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Clinical observations supplemented with imaging examination show that the large 
vestibular aqueduct syndrome (LVAS) is a rare developmental anomaly of the inner 
ear, which leads to hearing loss. The authors present a case history, results of im-
aging examination (high resolution CT, MRI), results of hearing acuity examinations 
(tonal audiometry, otoacoustic emissions, brainstem auditory evoked potentials) 
and results of balance examinations (videonystagmography) in an 11-year-old boy 
suffering from deep mixed progressive hearing loss of the right ear due to head 
trauma. The aim of this paper is to specify the most typical clinical, radiological 
and anatomopathological manifestations of this pathology of the inner ear. The 
authors describe the diagnostic and identification difficulties associated with the 
mixed hearing loss observed in this case. The article also discusses the child’s 
activity limitations, which should be taken into account once diagnosis of this 
rare labyrinthine pathology is established. (Folia Morphol 2015; 74, 2: 265–271)
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INTRODUCTION
Large vestibular aqueduct syndrome (LVAS) is 

characterised by sensorineural hearing loss caused 
by a malformation of the structures of the inner ear. 
This is one of the most frequent anomalies of the 
inner ear, leading to hearing loss in childhood [5, 15, 
41, 42, 46]. LVAS was first described in 1791 by Carolo 
Mondini [32] after he carried out a postmortem exam-
ination of a temporal bone in a child with congenital 
deafness. The vestibular aqueduct is a small osseous 
canal running between the vestibule of the inner ear 
and the posterior cranial fossa. Inside this canal there 
is an endolymph duct connecting the elements of 
the membranous labyrinth with the endolymphatic 
sac located between the laminas of the dura, at the  

posterior surface of the petrous pyramid [4, 13, 24, 49].  
The function of the canal and the endolymphatic 
sac has not yet been fully explained. However, it is  
believed that they maintain a proper composition, vol-
ume and osmolality of the fluids in the inner ear [27].  
The diameter of the vestibular aqueduct in a healthy  
person is 0.4–1 mm [12, 28, 49], while in patients  
with LVAS it is at least two times higher (> 1.5 mm)  
(Fig. 1) [45, 47]. 

The beginning of the vestibular aqueduct and sac 
development falls at the end of 4-th week of foetal 
life. The endolymphatic duct system originates from 
the dorsomedial part of the auditory vesicle. It invagi-
nates on the medial wall of the labyrinth with its final 
extension — endolymphatic sac. The endolymphatic 
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sac has been reported to continue develop to 3 or  
4 years of age [6, 10, 21, 30]. Thus, the LVAS is  
a congenital defect and this is why it usually affects 
children. However, there are cases of adult onset of 
symptoms of this syndrome [48]. The prevalence of 
LVAS amounts to 5–15% in children with perceptive 
hearing loss [28, 33, 41]. It is typically manifested by 
uni- or bilateral hearing loss of a mixed or sensorineu-
ral type. Hearing loss usually appears suddenly, and 
the factors that trigger it include: head injury (fall, 
strike with a ball), physical exertion, sudden change 
of pressure (for example during flying a plane) or 
infection of upper airways [3, 12, 14, 22, 34]. Air-
bone gap in patients with LVAS can be erroneously 
interpreted as a disturbance of ventilation of the 
inner ear or stiffening of the ossicular chain, having 
a similar clinical course to otosclerosis. Decreased 
mobility of the stapes in these patients is actually 
caused by excessive pressure of the perilymph [15]. 
Another important symptom of LVAS is vertigo. In 
children it is described as coordination disturbances 
and instability. Its prevalence is estimated at 30% of 
cases [17, 22, 35, 38]. LVAS in adults rarely causes 
vertigo. Diagnosis of LVAS is made based on imaging 
examinations of the inner ear: computer tomography 
(CT) and magnetic resonance imaging (MRI) [2, 7,  
25, 40]. Assessment of vestibular aqueduct using MRI is  
more efficient and gives fewer falsely negative results 
compared to CT [11, 20, 37]. So far, no method of 
effective treatment of LVAS has been discovered. 

Some authors recommend treatment with steroids, 
but there are no clinical trial results to convincingly 
confirm its effectiveness [18]. There are reports of 
hyperbaric oxygen therapy application [43]. There 
have been attempts to treat this defect of the inner 
ear with surgical methods, for example by drainage 
of the endolymphatic sac, but they turned out to be 
ineffective [22]. In case of fluctuating or progressive 
hearing loss, one of the possible solutions is providing 
the patient with a hearing aid. If the illness leads to 
bilateral deafness, the only effective method of treat-
ment is the cochlear implant [9, 19]. During cochlear 
implantation in patients with LVAS it should be taken 
into account that an intensive outflow of perilymph 
can be encountered after cochleostomy (gusher) [23, 
44]. It is crucial for the therapy to inform the patient 
that it is necessary that he or she avoids head inju-
ries and contact sports (football, hockey, wrestling, 
martial arts, skate board jumping, etc.) [8, 26]. LVAS 
can occur in isolation, in complexes of defects such 
as Pendred syndrome, branchio-oto-renal syndrome, 
or can even be familial (therefore in some patients 
genetic consultation is recommended) [1, 16, 36, 50].

CASE REPORT
The 11-year-old boy was referred to the Audiolog-

ical Outpatient Department of the University Clinical 
Centre by a paediatrician due to hearing loss in the 
right ear. According to the boy’s mother, 13 months 
earlier the child suffered from head injury resulting 
from a fall from 2.5 m when the boy was playing 
(fall from the roof of a garage onto a hard surface). 
After the accident the child was not examined in any 
medical entity, had a bruising of the right shoulder 
and head in the right fronto-temporal area and did 
not complain of any problems with hearing. After  
4 months the boy started complaining of hearing loss 
in the right ear which appeared suddenly after he got 
up from bed. There was no concomitant tinnitus or 
dizziness. The mother reported to a company offer-
ing hearing aids, where tonal audiometry revealed 
a typical conductive hearing loss in the right, type B 
tympanometry and lack of the right stapedial mus-
cle reflex. Moreover, low-tone conductive hearing 
loss of the left ear was diagnosed of a mild degree. 
Examination of hearing was repeated after a month 
in a district otolaryngological department. It showed 
closure of air-bone gap for frequency 0.125–1 kHz 
and lack of improvement of hearing at frequency 
2–8 kHz in the right ear with a normal curve for bone 

Figure 1. Posterior surface of the left petrous pyramid. Size of  
a normal vestibular system is marked in blue. Dilated fluid areas of 
the endolymphatic duct and endolymphatic sac is marked in red; 
SSD — superior semicircular duct; LSD — lateral semicircular duct; 
PSD — posterior semicircular duct; U — utricle; S — saccule;  
IAC — internal auditory canal; JF — jugular foramen;  
LVA — large vestibular aqueduct.
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conduction. Normal result of the tympanometric ex-
amination was observed (however there were still no 
reflex from the right stapedial muscle) and a decrease 
of conductive low-tone hearing loss in the left ear. 
The child was treated conservatively with intrana-
sal steroids but with no subjective improvement of 
hearing. After another 4 months the mother ordered  
a second tonal audiometry in a different company on 
her own initiative. The examination revealed presence 
of moderately severe mixed hearing loss and low-tone 
hearing loss of the left ear (bone conduction curve 
examination was not carried out). The child was re-
ferred to the audiological outpatient department of 
the district military hospital. The tonal audiometry 
performed in the hospital again showed a typical 
conductive hearing loss of moderate severity of the 
right ear and mild hearing loss of the left ear. The MRI 
was performed and bilateral widening of the vestibu-
lar aqueduct was found, manifested as cystic lesions 
in a typical location, to 3.7 mm at the right side and 
3.2 mm at the left side. Nerve VII and VIII complexes  
were symmetric with no evidence of thickening.  
A radiological diagnosis of bilateral dilation of vestib-
ular aqueducts was made (LVAS) (Figs. 2–4). 

The child still did not present with improvement 
of right ear hearing loss. Audiometric examination 
was repeated, which did not show change as regards 
the severity and conductive type of the hearing loss. 
In the same paediatric hospital high resolution CT 
examination of temporal bones was performed using 
spiral protocol in 0.625 mm layers. It revealed nor-
mal picture of temporal bones. Brainstem auditory 
evoked potentials examination revealed objective 
hearing threshold of the right ear = 80 dBnHL and 
normal hearing threshold of the left ear = 5 dBnHL. 
Result of functional examination of the vestibular 
system — videonystagmography (VNG) was normal. 
At the mother’s request the boy was referred to the 
Audiological Outpatient Department of the Univer-
sity Clinical Centre for further diagnostic assessment 
and treatment. During the first visit medical history 
was collected from the patient (described above). 
Mother’s first pregnancy, first labour, at term, nat-
ural and spontaneous labour, APGAR 9. The course 
of pregnancy was non-complicated. The child was 
vaccinated according to the standard vaccination 
schedule. Underwent several typical infections of 
upper airways in early childhood. He was rarely ill, 
never operated on. At the age of 6, allergy to grasses, 

Figure 2. 11-year-old patient presenting bilateral changes in the 
course of large vestibular aqueduct syndrome (LVAS). High resolu-
tion computed tomography (HRCT) axial image (A) shows enlarged 
right vestibular aqueduct (arrow). Axial HRCT image (B) — en-
larged vestibular aqueduct (arrow) on the left. Axial T2-weighted 
magnetic resonance image (MRI) (C) shows bilateral saccular 
enlargement of endolymphatic sacs (arrows). Sagittal T2-weighted 
MRI (D) — enlarged endolymphatic sac on the left (arrow). Note 
that no accompanying abnormalities are seen. 

Figure 3. High resolution computed tomography axial image (A) 
shows enlarged right vestibular aqueduct (arrow). The arrow 
shows a normal vestibular aqueduct in a healthy individual (B). 
Axial T2-weighted magnetic resonance image (MRI) (C) shows  
bilateral saccular enlargement of endolymphatic sacs (arrows). 
Note that no accompanying abnormalities are visible. Axial  
T2-weighted MRI (D) in a healthy patient.
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Figure 4. High resolution computed  
tomography axial image (A) and multi- 
planar reconstructions in sagittal (B)  
and coronal (C) planes show right en-
larged vestibular aqueduct (arrows).  
Corresponding magnetic resonance  
T2-weighted images in axial (D), sagittal 
(E) and coronal (F) planes — enlarged 
endolymphatic sac on the right (arrow). 
Computed tomography, 3-dimensional 
reconstruction of posteromedial surfaces 
of both temporal bones (G) — arrows 
point at bilaterally enlarged vestibular 
aqueducts.

Figure 5. Results of hearing examinations in a 11-year-old boy with bilateral large vestibular aqueduct syndrome (LVAS). Tonal audiogram (A), 
unilateral severe mixed hearing loss in the right ear. Normal hearing in the left ear with asymptomatic LVAS (B). Normal result of tympanometry  
of the right (C) and left ear (D). D, Î — air conduction;  E — bone conduction.
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grains, moulds and birch pollen was diagnosed. He 
took periodically oral antihistaminic medications. He 
currently attends the fifth class of primary school. 
He had no significant educational problems. Devel-
opment of speech and language adequate to age. 
Family history of hearing loss or syndromes associated 
with congenital defects of the the facial skeleton was 
negative. Otolaryngological examination of the ears, 
nose, naso- and oropharynx, larynx and neck revealed 
no abnormalities. The child underwent a number of 
audiological tests. The tonal audiometry revealed 
righ-sided severe mixed hearing loss, normal tympa-
nometry, no ipsilateral stapedial reflex on the right 
and contralateral on the left side and no otoacoustic 
emissions in the right ear (Fig. 5).

The conducted examinations confirmed the pres-
ence of mixed hearing loss in the right ear with prev-
alent sensorineural component (over the conductive 
one), of cochlear aetiology, normal compliance of 
tympanic membrane and lack of ipsilateral reflex 
from the right stapedial muscle. Based on radiological 
examination, medical history, clinical examination and 
audiological tests diagnosis of bilateral large vestib-
ular aqueduct syndrome (clinically manifested at the 
right side) was confirmed. The patient’s mother was 
informed about the nature of illness and the risk of 
a total hearing loss. The mother and the boy were in-
formed that it is strictly forbidden for him to practise 
contact sports or any other that may cause sudden 
irregular increases of cerebrospinal fluid pressure, 
such as diving, sports at height, parachuting. The 
boy was instructed to pay special attention to prevent 
head injuries when playing. The mother was informed 
about the possibilities of providing the boy with hear-
ing aid or cochlear implant if hearing loss develops in 
the only hearing ear. A cycle of follow-up visits was 
planned with regular examination of hearing every  
3 months in the Audiological Outpatient Department 
of the University Clinical Centre. The child remains 
under constant clinical observation due to the risk 
of gradual progression of bilateral total hearing loss.

DISCUSSION
Presented case is a typical clinical example of LVAS 

in a child. Diagnosis of this illness most frequently 
pertains to children at nursery school or school age. 
Santos et al. [42] described 55 children with LVAS 
at the age of 6 months to 11 years (mean 4 years), 
while Saliba et al. [41] reported age range between 
13 months and 15 years (mean 5.9 years). Our patient 

was in the upper age limit. There is no explicit data 
as regards sex predilection of patients with LVAS. It 
could seem logical that the syndrome more frequently 
affects boys, since they are more prone to injuries at 
this age. However, LVAS is more frequently diagnosed 
in girls. In the summary made by Madden et al. [28] 
describing 77 patients, the male to female ratio was 
1:1.5. Similar value was reported by Jackler and De La 
Cruz (1:2) and Saliba et al. (2:3) [22, 41]. Santos et al. 
[42] did not show sex predilection for the syndrome 
described. Prevalence of bilateral LVAS is definitely 
higher than that of the unilateral one and amounts 
to 67–85% of all cases [5, 42]. Different values were 
provided by Saliba et al. [41], who estimated the 
prevalence of unilateral enlarged vestibular aqueduct 
at 57.5%. Our case is non-typical due to the unilat-
eral severe hearing loss at bilateral developmental 
defect of the inner ear. In the work by Santos et al. 
[42] among 55 patients with LVAS, who underwent 
detailed analysis of the hearing organ, there were no 
cases like our case. 

Diagnosis of LVAS is usually made based on radio- 
logical measurements of the diameter of the vestib-
ular aqueduct, which at the half of the distance be-
tween crus common and operculum of the aqueduct 
should be of at least 1.5 mm and at least 2 mm in the 
area of the operculum [45, 47]. In our patient these 
measures were 3.7 mm and 3.2 mm, respectively for 
the right and left ear, which fulfilled the diagnostic cri-
teria. Some authors described an even greater dilation 
of the vestibular aqueduct — to 6 mm, suggesting 
that there is a relation between the diameter of the 
aqueduct and the severity of hearing loss [22, 41, 51].  
The case described by us did not fully confirm  
this relation due to normal auditory thresholds in 
the other ear — also having a dilated aqueduct. Our 
patient presented with unilateral psudo-conductive 
hearing loss, which significantly hindered establish-
ing the final diagnosis. Literature describes similar 
diagnostic difficulties [29, 31]. Interestingly enough, 
normal result of tympanometry was observed in the 
ear with pseudocondcutive hearing loss, as well as 
presence of contralateral reflex from the stapedial 
muscle, indicating normal mobility of the ossicular 
chain. Such a configuration of results of audiomet-
ric examination suggests presence of sensorineural 
hearing loss rather than a mixed or conductive one. 
A very similar case was described by Dipak et al. [14], 
in a 6-year-old girl, who primarily had severe mixed 
hearing loss, which evolved into a sensorineural loss 
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within a month. Similar observations were made 
by Madden et al. [28], who diagnosed pseudocon-
ductive hearing loss at low frequencies and normal 
tympanogram in 28% of their subjects. There are 
reports of cases in which explorative tympanotomy 
was conducted unnecessarily in patients with LVAS, 
who during the procedure were found to have normal 
mobility of the ossicular chain [15]. No otoacoustic 
emissions in the ear affected with such a deep hear-
ing loss as in the case of our patient does not have 
localising value. All hearing losses of more than 40 
dBHL in the speech band cause a 90% probability of 
otoacoustic emissions disappearance [39]. LVAS can 
occur in complexes of congenital defects associated 
with hearing loss. Negative family history and lack 
of clinical signs of congenital defects in our patient 
did not suggest such aetiology. Electrophysiological 
examination of hearing ruled out the presence of 
extracochlear hearing disturbances, which are not 
characteristic for LVAS. Despite bilateral involvement 
of the vestibular system, our patient did not report 
any dizziness. VNG did note reveal asymmetry of 
caloric excitability of the labyrinths in this patient. 
Similar observations were made by Jackler and De 
La Cruz [22], who carried out electronystagmogra-
phy in 2 out of 17 patients with LVAS and did not 
find signs of asymmetry. Life activity of patients with 
LVAS is limited by the necessity to behave cautiously 
in order to prevent sudden increase of cerebrospinal 
fluid pressure, which causes irregular aggravation of 
hearing. As reported by some authors, there is high 
probability that our patient will develop bilateral 
hearing loss [14, 52]. This is why it is so important 
to maintain continuous audiological observation and 
inform the parents of children with LVAS about the 
hearing aids or advanced implantation techniques.

CONCLUSIONS
The clinical picture of LVAS in children is not ex-

plicit and frequently causes many diagnostic and 
therapeutic difficulties. Our patient was initially di-
agnosed with a typical conductive hearing loss and 
disturbances of middle ear ventilation was suspected 
to be the cause of the disease. Based on the results 
of conducted examination, otosclerosis could be sus-
pected as well. The changeable clinical picture of the 
illness (alternating diagnosis of conductive and mixed 
hearing loss) forced the clinicians to carry out head 
MRI which revealed presence of bilateral congenital 
defect of the inner ear — both in the ear with hearing 

loss and the normally-hearing ear. Other examinations 
confirmed unilateral mixed hearing loss with mild 
conductive component, most probably caused by 
increased pressure of perilymph, which resulted in 
initial diagnostic difficulties. Therefore, in every child 
with severe mixed hearing loss of unstable intensity 
and unknown cause, imaging examinations of the 
brain and temporal bones should be performed. An 
extremely important clinical aspect of the presented 
case is the prevention of hearing loss in the other, 
the only properly hearing ear. In the case of unilat-
eral LVAS it is not really important. However, in the 
bilateral syndrome, if bilateral total loss of hearing 
has not yet occurred, prevention based on decreasing 
the risk of head injuries to the minimum is of crucial 
importance.
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