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Abstract

Otosclerosis is a disease characterized by abnormal bony growth and remodeling around the otic capsule. Although adults make up the major-
ity of patients, otosclerosis is also encountered in children. However, the literature on juvenile otosclerosis is still limited. The main therapeu-
tic options for children with otosclerosis are hearing aids or stapes surgery. Despite many years of treating pediatric patients with stapes surgery,
the issue of whether to perform the operation is still a subject of debate. To identify suitable literature on juvenile otosclerosis, a search was per-
formed using the following databases: PubMed, Web of Science, and Medline, and based on the search criteria 19 articles were found suitable for
the review. The current evidence indicates that stapes surgery for juvenile otosclerosis is a safe and effective procedure which leads to closure of
the air-bone gap over both short and long terms. Complications of stapes surgery are extremely rare and in the majority of cases comprise tran-
sient vertigo. Age itself should not be a contraindication to stapes surgery for juvenile otosclerosis.
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ESTAPEDOTOMIA COMO METODO DE TRATAMIENTO DE LA OTOESCLEROSIS
INFANTIL - REVISION BIBLIOGRAFICA

Resumen

La otoesclerosis es una enfermedad que se caracteriza por la formacién de tejido 6seo anormal alrededor del laberinto y la reconstruc-
cion de sus componentes. Aunque los adultos constituyen la mayor parte de los pacientes operados por otoesclerosis, dicha enfermedad
también afecta a nifios. Sin embargo, las publicaciones cientificas relativas a la otoesclerosis en nifios son escasas. La forma de tratamien-
to mas comun de los niflos con otoesclerosis es la aplicacion de audifonos o bien tratamiento quirtrgico. Pese a que tenemos ya afos de
experiencia en el tratamiento de pacientes pedidtricos mediante la cirugia del estribo, la decision de realizar o posponer dicho procedi-
miento sigue despertando controversias. Para fines de la presente revision, se realizé una busqueda de publicaciones en las bases medicas
de datos PubMed, Medline y Web of Science, y utilizando criterios de inclusion en el estudio se eligieron 19 trabajos. En base a los resulta-
dos analizados se puede concluir que la cirugia del estribo es un procedimiento seguro y eficaz que permite cerrar la reserva coclear tan-
to en observacion a largo, como a corto plazo. Complicaciones tras estapedotomia son muy poco frecuentes y en la mayoria de los casos
suponen trastornos temporales del equilibrio. La edad del paciente como tal no debe ser una contra-indicacion para realizar la cirugia.

Palabras clave: cirugia del estribo, otoesclerosis, nifo, complicaciones posoperatorias, hipoacusia

CTAIIEJOTOMMA KAK METO/J, JIEYEHUA JETCKOTI'O OTOCKJIEPO3A
- Ob30P JIMTEPATYPbI

Pe3some

OTOCK/IepO3 SIBIAETCs 60NIE3HBIO, XapaKTePU3YIOLIENics 0Opa3oBaHIeM ATONOTMYECKON KOCTHO TKAHM BOKPYT Ta6MPIMHTA U TIepe-
CTPOVIKOJ1 €ro 9/1eMeHTOB. X0TsA GONbLIMHCTBO NALIEHTOB, KOTOPBIM IIPOBOMSATCS ONlEPALIUY B CBA3U C OTOCK/IEPO30M, — 3TO B3POCIIbIE,
maHHas 60/1e3Hb HaO/MIOKaeTCs TaKXKe Cpenn feTeit. OFHAKO HayYHble Ty OIMKaLMU KacaTe/IbHO OTOCK/IEPO3a CPea AeTell Y MOITOREXI
Bcé ewé HemHorouncnenbl. HanGonee pacpocrpanénnoit ¢popMoii Tepanny y geTeit ¢ OTOCKIEPO30M SBIAETCS UCIIONb30BaHME CITyXO-
BBIX AIIIAPATOB VLM XUPYPrudeckoe nedeHne. HecMOTpst Ha MHOTOJIETHMII OIIBIT B JIEY€HMY HEANATPUYECKUX ALEHTOB C IIOMOIIbIO
XMPYPIUM CTPEMEHM pelleHNe O IPOBENeHUN MM OTCPOYKe Ollepaliy IPOJO/DKAET BbI3bIBATh CIIOpbL. [ToMcK nurepaTypsl a1 0630-
pa Béncs ¢ ncnonp3oBannem 6a3 PubMed, Medline nu Web of Science, u, Taknm 06pazom, Ha OCHOBaHUM KPUTEPVEB, BKIIOYAIONINX B
nccnenoBatue, 66110 BoifeneHo 19 pa6ot. Ha ocHOBaHMM IPOaHAIMBMPOBAHHbIX PE3y/IbTATOB MOYKHO KOHCTaTUPOBATh, YTO XUPYPIUs
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cTpeMeHH AB/IAeTcA 6e3onacHoit 1 3¢ PeKTUBHOIT IPOIIeyPoil, ITO3BOIAILIEI 3aKPbITh pe3epB YINTKY KaK IPY AIUTEIbHOM, TaK U
Tpy KPaTKOBPeMEeHHOM HabmopeHnn. OCIOXKHEHNs NOCIIe CTaNeOTOMIM OYeHb DK U B GONIBIIMHCTBE CIy4YaeB KacalTCsl BpeMeH-
HBIX HapyIllleHNii paBHOBecu:A. Bo3pacT manuenTa caM 1o cebe He IO/DKeH ObITb MPOTUBOIIOKAa3aHMEM /IS IIPOBEIeHMA OIepalyii.

KiroueBrpie cioBa: XUpyprusa CTpeMeHN, OTOCKIEPO3, pe6éH01<, nocieonepanMoHHbI€ OC/IOJKHEHNA, IOTEPA CIIyXa

STAPEDOTOMIA JAKO METODA LECZENIA OTOSKLEROZY DZIECIECE] -
PRZEGLAD PISMIENNICTWA

Streszczenie

Otoskleroza jest choroba charakteryzujgca si¢ tworzeniem nieprawidlowej tkanki kostnej wokolo blednika i przebudows jego elementdw.
Chociaz osoby doroste stanowig wigkszo$¢ pacjentéw operowanych z powodu otosklerozy, choroba ta wystepuje roéwniez wsrdd dzieci. Jed-
nakze, publikacje naukowe dotyczace otosklerozy wsrdd dzieci i mtodziezy s3 nadal nieliczne. Najpowszechniejsza formg terapii dzieci z oto-
sklerozg jest zastosowanie aparatow stuchowych lub leczenie chirurgiczne. Pomimo dlugoletniego doswiadczenia w leczeniu pacjentéw pe-
diatrycznych za pomoca chirurgii strzemigczka, decyzja o wykonaniu lub odroczeniu operacji nadal wzbudza kontrowersje. Wyszukiwanie
pismiennictwa do przegladu przeprowadzono przy uzyciu baz PubMed, Medline i Web of Science i na podstawie kryteriéw wlaczajacych do
badania uzyskano 19 prac. Na podstawie przeanalizowanych wynikéw mozna stwierdzié, ze chirurgia strzemiaczka jest bezpieczna i efektyw-
ng procedurg pozwalajaca na zamkniecie rezerwy stuchowej zaréwno w dtugo- jak i krétkoterminowej obserwacji. Komplikacje po stapedo-
tomii sg bardzo rzadkie i wigkszo$ci przypadkéw dotyczg przejsciowych zaburzen réwnowagi. Wiek pacjenta sam w sobie nie powinien sta-

nowi¢ przeciwskazania do przeprowadzenia operacji.

Stowa klucze: chirurgia strzemiaczka, otoskleroza, dziecko, komplikacje pooperacyjne, niedostuch

Introduction

Otosclerosis is a disease characterized by abnormal bony
growth and remodeling around the otic capsule (1) which
progressively leads to conductive hearing loss. If untreated,
otosclerotic foci may expand into the inner ear, destroying
hair cells and resulting in both sensorineural and mixed
hearing loss (2). Currently, the most effective treatment
option for patients with otosclerosis is stapedotomy. It is
a common otosurgical procedure that consists of making
a small fenestra in the footplate and removing the stapes
superstructure (3). Many factors are considered significant
predictors of postoperative outcomes, including preoper-
ative air-bone gap (ABG), the structures involved in the
otosclerotic process, and the patient’s sex, age, and later-
ality of hearing loss (4).

Although adults make up the majority of patients, otoscle-
rosis is also encountered in children. Juvenile otosclero-
sis is a frequent cause of conductive hearing loss, along
with otitis media and aural atresia (5). However, the liter-
ature concerning juvenile otosclerosis is still limited (6).

The main therapeutic options for children with otosclero-
sis are hearing aids or stapes surgery. Despite many years
of treating pediatric patients with stapes surgery, the is-
sue of whether to perform the operation is still a subject
of debate. One of the most frequently cited authors in the
field, John W. House, began a paper in the early 80s (7)
with the strong statement: “Stapedectomy on a child? Nev-
er! But we believe that there are indications”. In the past,
researchers delayed the surgical treatment of otosclerosis
due to the child’s age, recommending use of a hearing aid
until they were 8-10 years old (8-10). The reasoning was
that the child should be mature enough a) to understand
the procedure, and b) to be subjected to local anesthesia,
which was used for the majority of patients at the end of
the 20th century (11). However, recently it was claimed
that earlier operations are worth considering when the
child is suffering severe hearing loss and/or will not tol-
erate hearing aids (12).
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In 2016, a meta-analysis on surgical success rates in con-
genital stapes fixation and juvenile otosclerosis was pub-
lished, providing valuable information on pre- and post-
operative ABGs (13). However, the cited review provided
no information on broader aspects of surgery for juve-
nile otosclerosis in children or on developments that have
happened over the last 50 years since the first report pre-
sumed to have been published on this topic by Hajek (14).
In addition, the literature search was limited to articles
published in English.

The aim of the current review was to synthetize knowledge
derived from the literature on stapes surgery for juvenile
otosclerosis, providing information on patient character-
istics, diagnostic evaluation, use of preoperative imaging
techniques, as well as the course of surgery, the results,
and complications.

Material and methods

To identify suitable literature, a search was performed us-
ing the PubMed, Web of Science, and Medline databas-
es. Using the keywords “stapes surgery”, “child”, “juvenile”,
and “otosclerosis”, 188 articles were found on PubMed, 31
on Web of Science, and 46 on Medline. As the literature
on the topic is scanty and one of the objectives was to an-
alyze the developments that have occurred in the treat-
ment of juvenile otosclerosis, we did not limit the time-
frame of our search. The inclusion criteria were articles
written in Polish, German, or English relating to stapes
surgery in children.

The records were screened by title and abstract, analyz-
ing full texts if there was any doubt concerning the suita-
bility of the work to be included in the final review. After
exclusion of articles — referring mainly to stapes surgery
in adults (52 articles), metaanalysis, reviews, or case stud-
ies (10 articles), topics outside the scope of the current re-
view (87 articles), etiology other than juvenile otosclerosis
(such as congenital abnormalities, osteogenesis imperfec-
ta, tympanosclerosis; 27 articles), or language other than
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Polish, German, or English (29 articles) — 60 articles were
considered suitable for the current review. Finally, after ex-
cluding duplicates and articles not of interest to the review
(e.g. not describing the results of the stapes surgery), 19
articles were found suitable for detailed study.

Results

Patient characteristics

Although the audiometric results of surgeries performed
in various cases of the ossicular chain immobilization are
usually reported separately, there is a trend towards the
cumulative reporting of patient characteristics. Thus, it is
hard to establish the basic data of age and sex of children
who have undergone stapes surgery due to juvenile oto-
sclerosis. Based on our estimates, over 400 cases of sta-
pes surgery for juvenile otosclerosis have been described
in the articles we reviewed. The age of the operated chil-
dren ranged from 5 to 21 years (9,15,16). Additionally, the
mean age of the operated children changed significantly
from 18 to 19 years in earlier studies (17) to about 11-13
years in more recent reports (1,5,18). In most studies, the
authors described the characteristics as a whole, with-
out breaking the results down into individual age groups.

In the majority of studies, girls outnumbered boys by three
or four times. Interestingly, the findings of studies which
took into account the prevalence of otosclerosis in particu-
lar age groups reported that female otosclerosis occurred
mainly in adolescents, whereas in younger cases (under 7
years) it was the males who outnumbered the females. A
male predominance in younger children might relate to
different genders having different lifestyles (11). The on-
set of hearing loss ranged from 5 years (19,20) to 12 years,
with a mean duration of 5 years before admission to the
audiology clinic (16).

Patients with juvenile otosclerosis had bilateral hearing
loss in the majority of cases; however, unilateral operations
were more frequently reported than bilateral. The propor-
tion of stapes surgeries performed in children, compared
to the total number of all such operations performed in
a given center, ranged from under 1% (17) to about 19%
(21) in more recent studies. However, such information
was often not provided directly by the authors and it is
unsure if the large difference may result from changes in
criteria connected with the development of surgical tech-
niques, or the actual reflection of the research material at
individual centers.

Diagnostic evaluation

Differential diagnosis of reported hearing loss is an impor-
tant part of the preoperative evaluation (7). Already during
the interview with a patient and their parents, much valu-
able information can be obtained. First of all, the diagnosis
of otitis media should be excluded, confirming lack of such
an episode over at least the last year (5,11,20,22). In addi-
tion, children with congenital ossicular abnormalities usu-
ally have a negative family history of otosclerosis and they
have no progression of hearing loss with time (7,19,20).
Patients with congenital abnormalities usually report ear-
lier onset of hearing loss (9). Congenital malformations
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are also likely to have unilateral hearing loss, whereas ju-
venile otosclerosis usually appears bilaterally (7).

Skarzynski and Porowski (2) reported that advanced oto-
sclerosis in children should be suspected in cases of con-
comitant tinnitus, deterioration of bone conduction, and/
or mixed hearing loss found on the audiogram. Such symp-
toms indicate an advanced and quickly progressing dis-
ease process and should be taken into account as factors
accelerating the decision about stapes surgery. Unfortu-
nately, only several authors described the accompanying
factors of those children with juvenile otosclerosis admit-
ted due to hearing loss. Lescanne et al. (23) reported 3 cas-
es of preoperative tinnitus and 1 case of preoperative diz-
ziness. Similar findings were reported by Denoyelle et al.
(24), who noted the existence before stapes surgery of tin-
nitus in 3 patients, dizziness in 1 patient, and vertigo in 1
patient. No information was given on postoperative results.

The physical examination can also be a valuable source
of information in making a preoperative assessment. One
specific feature of patients with juvenile otosclerosis can be
a bright pink hue of the promontory (a positive Schwartze’s
sign). In a differential diagnosis, it is worth noting that
children with osteogenesis imperfecta frequently show
a blue discoloration of the sclera (9). According to Nei-
lan et al. (5), a contraindication to stapedotomy is intact
tympanic membrane reflexes, which can indicate a third
window of the inner ear (e.g. an enlarged vestibular aq-
ueduct or semicircular canal dehiscence) in case of con-
ductive hearing loss.

In one of the earliest reports on juvenile otosclerosis,
House et al. (7) stated that a normal or reduced height
tympanogram in case of conductive hearing loss is in-
dicative of ossicular chain fixation (probably stapedial).
Conversely, the authors indicated that discontinuity of
the ossicular chain or a congenital cholesteatoma can be
suspected if there is a high peak audiogram in a unilater-
al hearing loss case.

Pure-tone audiometry is considered the gold standard in
assessing preoperative hearing levels. A basic criterion for
qualifying a child for stapes surgery is obtaining consist-
ent and reliable audiograms obtained at least twice before
surgery (2,22,25).

Although speech audiometry was considered an impor-
tant part of the diagnosis in earlier studies (7), only sev-
eral authors reported pre- and postoperative speech au-
diometry results.

Although the physical and audiometric examinations are
a source of valuable information, a clinical diagnosis of
juvenile otosclerosis or congenital malformation is only
possible on the basis of the surgical picture and histo-
pathological examination (20). Histopathology for juvenile
otosclerosis is rare, and in the majority of evaluated stud-
ies the clinical diagnosis was made perioperatively based
on the typical otosclerotic focus in the microscopic eval-
uation (1,5,9,21,23,24).

Another valuable source of information enabling the dif-
ferential diagnosis of juvenile otosclerosis is a computed
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tomography (CT) scan (21,24). Such a tool enables obser-
vation of the status of the ossicles, the course of the facial
nerve, and inner ear morphology (5). Inner ear deformi-
ties are generally considered a contraindication for stapes
surgery (22). A CT scan can be particularly useful in di-
agnosing male patients with X-linked stapes gusher syn-
drome, who should not be considered as candidates for
stapes surgery due to the high probability of postopera-
tive sensorineural hearing loss.

Murphy & Wallis (22) and Lippy et al. (11) conducted a
CT scan only in children with mixed hearing loss. Simi-
larly, Skarzynski & Porowski (2) used this imaging meth-
od only in children suspected of congenital malforma-
tions of the middle or inner ear. In the study of Lescanne
etal. (23), a CT scan was helpful in the preoperative eval-
uation of patients with juvenile otosclerosis; however the
authors underlined its rather low sensitivity. The evidence
of otosclerosis (poorly calcified foci near the fissula ante
fenestram) was found in 4 out of 6 children. Denoyelle et
al. (24), similarly to Welling et al. (15), Neilan et al. (5),
and An & Lee (21), conducted a preoperative CT scan in
all evaluated children. Interestingly, Neilan et al. (5) un-
derlined that most ossicular abberations did not show on
CT but were identified intraoperatively. No information
about using a CT scan preoperatively was reported in the
most recent and only prospective study on primary pedi-
atric stapedotomy by Vincent et al. (1).

Surgery for juvenile otosclerosis

The most common otosurgical procedure used in chil-
dren with juvenile otosclerosis is stapedotomy. House et
al. (1980) reported using a transmeatal approach in cases
of firm suspicion of juvenile otosclerosis; however, in un-
certain cases they advocated using a postaurical approach
due to possible incus or malleus problems or unsuspected
congenital cholesteatoma. The majority of authors report-
ed using a transcanal access in case of juvenile otosclero-
sis (1,2,7,9,16,21,22,25,26). In the 80s, the most common
reported type of anesthesia was local; however, current
articles mainly describe general anesthesia in children.

There is a diversity of prostheses types used by different
authors, starting from no prosthesis (27) to wire loop pros-
thesis (7,17), stainless steel piston prosthesis (11,16,22),
platinum piston (9), gold piston (19), and the most com-
monly used Teflon prosthesis (1,2,16,17,20,21,24,25). In a
study by Welling et al. (15), no significant differences were
obtained between patients with different types of prosthe-
ses, grafts, or age at operation. An apt summary of the en-
countered differences was set out by Carlson et al. (26),
who stated that “There was a substantial variety of artificial
prostheses used, reflecting the 20 year span of surgery and
variations in surgeon preference”. There was also a variety
of grafts used during a surgery, including fascia (7,9,15,24),
vein (1,11), blood or perichondrium (9,15,22), fat (22), fi-
brous tissue and blood (19), no graft (15), or “others” in
over 20% of all procedures performed (9).

In the study of House et al. (7), 10 of 24 surgeries required
drilling due to a solid footplate, with one case leading to
total hearing loss even though the same technique was
used in all cases. Drilling was also used by Namystowski
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et al. (25) in 6 cases due to the presence of extensive oto-
sclerotic changes, but no cases of hearing loss were not-
ed. In a study of Millman et al. (16), no drilling was used
and curettage was performed to remove bony overhangs
or growths. De la Cruz et al. (9) reported using various
techniques such as electric drill, needle hook, laser, or oth-
ers. The authors outline the development of surgical tech-
niques, comparing the total stapedectomy with wire pros-
theses (in the past) to small fenestra stapedotomy with
platinum piston prostheses using a laser (in later years),
which can be particularly useful during revision surgery.
However, in the majority of studies the laser technique has
not been frequently employed. Bachor et al. (19) used a
carbon dioxide laser in only 2 cases. In the study of De-
noyelle et al. (24), the stapes superstucture was removed
and followed by either a small fenestra technique with a
drill or laser or a partial removal of the footplate covered
by fascia. Similarly, a laser was used in only 2 ears, where-
as the drill was chosen in 22 ears. In a study of Neilan et
al. (5), only 3 patients underwent a laser stapedetomy. The
most extensive report on surgical procedure was provid-
ed by An & Lee (21), who did not report using a laser.
However, in the most recent report of Vincent et al. (1),
all procedures were performed using a KTP laser or car-
bon dioxide laser. To summarize the variety of techniques
used, it is worth recalling that Lescanne et al. (23) pointed
out that the results of stapes surgery are much more in-
fluenced by the experience of the otosurgeon than by the
choice of using either a laser or drill.

Postoperative results of stapes surgery

In the majority of studies, criteria set by the Committee
on Hearing and Equilibrium were used to report the re-
sults of surgery. However, probably due to the retrospec-
tive nature of most studies, differences have been intro-
duced. For example, in the study of de la Cruz et al. (9),
hearing thresholds for 3 kHz were not tested, so the 4 kHz
threshold was substituted in the average. In the study by
Neilan et al (5), instead of using 3 kHz, the mean of 2 and
4 kHz was used. Vincent et al. (1) in all cases used 4 kHz
thresholds instead of 3 kHz when averaging the pre- and
postoperative results. It is worth noting that pure-tone
bone conduction thresholds generally tend to decrease af-
ter stapes surgery, being a reversal of the Carhart’s notch.
This is the reason for the commonly found recommen-
dation of calculating the postoperative ABG using post-
operative, not preoperative, bone-conduction thresholds
(as was done in earlier studies), which should minimize
underestimating the true size of the gap. Readers interest-
ed in the metaanalysis of juvenile otosclerosis results and
their comparison with congenital ossicular chain abnor-
malities are invited to refer to the work of Asik et al. (13);
in this review, results obtained by different authors in the
individual studies are collectively presented.

Generally, surgery is considered successful if the ABG is
closed to within 10 dB; such a criterion was also chosen
in the metaanalysis of Asik (13). Classification of postop-
erative hearing thresholds also follows similar lines. In the
study of Namystowski et al. (25), the results were divid-
ed into three categories: very good (ABG closed to within
10 dB), good (ABG 10-20 dB), and disappointing (ABG
>30 dB). Denoyelle et al. (24) and An & Lee (21) classified
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their results into very good (ABG <10 dB), good (ABG 10-
20 dB), acceptable (ABG 20-30 dB), and bad (ABG >30
dB). The authors of the cited works chose different peri-
ods for short- and long-term observation, ranging from
about 2 to 6 months for short-term and at least 1 year for
long-term evaluation.

In the study of Meurman (1975), stapes surgery was found
to be an effective way of improving hearing ability in the
short and long term. However, no data were provided on
particular PTA upon pre- and postoperative evaluation.
In the report of House et al. (7), the hearing bone-con-
duction thresholds were reported to be within 10 dB HL
of preoperative levels in 91.7% of primary stapedectomies
(22 of 24 procedures). Descriptions of the pre- and post-
operative PTAs were also not provided. In a study of Mur-
phy & Wallis (22), 55% obtained an ABG within 10 dB
and the remaining within 20 dB, with a mean hearing
improvement of 17.6 dB. Millman et al. (16) reported a
hearing improvement of 58% (ABG <10 dB), 32% (ABG
11-20dB), and 10% (ABG >20 dB) in the short-term ob-
servation (2-3 months), and 50%, 40%, and 10% in the
long-term follow up (17-23 years). However, the authors
stated that there were no significant differences at differ-
ent follow-ups, which indicated that stable hearing thresh-
olds were maintained in the examined children. Addition-
ally, no relationship was found between the postoperative
ABG and age at surgery, family history, noise exposure, or
the duration of the hearing loss. In the long-term obser-
vation, patients with obliterative and biscuit-type otoscle-
rosis (analyzed together) had a lower chance of restoring
the ABG to within 10 dB compared to those with sepa-
rate stapes defects.

The results of Vick et al. (20) showed that 3 children had
their ABG within 10 dB, 1 child within 21-30 dB, and 1
child with a perioperative gusher had an ABG worse than
30 dB. Namystowski et al. (25) reported an ABG with-
in 10 dB in 10 operated ears, within 20 dB in 5 operated
ears, and worse than 20 dB in 1 operated ear. In the study
of Skarzynski & Porowski (2), as many as 97.7% of the
children had their ABG within 10 dB, and the remaining
children had their ABG not lower than 20 dB. Denoyelle
et al. (24) obtained very good results in 4 children with
juvenile otosclerosis and a good result in 1 child, which
also persisted in the long term (1 remaining child was lost
to follow-up). The results of Carlson et al. (26) revealed
that 88% children with juvenile otosclerosis experienced
at least a 10 dB improvement after stapes surgery. Neilan
et al. (5) reported 57.0% of children with an ABG <10 dB
and 85.6% of children with ABG <20 dB. The mean ABG
in pediatric patients in a study by An & Lee (21) changed
from M = 32.8; SD = 8.4 to M = 8.7; SD = 6. This result
was also maintained in long-term observation (a mini-
mum of 18 months). Vincent et al. (1) obtained a signifi-
cant change in the ABG from M = 25.5; SD = 5.7 to M =
3; SD = 5.3, persisting in the long-term observation. De la
Cruz et al. (9) pointed that, considering the postoperative
ABGs, there was no difference between patients with pre-
operative mixed and conductive hearing loss.

In a study by Lippy et al. (11), no recurrent conductive
hearing loss was noted in the long-term observation. How-
ever, there were three cases of bilateral juvenile otosclerosis
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in which an operation was done at childhood on one side
and the other side was postponed until adulthood. Suc-
cessful stapes surgery was performed in all the pediatric
procedures, although one patient who underwent an op-
eration in adulthood experienced a total loss of hearing
thereafter. Robinson (1983) reported a recurrent conduc-
tive hearing loss in 5 evaluated patients.

If the primary stapes surgery will not bring about the de-
sired results, there is the possibility of revision surgery,
which can increase the overall success rate from 79% to
89% (9). However, it worth noting that some studies in-
dicate an increased risk of cochlear loss after revision sur-
gery, similar to those reported in the adult literature (15).

Complications

Based on the analyzed literature, it can be concluded that
complications due to stapes surgery are limited to indi-
vidual cases. In the study of House et al. (7) the hearing
loss of one patient was improved after stapes surgery but
returned to the preoperative level with time. Another pa-
tient suffered total sensorineural hearing loss after the ves-
tibule was drilling into while reconstructing the oval win-
dow with a wire prosthesis. Millman et al. (16) observed no
complications directly after stapes surgery; however, one
patient experienced a sensorineural hearing loss of 10 to
20 dB and conductive hearing loss was noted in another
patient 8 years after surgery. Upon revision surgery, a dis-
placed prosthesis was demonstrated and corrected, which
resulted in ABG closure. The same patient reported a fluc-
tuating sensorineural hearing loss and imbalance 15 years
later, which was caused by a fistula near the anterior oval
window. After revision surgery with placement of a scar-
ified piece of perichondrium over the oval window and
replacement of the prosthesis, good hearing resulted and
there was no disruption to balance.

In the study of Lippy et al. (11), otitis media and atelec-
tatic eardrum were found in one patient, which necessi-
tated a tympano-ossiculoplasty. No other complications
were observed. De la Cruz et al. (9) reported transient
vertigo in 5 patients and a persistent taste disturbance in
one patient. Welling et al. (15) described profound senso-
rineural hearing loss in one child and in another patient
worsened speech discrimination (from 100% to 62%) af-
ter revision surgery. Perioperative gusher was noted in
one child in the study by Vick at al. (20). Namystowski et
al. (25) and Skarzynski & Porowski (2) found no serious
complications, reporting postoperative transient vertigo in
a minority of patients. In the study of Denoyelle et al. (24)
the only complication was tinnitus in one girl. Carlson et
al. (26) reported a hearing loss of 15 dB in one patient af-
ter surgery. Two children reported symptoms of labyrin-
thitis in the study of Neilan et al. (5); dizziness recovered
but hearing loss was sustained. At long-term follow-up, An
& Lee (21) found one case of sensorineural hearing loss
of 21.25 dB compared to the preoperative period. Final-
ly, in the most recent prospective study, Vincent et al. (1)
reported bone conduction deterioration of 13 dB in one
patient as the only complication.

To avoid postoperative complications, certain recommen-
dations need to be followed, no matter whether it is a stapes
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or other ear-related surgery (23). Pediatric patients should
avoid straining activities, such as heavy lifting, and be care-
ful when around water. They should also avoid sniffing or
wiping when both nostrils are obstructed. Both the child
and their parents should be aware that any symptoms such
as dizziness, vertigo, or sudden hearing loss must be re-
ported to the surgeon as soon as possible.

Discussion

Although the literature on pediatric otosclerosis is limit-
ed, the current evidence indicates that stapes surgery for
juvenile otoslecrosis is a safe and effective procedure for
restoring the hearing ability in children - preventing the
social and personal burden connected with hearing aids
and the potential stigma of wearing them. In addition, an
early operation inhibits the on-going pathological destruc-
tion of the otic capsule and stops the progression of exist-
ing hearing loss (16). House et al. (1980) stressed that the
child’s age, their overall perception of the illness, the level
of hearing loss, and whether the hearing impairment was
unilateral or bilateral should be taken into account when
choosing between hearing aids and stapes surgery. The
authors advocated postponing treatment until the child
was at least 5 years of age and any problems with otitis
media (with or without effusion) had subsided. To pro-
vide evidence of stable hearing thresholds, the young pa-
tient should be monitored at 6 month intervals. Surgical
treatment is not advisable in unilateral cases. The authors
considered that surgery could be performed at any time
in the future, but Robinson (28) said that postponing sur-
gery in young patients was not in their best interest. Earli-
er studies found that if stapes surgery on pediatric patients
with otosclerosis was delayed until adulthood, there were
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