
Abstract The aim of this work is to provide a guide

for clinical and genetic diagnosis and classification of

the enlarged vestibular aqueduct syndrome based on a

review of the literature and computerized databases

with the words large and enlarged vestibular aqueduct.

No more than 40 articles described association be-

tween the EVA phenotype and a known genetic

alteration. Pendred’s syndrome, distal renal tubular

acidosis, waardenburg’s syndrome, X-linked congenital

mixed deafness, branchio-oto-renal syndrome, and oto-

facio-cervical syndrome can express their genotypic

alteration as enlarged vestibular aqueduct syndrome.

We also found articles reporting familiar cases of

enlarged vestibular aqueduct with no identified muta-

tions in studied genes.
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Introduction

The association of congenital sensorineural hearing

loss with enlarged vestibular aqueduct (EVA) was

initially determined from histopathologic studies of

inner ear malformations [4]. Radiologic detection of

this anomaly was first described in 1978. In the context

of an investigation to elucidate the anatomical varia-

tions of the endolymphatic sac and its possible associ-

ation with endolymphatic hydrops, Valvassori and

Clemis [25] reported their conventional polytomo-

graphic findings in 50 patients, and named this condi-

tion the ‘‘Large Vestibular Aqueduct Syndrome’’, also

known as enlarged vestibular aqueduct syndrome

(EVAS). Most authors have defined a large vestibular

aqueduct as one greater than 1.5 mm in diameter as

measured midway between the common crus and the

external operculum [12].

Phenotypic expressions associated with EVAS are

heterogeneous; as it can be seen as normal hearing,

total deafness, progressive sensorineural hearing loss,

fluctuating sensorineural hearing loss or sudden sen-

sorineural hearing loss, sometimes subsequent to head

trauma. The syndrome can also include vestibulopathy.

Down-slopping hearing loss is the typical feature in

EVAS. Patients can also present with mid frequency

peak, flat curve, up-slopping, and low frequency with

mixed component audiograms. One third of patients

show a fluctuating loss but approximately 50% have a

stable audiogram [3] (Fig. 1).

Enlarged vestibular aqueduct syndrome can include

the enlargement of the endolymphatic sac (Fig. 2).

Surrounded by a rich network of lymphatic vessels

and fenestrated capillaries, the endolymphatic sac

contains immunocompetent cells, lymphocytes, and

macrophages. The currently available data of the

human endolymphatic sac and its associated cell

populations support the assumption that the epithe-

lium is metabolically active and capable of processing

and presenting antigens to different lymphocyte sub-

populations. It can also produce inmunoglobulines,

J. Á. González-Garcı́a Æ A. Ibáñez Æ
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Rafael Ramı́rez-Camacho Æ Antonio Rodrı́guez Æ
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especially secretory IgA. These findings characterize

the endolymphatic sac as a mucosa-associated lym-

phoid tissue. Other studies provide evidence for a

possible role of the human endolymphatic sac in the

physiopathology of inner ear hereditary deafness and

immune-mediated inner ear disease [10].

Enlarged vestibular aqueduct syndrome is the most

common inner ear anomaly associated with congenital

hearing impairment and it has been associated with

diverse systemic syndromes. In 1997 Tong determined

the familial incidence of EVAS detected by CT and

MR imaging in patients’ relatives, and proposed the

genetic inheritance of EVAS. Based on the pedigrees

of the familial cases, the pattern was most consistent

with autosomal recessive inheritance. Recent advances

in molecular genetic techniques have enabled us to

understand more about the molecular basis of several

genetic syndromes associated with EVAS.

The objective of this review is to carry out an

exhaustive literature search, using the Medline data-

base, to identify relevant publications showing the

different diseases with known responsible genes

whose alterations can present with an EVAS pheno-

type.

Materials and methods

A literature search was conducted using the Medline

and Pubmed databases to identify studies describing

relationships between EVA and syndromic or non-

syndromic diseases genetically identified. Previous
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Fig. 1 Clinical diagnosis of enlarged vestibular aqueduct syndrome
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review of these citations was then conducted to

determine which articles should be analyzed. Refer-

ence lists of relevant articles were reviewed to identify

further studies. Searches were undertaken in Septem-

ber 2005. The initial search was made using Medline.

To limit and also to complete the search the keywords

were linked on ‘‘on-line’’ medical libraries OVID,

Science Direct, Proquest, Springerlink, British Medical

Journals, and the ‘‘Agencia Laı́n Entralgo’’ Virtual

Library.

Results

The keywords ‘‘large vestibular aqueduct’’ or

‘‘enlarged vestibular aqueduct’’ revealed 129 articles.

We have found relationships between EVA and six

different otologic and nonotologic syndromes geneti-

cally identified in 15 articles (excluding the Pendred́s

syndrome articles). Concerning Pendred’s syndrome,

we reviewed our own previously published references

and the most recent works. We found more than fifty

references about description of enlarged vestibular

aqueduct, clinical features, embryological develop-

ment, inheritance and treatment. No more than 40

articles described association between the EVA phe-

notype and a known genetic alteration, most of them

related to Pendred’s syndrome. We also found five

articles reporting familiar cases of EVA with no

identified mutations in studied genes (Table 1).

Discussion

The presence of EVA and enlarged endolymphatic

sac belongs to a heterogeneous group of inner ear

alterations accompanying diverse vestibular and audi-

tory manifestations. Up to date, known physiopatho-

logic mechanisms do not justify the different types of

hearing loss related to the enlargement of vestibular

aqueduct. Although CT and MRI provide excellent

anatomical diagnostic images we are unable to detect

changes inside the membranous labyrinth. Future

investigations directed to study the organ of corti in

patients with EVAS could provide information about

its clinical manifestations. The short number of his-

topathologic studies in this kind of patients is restrict-

ing our knowledge. However, the identification of

the genotype of diseases that present with an EVAS

could make possible a clinical or phenotypic

characterization.

EVA and Pendred’s syndrome

Pendred’s syndrome is an autosomal recessive condi-

tion, in which congenital deafness is associated with

goitre, which accounts for 4–10% of hereditary hearing

loss. Mutations in the SLC26A4 gene, located on

chromosome 7, are responsible for the syndrome. This

gene encodes an 86-kDa protein named ‘pendrin’ (780

amino acids), a member of the SLC26A family of anion

transporters. In addition to the classical Pendred́s

syndrome, mutations in the SLC26A4 gene may also

produce non-syndromic recessive deafness (DFNB4)

[9, 24].

The classical criteria for the diagnosis of Pendred’s

syndrome include profound prelingual deafness, goiter,

and an abnormal result in the perchlorate test because

of the deficient processing of iodide. Other associated

features include inner ear malformations, such as an

enlarged vestibular aqueduct (Fig. 3) and Mondini’s

malformation. However, the clinical features of

Pendred’s Syndrome are quite variable [4].

Everett demonstrated a SCL26A4 expression

throughout the endolymphatic sac and duct, utricle,

and saccule in a mouse model. In different families

with nonsyndromic hearing loss with EVA and nor-

mal perchlorate test, mapping to 7q31was found,

and later, seven mutations have been found in

SLC26A4 [24].

A postulation was made that mutations in SLC26A4

cause both syndromic and nonsyndromic hearing loss.

Mutations in SLC26A4 associated with Pendred́s syn-

drome had complete loss of Pendrin-induced chloride

and iodide transport, while alleles unique to people

with DFNB4 were able to transport both iodide and

chloride, but at a lower rate than wild-type pendrin

[19].

Fig. 2 3-D MRI of an enlarged endolymphatic sac accompany-
ing an enlarged vestibular aqueduct
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EVA and distal renal tubular acidosis (dRTA)

Distal renal tubular acidosis is a disorder characterized

by a defect in urinary acidification accompanied by

various degrees of metabolic acidosis in the absence of

aminoaciduria or glycosuria. The reduced ability to

acidify urine despite systemic metabolic acidosis or

acid loading is due primarily to a defect in hydrogen

ion secretion. Both autosomal dominant and autoso-

mal recessive inheritance of primary dRTA has been

observed. The dominant form is generally milder. The

recessive form of the disease, on the other hand, is a

more severe disorder that usually presents in early

childhood with acute metabolic illness. A down-sloping

sensorineural hearing loss may be present in one third

of cases, with widely variable severity (from mild to

profound) and progressive deterioration [13].

Two loci, ATP6B1, and ATP6N1B, have been

identified as being responsible for recessive dRTA

associated with sensorineural hearing loss. These genes,

localized on chromosome 2, encode the B1 subunit of

hydrogen adenosine triphosphatase (H+-ATPase).

Local expression of H+-ATPase in the inner ear is

required for normal cochlear development and func-

tion. It has been supposed recently that the EVA

associated to dRTA results from an aberrant growth of

the vestibular aqueduct during fetal life and the first 3

or 4 years of postnatal life due to a hydroelectrolytic

imbalance, such as in Pendred’s syndrome [5].

EVA and Waardenburg’s syndrome (WS)

Waardenburg’s syndrome is a genetic disorder of

autosomal dominant inheritance in which congenital

hearing loss is associated with pigmentary disturbances

of the eye, skin, and skin appendages. Heterochromia

irides, white forelock or early greying and congenital

sensorineural hearing loss are some of the major

phenotypic characteristics of the disorder. Waarden-

burg’s syndrome accounts for 2–5% of all congenital

hearing loss and an incidence of 1:40,000 live births.

Various genetic mutations have been identified, such as

Table 1 Syndromic and familiar enlarged vestibular aqueduct

References Syndrome EVA Associated defects Inheritance Year/identified
gene (chromosome)

Type of
affection

UsaMI [24]
Stinckens [19]
Arellano [1]

Pendred’s syndrome + Mondini type
cochlea goitre

AR 1997/PDS (7) [9] Familiar

Karet [13]
Berretini [5]

Distal renal tubular
acidosis

+ (Only AR
form)

Metabolic
renal acidosis.

AD/AR 1999/A1 subunit
H+-ATPase (2) [13]

Familiar

Madden [14] Waardenburg’s
syndrome

+ Heterochromia irides.
White forelock
dystopia cantorum.

AD 1992/PAX3 (2) [23]
1994 MITF (3) [22]

Familiar

Talbot [21]
Arellano [2]

X-linked congenital
mixed deafness

+ Fixation stapedial
footplate.

Gusher.

X-linked 1992/DFN3 (X) [6] Familiar

Ceruti [7]
Stinckens [20]

BOR syndrome + Renal dysplasia
second branquial

arch fistula
auricle malformation.

AD 2001/EYA1 (8) [7] Familiar

Megarba-ne [15] Oto-facio-cervical
syndrome

(BOR-like
syndromes)

+ Branchial defects
ear pits
renal abnormalities

development delay

AR? 2001/EYA1
surrounding

region (8) [8–18]

Sporadic

Griffith [11]
Ramı́rez-Camacho [17]

Familiar EVA + (Isolated) None AR None Familiar

Fig. 3 Axial TC showing enlarged vestibular aqueduct in a
patient affected by the Pendred’s syndrome
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those for WS types 1 and 3 in the PAX3 gene, for WS

type 2 in MITF and for WS type 4 in EDN3, EDNRB,

and SOX10 [22–23].

EVAS has only been demonstrated in patients

affected of WS types 1 and 2. The migration of mela-

nocytes from the neural crest during the eighteenth

gestational week gives rise to the intermediate cells of

the stria vascularis. The failure of melanocyte migra-

tion in WS causes the absence of the intermediate cells,

is associated with atrophy of the stria vascularis and

cochleosaccular degeneration, and is presumed to be

related to the hearing loss.

Madden et al. [14] reported a study of four boys and

three girls with WS types 1 or 2 and hearing loss.

Overall, three of the six children (50%) had enlarged

vestibular aqueducts on their temporal bone CT scans.

These findings broaden the pathophysiologic scope in

this disorder, ranging from anomalies at a cochleosac-

cular level to abnormalities of the temporal bone

development, as seen on CT scans.

EVA and X-linked congenital mixed deafness

The association of congenital X-linked mixed hearing

loss, fixed stapes footplate and stapedectomy gusher

(XDFG) was reported in 1968. The syndrome is

transmitted as an X-linked trait. A fistulous connection

between the internal auditory canal and the perilym-

phatic space of the scala vestibuli was proposed as the

cause for perilymphatic gusher following a disturbance

of the stapes footplate [16]. Talbot and Wilson [21]

presented three cases of enlarged vestibular aqueduct

and the XDFG complex in 1994, after the location of

the responsible gene had been mapped to the Xq21

location of the X chromosome [6], later named DFN3.

DFN3 type hearing loss constitutes approximately 50%

of sex-linked nonsyndromic deafness. The gene

POU3F4 encodes a transcription factor that is

expressed during embryonic development in the otic

capsule and point mutations in this gene are responsi-

ble for about half of familiar DFN3 cases. Arellano

et al. [2] also described a familiar case of DFN3 type

deafness keeping POU3F4 intact, suggesting that the

Xq21 region contains another deafness gene or a reg-

ulatory element that controls the expression of

POU3F4. In this family, phenotypic characterization

depended on the patient’s sex.

EVA and branchio-oto-renal syndrome (BOR)

Branchio-oto-renal syndrome has an autosomal domi-

nant pattern of inheritance. Main features are slight

malformation of the auricles, preauricular sinuses,

hearing loss, branchiogenic cervical fistulas of the sec-

ond branchial arch and renal dysplasia. Penetrance of

the disease is almost totally complete, but expression of

the symptoms varies, particularly the severity of the

hearing loss and renal abnormalities. Hearing loss can

be of the conductive, mixed or sensorineural type.

Hypoplasia of the cochlea has been demonstrated

histologically and radiologically. A widened vestibular

aqueduct has been described after histological and

radiological examination. The BOR syndrome gene is

EYA1, which lies on 8q13.3. The BOR syndrome is

genetically and clinically different from similar

branchiogenic syndromes, which are not linked to the

EYA1-locus [20]. Large vestibular aqueduct has been

reported in patients with the BOR syndrome. This

finding, when bilateral, implies progression of hearing

loss on serial audiograms, which may have been

explained by a large vestibular aqueduct [7].

EVA and BOR-like syndromes

Some clinical syndromes are incomplete or similar

forms of branchio-oto-renal syndrome. Recently Est-

efanı́a et al. [8] and Rickard et al. [18] have identified

new deletions of the EYA 1 gene and surrounding

region in patients with complex phenotypes involving

features of BOR syndrome and multiple malforma-

tions that led to the diagnosis of oto-facio-cervical

dysplasia. Megarbane et al. [15] described an oto-facial

syndrome with delay of development and middle ear

malformations associated with enlargement of the

vestibular aqueduct.

Familiar EVA

Some authors [11] have observed families with con-

genital sensorineural hearing loss and isolated enlarged

vestibular aqueduct. They proposed an autosomal

recessive pattern of inheritance, but no molecular

investigation was carried out. In 2003 a family with

isolated unilateral familial EVA was presented.

Mutations in genes GJB2 (conexin 26 gene), mito-

chondrial 12sRNA and PDS gene were studied without

positive results. In this family, there was a special

characteristic consisting of a unilateral EVA in all

members, suggesting that the genetic alteration is

transformed to phenotypic expression in one ear

because of the hypothetical existence of genes that

regulate bilateral development of paired organs. All

previous reports of familial EVAS described it as

bilateral [17].
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Conclusions

The knowledge of Enlarged Vestibular Aqueduct

genotypic localization could make possible a pheno-

typic characterization. The mechanism of hearing loss

is unclear but further histopathologic, metabolic

immunity and genetic investigations of the temporal

bone and the endolymphatic sac could apply informa-

tion about this topic.
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