN abnormalities at

MR imaging, and 2 patients had abnormalities of the foramina

without ipsilateral trigeminal nerve abnormalities. Among the 19

patients with intracranial or distal CN involvement (27 sides, 8

patients had bilateral CN involvement), the abnormalities were

ipsilateral to facial microsomia in 23/27 cases; in 3/4 of the re-

maining patients, the CN abnormalities were bilateral, despite

unilateral facial microsomia.

The trigeminal nerve (Fig 1) was the most frequently involved

(11 patients, bilaterally in 5), followed by CN VII (11 subjects,

bilaterally in 3) and CNs VI and VIII (8 patients, bilaterally in 3

and 2, respectively). MR imaging disclosed CN III hypoplasia in 1

patient. Five patients had micro- or anophthalmia; 4 had ipsilat-

eral optic nerve hypoplasia; and in 1, the optic nerves were not

evaluable. Among patients with globe abnormalities, only 1 had

CN III and VI ipsilateral abnormalities, while in 1 patient, these

CNs were not evaluable. No morphologic abnormalities of the

lower CNs were found. Multiple CN abnormalities (up to 7

CNs) were found in most (11/17) patients. Among the 9 pa-

tients with foramen ovale hypo-/aplasia, 2 had normal trigem-

inal nerves at MR imaging; among the 8 patients with alveolar

nerve bone canal hypo-/aplasia, 3 had a normal trigeminal

nerve at MR imaging (On-line Fig 2). If we considered the 16

abnormal trigeminal nerves, 8 had ipsilateral bone foramina

abnormalities (in all, the foramen ovale was abnormal; 5 had

inferior alveolar bone canal abnormalities, while in 3, the in-

ferior alveolar bone was not evaluable); 6 did not have ipsilat-

eral bone foramina abnormalities; and in 2, CT did not allow

foramina evaluation. Among the 9 patients with foramina ova-

lia abnormalities (1 patient had no foramina ovalia bilaterally),

the ipsilateral inferior alveolar bone canal was abnormal in 6

cases, normal in 1, and not evaluable in 3.

In our cohort, CN abnormalities at MR imaging were found

only in patients with Goldenhar syndrome (17/19), while no pa-

tient with a mild phenotype (0/10) presented with abnormal CNs

(P � .000). The association with the Goldenhar phenotype per-

sisted when considering the trigeminal nerve abnormalities, ei-

ther without (11/18 versus 0/10, P � .002) or with foramen

anomalies, consistent with involvement of trigeminal branches

(13/18 versus 1/10, P � .004). Similarly, the sixth, seventh, and

eighth CN abnormalities were significantly associated with the

Goldenhar phenotype compared with patients with the mild phe-

notype (8/16 versus 0/10, P � .009; 11/17 versus 0/10, P � .001;

and 8/18 versus 0/10, P � .025, respectively).

Considering that some CN evaluations were not reliable be-

cause of patient age, compliance, or concomitant severe facial

asymmetry among the 20 patients (11 with Goldenhar pheno-

type) in whom the functional evaluation was performed, facial

nerve and trigeminal dysfunctions were found in 11/19 and 7/16

patients, respectively. Facial nerve and trigeminal dysfunctions

were significantly more frequent in patients with Goldenhar syn-

drome (9/10 with Goldenhar phenotype versus 2/9 with mild phe-

notype, P � .0054; and 6/8 with Goldenhar phenotype versus 1/8

with mild phenotype, P � .041, respectively). Oculomotor dys-

function was found in 4 patients (2 patients were not considered

due to anophthalmia, which hampered the evaluation of oculo-

motor function), all with Goldenhar syndrome, showing a trend

of association with the phenotype (4/9 with Goldenhar phenotype

versus 0/9 with mild phenotype, P � .082).

MR imaging of 1 patient with trigeminal dysfunction ipsilat-

eral to hemifacial microsomia was not reliably evaluable for CN V.

Among the remaining 15 patients with trigeminal function eval-

uation (30 trigeminal nerves), 5 had trigeminal nerve morpho-

logic abnormalities (2 bilaterally, ie, 7 abnormal trigeminal

nerves). Trigeminal dysfunction was associated with ipsilateral

trigeminal nerve morphologic abnormalities (4/7 versus 2/23,

P � . 016). Of the 2 patients with no trigeminal nerve morpho-

logic abnormalities but with trigeminal nerve dysfunction, the

inferior alveolar nerve bone canal was absent in 1 patient and not

evaluable in the other.

FIG 1. A–C, Axial T2-weighted images of 3 different patients with Goldenhar syndrome. A, The absence of the right trigeminal nerve. B, The
absence of the left trigeminal nerve. C, The relative hypoplasia of the left trigeminal nerve (arrowhead). D, Coronal multiplanar reconstruction
image, obtained from the same patient as in C, shows the different diameters of the trigeminal nerves (arrow and arrowhead).
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Among the 18 patients (36 sides) with functional oculomotor

evaluation, 4 had morphologic CN VI abnormalities (bilaterally

in 2, ie, 6 abnormal abducens nerves). Oculomotor dysfunction

(bilateral in 1 patient, unilateral in 3) was associated with ipsilat-

eral CN VI morphologic abnormalities (3/6 versus 2/30, P �

.024).

Finally, 1 patient with Goldenhar syndrome underwent mul-

tiple facial surgeries, and facial function was, therefore, not reli-

ably evaluable. Among the remaining 19 patients (38 sides), 6 had

morphologic CN VII abnormalities (bilateral in 2). Facial nerve

dysfunction (bilateral in 2 patients, unilateral in 9) showed a trend

toward association with ipsilateral nerve abnormalities (5/8 ver-

sus 8/30, P � .081).

DISCUSSION
This neuroradiologic study showed the strikingly common in-

volvement of CNs among patients with oculo-auriculo-vertebral

spectrum, especially among those presenting with the more severe

phenotype (Goldenhar syndrome). In our series, at MR imaging,

17/29 patients (59%) displayed 57 abnormal CNs ranging from

hypoplasia/aplasia to protean morphologic abnormalities; more-

over, at CT, 4 patients showed isolated hypoplasia of the foramen

ovale and/or of the inferior alveolar nerve bone canal, consistent

with trigeminal branch hypo-/aplasia, thus disclosing also a pos-

sible distal CN involvement.

CN involvement in OAVS has been previously clinically and

radiologically described in case reports or small series studies.13-26

In 1975, a pathologic study on a child affected with Goldenhar

syndrome17 showed the absence of the cisternal portion of the

right trigeminal nerve along with the absence of its intra-axial

nuclei, providing direct evidence of CN and central nervous sys-

tem involvement in patients with OAVS. Moreover, because skull

base foramina development is influenced by the existence of the

corresponding CN branches,27 CN abnormalities might be also be

indirectly inferred by skull evaluation. The presence of hypoplas-

tic and deformed foramina ovalia and rotundum in a paleopatho-

logic case affected with Goldenhar syndrome28 seems to confirm

the possible concomitant distal involvement of the trigeminal

branches (S. Panzer, MD, personal e-mail communication, Janu-

ary 1, 2013). Similar evaluation can be performed by CT, which

allows the precise visualization of the bone foramina. In the pres-

ent study, 11/26 (42%) patients with OAVS with adequate bone

CT showed foramina abnormalities, suggesting that the distal in-

volvement of the trigeminal branches is not uncommon.

In the past few years, MR imaging has provided high-resolu-

tion images suitable for the evaluation in vivo of the CNs, espe-

cially at the cisternal portion, thus contributing, in some cases, to

the explanation of their absent or impaired function.29,30 Al-

though CNs IV and XII might be inconstantly recognizable at

1.5T and CNs IX–XI appear as an indistinguishable group of roots

originating from the retro-olivary sulcus, MR imaging reliably

assesses the absence or the relative hypoplasia of the remaining

CNs. Thus, MR imaging has become a cornerstone in the diag-

nostic work-up of children with profound congenital deafness,

helping in cochlear or brain stem implantation decision-mak-

ing.31 In fact, the absence of the cisternal segment of the eighth

CN or the intrameatal absence of the cochlear nerve is considered,

to date, a major contraindication to cochlear implantation.

At MR imaging, besides CN aplasia (absence of the cisternal

segment) or hypoplasia (significant side-to-side asymmetry of the

nerve diameter), in our study population, we recognized protean

morphologic changes never reported in previous publications.

One patient showed a nodular thickening of the fifth CN close to

its origin (On-line Fig 3). Because the distal part of the nerve was

recognizable and the mass diagnosis could not be supported by

histology, this patient with Goldenhar syndrome was, as a precau-

tion, not included among those with CN abnormalities. In some

patients, a single nerve was rooted from the brain stem and was

divided subsequently into different CNs. In 2 patients, for exam-

ple, we did not detect the cisternal portion of the facial nerve

concomitant to an enlarged ipsilateral trigeminal nerve and par-

tially preserved facial nerve function. While direct pathologic ev-

idence was not available, these cases likely represent the abnormal

fusion of the cisternal segments of the facial and trigeminal

nerves. Indeed, in one of these cases, an abnormal facial bone

canal/internal acoustic meatus seemed to be recognizable close to

the site where the abnormal CN V reached the upper surface of the

petrous bone apex (Fig 2). Similarly, in 2 patients, there was only

1 CN in the internal acoustic meatus, a condition that is consid-

FIG 2. Brain MR imaging. A, Contiguous T2-weighted axial images show the common origin of the left fifth and seventh/eighth cranial nerves
from the anterior profile of the middle cerebellar peduncle (arrow). The common trunk runs in the cisternal space and subdivides into 2 nerves
entering the Meckel cave (asterisk) and, slightly caudally, the internal acoustic meatus (arrowheads). B, Oblique multiplanar reconstruction
shows the common nerve origin and the subsequent subdivision.
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ered indicative of a preserved facial nerve with CN VIII aplasia31;

nonetheless, both patients had partially preserved auditory func-

tion. The presence of nerve fibers within a different nerve or nerve

branch has been suggested in some cases in which the absence of

the cochlear nerve did not correspond to a complete loss of hear-

ing function.32 Therefore, these cases seem to increase the body of

evidence against the “dogmatic” indication toward auditory brain

stem implantation whenever cranial VIII or the cochlear nerves

are missing at MR imaging investigation,33 unless concomitant

and coherent functional data are obtained.

In the current study, anomalies of CN II were not further

considered because hypoplasia of the optic nerve was the rule

when the patients presented with microphthalmia or anophthal-

mia. In contrast, abnormalities of the nerves that control eye

movements did not correlate with abnormal eye development.

Globe abnormalities were not significantly more frequent among

patients with CN III or VI abnormalities (2/8 versus 3/18); this

finding confirms that eye and oculomotor apparatus follow dif-

ferent development pathways. From a functional point of view,

the association between Goldenhar syndrome and extrinsic ocu-

lar-movement impairment has been frequently noted. Duane

syndrome type I has been reported in patients with Goldenhar

syndrome.15,20-26 Among our patients with functional evaluation,

4/18 had oculomotor impairment (all Goldenhar phenotypes),

while 8/28 with MR imaging evaluation presented with CN III or

VI abnormalities. Considering that this study did not evaluate CN

IV morphologic abnormalities and that hypoplasia of CN VI is

difficult to ascertain because the nerve is very thin, our data con-

firm the frequent involvement of the oculomotor nerves in OAVS

and explain the frequent oculomotor impairment in these pa-

tients. On the other hand, the recurrent observation of preserved

oculomotor function despite CN VI aplasia seems to support the

hypothesis that nerve fibers might run along alternative routes to

innervate the extrinsic ocular muscles.

From a pathogenic point of view, involvement of the CNs in

OAVS is likely due to the common embryologic origin of facial

bones, soft tissues, and peripheral neural structures from the first

and second pharyngeal arches. These structures are contiguous to

the corresponding neural crests and central nervous system struc-

tures. Whatever the nature of the lesion leading to OAVS (isch-

emic, hemorrhagic, infectious, and so forth), CN development

might be concomitantly affected: In fact, most CN abnormalities

were ipsilateral to facial abnormalities. On the other hand, in our

cohort, a few patients showed bilateral CN involvement despite

unilateral facial involvement. This observation suggests that neu-

ral structures in OAVS might be even more vulnerable than con-

tiguous bone and soft tissues or that the clinical evaluation of

microsomia (which is based on side-to-side comparison) might

be less sensitive than the neuroradiologic or functional evaluation

of the CNs.

Notably, the present study showed a strong association be-

tween Goldenhar phenotype (severe cases among the OAVS) and

CN involvement. This might appear obvious because among the

OAVS, Goldenhar syndrome criteria imply a more extensive in-

volvement (facial and auricular involvement plus ocular or verte-

bral involvement). Nonetheless, we did not find within the Gold-

enhar subgroup an association between the number of fulfilled

criteria and the number of involved CNs. Patients with Goldenhar

syndrome with both ocular and vertebral involvement did not

show an increased number of abnormal CNs compared with pa-

tients with Goldenhar syndrome with isolated ocular or vertebral

involvement. A likely explanation is that the inclusion criteria for

Goldenhar syndrome do not take into account the severity of

ocular or vertebral abnormalities. Besides anophthalmia and mi-

crophthalmia, coloboma, epibulbar dermoid, or even epicanthus

are considered among the inclusion criteria for ocular involve-

ment in Goldenhar syndrome, though their clinical impact and

severity are clearly different.

The clinical impact of CN abnormalities in patients with

OAVS has been underlined in previous studies13-26; the present

study on a relatively large sample shows that MR imaging and CT

might provide the explanation of nerve impairment. Moreover,

because neonates and infants might be difficult to evaluate and

CN dysfunction might imply serious complications (eg, corneal

lesions or abnormal masticatory dynamic), neuroimaging-fo-

cused evaluation might help when CN impairment is suspected in

the early phases of the life of a patient with OAVS, thus helping to

prevent irreversible damage. For this purpose, MR imaging is cer-

tainly the preferred tool, but in some cases, the evaluation of the

foramen ovale and the inferior alveolar nerve bone canal might

disclose CN abnormalities, even when the cisternal portion of the

trigeminal nerve appears normal.

CONCLUSIONS
This study showed the following: 1) the frequent involvement of

CNs in patients with OAVS spectrum, 2) the strong association

between CN abnormalities and the Goldenhar phenotype, and 3)

the association between CN abnormalities and functional impair-

ment. Moreover, our findings widened the spectrum of CN ab-

normalities that is not limited to hypo-/aplasia but includes the

anomalous course of the cisternal segment and the partial or com-

plete fusion of �2 CNs. Further studies are warranted to investi-

gate the possible role of genetics in the OAVS and the coexistence

of brain, internal carotid artery, and inner ear involvement, which

will probably help in understanding the likely pathogenesis of this

condition.
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