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ABSTRACT

Hearing Loss in Children

Sharnu Hendri Snijman

Hearing loss in children has multiple aetiologies, making diagnosis based on clinical
signs and symptoms challenging. Hearing loss at a young age will affect a child’s
cognitive and linguistic development, resulting in loss of quality of life and possible
behavioural and social problems. It is important to screen before the end of the
neonatal period, 1 month of age, as well as a follow up at 3 months, due to multiple
progressive hearing loss causes. Congenital, delayed onset or acquired hearing loss
in children is classified into timing of onset of symptoms. Genetic, non-syndromic,
syndromic, and infectious causes are the most common aetiologies. Further
characterization of hearing loss based on the mechanism of the auditory system
involved yields conductive, sensorineural, and mixed hearing loss. The organisation
of different sound frequencies in the auditory cortex ends at 2 years of age and
indicates an important window period for intervention. The evidence of benefit from
early application of hearing aids and cochlear implants supports the argument to

treat and rehabilitate children early.

Keywords: Hearing loss, children, otitis, sensorineural, conductive



SAZETAK

Gubitak sluha kod djece

Sharnu Hendri Snijman

Gubitak sluha kod djece ima viSestruku etiologiju, Sto otezava dijagnosticiranje na
temelju klinickih znakova i simptoma. Gubitak sluha u mladoj dobi utjecat ¢e na
djetetov kognitivni i jezi€ni razvoj, Sto ¢e rezultirati gubitkom kvalitete Zivota i
mogucim socijalnim problemima te problemima ponasanja. Vazno je pregledati dijete
prije kraja neonatalnog perioda, mjesec dana starosti djeteta, te ponoviti pregled sa
tri mjeseca Zivota, zbog viSestrukih progresivnih uzroka gubitka sluha. Kongenitalni,
postepeni ili steCeni gubitak sluha u djece klacificira se obzirom na pocetak
simptoma. Genetski, nesindromski, sindromski i zarazni uzroci najéesce su
etiologije. Daljnja karakterizacija gubitka sluha temeljena na organizaciji slusnog
sustava otkriva provodni, senzorineuralni i mjesoviti gubitak sluha. Sazrijevanje
razliitih zvucnih frekvencija u sluSnom korteksu zavrSava u dobi od 2 godine i
ukazuje na vazno vremensko razdoblje za intervenciju. Dokazi o koristi rane
primjene slusnih pomagala i umjetnih puznica jasno pokazuju da je lijeCenje i

rehabilitacija potrebna prije nego Sto je prekasno

Kljucne rijeCi: Gubitak sluha, djeca, otitis, senzorineuralni, provodni



INTRODUCTION

Hearing loss in children is a common disorder, with 1 in 5 affected in the United
States and the United Kingdom by the age of 18 years old (1). Currently hearing loss
is defined as any deficit of the ability to hear sounds that should be perceived at
normal levels. Childhood hearing loss can be classified according to the timing of
hearing loss, namely congenital, delayed onset or acquired. Congenital Hearing Loss
(CHL) is attributed to causes present at birth, until 28 days after. Delayed Onset
Hearing Loss (DOHL) is recognized after the neonatal period but attributed to causes
identified at birth. Lastly, Acquired Hearing Loss (AHL) is detected after the neonatal

period and is linked to causes absent at birth (2).

This can be a debilitating disorder because the first 3 years of a child’s life is a well-
established critical period for cognitive and linguistic development (3). Social and
behavioural development has been established to be affected negatively by hearing
loss (4). Early detection of hearing loss enables quick intervention, allowing children
to develop similar to their hearing peers in linguistic and intellectual performance.
Unfortunately, those who are not detected or discovered later will suffer in the
abovementioned categories. To address this issue the National Institutes of Health is

recommending new born hearing screening within the first 3 months of a child’s life
(5).

The severity of hearing loss is graded from slight to profound across multiple
frequencies. Slight hearing loss is defined as an average hearing threshold of more
than 15dB. Mild hearing loss is diagnosed at hearing thresholds 26 dB to 40 dB,
moderate at 41 to 55 dB, moderately severe at 56 to 70 dB, severe at 71 to 90 dB

and profound hearing loss at more than 90dB(6).



ANATOMY AND PHYSIOLOGY OF HEARING

The ear is made out of three major components: The outer ear, middle and inner
components. The outer ear encompasses the pinna to the tympanic membrane,
including the auditory canal. Sound waves, made up of variable frequencies, are
picked up by the pinna and channelled into the external auditory meatus. Sound
waves are focused upon the tympanic membrane, which forms the barrier between
the outer ear and the middle ear. For the vibrations to be directed effectively to the
inner ear, the pressure on both sides of the tympanic membrane needs to be equal.
The eustachian tube ventilates the middle ear, creating equal pressure in the middle
ear and in the outer ear. The eustachian tube connects the middle ear anteriorly to

the nasopharynx (7).

Middle ear begins from the medial side of the tympanic membrane and includes the
ossicular chain and its three components, namely Malleus, Incus and Stapes. The
tympanic membrane transmits low frequency waves to the ossicular chain. The
ossicular chain converts low frequency sound waves into high frequency and then
transmits these vibrations onto the oval window via the stapes(8). The oval window

is the beginning and also the most lateral part of the cochlea.

The Cochlea is the anatomic origin of the inner ear and ends at the attachment of the
vestibulocochlear nerve. Inside the cochlea the vibrations are not conducted via air
anymore, but rather through fluid pressure waves. The waves affect hair cells inside
the cochlea found upon the basilar membrane, which are then transmitted into neural
impulses (9). The basilar membrane is separated by two different types of fluid
namely endolymph and perilymph. Endolymph is similar to intracellular fluid and
perilymph can be likened to cerebrospinal fluid. The difference in the chemical fluids

creates a membrane potential across the basilar membrane. The intensity of sound



transmitted by the hair cells into neural impulses is determined by the amount of hair

cells triggered, with louder sounds recruiting more hair cells.

The vestibulocochlear nerve is responsible for transmitting impulses via brainstem
and ultimately to the auditory cortex for additional interpretation. Different sound
frequencies are arranged spatially in the auditory cortex. The sounds are organized
linearly in relation to hairs cells of the Organ of Corti and its frequency-specific
neurons. Organization of different sound frequencies in the auditory cortex is called
tonotopy. The maturation of tonotopy starts at 6 months of life and is finalized at 24
months. Importantly, this defines a critical period for intervention of any types of

hearing loss and its correction(9).



TYPES OF HEARING LOSS:

Any part of the auditory system can be affected leading to several types of hearing
loss. The division of hearing loss is attributed to the location of the pathology. Three

main types of hearing loss are: Conductive, Sensorineural, and Mixed.

Sensorineural Hearing Loss (SHL) can be produced by any pathology within the

cochlea, cochlear nerve or its path to the auditory cortex (10).

Conductive Hearing Loss (CHL) is characterized as any pathology of the external or
middle ear components, including the pinna, external auditory canal, tympanic

membrane, ossicles, or middle ear space (11).

Lastly, Mixed Hearing Loss (MHL) is defined as any mixture of Sensorineural and

Conductive types of hearing loss.

CONGENITAL HEARING LOSS

Hearing loss is most commonly sensorineural in children, with a prevalence of 1-2
per 1000 births (12). Half of all SNHL cases in the congenital period is attributed to
genetic causes, often producing bilateral hearing loss. Furthermore, 70% of genetic

causes are considered to be non-syndromic and 30% are syndromic.

Structural abnormalities of the temporal bones are the second most common cause
of SNHL (30-40%) producing unilateral hearing loss more frequently. Anatomical
abnormalities frequently present as a component of syndromes, such as
Waardenburg, Branchiootorenal and CHARGE syndrome (13). Irregularities of the
internal auditory canal, cochlea or vestibular apparatus have been described in
increased likelihood in children with SNHL and a congenital syndrome

simultaneously present (14).



Congenital infections, namely TORCH (Toxoplasmosis, Others, Rubella,
Cytomegalovirus, and Herpes Simplex Viruses) infections, are present in varying
degrees in congenital SNHL (5-20%) (15). Cytomegalovirus (CMV) is most common
detected pathogen of the TORCH infections, often resulting in a profound and
bilateral hearing loss. Congenital Rubella used to be a common viral aetiology of
SNHL, has been significantly reduced due to the introduction of the MMR (Measles,
Mumps, Rubella) vaccination. Congenital Syphilis, thought to be a worry of the past,

has seen increasing numbers the past few years (16).

Between 25-40% of SNHL causes in the congenital period remains unidentified.
However, other risk factors have been identified. Prematurity and low birth weight
increase risk for developing CHL. Up to 7.5% of infants in Neonatal Intensive Care
Units (NICU) develop hearing loss, due to risk factors linked to low gestational age.
Identified risks factors are hypoxia during birth, prolonged ventilation,
hyperbilirubinemia, sepsis, bacterial meningitis and extracorporeal membrane

oxygenation (2).

DELAYED-ONSET HEARING LOSS

DOHL could occur if a child has a positive history for a congenital CMV infection or
stayed in the NICU for more than 5 days in the congenital period. Concern must be
risen about children with delays in linguistic development. Hundreds of genes have
been identified to cause SNHL or MHL. Syndromes attribute to many of the genetic
causes and often produce a DOHL, often proving to be a progressive loss of

hearing(17).

Pendred syndrome is connected to the SLC26A4 gene and presents as a SNHL with

recessive inheritance. Feature of Pendred syndrome includes goiter with thyroid



dysfunction, enlarged vestibular aqueduct and an intracochlear partition defect type
[1(18). Another recessive genetic syndrome called Usher syndrome has 3 clinical
types and is linked to 9 genes with varying degrees of hearing loss progression, as

well as vision impairment and vestibular dysfunction.

Alport syndrome can be either an X-linked (in most cases) or a recessive gene linked
syndrome that leads to glomerulonephritis and ultimately kidney failure. Ocular
retinopathy and a progressive SNHL which is usually detected later in childhood are

common features of Alport syndrome (19).

Many genetic causes of SNHL are non-syndromic, with initial newborn hearing
screenings proving no deficit. However, because of the progressive nature the
hearing loss becomes much worse as the child ages. Connexin 26 associated with
gene GJB2, STRC and MY015A are a few of the common recessive genes
identified. TMC1 and KCNQ4 are some of the autosomal dominant genes associated

with progressive hearing loss (20).

TORCH infections in the prenatal period can result in DOHL, being more prominent
in the past. Currently, congenital CMV is the only significant cause of DOHL
worldwide, with a prevalence of up to 2.3%. The progressive nature of the hearing
loss caused by CMV will enable to child to pass newborn hearing screening, only to

present later in childhood with a SNHL (21).

Other TORCH infections that could result in DOHL of sensorineural nature includes
toxoplasmosis and syphilis. Recent reports have identified the Zika virus as a cause

of hearing loss in North and South America (22).



ACQUIRED HEARING LOSS

Many causes of childhood hearing loss can be attributed to preventable causes such
as infection, trauma, ototoxic medications, and autoimmune diseases. Infectious

aetiologies have been postulated to be involved in 30% of AHL cases (23).

Common infectious and acquired causes like Acute Otitis Media (AOM), Otitis Media
with Effusion (OME), Chronic Suppurative Otitis Media (CSOM), Retraction Pocket
(RP) and Cholesteatoma will be discussed separately in this review due to their

clinical complexity.

SNHL caused by infections include measles, mumps, varicella zoster and bacterial
meningitis, with measles and mumps infections preventable with vaccination (24).
Streptococcal meningitis could result in SNHL due to progressive labyrinthine

ossification; these patients must receive cochlear implants before it is too late (25).

Trauma to the temporal bone can produce varying types of hearing loss, ranging
from CHL to SNHL. CHL can be a result of foreign body in the external auditory
canal, wax impaction, otitis externa, tympanic membrane perforation or ossicular
chain injury. Temporal bone fractures or concussions can produce a permanent or
temporary profound SNHL after injuring the cochlear nerve or the cochlea (26).
Excessive noise, louder than 120dB can cause immediate permanent damage to the

outer hair cells.

Common ototoxic antibiotics belong to the aminoglycoside group and other drugs
like cisplatin and loop diuretics can produce a permanent hearing loss. Other drugs
identified to result in a reversible hearing loss are salicylates and macrolides like
azithromycin. Therefore, drug and dosages prescribed to children need to be

observed carefully to reduce the odds of ototoxicity. Studies have identified genetic



susceptibility linked to aminoglycoside toxicity due to mitochondrial variety in humans

7).

Cogan syndrome is an autoimmune disease with vestibular dysfunction and
interstitial keratitis, producing a progressive hearing loss which could be responsive

to immunotherapy (28).

Acute Otitis Media

Acute otitis media (AOM) is characterized as an infection of rapid onset and pain
localized to the middle ear (29). AOM is the most common infection in young children
from 6 to 18 months with a peak incidence around 9 months and less frequently after

3 years of life. Roughly 80% of children have an ear infection before 3 years (30).

Risk factors

AOM is frequently preceded by a present or positive history of an upper respiratory
tract infection (URTI), usually a common cold caused by a virus. The eustachian
tubes becomes clogged by mucus or fluid, preventing the middle ear form being
drained. The immune system is not fully developed in children, creating an
opportunity for bacteria to flourish causing a localized infection in the middle ear
space. Anatomically in children the eustachian tube is much shorter and more
horizontal than in adults, further impeding outflow into the nasopharynx. Children
also have enlarged adenoid vegetations adding to the outflow problem. Other risk

factors for AOM is tobacco smoke exposure, day care attendance and atopy (31).

Causes
Secretions in the nasopharynx caused by viral infections, strep throat or allergies can
be aspirated into the eustachian tube. Various types of bacteria have been identified

from these secretions. The most frequent bacteria causing AOM is Haemophilus
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Influenzae, with a frequency of 30-40%. 15% of Haemophilus Influenzae creates
beta lactamase as well as 8% of this pathogen has reduced sensitivity to amoxycillin

(32).

Second most common is Streptococcus pneumoniae identified in 40-25% of cases.
42% of Streptococcal infections in AOM shows reduced sensitivity to penicillin. Third
most frequent infective agent in AOM is Moraxella catarrhalis, with a frequency of 10-
5%. Other mentionable pathogens are Streptococcus pyogenes, Staphylococcus
aureus, Corynebacterium, Pseudomonas aeruginosa and Enterobacteriaceae all

with a 5% (33).

Diagnosis
Diagnoses of AOM is based on the clinical picture and otoscopic findings. There can
be signs and symptoms which are both general and local. The most common

symptom is ear pain, which can be accompanied by agitation and crying.

Fever is often present with Streptococcal infections producing a temperature of more
than 38.5°C in half of the cases. The skin superior to the pinna can be sensitive to
touch (34). Drowsiness, sleep disturbances, loss of appetite, vomiting and diarrhoea
are more common symptoms in young children. Nasal secretions and cough can be

present due to a current URTI.

Otoscopic findings for acute otitis media are diagnostic. The manubrium of the
malleus will not be visible. The triangular glare, otherwise known as “the cone of
light”, is usually visible when light is shone on a normal eardrum, will be absent.
Finally, and most importantly, tympanic membrane bulging will be visible. Bulging of
the tympanic membrane is an important differentiating sign between AOM and Otitis

Media with Effusion (OME), as OME does not require antibiotic treatment (35).
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Prevention/Vaccination:

In order to prevent the most common cause AOM, S. pneumoniae, a 7-valent
pneumococcal conjugate vaccine (Prevenar7) has been researched. Initially it was
created to combat pneumonia but has been shown effective, by decreasing
childhood frequency of AOM in both USA and Canada. Specifically reducing AOM
incidence in children under 2 years by 43%, as well as a decrease in antibiotic
treatment requirements (36). Prevenar7 showed a significant increase in S.

pneumoniae and atypical strains of H. Influenzae caused AOM.

The 13- valent vaccine (Prevenarl3) is currently the main recommended
immunization. Presently, A 23-valent (Pneumo23) vaccine has been developed.
Displaying a reduction of S. pneumoniae AOM, however there is no data on whether
the absolute number increases or only the percentage of cases of infection with H.

influenzae and M. catarrhalis (37).

Complications

Intracranial complications of AOM can be life threatening with vital structures
surrounding the middle ear space, namely the meninges and brain superiorly and the
sigmoid sinus located posteriorly. If the AOM spreads it can lead to sigmoid sinus

thrombosis, meningitis, subdural-, epidural- and brain abscesses.

Extracranial complications can be common as well, with acute mastoiditis topping
the list. The mastoid periosteum becomes inflamed directly from a spreading AOM
infection, presenting with post-auricular swelling and mastoid tenderness aside from
other typical AOM symptoms. This type of infection is more common in children

under 2 years of age, with an incidence of 1.2-6 in 100,000 (38).

12



Treatment

Most acute ear inflammation passes without antibiotics and treatment is based on
adequate analgesia, antipyretics and solving obstruction of the nose and nasal
pharynx. Research has shown that 80% of children will spontaneously resolve an
AOM infection within 2-14 days (39). However, in children younger than 2 years the
rate of spontaneous resolution is less than 30%. Analgesics and antipyretics should
be administered in the first 24-48 hours. Drugs preferred by the European National
Guidelines are a combination of ibuprofen (10 mg per kg every six hours) and
acetaminophen (15 mg per kg every four to six hours). As well as Tramadol drops,
which can be administered for 3-year-olds and above (40). Rhino pharyngeal
hygiene habits can decrease AOM incidence, like educating children to blow their

noses often and rinsing the sinuses with isotonic and hypertonic solutions.

Children older than 2 years with mild symptoms should not receive antibiotics as well
as children aged 6 to 23 months with a mild unilateral AOM. Symptomatic treatment
should be given, and re-evaluation should be performed after 48h to 72h is there is
persisting symptoms. If persisting symptoms are present, then Amoxicillin should be

administered.

Antibiotics should be administered in children older than 6 months with severe
unilateral or bilateral AOM. Severity is defined by intense otalgia, lasting more than
48 hours and an increased temperature of 39 degrees Celsius (41). First line
antibiotic for children older than 2 years of age with uncomplicated AOM is
Amoxicillin 80 to 90 mg per kg per day, divided into two doses for 5 to 7 days. A 10-

day course is prescribed to children between 6 and 23 months old (39).

13



If the patient has taken this antibiotic in the last month or is allergic to penicillin, then
Cefuroxime 30 mg per kg per day for 10 days or Ceftriaxone 50mg per kg per day for
3 days, can be administered. If there is any contraindication for beta lactams, then
Azithromycin for 5 days can be administered (42). In treatment, there are national
and international guidelines that must be renewed at least every 10 years and
adapted to microbiological evolution and the creation of resistance to individual

antibiotics.

Important to note that if a patient has three or more AOM episodes in a 6-month
period then Recurrent Acute Otitis Media (RAOM) is diagnosed. First line treatment
of RAOM is surgical tympanostomy with ventilation tube insertion, as seen in Figure
1. The ventilation tube will naturally be expelled over a period of 12 months as the

tympanic membrane heals

Figure 1: Ventilation Tube in Tympanic Membrane. Photo taken by Asst. Prof. Lana

Kovad Bilié¢
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Otitis media with effusion (OME)

Secretory otitis media, or more commonly known as Otitis media with effusion
(OME), may be a result of an inflammatory response after an episode of AOM, URTI
or due to eustachian tube dysfunction. OME is characterized by a glue-like fluid,
behind an unruptured tympanic membrane for more than three months, in the
absence of signs of an acute infection. Hence OME being referred to as “glue-ear”
colloquially. More than 60% of children will experience an episode of OME before 2
years of age (43). Schoolchildren aged 6 years old were screened for OME and

12.5% had positive signs of OME (44).

The histological chronic inflammatory state in the middle ear causes the mucosa to
become inflamed leading to an increased production of viscous mucin. The thick
mucin accumulates in the middle ear and blocks the eustachian tube. OME has been
linked to URTI’s, smoke exposure and atopy. Other predispositions thought to
attribute to the pathogenesis of OME are changes in muco-ciliary transport,
metaplasia in the secretory epithelium and changes in transepithelial transport, all
exacerbated by smoke exposure. Genetic factors have been identified with
increased prevalence of OME in the same family, affecting the host immune function

through influences on regulators of inflammation (45).

OME development is influenced by environmental temperature, with an increased
prevalence in summer as opposed to winter. Nursery exposure is associated with a
2-and-a-half-fold increased risk. Host risk factors contributing to OME development
are sex (males more often than females), immune deficiency (IgA, IgG2 deficiency),
short-term breastfeeding, iron deficiency, premature born and ciliary dyskinesia
(Kartagener syndrome). Laryngopharyngeal reflux of stomach contents into the
middle ear space contributes to inflammatory state, with pepsin often identified in the

15



effusion. Anatomical risk factors for OME are adenoid hypertrophy or craniofacial
malformations like cleft palate, di George, Pierre Robin, Crouzon’s disease, or

Down’s syndrome (46).

The most common reported symptom is hearing loss due to non-infected fluid in the
middle ear space for a period of more than three months. As well as reporting a
feeling of fullness in the ear. OME will achieve spontaneous resolution within three
months, however if it extends this period then there is a risk of conductive hearing
loss developing, due to loss of tympanic membrane mobility. Other complications of

untreated OME are retraction pockets and tympanosclerosis.

Therefore, a period of watchful waiting is recommended, and treatment should only
be considered once a persistent effusion is identified. In the developed world OME

has been identified as the most common cause of hearing loss in children (47).

Diagnosis

Commonly children with OME are asymptomatic and are detected on routine
screenings. Children rarely complain about hearing difficulties; parents may complain
about speech development delay, behavioural problems, sleeping disturbances like
snoring and mouth breathing. Other visible signs are loss of balance or clumsiness

and a withdrawn nature of the child (48).

Otoscopy performed by an ENT specialist is diagnostic in around 78% of cases with
95% specificity. As seen in Figure 2: Otoscopic findings for OME will present with a
visible manubrium of the malleus. The middle ear fluid may be golden and air
bubbles will be visible if the patient is able to ventilate the middle ear space with the
Valsalva manoeuvre. Nonspecific findings will be an absent triangular glare as well

as no tympanic membrane bulging (35).
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Figure 2: Otoscopy of OME. Photo taken by Asst. Prof. Lana Kovac Bili¢

Tympanometry aids in the diagnosis of OME. The compliance of the eardrum is
measure by placing a probe inside the ear canal and emitting soundwaves. The
tympanic membrane’s response is measured by the sound waves it reflects back to
the probe. A healthy eardrum will reflect soundwaves, drawing a peaked
tympanogram. In OME the fluid behind the eardrum absorbs the soundwaves

resulting in a flat tympanogram graph (48).

Further investigations will include tonal audiometric testing (air and bone conduction)
to establish if any hearing loss is present. Most commonly OME produces a mild-to-
moderate (0-55dB) conductive hearing loss at speech frequencies of 500 Hz to 4
kHz, however normal hearing thresholds may be present with abnormal auditory
processing (49). The preferred method of audiometry is dependent on the age of the
patient. Behavioural observation audiometry is recommended for patients younger
than 6 months. Visual reinforcement audiometry is used for children 6 months to 2.5

years old and children older than 2.5 years old are assessed by play audiometry.

17



Children 4 years and older undergo conventional audiometry with hand raising when

hearing different frequencies.

Treatment
Most children resolve their effusion within a month and a half spontaneously,
therefore no immediate treatment is recommended. A period of observation is

preferred, with children older than 2 years old seen at 3-month intervals.

Auto inflation, otherwise known as the Valsalva manoeuvre, has been identified as
an effective and low-risk home remedy. Antihistamines, steroids, and decongestants
have been proven to show no benefit with multiple adverse effects. Surgical
intervention is considered after 3 to 4 months of OME with a 20 dB or greater loss of

hearing.

Tympanostomy with ventilation tube insertion is currently the standard surgical
treatment. The ventilation tube will extrude naturally over a period of 12 months as
the tympanic membrane heals. Ventilation tubes reduce incidence of acute middle
ear inflammation in children under 3 years of age. Secretion from the ear (otorrhea)
after installing ventilation tubes is treated locally with antibiotic drops, quinolones are
preferred. Ventilation tubes play a preventive role in the formation of chronic

inflammation of the ear with cholesteatoma (50).

Myringosclerosis (10%) and localised eardrum atrophy (14%) are more common
after installation of tubes. Myringosclerosis is a structural change in eardrums and
does not affect the situation in the middle ear and localised eardrum atrophy can
only rarely lead to a retracting pocket and/or cholesteatoma (51). The iatrogenic

complications of installing ventilation tubes are very often associated with the

18



progression of the underlying disease, which must clearly be explained to parents

preoperatively.

Adenoidectomy is recommended in children over 4 years of age if adenoid
hypertrophy is identified by fiberscope or during the installation of tympanostomy
with ventilation tube insertion. Additionally, symptomatic obstructive adenoid
hypertrophy in children under 4 years age indicates an adenoidectomy.

Special caution is recommended in children with craniofacial malformations

with monitoring every 6 months until 6 years of age, thereafter a yearly follow up is
sufficient (52). Finally, adenoidectomy with ventilation tubes is recommended in
children older than 7 years of age with chronic effusions caused by conditions like

allergies and laryngopharyngeal reflux.

Audiometric treatment should be performed after treatment of OME in children who
have delayed speech development, problems in school, balance problems and a

moderate to severe hearing threshold before treatment.

It is recommended to perform Auditory Brain Response (ABR) or Auditory Steady
State Response (ASSR) after installing ventilation tubes if audiometry cannot be
done, especially in younger children, or the findings of audiometry are extremely
poor (9). Speech therapist treatment is recommended only after treatment of OME in

children with preoperative suspicion of delayed speech development and reading.
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Chronic Suppurative Otitis Media

A perforated tympanic membrane with continual otorrhea from the middle ear space
for a period longer than 2-6 weeks is diagnosed as chronic suppurative otitis media
(CSOM). CSOM is otherwise known as chronic otitis media or chronic mastoiditis,

due to its persistent infection of the middle ear space, mastoid cavity, or both (53).

The main symptom of CSOM is loss of hearing in the involved ear with a mild to
moderate hearing threshold of 26-60 dB, however if the perforation closes naturally
there could be no hearing loss detected. Discharge from an ear affected by CSOM
can range from putrid or purulent to clear. The external ear canal could be swollen
as well. Other symptoms include fever, vertigo, and pain. The middle ear mucosa,
visualized through a perforated tympanic membrane, as seen in Figure 3, may be
thickened and granular with mucosal polyps present. There is an association with
CSOM and the development of cholesteatoma, both of which can be present

simultaneously due to their similarity in developmental conditions (54).

Figure 3: Tympanic Membrane perforation. Photo taken by Asst. Prof. Lana Kovacg
Bili¢
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Complications of CSOM are not seen often, largely because of antibiotic treatments
available. Nonetheless, similar complications as seen in AOM are possible.
Meningitis, thrombophlebitis, and intracranial abscesses are most the threatening.
Other complications include labyrinthitis, facial paralysis and petrositis. Hearing can
be affected by tympanosclerosis and acquired cholesteatoma which are sequelae of

CSOM (54).

Diagnosis

Diagnosis of CSOM is prioritised by acquiring a culture in order to identify bacterial
types and sensitivities. Firstly, Pseudomonas aeruginosa and secondly
Staphylococcus aureus are the two most frequently cultured bacteria from CSOM
secretions. Computed Tomography (CT) and Magnetic Resonance Imaging (MRI)
scans are only recommended when no improvement is seen with antibiotic treatment

as well as when there is high clinical suspicion of complications.

Performance of audiometry is recommended before any surgery, with conductive
hearing loss most commonly present. If an ossicular chain pathology is present
large air-bone gaps will be present on a high frequency audiogram with a sensitivity
of 83% and a specificity of 92% (11). Presence of sensorineural or mixed hearing
loss can indicate progressive disease and is a distressing sign of possible

complications.

Treatment
Topical antibiotics is the preferred treatment. Otic drops containing ciprofloxacin with
hydrocortisone can be applied twice daily, 3 drops at a time for 7 days. Another

option is applying 4 drops of a mixture of Neomycin and hydrocortisone 3 to 4 times
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daily for period of 7 days. However, with aminoglycoside antibiotics vestibular and

cochlear toxicity should be monitored (55).

In order to allow adequate topical antibiotic penetration, it is crucial to clean the
external auditory canal with a technique called aural toilet. This is performed with a
microscope and micro instruments in order to mechanically eradicate wax, excess
skin, and exudates. A half acetic acid and half sterile water solution is used to irrigate
the external auditory canal (56). Systemic therapy is applied if topicals fail, with oral
fluoroquinolones being sufficient. Failure is most often due to anatomical barriers

caused by cholesteatoma or granulation tissue.

Therefore, surgery is the definitive treatment for most CSOM cases.
Tympanomastoidectomy with exploration of the mastoid cavity is performed to
eliminate the infection and the persistent otorrhea. An essential part of surgery is to
control and remove the granulation tissue inside the mastoid bone and middle ear.
lllustrated in Figure 4 below, a tissue graft tympanoplasty, is indicated to repair and

close the chronic perforation and treat the underlying cause of hearing loss.

Figure 4: Perforated Tympanic Membrane (Left) and Tissue graft Tympanoplasty
(Right). Photo taken by Asst. Prof. Lana Kovac Bili¢
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Retraction Pocket

Retraction pocket (RP) or otherwise known as tympanic membrane retraction, has a
clinical relevance in the formation of cholesteatoma, so early and accurate diagnosis
and adequate treatment is crucial in preventing the formation of cholesteatoma of the
middle ear. Pathologically a part of the eardrum, pars flaccida, is pulled towards the
medial part of the eardrum due to the atrophy of the central, fibrous layer called the

pars tensa (57).

RPs frequently occur in patients with a history of tympanostomy tube placement, due
to incomplete healing of the fibrous layer. Negative middle ear pressure caused by
eustachian tube dysfunction or OME contributes to the pathogenesis of RP
development. Up to a quarter of school aged children are affected by RPs with a

much higher prevalence in children with cleft palates (58).

Signs and symptoms

Commonly no symptoms are present with retractions, however mild hearing loss can
be present due to the decreased mobility of the tympanic membrane. A permanent
hearing loss may be present if ossicular erosion develops due to persistent contact
of the tympanic membrane. Recurrent or relentless otorrhea indicates development

of cholesteatoma from the RP (59).

Diagnosis
Diagnosis is made based on clinical history as well as otoscopic evaluation. As
illustrated below in Figure 5 where a retracted eardrum around the lateral process of

the malleus will be visible.
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Figure 5: Retracted tympanic membrane. Photo taken by Asst. Prof. Lana Kova¢
Bili¢
Treatment
RPs may be clinically unstable indicating a tendency to resolve or could persist with
progression of time. Therefore, it is appropriate to observe for a period before
deciding on surgical intervention. In addition to the waiting period, patients can be
instructed to perform the Valsalva manoeuvre at home in order to compel the

retracted eardrum out of the middle ear space (60).

Decision on surgical treatment is linked to the fact that symptoms present at an early
stage as well as in the advanced stage of the disease, may be minimal. Surgery is
indicated in advanced stage of the disease with conductive hearing loss and
ossicular erosion present. Tympanoplasty with or without ossiculoplasty is the
preferred surgical intervention for RP. Excision of the retracted area with
reconstruction of the tympanic membrane is performed with a double cartilage plate

technique created from a tragal (outer ear) cartilage-perichondrium graft (31).
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Cholesteatoma

Cholesteatoma is defined as an abnormal accumulation of keratinized squamous
epithelium collected within the middle ear cavity with possible erosion of the temporal
bone and local structures. Persistent otorrhea and granulation tissue are frequently

associated with a secondary infection of the shedding epithelium (61).

Pathophysiology

Two types of cholesteatoma occur: Congenital cholesteatoma and Acquired
cholesteatoma. Congenital cholesteatoma is postulated to develop form residual
dermoid tissue in the anterio-superior middle ear space, after failure of reabsorption
in embryogenesis (62). Acquired cholesteatoma is theorized to develop from a
retraction pocket or a ruptured tympanic membrane, allowing migration of epithelium
from the external auditory canal into the middle ear space. However, currently after

much research the real pathophysiology of cholesteatoma is still uncertain (63).

Clinical Signs and Symptoms

Recurrent or relentless otorrhea of a painless nature is the most common symptom.
Osteolysis cause by local inflammatory conditions can lead to ossicular damage and
conductive hearing loss. Additionally, ear fullness and vertigo are possible if the
lesion grows to invade the inner ear. Central nervous system signs, namely

meningitis and abscesses, may be present in severely progressive cases (64).

Congenital cholesteatoma is a white mass present behind an unruptured eardrum
with or without history of ear infections or local surgery. The mean age of congenital
cholesteatoma diagnosis is 4-5 years. Recurrence of AOM or otorrhea in the affected
ear should be alarming to the physician. The middle ear space, mastoid cavity,

petrous bone apex and cerebellopontine angle are the possible locations for
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congenital cholesteatoma to be found, with up to 50% of cases located in the

cerebellopontine angle (65).

Acquired cholesteatomas can be classified according to three possible locations:
Pars tensa, Attic and Tympani sinus with a posterior subligamentary origin.
Childhood acquired cholesteatomas most commonly originate from or close to the
pars tensa. Notably, retraction pockets are claimed to be involved in the
development of cholesteatoma, especially if they are marginally located, fixed

outside of the ossicles and possess an uncontrolled nature (61).

Diagnosis

Cholesteatoma is most often detected by careful otoscopic examination, illustrated in
Figure 6 below, in children with a history of persistent discharge that does not
respond to treatment. CT scanning is indicated as it shows any bone involvement
present, namely ossicular erosion, temporal bone, or mastoid space involvement.
Preoperative evaluation is planned by CT scanning and MRI imaging can be used if
intracranial expansion is suspected. A hearing baseline must be determined before

any surgery with audiometric testing.

Figure 6: Cholesteatoma. Photo taken by Asst. Prof. Lana Kovac Bili¢
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Treatment

Usually, most cholesteatoma cases are treated surgically in order to remove the
present cholesteatoma. Contraindications to surgery are any patient comorbidities
preventing surgical intervention, as well as complete hearing loss in the contralateral

ear (66).

Two surgical approaches are popular currently. A canal wall-up approach preserves
the canal wall and a normal auricular appearance, however there is a risk of
cholesteatoma recurrence. Surgeons will require a follow up mastoidectomy 6

months post operatively to confirm disease clearance.

A canal wall-down procedure or open technique, seen in Figure 7 below, is usually
preferred as the disease recurrence rate is substantially lower, with patients
generally requiring this procedure only once. Disadvantages of this approach is an
enlarged meatus, proving hearing aids difficult to fit. Irrespective of the approach
used, it is essential to remove all of the air cells within the mastoid. Furthermore, if
the ossicles are affected an ossiculoplasty can be attempted either during the initial

procedure or planned later in a second operation (67).
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Figure 7: Mastoidectomy. Photo taken by Asst. Prof. Lana Kovac Bili¢

Postoperatively the patient should be followed closely to identify any complications
The open or canal wall down-down technigue requires packing removal one week
after the surgery. In order to battle common gram-negative bacterial infections,
namely Pseudomonas, postoperatively fluoroquinolone otic drops are preferred for
10 days a twice daily. Steroid-containing otic drops, like Ciprodex
(ciprofloxacin/dexamethasone), are extremely useful in controlling exuberant

granulation tissue (61).
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DIAGNOSIS OF HEARING LOSS

It is of great importance to rapidly diagnose hearing loss in order to rehabilitate the
child maximally with the aim of avoiding speech development deficits. Hearing loss
of any type should be assessed based on clinical presentation, family, and medical
history. Parameters to consider are patient age, time of onset of hearing loss,
unilateral or bilateral symptoms or if the hearing loss is attributed to a syndrome or
isolated. Other important details to note are if the hearing loss is transient,

permanent or progressive (68).

Newborn screening tests are performed to test for congenital CMV by taking urine,
saliva, or blood within first 3 weeks of life. Polymerase Chain Reaction (PCR) testing
can detect the presence of CMV within the samples (21). Additionally, other newborn
screening tests can include PCR testing for congenital TORCH infections. Lastly and
importantly, the physician should always listen to the parent’s comments, even in

case of normal neonatal screening.

Imaging considerations are CT vs MRI of the temporal bones in order to assess
anatomical abnormalities. Importantly, the physician must consider if the risk of
exposure to radiation is required. Ophthalmologic assessment can provide
information about combined anomalies like CHARGE syndrome. Genetic testing is
an important invasive tool used to detect multiple possible syndromic and non-
syndromic causes of hearing loss. Unfortunately, results may be inconclusive due to
many undiscovered genes involved in hearing loss (18). Urinalysis and thyroid
function studies will provide important information on diagnoses, like Alport and

Pendred syndrome that should not be missed (19).
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Testing Methods for the Diagnosis and Characterization of Hearing Loss

Advances in technology have allowed newborn hearing to be tested more accurately
at earlier ages. Behavioural Observation Audiometry (BOA) was used in the past,
with the infant (less than six months old) is placed on the parent’s lap and presented
with tones or speech in various frequencies (69). Responses like head turning
towards the sound origin or startle responses are considered as positive responses.
However, shortcomings are that the test interpretation requires skilled examiners as

well as the test does not assess the ears individually (10).

Now tests like Otoacoustic Emissions (OAES), Auditory Brainstem Response (ABR)
and Automated Auditory Brainstem Response (AABR) provide objective assessment
of the auditory pathways with no infant cooperation needed as in behavioural
observation audiometry (70). In OAE testing a probe is placed in the ear and
produces tone bursts. The outer hair cells in the cochlea produces evoked sounds

which are recorded by the probe. The presence of a response indicates a pass (11).

ABR measures the response of the brainstem after transmission of sound signals
from the middle ear and vestibulocochlear nerve with electroencephalographic
waveforms via electrodes placed on the skin. ABR testing can be used for screening
or to detect hearing thresholds (71). AABR is based on the same principle as ABR,

however it is used to screen infants in the neonatal intensive care unit (NICU).

Protocols in newborn screening indicates OAE testing of full-term children. If the
OAE testing proves a negative result, then a second screening is indicated before 1
month of age. If the second screening turns out negative again, then ABR testing

should be performed before 3 months of age (12). Neonates in the NICU commonly
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receives AABR testing, with negative results requiring OAE testing and a ABR before

3 months of age.

Tonal Audiometry (TA), or otherwise known as Conventional Audiometry is used to
measure subjective hearing thresholds in patients aged 4 years and older. In TA the
patient responds to tones at various audible frequencies delivered through

headphones or bone vibrators, producing an ear-specific audiogram (72).

Tympanometry measures the tympanic membrane’s compliance by the sound waves
it reflects to a probe. A normal eardrum will reflect soundwaves, resulting in a
peaked tympanogram. Tympanometry is not useful as a test of hearing as well as
not indicated for use in newborns. Tympanometry does provide information about the

eardrum’s function and the status of the middle ear.
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TREATMENT OF HEARING LOSS

In order to allow infants to optimally develop spoken language and develop normally
compared to their non-hearing challenged peers, they must receive targeted
interventions by 6 months of age (73). Younger children are able to adapt to their
hearing devices faster with the aim of maximizing their communication and academic

abilities.

Hearing devices commonly used in the treatment of childhood hearing loss are
Frequency Modulated (FM) Systems, Hearing Aids, Bone-Anchored Implants and
Cochlear Implants. Hearing devices are available to treat various types of hearing
loss, substituting, or bypassing the affected part of the hearing pathway. The tailoring

of hearing devices is a complex process and must be managed by an audiologist.

FM Systems are useful in teaching environments, with the speaker making use of a
microphone to transmit sounds to a FM receiver or portable speaker sitting in front of
the listener or hanging around their neck. FM receivers can improve the use of
hearing aids or cochlear implants by connecting to these devices. FM systems are
most useful in noisy environments and when communication is attempted over a

longer distance (74).

Hearing Aid is an external device looped over the pinna and fitted into the external
auditory meatus. Each hearing aid is fitted personally to each patient. An external
receiver detects sounds and amplifies the acoustic signals directly into the external
auditory canal. The Bone-Conduction hearing aids can be surgically implanted or
worn with a headband and uses vibrotactile stimulation to transmit increased

acoustic signals to the cochlea. Cochlear Implants function by circumventing the
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normal transduction mechanisms of the outer ear. An electrode is surgically placed

into the cochlea and receives input from the external device worn behind the ear.

Unilateral mild-to-moderate hearing loss can be treated with FM systems, bone-
conducting hearing aid, cochlear implant, contralateral routing of hearing aids can
collect sound from the affected ear and route it to the better hearing ear. Unilateral
severe to profound hearing loss have been consistently improved with bone-

conduction hearing aids and cochlear implants (75).

Treatment for mild-to-moderate bilateral hearing loss include external devices
dedicated to enhancing sound, namely Hearing Aids. Bilateral hearing aid placement
is preferred due to the enhanced ability of the wearer to determine sound direction

and eliminate background noise(76).

Moderately severe to profound hearing loss can be treated bimodally (a unilateral
cochlear implant and a contralateral hearing aid). This approach is useful if
simultaneous bilateral surgical insertion of cochlear implants is not feasible, allowing
bilateral hearing assistance until the second surgical insertion is possible. Another
reason for bimodal hearing aid application is the presence of different levels of
hearing in each ear. A bilateral severe or profound hearing loss is best treated with

bilateral cochlear implants (77).

Most importantly after fitting of any hearing device either surgically or non-surgically,
the patient must receive training by audiologists and speech therapists to help the

child adapt to the new method of hearing (78).
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CONCLUSION

Children with hearing loss often suffer from anxiety, loneliness, depression, and
behavioural problems, aside from cognitive and linguistic deficits. Therefore, it is of
great significance to rapidly diagnose and treat children burdened with hearing
difficulties. Research has proven that many children with hearing loss cannot be
identified solely on recognition of established risk factors. Due to the presence of
many unknown genes and the presence of progressive hearing loss, the best way to
prevent loss of quality of life is the implementation of routine screening assessments.
The advances in rehabilitation and multiple treatment options have been developed
to enable hearing-challenged children to attend public schools with their normal
hearing peers. Administering targeted interventions before 6 months of age, will

allow infants to optimally develop their linguistic abilities.
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