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Abstract

Background: The vestibular aqueduct is a bony canal containing the endolymphatic duct. Its average diameter is 0.6 to 1.5 mm
at its midpoint between the crus communes and its opening at the posterior cranial fossa. If the radiographic diameter at this
point is more than 1.5 mm, it is considered a case of large vestibular aqueduct (LVA). It is the most common radiographical-
ly detectable inner ear anomaly in congenital hearing loss. LVA with hearing loss is described as LVA syndrome (LVAS). In
children with LVA, cochlear implantation has been proven to be effective in increasing both auditory perception and speech
and language development.

Material and methods: The study was carried out from March 2009 to March 2014 on 9 isolated LVAS cases among 406 con-
genitally deaf children who had been implanted at the Madras ENT Research Foundation (MERF), Chennai, India. This ob-
servational study is focused on pre-operative assessment, surgical issues, and postoperative follow-up.

Results: Five males and four females less than six years old were detected with LVAS. There was a pulsatile stapes in five cas-
es and a CSF gusher in eight cases. CSF gushers were well controlled during surgery by tightly sealing the insertion site with
soft tissue. An intraoperative mannitol drip was used in six patients and fibrin glue in three. Postoperative oral acetazola-
mide was used routinely in cases of CSF gusher. No early postoperative complications were seen. Intraoperative impedance
and neural telemetry were all satisfactory.

Conclusions: Cochlear implantation in LVAS is feasible and effective. However, CSF gushers are common and require appro-
priate management and follow-up.

Keywords: cerebrospinal fluid pressure « cochlear implantation e vestibular aqueduct

IMPLANTES COCLEARES EN NINOS CON SORDERA CONGENITA Y CON
EL DEFECTO SEPARADO DEL ACUEDUCTO VESTIBULAR AGRANDADO-ESTUDIO
DESDE EL PUNTO DE VISTA DE UN CIRUJANO

Resumen

Introduccidn: El acueducto vestibular es un conducto dseo que incluye el ducto endolinfatico. La longitud media de su didmetro
en el punto central entre las ramas dseas comunes y la union posterior con la parte inferior del craneo es de 0,6 a 1,5 mm. En
el caso de que la radiografia demuestre que el diametro en este punto sea superior a 1,5 mm, entonces este caso se definird como
el acueducto vestibular agrandado (AVA; LVA en inglés). Es el trastorno de la estructura del oido interno, dentro del contexto
de la sordera congénita, detectado con la mayor frecuencia a través de una prueba de radiografia. El caso de LVA, acompaiiado
de la pérdida auditiva, se denomina como el sindrome AVA (LVA sindrome, LVAS en inglés). El implante coclear en los nifios
con AVA result6 ser eficaz en el aspecto de mejora tanto de la percepcion auditiva, como y del habla y del desarrollo lingiiistico.

Materiales y métodos: El estudio se realizé en el periodo comprendido entre el marzo del 2009 y el marzo del 2014 en base a
9 casos seleccionados del SAVA (LVAS en inglés), detectados entre los 406 nifios con sordera congénita. Los pacientes fueron
sometidos a la implantacion del implante auditivo en el centro indio Madras ENT Research Foundation (MERF) en Chennai.
El estudio se centrd en la evaluacion de pre- y postoperatorio y en los problemas de cirugia.

Resultados: El SAVA fue descubierto en 5 pacientes nifios y en 4 pacientes nifias menores de 6 anos. En cinco casos se obser-
v6 el fendmeno de la palpitacion del estribo y en 8 - el incremento de la presion del liquido cefalorraquideo. Dicha presion fue
adecuadamente controlada durante la intervencién de cirugia mediante una proteccién estanca de la incisién del tejido blan-
do. A seis pacientes se les suministr6 el manitol por la via intravenosa y en tres pacientes se aplicé la cola de fibrina. De forma
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rutinaria, tras la operacion, a los pacientes con la presion del liquido cefalorraquideo incrementada se les administré acetazo-
lamide via bucal. No se ha observado ninguna complicacién postoperatoria temprana. Los resultados de las pruebas intraope-
ratorias (de la impedancia y telemetria) han sido satisfactorios.

Conclusiones: La implantacion con el implante coclear en los casos del SAVA estd justificada y resulta eficaz, sin embargo, es
frecuente que vaya acompafniada de un incremento de la presion del liquido cefalorraquideo, para lo que es necesario el uso de

los respectivos procedimientos y seguimiento.

Palabras clave: presion del liquido cefalorraquideo « implante coclear « acueducto vestibular

YIUTKOBASA UMIIIAHTAIIVA V OETEN C BPOKIEHHOV ITYXOTOW
C IIPEITAPVIPOBAHHBIM BOJ/IBIIVIM BOOOITPOBOOOM ITPENIBEPVA
- MUCCIIEJOBAHMA C TOYKU 3PEHUA XPYPTA

Nsnoxenne

BBepenne: BoponpoBon npennBepus — 3TO KOCTHBIN KaHAJI, KOTOPBIN COREPXKUT KaHal sHRonuMbsl. CpemHsisa oimHa
ero fiuamMeTpa B LeHTPATbHOM IIYHKTE MEXY OOLIMMY OTBETBIICHUMM U 3a/JHUM COENVMHEHVeM BHU3Y Yepela COCTaB-
nsaet 0,6 mo 1,5 mm. Eciin panmorpa(br/m IOKa)KeT, YTO IaMeTP B 3TOM TOYKE COCTABJIAET 6ornee 1,5 MM, Takoin CmyJai
HasbIBaeTCcs 60/bLINM BofgonposofoM npenpsepus (LVA). 9To ABnAeTCA caMbIM YaCThIM HapyIIeHNEM CTPYKTYPbI BHY-
TPEHHEro yXa B KOHTEKCTe BPOXKAEHHOI! IIyXOTbI, KOTOpOe 06HAPY>K1aeTCs BCIENCTBUE pafuorpaduIecKoro MCCaeno-
BaHus. Ciy4ait LVA, KOTOPBIT COIPOBOXKAAETCsI IIOTepelt Crryxa, HasbiBaeTcs cuHgpomoM LVA (LVA syndrome, LVAS).
VnuTkoBas MMIUIaHTauus y geteit ¢ LVA okasanach 3¢ ¢deKTUBHOI B 00/1aCTy yIy4IIeHNA KaK CIyXOBOTO BOCIPUATHUS
U pedy, TaK U peuyeBOro pasBUTHUSA.

Marepuan u Mmeropbl: VcciegoBanue BbIIIOIHEHO B Iepuof ¢ MapTa 2009r. mo MapT 2014r. Ha OCHOBaHUM J€BATH BbI-
O6paHHbIX cnydaeB LVAS, o6Hapy>keHHbIX cpeny 406 fieTeil ¢ BPOXKAECHHOM ITTyX0TOM. ITaniMeHTbl ObUIN IOABEPTHYTHI
olepanny MMIUIaHTaMu B MHANMCKOM ieHTpe Madras ENT Research Foundation (Magpac OHT Pucepu ®ayHperiuH)
(MERF) B YenHnan. ViccmenoBaHye KOHLIEHTPUPOBATIOCh Ha IIPeOIIePALIYIOHHOI OLleHKe, XMPYPIUIeCKUX MPobIeMax 1
HOC/ICONIePAlIOHHOM 00C/IeJOBaHIY MALIEHTOB.

Pesynprarpr: LVAS 06Hapy>keHO y IIATY NMALMEHTOB U YeThIpeX MalMeHTOK M/Iajllle IeCTH JIeT. B maTu cnyvasx nossu-
JIOCh sBJIEHNE TTY/IbCUPYIOIETO CTPEMEUKa,a B BOCbMI - IIOBBINIEHME JJaB/IEHNsI CIIMHHOMO3TOBOI XUAKOCTI. DTO NaB-
JIeHJIe 6BUIO COOTBETCTBYIOIIMM 06pa3oM KOHTPOIMPYeMOe BO BpeMs Ollepalliy ITyTeM IJIOTHOI 3aIllMThI Hafipe3a Mbl-
meyHo¥ TKaHW. IlecTh MaIVIeHTOB MOy YVIN KalleJIbHUIBI C MAaHHNUTOM, @ Y TPOUX ObUI IpYMeHeH (GUOPUHOBLII KIelL.
CraHaapTHO, TIOC/Ie ONlePaly MALMEHTHI C TOBBIIIEHHBIM JIJaBJIeHNeM CIITHHOMO3TOBOM >KMAKOCTY TIPUHSIN BHYTPb
amerasonamuf. Hukakux nocneonepauioHHBIX OCTTOXKHEHNUIT He 0OHAPY)XeHO. Pe3y/IbTaTsl MHTPAOIepalIOHHBIX U3Me-
peHmit (MMIIefaHLMU U TelleMeTPUN) — YAOBICTBOPUTEIbHBIE.

BrpiBopgbI: YInTKOBas MMIUIAaHTaLMA B cny4dasx LVAS aBisgercs 060cHOBaHHOM 1 3 PeKTMBHOI, OFHAKO IIPM 3TOM Ya-
CTO MOXXET IOSIB/IATHCS [IOBBILIEHHOE JaB/IeHe CIIMHHOMO3IOBOI KUAKOCTH, KOTOpOe TpebyeT IpMMeHeHNsT COOTBET-

CTBYIOLIVX MIPOLIEAYP U 0OC/IeNOBaHNUA.

KnroueBble cnoBa: mas/ieHne CIIMTHHOMO3TOBOM XUIKOCTH o YIMTKOBAsA MMIIIAHTAINA o BOLOIPOBOT, IIPENgBepus

IMPLANTACJA SLIMAKOWA U DZIECI Z WRODZONA GLUCHOTA
Z ODPREPAROWNYM DUZYM WODOCIAGIEM PRZEDSIONKOWYM
- BADANIE Z PUNKTU WIDZENIA CHIRURGA

Streszczenie

Wprowadzenie: Wodociagg przedsionkowy jest kanalem kostnym zawierajacym przewdd srédchtonki. Srednia dlugos¢ jego
$rednicy w punkcie Srodkowym pomiedzy odnogami wspdlnymi i taczeniem tylnym dotem czaszki wynosi 0,6 do 1,5 mm. Je-
zeli radiografia wykaze, ze $rednica w tym punkcie wynosi wiecej niz 1,5 mm, przypadek taki okresla sie jako duzy wodociag
przedsionkowy (LVA). Jest to najcze$ciej wykrywane w wyniku badania radiograficznego zaburzenie struktury ucha wewnetrz-
nego w kontekscie wrodzonej gluchoty. Przypadek LVA, ktéremu towarzyszy utrata stuchu, okreslany jest jako zesp6t LVA (LVA
syndrome, LVAS). Implantacja slimakowa u dzieci z LVA okazala si¢ skuteczna w obszarze polepszenia zardwno percepcji stu-
chowej, mowy, jak i rozwoju jezykowego.
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Material i metody: Badanie przeprowadzono w terminie od marca 2009 r. do marca 2014 r. na postawie dziewieciu wybranych
przypadkow LVAS wykrytych sposréd 406 dzieci z wrodzong gluchota. Pacjenci zostali poddani zabiegowi implantacji w in-
dyjskim o$rodku Madras ENT Research Foundation (MERF) w Chennai. Badanie koncentrujace si¢ na ocenie przedoperacyj-
nej, problemach chirurgicznych i pooperacyjnej obserwacji pacjentéw.

Wyniki: LVAS wykryto u pieciu pacjentéw i czterech pacjentek ponizej szdstego roku zycia. W pieciu przypadkach wystapilo
zjawisko pulsujacego strzemigczka, a w o$miu - wzrost ci$nienia ptynu mézgowo-rdzeniowego. Cisnienie to byto odpowied-
nio kontrolowane podczas zabiegu poprzez szczelne zabezpieczenie naciecia tkanki miekkiej. Szeéciu pacjentom podano kro-
plowke z mannitolem, a u trzech zastosowano klej fibrynowy. Rutynowo, po operacji, pacjentom z podwyzszonym ci$nieniem
plynu mézgowo-rdzeniowym podano doustnie acetazolamide. Nie zaobserwowano zadnych wczesnych powiklan pooperacyj-
nych. Wyniki pomiaréw §rédoperacyjnych (impedancji i telemetrii) byly zadowalajace.

Whioski: Implantacja slimakowa w przepadkach LVAS jest uzasadniona i skuteczna, jednakze czesto moze tutaj wspotwyste-
powaé podwyzszone ci$nienie plynu mézgowo-rdzeniowe, ktére wymaga zastosowania odpowiednich procedur i obserwacji.

Stowa kluczowe: ci$nienie plynu mézgowo-rdzeniowego « implantacja $limakowa » wodociag przedsionkowy

Background

The vestibular aqueduct (VA) is a tiny, bony canal in the
otic capsule that communicates the postero-medial por-
tion of the vestibule with the posterior cranial fossa. The
endolymphatic duct runs inside the VA connecting the
endolymphatic sac and the vestibule [1,2]. During fetal
development, the vestibular aqueduct starts out as a wide
tube; by the fifth week it narrows and by midterm it ap-
proaches adult dimensions and shape. When the diameter
of the VA is wider than normal (over 1.5 mm), it is termed
Large Vestibular Aqueduct (LVA). When this anatomical
anomaly is associated with symptoms such as hearing loss
or balance disturbance, it is referred to as LVA syndrome
(LVAS). Valvassori and Clemis were the first to describe
and coin the term after finding an association between
LVA and SNHL in 50 cases [1].

On a CT scan, the LVA is defined radiologically as an an-
teroposterior VA diameter greater than 1.5 mm measured
midway between its aperture and the crus communes [1,3].
LVAS is commonly associated with non-syndromic deaf-
ness, although it can also be associated with syndromic
hearing loss as in Pendred syndrome [4], branchio-oto-
renal syndrome [5], and CHARGE association [6]. In ad-
dition, it can be associated with other anatomical defects
such as cochlear aplasia, hypoplasia, and Mondini deform-
ity. As to the genetics of LVAS, it has been postulated to
be inherited as an autosomal recessive trait [7].

Cochlear implantation has been proven to be effective in
increasing both auditory perception and speech and lan-
guage development in children with LVAS [8]. Most of
the literature reports CSF gushers or leaks as a common
problem encountered during and after cochlear implan-
tation [8].

Cochlear implantations were performed in 406 congenital
deaf children (below 6 years) in the 5 years from March
2009 to March 2014 at the Madras ENT Research Foun-
dation (MERF), Chennai, India. Among these children, 35
were detected with LVA, of which nine had isolated LVA
and 26 had associated Mondini deformity. The aim of this
study was to observe any significant history, preoperative
assessment, surgical issues, and postoperative follow-up
in the nine isolated LVAS cases.

Figure 1. Bilateral large vestibular aqueducts (arrows)

Material and methods

After clearance from the ethical review board of the insti-
tute, the study was carried out on the nine isolated LVAS
cases. Preoperative assessment was performed, as in oth-
er cochlear implant candidates, according to the guide-
lines of the Cochlear Implant Group of India (CIGI). A
full history, including parents’ consanguinity, and antena-
tal, natal, and postnatal problems, was taken. A detailed
general examination with ENT and systemic examination
of all the children was performed. They were also assessed
by an audiologist, psychologist, and speech therapist. The
detailed audiological work-up, including behavioral audi-
ometry, tympanometry, DPOAEs, and brainstem audito-
ry evoked response audiometry (BERA), was performed
in all cases. LVAS was diagnosed on the basis of HRCT
temporal bone.

All nine children were vaccinated with Quadri Meningo
(Meningococcal Polysaccharide: Group A, C, Y & W135)
and Sii Hib Pro (Haemophilus Type B conjugate) vaccine
at least 4 weeks prior to surgery.

The patients and their parents were introduced to other
implantees before the surgery at the habilitation centre run
by MERF and educated with regard to maintenance of the
implant and auditory verbal habilitation.

Surgical issues and findings, and various problems in-
cluding CSF gusher, difficult insertion, and techniques for
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Table 1. Pre-operative assessment

Perinatal/

S.N. PtID (\?/gn: Gender ) 'n_1aterna'l Consanguinity ::ei(a):i:;ea?(: Milestone (S cr:]fe‘?ls\urement
significant history
1 AA 2/9 Male - 2 years N 1.95 mm
2 KD 2 Female - 4 months N 1.55 mm
3 EK 3/2 Female - - N 1.8 mm
4 SR 2/11 Male - - N 1.7 mm
5 BS 2/1 Male Both parents deaf - N 1.6 mm
6 YP 2/1 Female - - N 1.65 mm
7 KY 4/8 Female - 2 years N 1.9 mm
8 SV 2 Male - - N 1.6 mm
9 MG 5/9 Male - - N 1.8 mm
— absent; + present.
Table 2. Intraoperative findings and management

S.N. Pt. ID Implant Pulsatsi:gnstapes CSF gusher ml:\s:n?til Insertion site L ;lfugbrin Use of acetazolamide

1 AA C11400 + + + C i "

2 KD Cl1400 - + - C - +

3 EK CgArEE|AE|0_+ + + + C + +

4 SR MED-EL Sonata + + + C - +

5 BS  MED-EL Pulsar - + + C - +

6 YP  MED-EL Sonata - - - RW - -

7 KY  MED-EL Sonata + + - RW - +

8 SV MED-EL Sonata - + + RW + +

9 MG MED-EL Sonata + + + C - +

C — cochleostomy; RW — round window.

control of CSF gusher were recorded. Intraoperative im-
pedance and neural telemetry were performed.

Postoperatively, the patients were reviewed regarding
complications, especially vestibular dysfunction and CSF
otorhinorrhoea, switch-on, and progress in speech and
language development.

Results

Five male and four female children were detected with
LVAS among the 406 deaf children of age less than 6 years
who had cochlear implantation over the 5 years of study
(an incidence of 2.21%). Four children were born from
consanguinous parents. In all cases there was no history
of maternal illness including TORCH, Rh incompatibili-
ty, neonatal jaundice, meningitis, visual disturbance, hy-
pothyroidism, or syncopal spells. There was no significant
antenatal, natal, or postnatal history except in one case
whose parents were both deaf. Their other developmental
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milestones were within normal limits. Their general exam-
ination showed normal IQ with no neurological dysfunc-
tion (Table 1). ENT examination showed normal external
ear with normal and healthy looking tympanic membrane
in all cases. There was no response to tuning fork tests
in either ear. Other ENT examinations were within nor-
mal limits.

Behavioral audiometry of all cases showed profound sen-
sorineural hearing loss and a type A’ tympanogram in
both ears. No DPOAEs were detected, confirming coch-
lear deafness. BERA showed absent wave III and V on
both sides in all cases.

The round window niche was exposed via a posterior
tympanotomy. In all three cases where the round win-
dow membrane was well exposed, a pulsatile round win-
dow membrane could be seen. In the other cases, where
the round window membrane was not exposed, a cochle-
ostomy was performed. The incudo-stapedial (I-S) joint
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was disarticulated in all cases to observe a possible pulsa-
tile stapes sign. However only in five cases was a pulsatile
stapes sign obvious. Out of 9 cases, a pulsatile cerebro-
spinal fluid (CSF) gusher was noted in 8 cases, either af-
ter making an incision on the round window membrane
or on cochleostomy (Table 2). The severity of the gusher
varied from mild to severe.

CSF gushers were managed successfully intraoperatively
by reducing CSF pressure with a 20% mannitol intrave-
nous drip (1.5 g/kg body weight over 20 minutes). Com-
plete insertion of the electrode array up to the marker
ring was achieved in all cases except one, in which the
last two electrodes of the MED-EL Sonata implant were
not inserted. A soft harvested tissue (temporalis muscle)
was used to seal the insertion site tightly around the elec-
trode array. Fibrin glue was also used to achieve a water
tight seal intraoperatively. However, in three cases, after
elevating the head end of the operating table, the gusher
decreased significantly and was well controlled without
mannitol. The electrode array was then inserted. Further
leakage after sealing the insertion site with soft tissue was
not observed in any case.

The intraoperative impedance and neural telemetry were
satisfactory in all cases. Prophylactic antibiotic coverage
was used for 72 hours. Oral acetazolamide was given twice
daily for three days for all the cases. During follow-up
no patient had any vestibular symptoms or signs of CSF
otorhinorhoea. There were no problems at or after switch-
on. No early postoperative complication developed.

Discussion

Large vestibular aqueduct syndrome is an important cause
of congenital hearing loss. Valvassori and Clemis first de-
scribed LVAS in 1978 with radiographic findings in con-
genitally malformed inner ears. Emmett [9] has reported
up to a 12% incidence; however, we found only 2.2% LVA
incidence among congenitally deaf children, which is al-
most the same as that found by Fahy et al. [10].

LVA is considered the most common radiographically de-
tectable inner ear anomaly [1]. It may occur as an isolat-
ed anomaly, as in our 9 cases, or in association with oth-
er inner ear malformations like Mondini dysplasia (our
other 26 cases). Valvassori and Clemis found the size of
the aqueduct ranged from 1.5 to 8 mm in its anteroposte-
rior diameter; however, we found that the size of the aq-
ueduct in all our cases did not exceed 2 mm in diameter.

Jackler et al. [11] noticed that the hearing thresholds of in-
dividuals with LVA ranged from normal hearing (4%) to
profound deafness (39%). Govaerts et al. [12] found that
90% of LVA cases had mixed hearing loss and a steady
decrease of hearing at an average rate of 4 dB per year, a
rate which can accelerate with exercise, minor head trau-
ma, or upper respiratory infection. Children with LVAS
can have unstable hearing, showing either fluctuating or
progressive hearing loss. Ko et al. [13] have advised coch-
lear implantation before profound hearing loss develops.
Since all our LVA cases had pre-lingual profound hearing
loss prior to CI, the variability of their hearing status was
outside the scope of the study.

24

During surgery, all the cochlear implantation steps were
similar to normal. Out of nine cases, in three cases round
window pulsation was clearly visible after exposing the
round window membrane. A pulsatile stapes sign, de-
scribed earlier by the authors [14], was discernible in five
cases. Immediately after making an incision in the round
window or during cochleostomy, a pulsatile CSF gusher
was noticed in all cases except one. Although a CSF gusher
is a well-known surgical risk in patients with LVA [8], no
gusher was experienced by Harker et al. [15] in cochlear
implantation in 5 LVAS patients, and Fahy [10] noticed it
only in 2 of 4 cases. However, the overall incidence of a
CSF gusher is generally low during normal cochlear im-
plant surgery; Wootten et al. [16] encountered this condi-
tion in only 1% of patients undergoing cochlear implan-
tation, with equal incidence in children and adults, and
preoperative imaging was predictive in only 50% of cases.

To reduce a CSF gusher, we used a mannitol drip in six
cases immediately after incising the round window mem-
brane and/or cochleostomy. After insertion of the electrode
array, it was easily controlled in all three cases by using a
soft-tissue graft around the electrode array at the site of in-
sertion. Various techniques to control CSF leaks have been
described and differ according to the severity of the leak.
In the case of LVA, it can be controlled without any extra
technique except tightly packing the cochleostomy or in-
sertion site. Very rarely, intra-operative management may
require a lumbar drain. For inner ear malformation, gush-
ers at surgery are directly related to intra-cerebral pres-
sure (ICP). The mainstay of hyperosmolar treatment is to
reduce the ICP at the time of the surgery. Loundon et al.
[17] suggested osmotherapy as an effective means for con-
trolling leakage during cochleostomy in LVA, and it could
be effective in more severe malformations.

Acetazolamide has become a standard treatment for cerebro-
spinal fluid (CSF) leaks associated with intracranial hyper-
tension. Although its role is not established in CI, we routine-
ly use it in all CSF gushers as it reduces intracranial pressure.
Fibrin glue was used only for a severe gusher. In three cas-
es it was used to give a water-tight seal at the insertion site.

On the day of operation three patients had an episode of
vomiting; however, all were discharged on the third post-
operative day. No problems were noticed at subsequent fol-
low-up. Switch-on was done three weeks postoperatively.

The progress in speech and language development in deaf
children with LVAS after implantation was similar to those
with normal inner ears, although its analysis was beyond
the aim of this study. Various studies have already shown
the success of cochlear implantation in LVAS [18-20]. Mi-
yamoto [18] published results of a retrospective case-con-
trol study of outcomes of cochlear implantation in 23 pa-
tients with LVAS and of 46 control patients and concluded
that cochlear implantation was as beneficial for the treat-
ment of hearing loss in LVA as with the control patients.
Vassoler et al. [19] evaluated retrospectively the hearing
skills of 3 children with LVAS after cochlear implantation
and saw a similar result. Chen et al. [20] performed a com-
parison study of 62 infants with LVAS in terms of devel-
opment of auditory skills after cochlear implantation and
found it was similar to infants with a normal inner ear.
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