Review Article

Diseases of the middle ear in childhood

Abstract

Middle ear diseases in childhood play an important role in daily ENT
practice due to their high incidence. Some of these like acute otitis
media or otitis media with effusion have been studied extensively
within the last decades. In this article, we present a selection of import-
ant childhood middle ear diseases and discuss the actual literature
concerning their treatment, management of complications and outcome.
Another main topic of this paper deals with the possibilities of surgical
hearing rehabilitation in childhood. The bone-anchored hearing aid
BAHA® and the active partially implantable device Vibrant Soundbridge®
could successfully be applied for children. In this manuscript, we discuss
the actual literature concerning clinical outcomes of these implantable
hearing aids.

Keywords: children, otitis media, mastoiditis, cholesteatoma, implantable

Amir Minovi*
Stefan Dazert"

1 Department of

Otorhinolaryngology, Head
and Neck Surgery, Ruhr-

University Bochum, St.

Elisabeth Hospital, Bochum,

Germany

hearing aids

1 Introduction

Children’s middle ear diseases play an important role in
daily ENT practice as well as in scientific questions. Ac-
cording to their high incidence, some are part of daily
ENT routine, e.g., acute otitis media (AOM), one of the
most frequent diseases of our specialty. The incidence
of chronic otitis media with effusion (OME) has decreased
in developed countries, yet it still plays an important role
in the health and economy of developing and emerging
countries.

Concerning the treatment of children’s middle ear dis-
eases, many different and discussed concepts exist, such
as pediatricians’ rising idea of conservative treatment of
acute mastoiditis (AM) versus classical surgical therapy,
similar to the debate about the benefit of adenoidectomy
(AT) and ventilation tubes (VTs) in the treatment of OME.
Other foci are the extensive investigation of different
techniques applied in children’s cholesteatoma surgery
during the last years and further development of implant-
able hearing aids such as the clinically proved systems
BAHA® und Vibrant Soundbridge®.

All these topics do not only have clinical relevance, but
also have to be continuously reviewed and evaluated re-
garding their effectiveness in times of evidence-based
medicine and growing costs of health care. The intention
of this manuscript is to present elected topics of chil-
dren’s middle ear diseases on a limited scale. The authors
aim to provide an overview of the actual state of the sci-
ence, to aid the reader’s therapeutic decisions and indi-
cations.

2 Selected diseases and
therapeutic options

2.1 Acute otitis media

2.1.1 Definition

AOM is one of the most common infectious diseases in
childhood [1]. It is characterized by an inflammation of
the middle ear, in particular of the tympanic cavity, with
an acute beginning and short duration of illness. Distinc-
tion between viral and bacterial genesis should be made
[2]. Recurrent otitis media is defined by three episodes
of AOM in 6 months or more than four AOMs in 12
months, with intermittent normalization of middle ear
findings [1].

2.1.2 Epidemiology

AOM is the most frequent reason of medical consultation
[3] and the main indication of antibiotic therapy in child-
hood [4]. It usually occurs between the age of 3 months
and 3 years, with a peak of incidence from 6 to 11
months. By the age of 3 years, up to 80% of all children
have suffered at least once from AOM [5], [6]. About 40%
have had six or more AOMs by their seventh year of life
[7]. The global incidence has doubled from 1970 to 1990
[3] and was recently calculated to be 10.85% or 709
million per year, varying from 3.64% in central Europe to
43.37% in central Africa [7].
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Table 1: Predisposing factors of acute otitis media [1, 5, 8-13]

Factor Comment

Age

- Highest incidence from 6 to 24 months of age
- Short and horizontal course of the tuba auditiva
- Reduced physiological/immunological defense

Breastfeeding

- Breastfeeding for at least 3 months is protective

Passive smoking

- Increased incidence in case of parental smoking

Kindergarten

- Elevated risk for children visiting day-care centers before first year of life

Use of dummies - Increased incidence

Sex

- Slightly but significantly elevated incidence for males

Season

- Increased incidence in autumn and winter

Miscellaneous

- Increased incidence with palatine cleft, Down’s syndrome and allergic rhinitis

Origin

- Increased incidence in Native Americans, Canadian Inuits, and Alaskans

2.1.3 Pathogenesis and predisposing factors

Anatomical, physiological, and immunological factors play
arole, leading to the high incidence of AOM in childhood.
The most important factor is dysfunction of the tuba
auditiva (TA) [1]. Its course in infancy is short and hori-
zontal and shows reduced rigidity. These characteristics
forward ascending germs from the nasopharynx. Due to
viral infections of the nasopharynx, its bacterial coloniza-
tion and following ascend through the TA is promoted.
Another important variable is the immune status, as the
primary immune defense of the upper respiratory tract
is dominated by Waldeyer’s tonsillar ring. Locally secreted
antibodies represent the earliest defense against bacteri-
al and viral adhesion and reduce local bacterial coloniza-
tion [1]. While high concentrations of IgG2 can be meas-
ured in a newborn’s chord blood, the incidence of AOM
from 6 to 11 months of age shows an opposing trend
compared with the decrease of maternal antibodies. Be-
sides these aspects, numerous studies have shown that
there are predisposing risks for the development of AOM
(Table 1; [1], [5], [8], [9], [10], [11], [12], [13]).

2.1.4 Symptoms and diagnosis

AOM is characterized by acute symptoms of an ear infec-
tion. Older children report severe otalgia along with gen-
eral symptoms of an infection, such as reduced general
condition, fever, nausea, abdominal pain, absence of
appetite, cough, and headache. Smaller children often
touch their ears [14]. Yet, these symptoms are not specific
for AOM [12] and therefore not reliable for diagnosis.
Otoscopic or microscopic visualization of the tympanic
membrane (TM) is essential for diagnosis of AOM. Depend-
ing on the phase, the TM shows hyperemia or mild to
severe bulging. In addition, there can be a spontaneous
perforation with concomitant otorrhea [15]. Hyperemia
alone is not sufficient for diagnosis due to its low positive
predictive value (7%) [14] The newest guidelines of the
American Academy of Pediatrics list the following criteria
for the diagnosis of AOM [12], [16]:

* Mild to severe bulging of the TM and confirmation of
otorrhea that is not related to otitis externa

* Mild bulging of the TM with otalgia or severe redness
in the last 48 hours

Furthermore, the American Academy of Pediatrics recom-
mends the lack of middle ear effusion as a criterion for
exclusion of AOM. The proper examination of babies and
smaller children is often challenging, due to narrowed
ear canals or non-removable cerumen. For these reasons,
an appropriate assessment of the TM is not always pos-
sible [1], [12]. Also, distinguishing TM bulging from mild
to severe remains unstandardized. According to the liter-
ature, additional diagnostic techniques are tympanometry
and acoustic reflectometry [12]. An effusion in the tym-
panic cavity leads to a pathological pattern of reflected
noise waves, which can be detected with the acoustic
reflectometry. Both are tools for diagnosis of a middle
ear effusion but are not sufficient for diagnosis of AOM.
The relevance of clinical symptoms and diagnostic aids
for AOM are summarized in Table 2.

2.1.5 Microbiology

In most cases, a viral infection of the upper airways pre-
cedes AOM. The most common verified virus in middle
ear effusions during AOM is Respiratory Syncytial Virus
[4],[12], [14], [16]. Other important agents are influenza
virus and parainfluenza virus, as well as adeno-, entero-,
and rhinovirus [17]. Additional bacteria are verified in up
to 90% of cases [18]. Here, the most important are Hae-
mophilus influenzae, followed by Moraxella catarrhalis.
Rather rare are Streptococcus pyogenes and Staphylo-
coccus aureus (Table 3;[12], [14], [19], [20], [21], [22]).
Some studies from the United States have shown that
H. influenzae infections have risen since the introduction
of Streptococcus pneumoniae vaccination [14], [19].
These data could not be confirmed in Germany.
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Table 2: Relevance of clinical symptoms and diagnostic aids in diagnosis of acute otitis media (modified from [12])

Characteristic Sensitivity (%) | Specificity (%) | LR+
Symptoms

Parental suspicion of AOM 70 80 34

Ear grabbing 42 87 3.3

Otalgia 54 82 3.0

Excessive crying 55 69 1.8

Loss of appetite 36 66 1.1

Cough 47 45 0.9

Fever 40 48 0.8

Findings

Bulging of eardrum 61 97 20.3
Intransparent eardrum 81 95 16.2
Diagnostic aids

Acoustic reflectometry 65-97 85-99

Tympanometry 89 58

LR+ = positive likelihood ratio: this value expresses how much more a positive test is detected in patients
with the disease compared with persons without the disease. Values over 10 express a good likelihood ratio.

Table 3: Spectrum of pathogens in children’s acute otitis media [12, 14, 19-22]

Comment

Most pathogenic serotypes: 19F, 23F, 14, 6B, 6A, 19A,

and 9V
10-50% show resistance to penicillin

50% produce B-lactamase
Most produce B-lactamase
Frequent in older children; often associated with

mastoiditis and perforation of the tympanic membrane

Pathogen Frequency (%)
Streptococcus pneumoniae 40-50
Haemophilus influenzae 30-40
Moraxella catarrhalis 10-15
Streptococcus pyogenes <5
Staphylococcus aureus <5
Viruses <10

Frequent in chronic infections
Mostly respiratory syncytial virus

2.1.6 Conservative therapy

Goals in the management of AOM are controlling symp-
toms (especially otalgia), prophylaxis of relapse, and
avoidance of otogenic complications. Otalgia and fever
are the main symptoms of AOM that require appropriate
therapy. Recommended therapies are paracetamol
(rectal/oral; 60 mg/kg/day in 4-6 partial doses) or
ibuprofen (oral, 20-30 mg/kg/day in 3-4 partial doses).
Histamine antagonist could relieve nasal symptoms in
case of concomitant rhinosinusitis but extend the duration
of middle ear effusions [23]. There are no evidence-based
data for the use of decongestant nasal spray or drops,
although they could also relieve concomitant nasal
symptoms [1], [24]. A systematic Cochrane meta-analysis
from 2004 that included 2,695 patients did not show
any benefit from decongestant nasal spray/drops regard-
ing healing, complications, or prevention of surgical inter-
ventions [24].

Most children suffering from AOM show spontaneous re-
mission after 10-14 days. For that reason, the indication
of antibiotic therapy should be regarded critically [12].
The introduction of antibiotics was responsible for the
reduction of AM in the past but could later not be verified

for uncomplicated AOM. Thus, the incidence of AM is not
different between a wait-and-see strategy (watchful
waiting) and immediate antibiotic therapy in older chil-
dren. In addition, several studies comparing different
therapy schemes did not show significant differences in
the incidence of AM [25], except in children younger than
2 years where wait and see increased the rate of AM [26].
According to the presented literature, a wait-and-see
strategy seems to be maintainable in children older than
2 years suffering from AOM, but close clinical monitoring
is essential. In case of no improvement, an antibiotic
therapy should be initiated.

Since the 1980s, several studies have shown only a small
difference between watchful waiting and immediate anti-
biotic therapy [27], [28], [29]. Randomized studies of the
last 30 years have proved that the majority of children
recover from AOM without antibiotic therapy [1]. A meta-
analysis of randomized studies discovered that, in partic-
ular, children below 2 years with bilateral AOM and chil-
dren with AOM and otorrhea benefit from antibiotic ther-
apy. Watchful waiting should be conducted in all other
children with a mild course of AOM [30]. A recent study
from 2011 investigated the helpfulness of antibiotics
(amoxicillin/clavulanic acid) versus placebo in children
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between the 6" and 23" months of life. Here, the antibi-
otics group showed significant advantages regarding re-
duction of symptoms and rate of inflammatory signs on
the T™M [31].

In summary, current clinical studies show that immediate
antibiotic therapy is not necessary in most children suf-
fering from uncomplicated AOM. The disadvantages of
antibiotic therapy and the little benefit versus clinical
observation recommend an individual therapeutic strategy
[4], [12], [19], [22], [31]. Here, age and severity of
symptoms play a critical role. According to the available
data, indications for immediate antibiotic therapy are [4],
(7], [16], [31], [32]:

¢ Age <6 months

¢ Age <2 years with bilateral AOM, even with little otalgja
and temperature <39.0°C

¢ AOM with moderate to severe otalgia or temperature
>39.0°C

¢ Persistent purulent otorrhea

¢ High-risk patients (intratemporal or intracranial com-
plications, immunodeficiency, cleft lip and palate,
Down’s syndrome, cochlea implant)

¢ Clinical control in the first 3 days not reliably possible

The first-choice antibiotic is amoxicillin, 50-60 mg/kg/d
in three single doses for 10 days [12], [33]. In children
older than 6 years with mild to moderate AOM, therapy
for 5-7 days is sufficient [16], [34]. The advantages of
amoxicillin are good effectiveness, high safety slim micro-
biological spectrum, low rate of adverse effects, low cost,
and acceptable taste. As water-soluble dry syrups in-
crease oral bioavailability and reduce gastro-intestinal
adverse effects, this pharmaceutical form is recommen-
ded [35]. In case of presumably participating B-lactamase-
positive bacteria, amoxicillin and clavulanic acid should
be applied [16], [36]. In the following patient populations,
amoxicillin should be combined with clavulanic acid:

¢ Children with concomitant conjunctivitis

¢ Amoxicillin has been taken in the last 30 days

¢ Children using amoxicillin for prophylaxis of recurrent
urinary tract infections or recurrent AOMs

Alternatives in case of penicillin allergy are cephalosporins
(cefuroxime, cefpodoxime) if there is no anaphylactic
shock or urticaria in response to penicillin treatment in
anamnesis [12]. Otherwise, erythromycin, clarithromycin,
or azithromycin can be applied [16]. When therapy com-
pliance is reduced or children suffer from strong vomiting,
a parenteral single shot with ceftriaxone (50 mg/kg) could
be another therapeutic strategy [12].

If there is no improvement of symptoms during the first
48-72 hours, the child should be examined again and
the diagnosis should be re-evaluated. Clinically observed
children should then be given antibiotic therapy as de-
scribed above. Children that are already treated with an-
tibiotic require a change of antibiotic. Parenteral applica-
tion of ceftriaxone is recommended if there is resistance
against amoxicillin and clavulanic acid or strong vomiting
[12], [14], [16], [31]. Cochlear implant users in the first

2 months following implantation should be treated sys-
temically with ceftriaxone. After that period, oral amoxicil-
lin with or without clavulanic acid is sufficient [37].

2.1.7 Surgical therapy

In some countries, myringotomy is routine therapy for
AOM. However, randomized clinical trials showed that
there was no healing benefit for combined myringotomy
and antibiotic therapy compared with antibiotic therapy
alone [1]. Therefore, myringotomy should only be conduct-
ed in case of serious disease progression, failure of anti-
biotic treatment, or complications of AOM. The most im-
portant complication is AM (see 2.2) and its intracranial
and intratemporal complications.

2.2 Acute mastoiditis

AM is defined as an acute inflammation of the mastoid
with colliquation of the air-filled mastoidal bone [38]. This
complication of AOM is rather rare today [39], but has
been a life-threatening disease in the pre-antibiotic era,
with high mortality and morbidity [40]. In those days,
about 20% of AOM led to AM, with frequent intracranial
complications [41], [42].

2.2.1 Epidemiology

Since the introduction of antibiotic therapy in the 1940s,
the incidence of AM has been considerably reduced; yet,
an increase has been detected over the last years [38],
[40],[43], [44]. Today's incidence is 1.2-6.1 per 100,000
inhabitants in developed countries [44], [45]. Serious
progressions appear more frequently in young children
[43], [46], [47]. The rising incidence is connected to re-
strained antibiotic therapy of AOM, inadequate dosing,
choice of antibiotics, and increasing resistance of bacteria
[38], [43], [48].

Another factor is the exposure of infants to day-care
centers, which leads to an increased incidence of infec-
tions of the upper airways and AOM [49]. This issue is
emphasized by Groth et al. [44], who investigated the
age-dependent incidence of AM in Swedish children aged
0 to 16 years. The highest incidence of AM has been de-
tected in the second year of life. This could be explained
by the exposure of Swedish children to day-care centers
after their first year of life [44]. Countries with different
time points of starting child care in day-care centers show
incidence peaks of AM at other time points of childhood
[50], [51], [52].

The most frequent causative organism for AM is
S. pneumoniae, followed by S. pyogenes and S. aureus
[38], [44], [53]. With aging, the major pathogen shifts
from S. pneumonia to S. aureus [44]. Despite being the
second most frequent cause of AOM, H. influenzae is rare
in AM of childhood [40].
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2.2.2 Symptoms and diagnosis

The diagnosis of AM is concluded from anamnesis and
clinical symptoms. Most AM follow a preliminary AOM
[53]. Depending on severity and duration, the main
symptoms are intense otalgia, pasty retroauricular
swelling, and a protruding ear caused by subperiosteal
abscess formation. Groth et al. [26] report that 70% of
their group of 577 patients showed signs of AOM at the
time of AM diagnosis. The most frequent retroauricular
signs were redness or a protruding ear. Subperiosteal
abscess formation was reported in 20% of all cases [26].
Laboratory values are dominated by increased C-reactive
protein, leukocytosis, and increased blood sedimentation
speed. The inflammation can spread to the soft tissues
of the neck (Bezold mastoiditis) or to the fossa digastrica
(Muret mastoiditis) [54].

The execution of additional radiological procedures should
be decided, depending on the severity of AM. Especially
in infants, diagnosis has to be determined by clinical ex-
amination and symptoms [38]. Here, additional radiolo-
gical procedures are not obligatory. In suspicion of com-
plications, the performance of CT or MRl is advisable, but
ought to be decided on a case-by-case basis [55]. MRl is
preferred regarding intracranial complications [56]. CT
of the temporal bone is the method of choice if clinical
symptoms are not specific, but the suspicion of occult
AM cannot be rejected [38].

2.2.3 Conservative treatment

AM should be treated by systemic antibiotic therapy. The
antibiotics of choice according to the guideline of the
German ENT Society are aminopenicillin combined with
B-lactamase inhibitor or 2™ or 3" generation cephalospo-
rin (cefuroxime, ceftriaxone). After receiving the intraop-
erative resistance, the antibiotic therapy has to be adjust-
ed, if necessary. Concerning Pseudomonas aeruginosa,
other alternatives are fosfomycin, piperacillin, or cipro-
floxacin [33].

Despite generally accepted opinions, many studies
showed that middle ear symptoms precede AM by 10-14
days [57]. Luntz et al. [57] reported that 32% of children
had suffered from middle ear symptoms for shorter than
48 hours at the time of AM diagnosis. A masked or occult
mastoiditis (normal TM findings combined with signs of
mastoiditis) was reported in 3% of all cases. This rising
subgroup deserves a watchful and extensive clinical ex-
amination in order not to be overlooked. In addition, Luntz
et al. described that 54% had already taken antibiotics
before the development of AM. Therefore, we can con-
clude that antibiotic therapy does not absolutely protect
from AM and its complications [55], [57].

2.2.4 Surgical therapy
Immediate mastoidectomy is still the method of choice

today to treat AM with subperiosteal abscess formation.
Classical mastoidectomy technique with a retroauricular

approach has been established worldwide over the last
decades. Complete removal of swollen mucosa is not
necessary, yet the opening of inflammatory foci and af-
fected mastoidal cells is required. Adequate ventilation
should be guaranteed by a small silicone catheter direct-
ed to the antrum [58], [59]. All surgically treated patients
have to receive a paracentesis (PC) and, depending on
middle ear findings, a tympanostomy tube in addition to
mastoidectomy [53]. Inspection of the nasopharynx and
possibly adenoidectomy ought to be performed routinely
in this surgical intervention [38]. Some authors even
perform a PC prior to mastoidectomy. Psarommatis et al.
[55] reported that 70% of their patients could have been
treated successfully by PC only.

For that reason, immediate mastoidectomy has been
controversially discussed in publications of the last few
years. Some authors suggest antibiotic therapy alone, PC
alone, or combined with puncture of superiosteal abscess
as methods of choice [40], [44], [55], [60]. However,
most studies preferring conservative therapy rely on ret-
rospectively analyzed data. Prospective clinical studies
with randomized comparison of different therapeutic
strategies are still missing. Current literature additionally
shows that AM is still associated with extra- and intracra-
nial complications, especially in infants. Therefore,
mastoidectomy should be generously indicated in this
subgroup. The low complication rate and the established
technique of mastoidectomy justify its status as the
therapy of choice [38], [48], [53].

2.2.5 Complications of acute mastoiditis and
their treatment

Since the introduction of antibiotics and adequate therapy
of AOM, complications of AM have been significantly re-
duced [44]. Huge studies have shown that intracranial
complications have been reduced from 2.3% to 0.24%
[61]. The total incidence of complications is described
as between 7% and 35%, whereas subperiosteal abscess
formation is listed as a complication in many studies [40],
[44], [61], [62]. Table 4 shows incidence rates from the
literature. In the following sections, complications and
their therapy are described.

Labyrinthitis

Labyrinthitis is a rare complication of AM [54]. Sen-
sorineural hearing loss, vertigo, and spontaneous nystag-
mus are pathbreaking for its diagnosis. Nevertheless, the
diagnosis could be very challenging in childhood. Therapy
depends on removing the inflammatory focus by
mastoidectomy and PC.

Petrositis

Today, this complication is rare but could be part of
Gradenigo’s syndrome (retrobulbar pain, abducens nerve
palsy, and ipsilateral acute or chronic otitis media) [54],
[63]. A combined therapy of mastoidectomy (including
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the opening of mastoid cells in the petrous apex) with
high-dose intravenous (i.v.) antibiotics is sufficient [54].

Facial palsy

Facial palsy is also a rare complication of AM. In addition
to antibiotics, a prompt surgical management consisting
of mastoidectomy and PC is indicated. Further, decom-
pression of the mastoid portion of the nerve and steroids
are recommended [38]. In cases of facial palsy as a
complication of AOM without secure signs of AM, a PC
and ventilation tubes (VT) are advisable. If there is no
improvement within 3 days, a mastoidectomy is indicated
[64].

Sinu sigmoideus thrombosis

This complication could be asymptomatic or become
clinical if a thrombotic obstruction of the internal jugular
vein leads to an increased intracranial pressure. The
diagnostic tool of choice is a MRI-angiography [62].
Therapeutically, the sinus is exposed from the sinus-dura
angle to the mastoid tip during the mastoidectomy. In
cases of sepsis or suspicion of thrombosis, the sinus is
punctured. If there is sign of thrombosis, the sinus is
opened and the thrombosis evacuated. Further, the sinus
should be obliterated with muscle or Surgicel [2]. Surgical
removal of the thrombus is nowadays controversial. Some
authors recommend in these cases heparin [54], [65].
In cases of sepsis, a transcervical ligation of the internal
jugular vein is recommended [54].

Intracranial complications

The following intracranial complications are described:
epidural and subdural abscess, meningitis, and brain
abscess. The diagnosis of an intracranial complication
could be very challenging. The most common symptoms
are fever, otalgia, cephalgia, and reduced general condi-
tion. An altered mental status in combination with an AM
could also be a sign of intracranial complication [54],
[61]. The diagnostic method of choice is CT or MRI. The
two radiological techniques are regarded as equally ef-
fective [54], [56], [61]. The treatment of choice is
mastoidectomy combined with antibiotics that penetrate
the central nervous system (CNS), such as ceftriaxone.
An epidural abscess can be drained during the
mastoidectomy. The treatment of a brain abscess should
be interdisciplinary, including neurosurgery [2].

Table 4: Selected studies on acute mastoiditis and its
complication in children (SPA: subperiosteal abscess; FP: facial
palsy; SST: sinus sigmoideus thrombosis)
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2.3 Otitis media with effusion

2.3.1 Definition

OME is referred to as an accumulation of non-purulent
fluid behind the intact eardrum. The eardrum itself usually
shows no signs of inflammation. The fluid can be serous
(thin) or mucoid (thick). If the fluid is very thick, it is also
called a “glue-ear” [15], [66]. If the tympanic effusion
persists for more than 3 months, it is called an OME.

2.3.2 Epidemiology

OME is the most common cause of hearing loss and the
most common disease of the ear in childhood. Eighty
percent of all children have had an episode of this disease
by the age of 10 years, mostly by the age of 3 years [66].
The prevalence is about 20% at the age of 2 years. The
prevalence of OME has two maxima, the first at the age
of 2 years, the second at the age of 5 years [67]. The two
maxima of prevalence coincide with the time of kinder-
garten and primary school. The prevalence decreases to
8% at the age of 8 years. There are significant seasonal
differences in the level of prevalence; it can double during
the winter period in the northern hemisphere [68]. More
than half of these cases are preceded by an AOM. Chil-
dren with a previous OME suffer from an AOM five times
more often [66].

2.3.3 Pathogenesis and predisposing factors

Dysfunction of the TA plays a key role in the pathogenesis
of OME [15]. Politzer postulated an “ex-vacuo” theory in
1867 [69]. It states that a chronic vacuum of the middle
ear (as a consequence of a TA dysfunction) causes an
effusion. Inflammatory processes of the TA mucosa lead
to an edema, which causes contraction of the TA. Also,
adenoids of the epipharynx can cause mechanical obstruc-
tion of the TA. All forms of obstruction can cause an inad-
equate equalization of pressure between the middle ear
and the epipharynx. The consequence of a chronic vacu-
um of the middle ear favors the accumulation of effusion
in the tympanic cavity [66].

Brieger postulated a second theory about the genesis of
OME in 1914 [66]. It focused on an inflammatory etiology
of the mucosa of the middle ear. This theory was con-
firmed by histomorphologic studies of Sadé [70]. He de-
scribed inflammatory hypertrophy of the middle ear mu-
cosa, combined with hyperplasia of secretory cells. Cur-
rent studies reveal that an inflammatory process is not
the primary cause of OME. It is rather a secondary reac-
tion of the mucosa, caused by chronic obstruction of the
tuba auditiva [15], [66], [71], [72].

Also, other etiologies and diseases are mentioned con-
cerning the genesis of OME, including allergies, primary
ciliary dyskinesia (PCD), chronic rhinosinusitis, cleft pal-
ate, and an immature immune system [66], [71], [73],
[74]. Ninety percent of children with a cleft palate develop

OME [74], [75]. The majority of patients with PCD also
develop OME, which may last unusually long [73], [76].
Today, OME is considered to be a multifactorial disease,
which clinically appears on different levels, caused by
predisposing factors. Sequence of birth and gender are
predisposing factors. Younger siblings as well as children
visiting nursery school run a higher risk of an OME. It is
interesting that smoking by the mother is a risk factor but
smoking by the father is not [15], [66], [71].

The role of allergic disease in the pathogenesis of OME
has been investigated intensively in the last years. There
is a broad association from 5 to 80% in childhood [77].
It seems that inhalant allergy plays a bigger role than
food allergy. An increase of serum IgE could not be proved
so far [78]. An allergy-triggered cascade is supposed to
cause obstruction of the TA, which again could lead to
an OME.

The role of a bacterial infection of the middle ear in the
pathogenesis of OME is currently unclear [79]. S. pneu-
moniae, H. influenzae, and M. catarrhalis are the most
common bacteria in case of OME or AOM. These patho-
gens could only be found in half of the cases in most
studies. However, with polymerase chain reaction (PCR),
bacterial DNA could be found in more than 80% of cases
[80]. This discrepancy is explained by bacterial coloniza-
tion and biofilm, which are intended to stimulate an OME.
Bacterial colonization and biofilm are favored as an eti-
ological factor [79].

2.3.4 Symptoms and diagnosis

OME can remain asymptomatic for a long period. Some
children complain about a pressure sensation in the ear
[66]. The leading symptom is hearing loss on both sides.
Younger children with an OME show reduced articulation
and a delay of language development. Older children often
show a deficit of attention in school [81].

The most important diagnostic method is microscopic
examination of the eardrum. Usually, a retracted but intact
eardrum with a shortened malleus handle can be seen.
The effusion can gleam through clear or yellowish to blu-
ish, depending on viscosity.

Tone audiometric measurement is usually possible with
children around the age of 4 years. Depending on the
level of liquid in the middle ear, a conductive hearing loss
around 10-50 dB can be observed. The majority of chil-
dren show a hearing loss about 20-30 dB. The reliability
of tone audiometry is interpreted differently and studies
on this topic are rare. The specificity is stated to be
around 53-92%, and sensitivity around 52-88% [82],
[83], [84]. The tympanometric measurement usually
shows a flattening of the curve. In contrast to tone audi-
ometry, there are a lot of studies showing the high reliabil-
ity of tympanometry [85]. For the diagnosis of OME,
sensitivity is stated to be around 93%, specificity around
70% [85], [86], [87].
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2.3.5 Conservative therapy

There has been an intensive discussion on the treatment
of OME over the last decades. Due to the high rate of
spontaneous healing, the indication for conservative or
surgical therapy should be weighed carefully. Many
studies show that the majority of children with AOM de-
velop a chronic tympanic effusion, but which can dissolve
spontaneously [15]. The rate of spontaneous healing is
stated to be 42% after 6 months and 33% after 12
months [72]. A newly diagnosed OME without any risk
factors (craniofacial anomalies, cleft palate, PCD) should
be treated conservatively for at least 3 months [15], [33],
[66], [85].

In contrast to AOM, the benefit of antibiotic treatment of
OME is disputed [88]. Some studies show that antibiotic
treatment for 2-8 weeks could be useful [89], [90]. The
benefit was often insignificant after the interruption of
treatment within 2 weeks [91]. On the other hand, there
are side effects, development of resistance, and high
costs [88]. A recent meta-analysis examined 23 studies
on the efficiency of antibiotic treatment, including 3,027
children [92]. It showed no benefit concerning hearing
loss or reduction of the number of VTs.

A 2002 meta-analysis examined the efficiency of treat-
ment of OME with oral or topic steroid in combination
with or without antibiotics [93]. It showed a short-term
benefit concerning the dissolving of a tympanic effusion.
However, there was no long-term profit. Treatment with
antibiotics in combination with or without steroids is re-
commended only in exceptional cases. These include
children whose parents refuse surgical treatment. In these
cases, an attempt with single antibiotic treatment for
10-14 days can be made. Long-term treatment with an-
tibiotics in combination with or without steroids is not
recommended [88].

Several studies did not show any effect of treatment with
antihistamines or decongestants (also in combination);
therefore, application for OME treatment is not recom-
mended [88]. Further conservative options of therapy are
the Valsalva maneuver and nasal inflation of a special
balloon. These methods can be efficient if executed sev-
eral times a day. Because of insufficient compliance,
around 12% of children between 3-10 years of age are
not able to use these methods [66].

2.3.6 Surgical therapy
General aspects

Surgical therapy is still one of the most discussed topics
in the field of pediatric ENT medicine [94], [95], [96],
[97], [98], [99]. In case of an OME persisting for over 3
months, the indication for a surgical therapy is given. The
aims of this treatment are to improve hearing and to
prevent a relapse. Surgical methods include PC, insertion
of a VT, and AT and will be discussed later. These three
methods have been used a lot over the last decades
(alone or in combination), so there are a lot of data con-

cerning the risks and benefits [85], [88], [95], [98], [99],
[100], [104], [102], [103], [104]. Table 5 shows some
important randomized clinical studies and meta-analyses
on the efficiency of the mentioned methods of therapy.

Insertion of ventilation tubes

The gold standard for surgical treatment of OME is the
insertion of vent tubes in combination with an AT [15],
[66]. A meta-analysis by Browning et al. [100] examined
the efficiency of the insertion of VTs compared with con-
servative clinical observation. This meta-analysis under-
lines that the insertion of VTs within 6 months after sur-
gical treatment has an advantage against clinical obser-
vation. The auditory threshold (6-9 months after treat-
ment) was around 4.2 dB better in children with surgical
treatment in contrast to conservative therapy. This differ-
ence disappeared after the period of 1 year [100]. There
was no difference in language development after 6-9
months between surgical and conservative therapies.
The data of this meta-analysis and other studies were
summarized and analyzed recently [105]. The insertion
of VT reduced the duration of a tympanic effusion by 32%
compared with clinical observation and by 42% compared
with PC only. Further, the insertion of VT increased hearing
by around 10 dB versus clinical observation or PC only
4-6 months after treatment.

Adenoidectomy

Presently, there is no consensus about performing an AT
at the moment of VT insertion. The guidelines of the
American Academy of Pediatrics (2004) do not recom-
mend an AT in children with a first-time VT insertion be-
cause of an OME [88]. The reason for this decision was
medicolegal rather than based on the small therapeutic
benefit [66]. The current guidelines of the German ENT
Society recommend a simultaneous PC or insertion of VT
and AT. This combined treatment is superior to PC or VT
only [1086].

The randomized multi-center Trial of Alternative Regimens
in Glue Ear Treatment (TARGET) examined the efficiency
of AT [99]. This study included 376 children older than
3.5 years with an OME and a hearing loss over 20 dB
from 11 hospitals. The study focused on the efficiency of
combining AT and VT versus VT only or clinical observa-
tion. The patients were observed over 2 years, with five
points of follow-up. The study showed an advantage of
combining AT and VT. AT reduced the need for a second
VT insertion by 21%. The major conclusion of this study
is that combined treatment (AT and VT) has a long-term
advantage by reducing the risk of a relapsing OME after
VT extrusion [99].

A 2010 meta-analysis confirmed the benefit of an AT [98].
AT in combination with a single-sided VT showed an ad-
vantage concerning the dissolving of the tympanic effu-
sion versus the un-operated ear at 6-12 months after
diagnosis. Also, the combination of an AT and a double-
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Table 5: Current studies on effectiveness of surgical management for OME (AT: adenoidectomy; PC: paracentesis; VT: ventilation

tube; WW: watchful waiting)
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sided VT showed advantages in contrast to VT only. For
the following symptoms, an AT is indicated:

* Nasal obstruction

¢ Recurrent infections of the upper airways with chronic
adenoiditis

¢ Snoring

High-risk patients

The most important high-risk patients are children with
a cleft palate, PCD, or Down’s syndrome. Currently, there
are hardly any studies with high evidence level concerning
this subpopulation [105]. The literature research by
Campbell et al. [73] revealed that most of the studies on
OME therapy for children with PCD had a retrospective
design or were case studies (evidence level IV). The ana-
lysis by Campbell et al. showed that hearing loss persisted
for the whole childhood and also that it showed a variation
of severity and a bilateral appearance. The insertion of
VTs can lead to a normal threshold of hearing in the crit-
ical phase of language development [73].

Children with Down’s syndrome are highly susceptible to
OME and show specific problems like prolonged duration,
earlier start, and a higher risk of complications [105].
Some cases of children with Down’s syndrome show a
sensorineural hearing loss, which is difficult to diagnose.
Therefore, an interdisciplinary consensus of therapy is
essential [66], [105]. The current data show that a VT is
effective concerning the reduction of conductive hearing
loss, but can be difficult or impossible because of a nar-
row auditory canal. Further chronic otorrhea and higher
rates of VT extrusion are observed. Based on these disad-
vantages, broad information for the parents and a hearing
aid as an alternative need to be considered [85].

Complications

Numerous randomized studies and meta-analyses ex-
amined short- and long-term complications such as the
side effects of VT [85], [99], [100], [101], [105], [107].
The TARGET study showed permanent eardrum perfora-
tion in less than 1% of cases [99]. Another meta-analysis
showed that 16.6% of patients with long-lasting VTs and
2.2% of patients with short-term VTs suffered from
eardrum perforation [85].

Chronic otorrhea is a further complication of VT insertion.
The meta-analysis by Browning et al. [100] showed otor-
rhea in 2% of cases after 24-month follow-up. One prob-
lem in this study population is the heterogeneity of age
and, as a consequence, poor comparability. The study by
Rovers et al. [108], including only younger children,
showed a higher incidence of otorrhea, in up to 49% of
cases with VT. Patients with PCD showed otorrhea in 5%
of cases [73]. A further complication of PR is tympano-
sclerosis. The TARGET study stated a frequency of 20%
[99].

Conclusion

Under the following conditions, a combined surgical
treatment consisting of AT and PR has an advantage
concerning the hearing of children older than 3 years:
OME without improvement within 3 months and double-
sided hearing loss over 20 dB. In these cases, VT can
effect an immediate increase of hearing. Improved sleep
is a further advantage, if PR is combined with AT. There
are no long-term advantages in terms of language devel-
opment and quality of life. Further, there are no profound
studies concerning children with unilateral OME. AT seems
to reduce the incidence of OME for a short time compared
with clinical observation only. The current data give no
final statements concerning the long-term advantages of
AT. The treatment of patients with Down’s syndrome or
PCD is still problematic. There are currently no data
comparing the different treatments in this subpopulation.
An interdisciplinary strategy of therapy is essential in
these cases.

2.4 Chronic suppurative otitis media

2.4.1 Definition

Chronic suppurative otitis media (CSOM) is defined as a
chronic inflammation of the middle ear mucosa and
submucosa. This chronic inflammation can also affect
the eardrum and/or the auditory ossicles [109]. The World
Health Organization (WHO) defined CSOM in 2004 as “a
chronic inflammation of the middle ear and mastoid
cavity, which presents with recurrent ear discharges or
otorrhea through a tympanic perforation”. Based on the
WHO definition, the CSOM has to last at least 2 weeks
[110]. The 10™ Conference on advances in research in
otitis media set a duration of otorrhea of 2-6 weeks
[1141]. Atympanic perforation is considered to be chronic
if its duration is longer than 3 months [112]. CSOM can
involve classic tympanic perforation, eardrum retraction,
or cholesteatoma. For a better overview, the last two
diseases are discussed separately.

2.4.2 Epidemiology

The global incidence rate is estimated at 4.76 cases per
1,000 inhabitants, whereby 22.6% of cases concern U5
(6-7 months of age) children [7]. The highest incidence
rate can be seen among children younger than 1 year
(15.40 cases per 1,000 inhabitants); the lowest rate is
among adults older than 65 years (2.51 cases per 1,000
inhabitants). The lowest incidence rates are in areas like
the Andean (1.7 cases per 1,000 inhabitants), Asian-Pa-
cific (3.02 cases per 1,000 inhabitants), and North
America (3.06 cases per 1,000 inhabitants). The incident
rate for West Europe is about 3.39 per 1,000 inhabitants.
The highestincident rates are in Oceania (9.37 cases per
1,000 inhabitants) and Central and West Africa (7.56
and 7.22 cases per 1,000 inhabitants, respectively) [7].
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Furthermore, it is known that specific ethnic groups show
a higher prevalence of CSOM during childhood. These
include Australian Aborigines, the Inuit, and Native
American Indians. These subpopulations show CSOM
with tympanic perforation and without the development
of cholesteatoma, usually around the second year of life
[113].

2.4.3 Pathogenesis

The pathogenesis of CSOM is multifactorial. Fliss et al.
[114] determined the following risk factors concerning
the genesis of CSOM:

* Previous AOM or relapsing otitis media
e CSOM in parental anamnesis

* Families with a high number of siblings
* Attendance in big nursery schools

Some of the mentioned risk factors also affect the
pathogenesis of AOM. A connection between CSOM and
allergies, relapsing infections of the upper airways,
gender, breastfeeding, or secondhand smoke has not yet
been found [115].

The tuba auditiva plays an important role in the develop-
ment of OME. Infants and children are particularly sus-
ceptible to CSOM because of the horizontal direction of
the TA [116]. Also, Down’s syndrome and craniofacial
malformations are factors that predispose to CSOM [115],
[117]. Ciliary dyskinesia of the middle ear mucosa leads
to progression from AOM/OME to CSOM as well [118].
P. aeruginosa (18-67%), S. aureus (14-33%), and gram-
negative bacteria (4-43%) are the most common patho-
gens of CSOM. H. influenzae is found in 1-11% of cases
[115].

2.4.4 Symptoms and diagnosis

Otorrhea and hearing loss are the most important clinical
symptoms of CSOM. Otorrhea occurs intermittently and
shows an odorless mucous or serous consistence. Ear-
ache is not a typical symptom. If earache occurs, it is
either a complication or a result of an otitis externa [2].
Microscopy of the ear is the gold standard of clinical ex-
amination and can provide information about the extent
of the disease. The classic CSOM consists of a central
eardrum perforation with an intact annulus fibrosus
(Figure 1la). Sometimes, mucopurulent exudate can be
found. Otorrhea often goes along with edema and inflam-
mation of the middle ear mucosa. The malleus handle
can be displaced towards the promontorium and can
have contact with the middle ear mucosa. It is important
to distinguish between CSOM with central eardrum per-
foration and cholesteatoma in childhood. Cholesteatoma
is an indication for a surgical treatment, whereas classic
CSOM can just be clinically observed, depending on its
stage. The clinical microscopic examination can be com-
plicated in younger children because of mucopurulent
exudate or cerumen. If so, examination under general
anesthesia should be considered [109].

Tone audiometry is part of the basic diagnostics of CSOM
and is usually possible with children older than 4 years.
Usually, conductive hearing loss under 20 dB is found,
because there is no eroding of auditory ossicles and
tympanic perforation is small at this age. The literature
states a conductive hearing loss between 20-60 dB
[119]. Only in a few cases does CSOM lead to sensorineur-
al hearing loss. It is assumed that inflammatory mediators
from the middle ear damage the hair cells of the inner
ear [120]. Kaplan et al. [119] examined inner ear function
in 127 ears from 87 children with CSOM. There was no
significant difference compared with the control group.

2.4.5 Conservative therapy

A conservative treatment of CSOM is primarily intended
to optimize the conditions for a tympanoplasty. This in-
cludes the reduction of pathogens and complete drying
of the ear. Local treatment of CSOM with eardrops can
reduce infections and chronic inflammation of the middle
ear. In the developing world, antiseptic eardrops are
preferably used because of their low costs [115]. The
development of antibiotic eardrops with or without anti-
inflammatory components has provided an effective
method for local CSOM treatment. Today, the most com-
mon are fluoroquinolones (gyrase inhibitors). Among this
group, ciprofloxacin is the gold standard. A Cochrane
meta-analysis examined the effectiveness of local CSOM
treatment with fluoroquinolones [121]. This analysis
showed an advantage for local treatment with antibiotics
versus treatment with antiseptic eardrops or cleaning
only. There was no significant difference between
fluoroquinolones and non-fluoroquinolone. Furthermore,
the meta-analysis showed an advantage for the combin-
ation of local treatment with antibiotics and cleaning of
the auditory canal. It is not at present possible to make
a statement considering long-term positive consequences
(avoiding complications, improvement of hearing) for
treatment with ciprofloxacin and related antibiotics. Be-
cause of the heterogeneity of the study population, cur-
rent data have to be treated with caution [121]. Routine
oral antibiotic treatment of CSOM is not recommended.
A Cochrane meta-analysis showed that local treatment
with gyrase inhibitors had more influence on the reduction
of otorrhea than systemic antibiotic therapy [121].

In summary, the following recommendations for CSOM
treatment can be made based on the current study data:

* A combination of antibiotic eardrops and regular
cleaning of the auditory canal is recommended for
local treatment of CSOM

¢ Gyrase inhibitors are suitable for local treatment and
have no ototoxic side effects

* Routine oral antibiotic treatment of CSOM is not recom-
mended

GMS Current Topics in Otorhinolaryngology - Head and Neck Surgery 2014, Vol. 13, ISSN 1865-1011

11/29



Minovi et al.: Diseases of the middle ear in childhood

2.4.6 Surgical therapy
General aspects

Tympanoplasty, possibly combined with ossiculoplasty,
is the treatment of choice for CSOM. The main therapeutic
targets are:

* Permanent closure of the eardrum

* Healing of the chronic inflammation and thus drying
of the ear

¢ Improvement of hearing

Time of surgical intervention

The appropriate age for tympanoplasty varies in the liter-
ature, but represents an important parameter for the
outcome of surgical intervention. A meta-analysis by
Vrabec et al. [122] states that an increasing age from 6
to 13 years improves the chances of success of tympano-
plasty. Previous AT, status of the contralateral ear, dimen-
sion of the perforation, and function of the TA do not in-
fluence the outcome of tympanoplasty. On the contrary,
other studies showed an influence on the outcome of
tympanoplasty [123]. Yung et al. [124] examined the
outcome of tympanoplasty in 51 children, which were
divided into two groups: 4-8 years and 9-13 years.
Success was defined as the following criteria 1 year after
surgical intervention: intact eardrum, no tympanic effu-
sion, no retraction or otorrhea, and stable or improved
hearing. There was no significant difference between
younger children (success in 54.5% of cases) and older
children (success in 68.8% of cases). From these data,
the authors concluded that age did not affect the success
of a surgical intervention. Other authors support an oper-
ation under the age of 5 years based on the following
arguments [125]:

* Reduction of medical consultation due to relapsing
acute episodes

* Decrease of quality of life due to hearing loss und re-
duced recreation

¢ Higher incidence of severe secondary complications

-

A 2

Figure 1a: Central defect of the ear drum on a right ear in a 14-year-old child with tympanosclerosis at the anterior portion (*);
b: Intraoperative removal of plaques from the eardrum; c: Reconstruction of the eardrum in underlay technique with
cartilage-perichondrium-transplant

[ .

e Better protection of the inner ear by closure of the
eardrum
¢ Prevention of erosion of the auditory ossicles

In spite of these arguments, there is a general consensus
among the experts that an age over 6 years is the ideal
time for a tympanoplasty [109], [123], [125]. A general
statement on the appropriate time of an operation is not
possible. It is important to give an individual recommend-
ation based on the experience of the surgeon and the
current clinical status.

Surgical technique

The surgical approach of tympanoplasty in children de-
pends on the education and experience of the surgeon.
We prefer a retroauricular approach. It gives a very good
overview, especially with an eardrum perforation in the
front lower quadrant [126]. In every case, regardless of
the approach, preparation of the perforation edges is
necessary in order to remove squamous epithelium and
scar tissue. Tympanosclerotic plaques (Figure 1b) that
adjoin the perforation edges should be removed in order
to guarantee better vascularization and a chance of
healing of the transplant [127]. These are found espe-
cially in patients with long-lasting VT.

Removal of tympanosclerotic plaques can cause subtotal
perforation of the eardrum. Different transplants can be
used for the reconstruction of the eardrum in childhood.
Recommended are temporalis fascia, perichondrium,
and/or cartilage from the tragus or the cavum conchae
[123], [128], [129], [130], [131]. We prefer the
perichondrium alone for smaller and one perichondrium-
cartilage-piece for bigger perforations in an underlay
technique (Figure 1c) [132]. For subtotal eardrum perfor-
ations, the palisade technique by Heermann is recommen-
ded [133], [134]. To stabilize the transplant, in particular
in the front quadrants, many techniques have been sug-
gested [123], [132], [135]. After gaining experience with
these methods, the Gelita sponge turned out to be the
solution to this problem [132].

JYSId

GMS Current Topics in Otorhinolaryngology - Head and Neck Surgery 2014, Vol. 13, ISSN 1865-1011

12/29



Diseases of the middle ear in childhood

Minovi et al.:

Table 6: Selected studies concerning functional results after tympanoplasty in childhood (Gr.: Group; VT: Ventilation tube)
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Results

Studies on the success of tympanoplasty in children with
CSOM with a high evidence level are rare. Due to the
heterogeneity of study populations, a comparison between
the related techniques is not possible. The available
studies report success rates of tympanoplasty of around
35-95%. Factors like age, dimension and localization of
the perforation, the surgical technique used, the trans-
plant, function of the TA, and otorrhea play a role. Table 6
displays the results of some current studies.

Conclusion

The success of tympanoplasty in children with CSOM de-
pends on many different factors. Age seems to be the
most important factor based on the current data. Gener-
ally, surgical intervention in children should not be ex-
ecuted before the age of 6 years. The decision to undergo
an operation should be considered individually and after
detailed informing of the parents.

2.5 Retraction pocket

2.5.1 Introduction

From a slight retraction of the TM in the direction towards
the tympanon up to an extended cholesteatoma, all kinds
of adhesive processes are possible, so that the spectrum
of therapy can reach from clinical/conservative control
up to extended middle ear surgery. In the following sec-
tions, some important aspects of clinical findings and
treatment of these adhesive processes will be illustrated.
In particular, it will be demonstrated whether a conserva-
tive therapy or a surgical therapy should be considered.

2.5.2 Classification and progress

Basically, an adhesive process or a retracted pouch is
meant to be an invagination of the TM in the direction
towards the middle ear (Figure 2). In the literature, differ-
ent classifications are recommended, which should be
consulted for therapeutic decision-making. In this regard,
the classifications orientate themselves, amongst others,
along biological characteristics (self-cleaning-retained,
aggressively growing), the place of origin (pars tensa-pars
flaccida), its progress (age, existence of chronic otitis
media), or along the performance during the Valsalva
maneuver (fixated, non-fixated). A frequently applied
classification was suggested by Tos and Poulsen [136]
(Table 7).

On the basis of the size of the retraction, the following
general progress performances can be resumed in the
literature: slight retractions (type I) are usually temporary
appearances and often show a tendency to complete
restitution; type Il and type Ill show dynamic performance.
Mostly, improvement occurs; ca. 15% show progress over
a period of 3-5 years. Type IV retractions do not show a

tendency for restitution and ca. 15% show perforation
after 3-5 years [109].

Figure 2: Advanced retraction pocket (Type Ill after Poulsen
and Tos) of the right ear

2.5.3 Therapy

There are basically three courses of action in the treat-
ment of TM retraction [137], [138]:

* Continuous clinical observation (watchful waiting)

¢ Minor procedures to influence the ventilation (Valsalva
training, VT)

e Surgery (tympanoplasty, atticoantrotomy, mastoidec-
tomy)

In the literature, basic elements that can influence the
strategy of treatment are mentioned (Table 8). None of
these elements on their own are a determining factor for
surgical indication. Microscopic finding of the TM is an
important criterion for decision-making. In case of non-
observable retractions, the additional use of an endo-
scope is recommended [139]. Surgery should be per-
formed if the base of the retraction is not visible with the
microscope or detritus is found endoscopically. In com-
parison with adulthood, adhesive processes in childhood
show a much higher proliferation tendency. In case of
conductive hearing loss, surgical treatment is recommend-
ed.

In case of beginning retractions, some authors recom-
mend the insertion of VT [137]. Others think that VT can
only bring improvement for a short time with regard to
hearing and that they have no influence on the course of
disease. In addition, VT can promote the development of
atrophy and calcified platelets [109]. The final surgical
therapy of adhesive processes includes definite excision
or removal of the retraction, which is usually combined
with an accidental perforation of the TM. Therefore, a
tympanoplasty or reinforcement of the TM with an auto-
genetic transplant like fascia, perichondrium, or cartilage
is required (see also 2.5). In particular, in case of exten-
ded adhesive processes (type Il or IV), a tympanoplasty
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Table 7: Classification of epitympanic retraction pockets (after Tos and Poulsen [136])

Type | Retraction in the direction of malleus neck
Air behind Shrapnell membrane visible
Type Il Retraction in the direction of malleus neck
Pocket touches malleus neck
Type lll Retraction beyond malleus neck
Pocket completely visible
Type IV Retraction beyond malleus neck
Signs of bony resorption

Table 8: Selected important factors for surgical indication of retracted pockets (modified after [138])

Surgery

Wait and Scan

Not completely visible retraction pocket (microscope)

Completely visible retraction pocket (microscope)

Conductive hearing loss >20 dB

Conductive hearing loss <20 dB SPL

Chronic otorrhea

Dry ear

Poor pneumatization

Normal pneumatization

Disturbed Eustachian tube function

Normal Eustachian tube function

Children

Adults

Pars tensa

Pars flaccida

Progression of disease in follow-up

No progression

Social factors (poor compliance)

Patients with several diseases

is recommended in the literature [137], [138], [140],
[144].

2.6 Cholesteatoma in childhood

2.6.1 Classification and pathogenesis

A cholesteatoma is a form of chronic otitis media that
also presents the appearance of squamous epithelium
in parts of the middle ear. The term “cholesteatoma” was
introduced in the year 1838 by Johannes Miiller, a Ger-
man physiologist [142]. Based on the pathogenesis and
the symptomes, it is differentiated between the rare con-
genital cholesteatoma (CC) and the more common ac-
quired cholesteatoma in childhood [109], [143].

Congenital cholesteatoma

Embryologically, a CC is a dermoid that is located medial
of an intact TM. The CC is usually attached to the mucosa
of the middle ear (anterior to the handle of the malleus)
and has to match the following criteria according to
Derlacki and Clemis [144]:

* Whitish material medial of the intact TM

* Regular pars tensa and flaccida

* No case history regarding otorrhea, perforation, or ear
surgery

After the modification of Levenson et al. [145], episodes
of an AOM do not exclude a genuine cholesteatoma, be-
cause AOM appears endemically in the first 5 years of
age. For the formation of the CC, the “epithelial rest the-
ory” is actually favored. In human fetus, it could be

demonstrated that epithelial fractions, which are usually
resorbed, appear in middle ear cavities until the 33" week
of gestation. The theory indicates that genuine choleste-
atoma develops due to the disposition and lack of resorp-
tion of these epithelial fractions [146].

Acquired cholesteatoma

The pathogenesis of acquired cholesteatoma has not
been fully clarified yet. During the 20" century, four clas-
sical theories have been established [147]:

e Immigration: growth of squamous epithelium of the
auditory canal through a marginal perforation of the
TM into the middle ear

¢ Retraction: formation of an expansive retraction pouch
due to a functional disturbance of the tube with loss
of self-cleaning mechanism; development of tensa
cholesteatoma

¢ Proliferation: papillary growth of the basal cell layer in
the area of the pars flaccida

¢ Metaplasia: transformation of the mucous epithelium
of the middle ear into squamous epithelium due to
chronic inflammatory stimulus

For the formation of an attic cholesteatoma, nowadays
a combination of the theories of retraction and prolifera-
tion is favored [147]. Besides these reasons, an acquired
cholesteatoma can also be formed due to trauma (i.e.,
fracture of the petrous bone) or iatrogenically (VT inser-
tion).
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2.6.2 Epidemiology

The annual incidence of cholesteatoma in children is
specified as 3 per 100,000 inhabitants. The prevalence
in Europe is stated to be 0.1% [143]. However, there are
considerable ethnic and regional differences. Among the
Inuit, the disease is very rarely [148]. In children with
palatine cleft, the risk of developing the disease is 20
times higher, so that the risk of the formation of choleste-
atoma in these patients is 2.6% [149].

CC represents 4-28% of all cholesteatomas in children.
A bilateral manifestation appears in 3% of all cases.
Primary diagnosis of the CC is made at the age of 5 years
(5.6 + 2.8); that of acquired cholesteatoma is made at
the age of 10 years (9.7 + 3.3). With 72% of the cases
the masculine gender is affected more often than the
feminine gender [143].

2.6.3 Symptoms and diagnosis

Small CCs are mainly asymptomatic and therefore appear
mostly as an incidental finding. Microscopy of the ear
shows a whitish globular growth behind an intact TM,
which is generally located in the front upper quadrant,
anterior to the handle of the malleus (Figure 3). In the
case of CC of a larger dimension, the disease can become
noticeable by conductive hearing loss due to chain
erosion or tympanic effusion (blockade of the tubes). A
large number of CCs are diagnosed in the course of VT
insertion. In these cases, placing of VT should be aban-
doned and prompt reconstructive surgery should be pur-
sued. Nelson et al. [150] reported their experiences with
CCs in 119 children with an average age of 5.6 years.
Most frequently, the node of the cholesteatoma was loc-
ated in the upper front quadrant. In 69% of the children,
erosion of the incus occurred; in 57%, there was erosion
of the stapes suprastructure. The average loss of hearing
was 36.1 dB.

Figure 3a: Congenital cholesteatoma of the right ear in a 5-year-old child; b: Intraoperative situs showing a cholesteatom pearl
anterior of the malleus

In contrast, acquired cholesteatoma generally shows
fetid otorrhea accompanied by conductive hearing loss.
Microscopically, a marginal defect of the tympanum is
found, usually in the pars flaccida with keratinoid scales.
In the study of lino et al. [151] in 123 children with cho-
lesteatoma, an average conductive hearing loss of 34.7
dB was diagnosed.

Imaging

The significance of CT before surgery for cholesteatoma
is discussed controversially in the literature [65]. For de-
termination of the size and localization of the choleste-
atoma, CT can be very helpful. Generally, cholesteatomas
can be detected from a size of 3-5 mm. However differ-
entiation from other soft tissue proliferations is very diffi-
cult [152]. Thus, differentiation between cholesteatoma
and cholesterol granuloma in CT is not possible [148].
Radiation exposure of the eye lens, particularly in children,
has to be considered. Further, general anesthesia or
sedation might be necessary for an MRI. From our point
of view, conventional X-ray diagnosis after Schuller is
generally sufficient for preoperative assessment of the
petrous bone. An indication for CT exists in following
cases:

* Revision surgery

¢ Suspicion of fistula of the labyrinth

¢ Preoperative paresis of the facial nerve
* Suspicion of otogenic complications

2.6.4 Surgical therapy
General

Operative restoration is the definitive therapy for choleste-
atoma. An immediate preoperative application of antibi-
otics (locally or systemically) can be reasonable in an
acute superinfection. For successful surgical treatment,
the following targets are defined:

&
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|

¢ Complete resection of the cholesteatoma

¢ Prevention of relapse

e Establishment and preservation of a physiological
condition with a self-cleaning, dry ear

* Preservation or improvement of hearing

Surgical techniques

In the course of the 20" century, two principal techniques
for the resection of cholesteatomas were developed. They
differ in removal or preservation of the posterior wall of
the acoustic meatus. With the classic closed technique
(“canal wall up”, CWU) the posterior wall of the external
auditory canal (EAC) is preserved and the cholesteatoma
is resected through the EAC and, if necessary, via the
mastoid process. A great advantage of this technique is
the preservation of the normal anatomy of the ECA, with
a shorter healing process and prevention of durable se-
cretion. The disadvantages are the restricted sight in the
epitympanic cavity and the associated high recurrence
rate. In contrast, the classic open technique offers an
excellent exposure of the cholesteatoma, with a low re-
currence rate after resection of the posterior canal wall
(“canal wall down”, CWD). A substantial disadvantage is
the establishment of an open mastoid cavity, which res-
ults in frequent lavation, with a reduced quality of life.
Over the years, both techniques have been modified
several times. One modification of the CWU technique is
the reconstruction of the posterior canal wall, after it has
been removed partly or completely, depending on the di-
mension of the cholesteatoma. This technique includes
the technique of tracing (inside-out mastoidectomy) in-
vented by Plester in which, through the adapted resection
of the posterior canal wall, the bursa of the cholesteatoma
is traced to its reverse side and resected under complete
vision [153]. The posterior canal wall is subsequently re-
constructed in the same session using bone, cartilage,
or alloplastic materials [65], [153], [154], [155].

The techniques mentioned above have their eligibility in
children as well as in adults. However, many auricular
surgeons have abandoned the classic CWU technique
due to the very high recurrence rate. However, according
to Jahnke, a closed technique should be pursued if pos-
sible, particularly in children [156]. The CWD technique,

Figure 4a: Aquired epitampanic cholesteatom on the left side in a 16-year-old child (C: Chorda tympani; +: Incus); b: Removal

of cholesteatoma with the inside-out mastoidectomy technique through partial removal of the posterior ear canal; c: Condition
after total removal with preservation of the ossicles

_ -~ &

with the establishment of an open mastoid cavity, requires
continuous cleaning, which is tolerated little by children.
Furthermore, assessment of the open mastoid cavity can
be limited in the further course by the growth of bone in
children [65]. Therefore, nowadays the technique of op-
erative restoration should not be regarded dogmatically,
but should be adapted individually to the pathology and
patient. In children, a closed or a modified version of the
closed technique should always be pursued. Independent
of age, for us the above-mentioned technique of tracing
for the restoration of cholesteatomas has proved to be
valuable (Figure 4).

CC is regarded as the classic indication for a CWU tech-
nique with a planned 2™-look operation by many authors.
As mentioned above, these cholesteatomas are generally
located anterior to the handle of the malleus. Due to the
lack of vision, this localization can make the resection
difficult. In the last years, the use of microendoscopes,
which allow an endoscopic assessment of hidden areas
of the tympanic cavity, has proved its value [157].

For resection of CC, Nelson et al. [150] suggested a
classification that described the dimension of the cho-
lesteatoma and surgical strategy, depending on the type:

¢ Type 1: cholesteatoma exclusively in the tympanic
cavity without participation of the chain except the
handle of the malleus; extended tympanotomy

¢ Type 2: participation of the chain with extension to the
posterior upper quadrant and in the attic cavity; extend-
ed tympanotomy and atticotomy with reconstruction
of the chain if necessary

¢ Type 3: extension into the mastoid process; tympano-
tomy and mastoidectomy

Potsic et al. [158] proposed a classification into four
stages: in stage |, only one quadrant is affected; in stage
Il, multiple quadrants are affected; in stage lll, the ossicles
are eroded, hence surgical resection for reconstruction
is necessary; in stage IV, every extension into the mastoid
process is defined.
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Table 9: Selected studies on functional results after cholesteatoma surgery in childhood (CWD: canal wall down; CWU: canal

wall up; IOM: inside-out mastoidectomy)
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Functional results

The most important functional results after cholesteatoma
surgery are the recurrence rate and postoperative hear-
ing. Due to different operation techniques, extension of
cholesteatomas, follow-up times, and composition of
patients in the studies, recurrence rates in cholesteatoma
surgery in children in the literature vary between 5 and
71%. A cumulative composition of Dodson et al. [159]
from studies of the years 1985-1995 showed an average
recurrence rate of 42-44% for the CWU technique and
13-22 % for the CWD technique. On the other hand, Tos
and Lau [160] could not find any significant differences
between the two classical techniques regarding the recur-
rence rate, in study of over 700 patients. Factors such
as experience of the surgeon, high facial nerve spur,
condition of the auditory ossicles, and extension of the
cholesteatoma are associated with high recurrence rates
[161], [162].

In a recent study, Stapleton et al. [163] examined possible
predictive factors for a residual/relapse and postoperative
hearing in children with CC. Cholesteatomas with larger
extensions, erosion of the ossicles, and those that re-
quired resection of the ossicles showed a higher rate of
residuals/relapses. Furthermore, these factors were as-
sociated with significantly worse postoperative hearing.
While recurrence rates vary greatly in the literature, in-
formation about postoperative hearing is more consistent.
Thus, most studies report that in the majority of patients,
acceptable hearing (<30 dB) could be achieved after
surgery. In Table 9, the essential functional results from
a selection of studies are outlined.

Postoperative treatment

The postoperative treatment of cholesteatoma surgery
includes, in particular, the control of clinical progress with
frequent microscopic examinations of the ear and evalu-
ation of whether a second operation (second-look) to ex-
clude residuals/relapses is required. In many cases, a
second operation in order to improve hearing is indicated.
In particular, the indication for a second-look operation
is questioned, as a result of current developments in
imaging diagnostics, notably MRI [164], [165].

In recent years, due to a diffusion-based MRI technique,
a new method for the detection of residual cholesteato-
mas could be introduced. The average sensitivity and
specificity of this method is stated to be 81.6% and retro-
spectively 100% [166], [167]. The positive predictive
value is 100%. With the refinement of this technique, the
detection limit for residuals is 3-5 mm. The disadvant-
ages of this method are a lack of experience with large
groups of patients and deficient data records from pro-
spective studies [168]. Furthermore, the length of the
examination is a major problem, because particularly in
infancy, motion artifacts can aggravate the interpretation
of even an experienced radiologist [148], [169].

3 Bone anchored hearing aid
BAHA®

The bone-anchored hearing aid (BAHA®; Company Coch-
lear, Australia) is one of the partly implantable hearing
devices and includes three components: first, an external
hearing aid composed of processor, microphone, battery,
and electromagnetic transformer/converter; second, an
implantable part consisting of an osseointegrated titani-
um screw; and third, the abutment that connects the
hearing aid and screw. Commercial use of osseointeg-
rated screws for sound transmission through the bone
with the assistance of hearing aids was introduced in
1989 by Tiellstrdm [170]. Since then, BAHA® is well-es-
tablished as an alternative to other bone conduction
hearing aids in childhood and in adulthood. Since several
years ago, the model Ponto® from Oticon has also been
available. The number of BAHA® users is estimated to be
over 55,000 worldwide [171]. In the following sections,
classical indication and functional results of the system
will be presented.

3.1 Indications

Generally, BAHA® is indicated for pure middle ear hearing
loss and/or mixed hearing loss if middle ear surgery has
no chance of success and a conventional hearing aid is
ineffective. At the beginning, mainly children with CSOM
and therapy-resistant otitis externa were classical indica-
tions for BAHA®. In the meantime, there is an advanced
range of indication in childhood. The current literature
cites the following typical indications for BAHA® in child-
hood [172], [173]:

¢ Congenital atresia of the auditory canal

¢ Congenital microtia

* Chronic otitis externa

* Persistent chronic middle ear effusion and hearing
aids do not help

* Unilateral high-grade sensorineural hearing loss, to
gain a pseudostereophonic hearing impression

* Trauma/burn of the outer ear

* Children with middle ear hearing loss/mixed hearing
loss who do not tolerate a conventional hearing aid

Currently, three systems exist (BP 100, BP 110, and
Cordelle 1), the choice of which depends on auditory
threshold in the bone conduction. The content of bone
conduction for BP 100 are <45 dB, BP 110 <55 dB, and
Cordelle 1l <65 dB. A bilateral supply is possible, if the
average difference in bone conduction of both ears is
>10 dB. In the USA, the BAHA® is licensed from the age
of 5 years. In Europe, implantation generally takes places
from a thickness of the cranium of 3 mm [173].
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3.2 Surgical strategy

3.2.1 Techniques and results

The BAHA® is implanted at the bone of the mastoid in one
or two sessions. It is typically situated 5 to 5.5 cm posteri-
or and slightly superior to the acoustic meatus. In this
position, the external component does not touch the
auricle. The individual steps of the surgical procedure
have already been extensively described elsewhere [174].
In the first session, the titanium screw is fixed ideally up
to a minimum depth of 2.5 mm of the cortical bone. In
children, the maximum depth of insertion is specified as
3 mm due to the thin cranium and the contour of the skull
[175]. For the second surgical step, a waiting period of
between 3 and 6 months is recommended, in order to
achieve sufficient osseointegration. Furthermore, the risk
of losing the implant due to trauma can be minimized
[170], [172], [176]. In the second session, the titanium
screw is exposed and the abutment is installed.

The risk of losing the implant, mainly by trauma, is esti-
mated to be 5.8 to 15% in infancy [176]. This is typically
in the early postoperative phase due to direct trauma,
because osseointegration takes longer in children than
in aduls. Possible irritations and subsequent development
of infections and swelling of the skin in very young chil-
dren are other problems.

The time for a BAHA® implant is being discussed contro-
versially in the literature. Furthermore, there is no con-
sensus on whether the operation should be carried out
in one or two steps. Due to the reasons mentioned above,
the age of 4 years for implantation is recommended by
most of the authors [173]. Davis et al. [176] reported on
their experiences with 40 children, who had an implant
before or after their 5" year of life. The youngest age of
implantation in their group of patients was 14 months.
The decision for surgery in one or two steps was made
during the operation, depending on the thickness of the
cranium. In case of thickness of less than 2 mm, the op-
eration was always in two steps, and with more than
4 mm, it was invariably in one step. At a thickness of
between 3-4 mm, other factors (age, lag of growth, dis-
tance between place of residence and hospital) were
considered for the decision. In the majority of the children
(95%), implantation was in two steps. The interval to the
second session was significantly longer (7.72 months) in
children under 5 years than in children above 5 years
(4.41 months). In both groups, the adoption of the BAHA®
could be performed 6-8 weeks after the second opera-
tion. In summary, the study showed that successful im-
plantation with a low rate of complications in children
below 5 years is possible. However, here it should always
be performed in two steps and the interval between the
sessions should be extended compared with older chil-
dren [176]. For MRl imaging (until 3 Tesla), children have
to take out only the sound processor, since the implant
and the abutment are not ferromagnetic [177], [178].
Actually, in older children one single procedure is favored.
Saliba et al. [179] reported in a study in 26 children with

an average age of 8.5 years implantation of BAHA® in one
step. With regard to the rate of complications, there were
no significant differences versus a comparison group in
which implantation was carried out in two steps. The au-
thors argued that the shorter overall duration of the oper-
ation and the passable rate of complications justified a
single-step procedure in this age group.

With regard to quality of life after implantation of the
BAHA®, de Wolf et al. [180] reported on 38 children, who
were at least 4 years old at the time of implantation and
who had worn the BAHA® for 1-4 years. Here, particularly
in children with bilateral middle ear deafness, a benefit
in emotional level and in learning appeared. The children
especially underlined the benefit of the BAHA® in hearing
situations with background noise. Children with loss of
hearing on one side valued the beneficial effect of the
BAHA® less [180]. In general, an acoustic threshold of
17.5 dB can be achieved in children with middle ear
deafness and severe dysplasia [173]. Overall, major
centers report success with up to 96% of implanted chil-
dren. Long-term studies have shown that most of the
children are using the system 5-10 years after the oper-
ation and are pleased with it [172].

3.2.2 Complications

Compared with adults, more complications appeared
after implantation of the BAHA® in children. The most
important short-, middle-, and long-term complications
were loosening of the screw and irritation of the skin
[173]. Loss of the implant through a lack of osseointeg-
ration occurred most frequently in the first postoperative
year [171]. In 2000, Holgers [181] presented a classifi-
cation for inflammatory reactions of the skin after BAHA®
implantation (Table 10). After infantile implantation of
the BAHA®, skin reactions appeared as the central issue.
The main reasons were chronic grinding of the skin with
the abutment and local infections of the skin in range of
the implant [173]. Particularly due to deficient hygiene
and cleaning by parents, this complication was detected
very often in mentally retarded children. These aspects
should be evaluated and considered before surgery [172].
In older children, a higher risk of formation of acne is
described. Cutaneous hypertrophy can be opposed with
a longer abutment (8.5 mm) [182].

Table 10: Holgers classification of skin reaction (around the
abutment) after BAHA® implantation [181]

Grade 0 No skin reaction

Grade 1 Redness with slight swelling

Grade 2 Redness, moistness, and moderate
swelling

Grade 3 Redness, moistness, and moderate
swelling, with tissue granulation

Grade 4 Profound signs of infection, resulting in
removal of the implant
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Altogether, the rate of dermal complications is stated to
be between 2.4 and 44%. The rate of loss of the implant
in childrenis 5.310 40% [171]. In the study of McDermott
et al. [183], data of 182 children were analyzed retro-
spectively after implantation of the BAHA®. Here, loosen-
ing of the implant appeared in 14% of the patients. The
highest rate of this complication (40%) was found in
children below 5 years of age. In children between 5-10
years of age, the rate was 8%; in children above 10 years,
the rate was 1%.

3.2.3 Further development

One enhancement of the actual BAHA® systems is the
BAHA® BIA 300, which is coated with a rough layer of TiO,
(titanium dioxide). By the use of this material, the stability
of the inserted screw is meant to be increased and the
duration of complete osseointegration is meant to be
accelerated. With a faster definite fixation of the system,
the time until the first modulation of the hearing device
can be reduced. D’Eredita et al. [184] reported on first
clinical experiences with these systems in 12 patients.
Three children with an average age of 7.7 years partici-
pated in the study. In the observation period of 12
months, barely any dermal complications appeared. Good
stability of the implant could be achieved after 3 months.
However, additional studies with a larger group of patients
and longer follow-up times are necessary. In the newest
development, it is possible to resign the thinning of the
skin during the implantation.

The bone-anchored hearing system Bonebridge® (Fa.
MED-EL, Innsbruck, Osterreich) has been on the market
for almost 1 year. So far it has not been approved for
implantation in children. The receiving implant is placed
completely under the skin, which could possibly prevent
discomfort or complications due to penetrating parts. The
first results in adults concerning quality of life and hearing
improvement are very encouraging [185], and the system
could also be applied in children in the future.

4 Vibrant Soundbridge® in
childhood

The Vibrant Soundbridge® (VSB; MED-EL, Innsbruck,
Austria) is an active partly implantable middle ear implant
that was introduced clinically in 1996, and has become
the most frequently inserted middle ear implant [186],
[187], [188], [189]. The system consists of two compon-
ents: the external component, which contains the audio
processor, the energy source (battery), the microphone,
the transmitter coil, and a magnet; and the inside com-
ponent (vibrating ossicular prosthesis, VORP), containing
the receiver, which is connected to an electromagnetic
sound converter (floating mass transducer, FMT) via a
cable. The external sound signals are absorbed by the
microphone of the audio processor and transmitted as
electric signals transcutaneously to the receiver. The ab-
sorbed signals are transmitted to the FMT and cause it

to oscillate. This vibrating energy can be used for sound
transmission in different ways (see below).

The implantation of the VSB in children was permitted in
the EU and other countries, which received the CE label
in June 2009 [188]. Therefore, the VSB is the only active
middle ear implant that is also approved in children.

At the time of birth, the middle ear is fully developed.
However, there is also a slight increase of the middle ear
cavities up to the 5" year of age, which causes a minor
lateral shift of the TM. Therefore, the use of active middle
ear implants in childhood has been controversially dis-
cussed. Some argue that skeletal growth requires surgical
readjustment of the implant. By single-point fixation of a
VSB, the postnatal growth of cranium can be disregarded
[190].

The recommendation to implant VSB was published in
2008 by an international conference [190]. With intent
a certain minimum age for the date/time of implantation
was not defined. Furthermore, middle ear anatomy should
be analyzed concerning its dimension and the possibility
of implantation, with the help of obligatory pre-surgical
imaging (generally CT).

Sensorineural hearing loss is the conventional indication
for VSB. In 2007, the indication in Europe was expanded
to conductive and to mixed hearing loss. The most import-
antindications for VSB in childhood are congenital extern-
al auditory canal atresia and some malformations of the
ossicles, which are cause conductive hearing loss or
mixed hearing loss. Here, the FMT can be connected to
different locations of the ossicles [188] or to the round
window [191]. For connection of the FMT, different solu-
tions have been described:

¢ Attachment of the FMT to the long process of the incus
for pure sensorineural hearing loss

¢ Connection via Bell- or Clip-Coupler to the stapes’ head

¢ Connection to the oval window (Figure 5)

¢ Connection to the round window

Surgical access to the middle ear for the classical connec-
tion is carried out on the long process of the incus via a
posterior tympanotomy. Intraoperative monitoring of the
facial nerve is recommended by most auricular otosur-
geons.

There are only few studies reporting on experiences with
VSB in children. One of the most frequent indications in
this age group is represented in children with congenital
atresia of the acoustic meatus and microtia. Especially
in patients with osseous atresia of the external auditory
canal, the primary studies are very promising. Frenzel et
al. [192] reported on their experiences in seven patients
with a unilateral osseous atresia of the external auditory
canal. The VSB implant was integrated in line with a total
reconstruction of the auricle. Among them were three
patients aged between 10 and 15 years. In two of these
patients, the FMT was connected to the round window;
in one patient, it was connected to the stapes. The aver-
age gain of hearing for the entire group was 45.5 dB. In
free-field audiometry, patients postoperatively scored an
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N. facialis; #: open cavity with intact horizontal semicircular canal); b: Attachement of the couplers with the Floating Mass
Transducer (FMT); c: Placement of the FMT on the footplate

average discrimination of speech of 99% on 65 dB with
noise on the other side.

In a recently published study, Colletti et al. [193] reported
on results after connection of the FMT to the round win-
dow in children (n=10; average age: 5.7 years) with con-
genital atresia of the external auditory canal. For optimi-
zation of the connection, the authors utilized an intraop-
erative electrocochleography and cartilage for stabilization
of the FMT. At 1-year follow-up, the threshold of sound
conduction caused by the VSB was 28 dB HL, which was
significantly better than the preoperative hearing (84 dB
HL). Furthermore, the study showed that migration of the
FMT was unlikely in the long term. This complication was
not observed in this study. The authors saw a contraindi-
cation for connection of the FMT in case of extremely
overhanging facial nerve with an obstruction of the round
window [193]. An MRI study is not recommended by the
company in patients with a VSB.

As an active, partly implantable hearing device, the VSB
has established itself very well in the rehabilitation of
hearing in adults. Primary studies are available for dia-
gnostic evaluation in children, which reported very good
results. For a final conclusion about the effectiveness of
VSB, more studies are necessary.
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