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ABSTRACT

The large vestibular aqueduct syndrome is a disorder in the spectrum of congenital inner ear malformations with distinct features. The syndrome is asso-
ciated with bilateral progressive sensorineural hearing loss marked with decreases in the hearing level following minor head trauma or an event causing
increased intracranial pressure. We present two siblings with inherited large vestibular aqueduct syndrome and discuss clinical, audiologic, radiographic
and surgical findings. Cochlear implantation was performed to the first patient, while her sister had perilymphatic fistula during the follow-up. This family
with unaffected parents provides a better understanding of the pathophysiology of large vestibular aqueduct syndrome.
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OZET

Genis vestibiiler kanal sendromu belirgin 6zellikleri ile konjenital i¢ kulak malformasyonlar yelpazesinde degerlendirilen bir hastaliktir. Sendrom mindr
kafa travmalari veya kafa igi basincini arttiran bir olay sonrasi azalan isitme seviyesi ile belirginlesen bilateral ilerleyici sensorindral isitme kaybr ile ilis-
kilidir. Genis vestibiiler kanal sendromu tespit edilen iki kardesi sunmakta ve klinik, odyolojik, radyolojik ve cerrahi bulgular tartismaktayiz. {1k hastaya
koklear implant uygulanirken, kardesinde takipler esnasinda perilenfatik fistiil tespit edildi. Hastaliktan etkilenmeyen ebeveynler ile bu aile genis vestibiiler
kanal sendromu patofizyolojisinin daha iyi anlagilmasini saglamaktadir.
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INTRODUCTION

large vestibular aqueduct (LVA) is one of the

most common congenital inner ear malforma-

tions, associated with sensorineural hearing
loss (SNHL).!* Although LVA is reported in incomple-
te partition type II malformation (Mondini deformity),’
large vestibular aqueduct syndrome (LVAS) is conside-
red to exist only when enlargement of the vestibular
aqueduct (VA) is the sole anomaly of the inner ear evi-
dent on radiographic studies.®® The patients typically
experience bilateral and progressive SNHL, with acute
decreases in the hearing level following head trauma or
activites involving a Valsalva maneuver.!*”¥ Currently,
there is no treatment to prevent the progression of SNHL
in patients with LVAS, but avoidance of head trauma is
essential for patient care.>®°

We present two siblings with LVAS with clinical,
audiologic, radiographic, and surgical analysis and em-
phasize the importance of considering isolated LVAS as
a separate entity in the spectrum of inner ear diseases.

CASE REPORT

CASE1

The first patient (Pt.1) was first suspected to ha-
ve hearing loss at 3 years of age, had the audiological
evaluation elsewhere, and was fitted with a hearing aid
on the left ear. Her first audiological evaluation at the
age of 9 years demonstrated profound SNHL on the
right ear, and moderate to severe mixed type hearing
loss on the left ear (Figure 1). Acoustic immitancemetry
indicated type As tympanograms bilaterally, with acous-
tic reflexes present only on the left ear contralaterally at
the maximum intensity levels at 500 Hz, 1 kHz and 2
kHz. The patient was managed with conventional hea-
ring amplification.

The birth history was normal with the patient deli-
vered at full term by normal labor. The mother was not
exposed to any known potential teratogens. The neona-
tal course included physiologic jaundice, requiring no
treatment. Pt.1 had no history of ototoxic medication ex-
posure, head trauma or meningitis. Developmentally,
she had met appropriate neurologic milestones. There
was no history of consanguinity or genetic disorders in
the family.

The otorhinolaryngologic and neurologic exami-
nations revealed no abnormalities. The tympanic mem-

branes were intact and mobile with no evidence of ossi-
cular malformations. The cranial nerves were intact bi-
laterally. She had no dysmorphic features or goitre.
Routine blood chemistry tests were normal. Complete
metabolic workup including thyroid function tests and
thyroid antibody screening were within normal limits. A
temporal bone computed tomography (CT) scanning de-
monstrated bilateral LVA (Figure 2). The right and left
VAs measured 4.2 mm and 4 mm, respectively, accor-
ding to the technique of Valvassori and Clemis.® The ra-
diologic anomaly was consistent with isolated LVAS.

Her hearing level deteriorated and eventually prog-
ressed to profound SNHL over the next six years. The pa-
tient was evaluated for the cochlear implantation at the
age of 17 years (Figure 3) and found to be a good candi-
date. Cochlear implantation to the right ear was perfor-
med in the year 2000 without perilymphatic gusher
during cochleostomy. Full insertion of the electrode ar-
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Figure 1. The first audiogram of Pt.1 obtained at the age of 9 years
(SDT:speech detection test, SRT: speech reception threshold).

Figure 2. Axial computed tomography scan of Pt.1 demonstrating large
vestibular aqueduct (arrow) and vestibule (right ear).
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ray was achieved. Electrically evoked stapedius reflexes
were recorded and electrically evoked compound action
potentials were reliably measured intraoperatively. She
has open speech understanding with the cochlear implant.

(ASE2

The first patient’s sister (Pt.2) was referred to our
clinic for hearing evaluation at the age of 11 years. The
audiologic evaluation demonstrated bilateral moderate
SNHL with a flat audiometric configuration (Figure 4).
Acoustic immitancemetry revealed type As tympanog-
rams bilaterally with present contralateral acoustic ref-
lexes at the maximum intensity levels at 500 Hz, 1 kHz
and 2 kHz.

She was the product of a normal pregnancy, had a
negative medical history and had proper findings at her
physical examination. She had no dysmorphic features
or goitre. Routine blood chemistry tests were normal.
Complete metabolic workup including thyroid function
tests and thyroid antibody screening were within nor-
mal limits.

The patient was fitted with moderate gain hearing
aids and was followed through routine examinations.
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Figure 3. The audiogram of Pt.1 before the cochlear implantation at the age
of 17 years (SRT: speech reception threshold, WDS: word discrimination
score).
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Figure 4. The first audiogram of Pt.2 obtained at the age of eleven years old
(SRT: speech reception threshold, WDS: word discrimination score).

The hearing loss progressed gradually from moderate to
severe SNHL in the following seven years and the hea-
ring aids’ fitting was modified according to the new he-
aring levels.

In July 2000, the patient was referred with an at-
tack of sudden hearing loss (SHL) and a complaint of
aural fullness on the left ear with flat configuration on
audiogram. Audiological evaluation indicated profo-
und SNHL on the left ear and severe SNHL on the
right ear. Bilateral type As tympanograms were obtai-
ned. The pure tone thresholds and the speech tests we-
re found to be deteriorated. Transient evoked
otoacoustic emissions were bilaterally absent. Medi-
cal treatment with steroids was administered and im-
provement was observed in the middle and high
frequencies. Improvement was also evident on the spe-
ech reception threshold and speech discrimination sco-
re on the left ear.

One month later, SHL recurred on the right ear.
Medical treatment was repeated with an outcome of im-
provement in both middle and high frequencies as well
as speech discrimination scores. The patient experienced
unsteadiness with a left beating, first degree, direction
fixed horizontal nystagmus. The remaining vestibular
examination battery consisted of a negative fistula test
and a normal Romberg’s test.

A temporal bone CT was obtained, demonstrating
a LVA with a measurement of 3.5 mm for both VAs (Fi-
gure 5). Magnetic resonance imaging (MRI) scans re-
vealed massive enlargement of the endolymphatic sac,
with an enhancement in the mastoid cells and mesoty-
mpanum of the right ear isointense to that of endolym-
phatic system (Figure 6).

After explaining the procedure and the outcome to
the family in detail, right explorative tympanotomy was
performed with the thorough understanding that there
might be no recovery of hearing. Ossicular chain and
stapes footplate were hypermobile with a prominent
membraneous round window bulging. The escape of
perilymph was observed from the oval window with re-
peated Valsalva maneuver. The middle ear cavity was
obliterated with fat tissue and fibrin glue. Postoperati-
ve audiological examinations revealed slight improve-
ment in the high frequencies. During the follow-up
period of 10 years, she had eight SHL attacks: five ti-
mes in the right ear and three times in the left ear. Sub-
sequently, Pt.2 is being followed up with progressive
SNHL.
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Figure 5. Axial computed tomography scan of Pt.2 demonstrating a large
vestibular aqueduct (arrow) (right ear).

Figure 6. MRI image of Pt.2 showing a large endolymphatic sac (star) with
an enhancement in the mastoid cells isointense to that of endolymphatic sys-
tem (arrow) (right ear).

In order to address the possibility of inheritance of
LVA, a thorough evaluation of each parent was perfor-
med. The audiologic examinations were normal. HRCT
images were obtained from the parents with normal VAs
and no detectable inner ear abnormalities, indicating that
they are unaffected.

This report was approved by the ethics committee
of our department and carried out in accordance with
the Declaration of Helsinki. Informed and full consent
has been received from the parents for sharing and pub-
lishing the data in this study.

DISCUSSION

The VA is the bony canal containing the endolym-
phatic duct, which is formed by the joining of the utri-
cular and saccular ducts, and the intraosseous portion of
the endolymphatic sac.!®!" It is proposed that an arrest in
the development in the 5th week of gestation prior to
the lengthening and narrowing of the VA results in a lar-
ger-caliber.!781213 L VA is defined as measured on a ra-
diograph, at half distance between the common crus and
its external aperture at the posterior fossa, in the ante-
roposterior dimension.>*%12 The radiological diagnosis
of LVAS requires that a VA, by a measurement greater
than 1.5 mm at the midpoint of the distal limb, be the so-
le abnormality.*®

With isolated LVA, SNHL which usually begins in
early childhood is often experienced with an acute on-
set, and fluctuating or progressive in course in relation
to head trauma and activities involving a Valsalva ma-
neuver.'>7%1416 The SNHL is bilateral in 81% to 94%
of cases, ranging from normal to profound deafness with
predominantly downsloping audiograms.!**7:12 Vesti-
bular symptoms are reported by one third of patients
with LVAS. 1617

Multiple reports have speculated on the pathoph-
ysiology of SNHL in LVAS. LVA may not have been ab-
le to serve as a resistor to the reflux of the hyperosmotic
fluid from the sac into the cochlea after acute pressure
fluctuations in cerebrospinal fluid as seen in head trauma,
with damage to the cochlear neuroepithelium and vesti-
bular structures.®® Frequent attacks might gradually cau-
se permanent damage to inner ear structures.? Another
possible cause of SHL in LVAS is PLF, which is known
to be frequently observed in congenitally malformed
ears. 131 Qur patient (Pt.2) had fluctuating and progres-
sive SNHL with a vestibular attack. The suspected PLF
was elicited during a right explorative tympanotomy.

The genetic studies mapped the responsibility of
LVA and incomplete partition type II malformation to
PDS (also known as SLC26A4) gene on chromosome
7931, which has been known to be associated with Pen-
dred’s syndrome (PS).522! PS is characterized by a pro-
found SNHL and diffuse goitre.?® Our patients had
thyroid function tests and thyroid antibody screening
within normal ranges.

Treatment of LVAS is primarily symptomatic with
disappointing results. There exists no beneficial treat-
ment other than amplification with hearing aids."*° The
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residual hearing of children with LVAS may allow them
to acquire excellent speech using these hearing aids be-
fore the advent of profound SNHL.?? If no aidable hea-
ring remains, a cochlear implant may be considered.??
Pt.1 with profound SNHL had cochlear implantation
performed succesfully.

Upon diagnosis of LVAS, the patient must be edu-
cated to refrain from even minor head trauma and con-
tact sports.*%° Family members should be screened
with audiometry and CT, and discouraged from consan-
guineous matings. The possibility of LVAS should be

considered in children with unexplained progressive
SNHL, especially those who develop deafness after he-
ad trauma.

Acknowledgement

The authors wish to thank Asist. Prof. Jeffrey Howlett
from “Kadir Has University, Department of American
Culture and Literature” for language editing of the ma-
nuscript and Ay¢a Ciprut from “Marmara University,
Department of Otorhinolaryngology, Sub-department of
Audiology” for audiologic evaluations.

REFERENCES

1. Jackler RK, De La Cruz A. The large vestibular aqueduct
syndrome. Laryngoscope 1989;99(12):1238-42.

2. Okumura T, Takahashi H, Honjo I, Takagi A, Mitamura K.
Sensorineural hearing loss in patients with large vestibular
aqueduct. Laryngoscope 1995;105(3 Pt1):289-93.

3. Valvassori GE. The large vestibular aqueduct and associated
anomalies of the inner ear. Otolaryngol Clin North Am 1983;
16(1):95-101.

4. Zalzal GH, Tomaski SM, Vezina LG, Bjornsti P, Grundfast
KM. Enlarged vestibular aqueduct and sensorineural hearing
loss in childhood. Arch Otolaryngol Head Neck Surg 1995;
121(1):23-8.

5. Sennaroglu L, Saatci I. A new classification for cochleoves-
tibular malformations. Laryngoscope 2002;112(12): 2230-41.

6. Griffith AJ, Arts A, Downs C, Innis JW, Shepard NT, Sheldon
S, et al. Familial large vestibular aqueduct syndrome. Laryn-
goscope 1996;106(8):960-5.

7. Levenson MIJ, Parisier SC, Jacobs M, Edelstein DR. The lar-
ge vestibular aqueduct syndrome in children. A review of 12

cases and the description of a new clinical entity. Arch Oto-
laryngol Head Neck Surg 1989;115(1):54-8.

8. Valvassori GE, Clemis JD. The large vestibular aqueduct
syndrome. Laryngoscope 1978;88(5):723-8.

9. Nowak KC, Messner AH. Isolated large vestibular aqueduct
syndrome in a family. Ann Otol Rhinol Laryngol 2000;
109(1):40-4.

10. Kodama A, Sando I. Postnatal development of the vestibular
aqueduct and the endolymphatic sac. Ann Otol Rhinol Lary-
ngol Supp 1982;96:3-12.

11. Kodama A, Sando I. Dimensional anatomy of the vestibular
aqueduct and the endolymphatic sac (rugose portion) in hu-
man temporal bones. Statistical analysis of 79 bones. Ann
Otol Rhinol Laryngol Supp 1982;96:13-20.

12. Emmett JR. The large vestibular aqueduct syndrome. Am J
Otol 1985;6(5):387-415.

13. Pyle GM. Embryological development and large vestibular
aqueduct syndrome. Laryngoscope 2000;110(11):1837-42.

14. Abe S, Usami S, Shinkawa H. Three familial cases of hearing
loss associated with enlargement of the vestibular aqueduct.
Ann Otol Rhinol Laryngol 1997;106(12):1063-9.

15. Govaerts PJ, Casselman J, Daemers K, De Ceulaer G, Somers
T, Offeciers FE. Audiological findings in large vestibular aqu-
educt syndrome. Int J Pediatr Otorhinolaryngol 1999;51(3):
157-64.

16. Satoh H, Nonomura N, Takahashi S. Four cases of familial
hearing loss with large vestibular aqueducts. Eur Arch Otor-
hinolaryngol 1999;256(2): 83-6.

17. Schessel DA, Nedzelski JM. Presentation of large vestibular
aqueduct syndrome to a dizziness unit. J Otolaryngol 1992;
21(4):265-9.

18. Belenky WM, Madgy DN, Leider JS, Becker CJ, Hotaling
Al. The enlarged vestibular aqueduct syndrome (EVA syndro-
me). Ear Nose Throat J 1993;72(11):746-51.

19. Gussen R. The endolymphatic sac in the Mondini disorder.
Arch Otorhinolaryngol 1985;242(1):71-6.

20. Iwasaki S, Usami S, Abe S, Isoda H, Watanabe T, Hoshino T.
Long-term audiological feature in Pendred syndrome caused
by PDS mutation. Arch Otolaryngol Head Neck Surg 2001;
127(6):705-8.

21. Fitoz S, Sennaroglu L, Incesulu A, Cengiz FB, Kog Y, Tekin
M. SLC26A4 mutations are associated with a specific inner
ear malformation. Int J Pediatr Otorhinolaryngol 2007;71(3):
479-86.

22. Au G, Gibson W. Cochlear implantation in children with lar-
ge vestibular aqueduct syndrome. Am J Otol 1999;20(2): 183-
6.



