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Abstract

Background and aims: This is a pilot study
investigated the prevalence of hearing
impairment and the impact of the known risk
factors for hearing loss on infants at risk born in
Kuwait.

Methods: Two hundred infants with risk of
hearing impairment who met the Joint
Committee on Infants Hearing (1990) criteria
were screened. All newborns were included in
this study if they had hospital stay for more than
48 hours and at least with one of the known risk
factors of hearing loss. At time of discharge
from the hospital, they were referred for hearing
screening at Ibn Sina Hospital, Clinical
Neurophysiological Department. The hearing
screening protocol included high frequency
tympanometry, transient evoked otoacoustic
emission (TEOAE) and auditory brainstem
responses (ABR).

Results: Of 200 infants, 11.5% had
sensorineural hearing loss (SNHL). There was
no significant relationship between hearing loss
and gender, but there was a significant statistical
relationship (p<0.05) between hearing loss and
prematurity. Of 23 infants with SNHL, positive
history of hearing loss occurred in five families,
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SNHL detected in four of the 19 cases with
hyperbilirubinemia (17.4%), 2 of the 15 cases
with severe perinatal asphyxia (p<0.05), one of
the 2 cases with a meconium aspiration
syndrome (p < 0.05), and a single case with
gentamycin ototoxicity.

Conclusion: The prevalence of hearing
impairment in high-risk infants was 11.5%.
About 43.48% severe prematurity (gestational
age < 30 weeks) was a main risk factor of
hearing loss. This finding should guide
healthcare providers when adapting their
protocols.

Keywords: Transient evoked otoacoustic
emission; auditory brainstem responses; risk
factors; hyperbilirubinemia; severe prematurity;
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Introduction

It has Dbeen demonstrated that early
identification and appropriate intervention of
hearing impairment in children within the first
six months of life would prevent or reduce
many lifelong deficits in speech and language
acquisition, poor academic performance, and
emotional/social difficulties. In the last two
decades, developed countries such as the United
States and Italy have specified the early
identification of hearing impairment and
appropriate auditory habilitation as a primary
healthcare standard prior to six months of
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age [1-5].

As recently demonstrated by Martines et al.
[6,7] the aim of early identification of hearing
loss is to achieve better verbal and social
communication through hearing aids or cochlear
implants that means delayed identification may
have a negative impact on a child’s verbal,
educational, and psychological abilities [1].

The prevalence of hearing impairment in
newborns is 2-4 cases in every 1000 live births.
Even mild hearing impairment remained
unrecognized until the second year, may
produce great impact on later conversational
ability and language acquisition [8].

Some infants born with hearing impairment
have risk factors associated with hearing loss,
such as positive family history of hearing loss,
in-utero infections, craniofacial anomalies,

preterm neonates, birth weight <1500g,
hyperbilirubinemia requiring exchange
transfusion, ototoxic medication, bacterial

meningitis, apgar scores of 0—4 at 1 minute or 0-
6 at 5 minutes, or mechanical ventilation lasting
five days or longer [8], whereas other hearing-
impaired infants demonstrate no risk factors
[8,9]. Therefore it has been suggested that all
infants should be screened for hearing
impairment after birth or during the first three
months of life, thus early hearing intervention
can be implemented, if necessary [8,10].

All country’s pediatric hearing health services
should be based on the knowledge of the
prevalence of both congenital permanent
childhood hearing impairment and later
acquired hearing impairment and hearing
screening should be introduced as a public
health matter [5]

In some countries, the universal hearing
screening program is not feasible [11], and in
Kuwait only those newborns who are at risk are
currently screened. Because the prevalence of
hearing impairment in Kuwait is unknown,
partly due to the lack of representative
epidemiological studies on hearing impairment
and awareness, our study has a twofold purpose:
(i) to investigate the prevalence of hearing
impairment in a targeted population with risk
factors for hearing loss; and (ii) to identify the
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percentage of single risk factor among a
sensorineural hearing-impaired population. The
estimation of risk factor provides the chance to
identify the cause of hearing loss and its
occurrence within families.

Methods

Two hundred infants who were at risk of
hearing impairment were screened at Ibn Sina
Hospital, Clinical Neurophysiology Department
from 2011 to 2012. All infants admitted to the
neonate intensive care unit (NICU) and were
subjected to a clinical examination by their
pediatrician. All newborns were included in the
study if they had hospital stay more than 48 hours
with at least one of the known risk factors. At the
time of discharge from hospital, they were
referred for hearing screening at Ibn Sina
Hospital, Clinical Neurophysiological Department.
Ethical approval from Ibn Sina Hospital,
Clinical Neurophysiology Department was
obtained.

Full detailed history was taken from parents.
Otoscopic examination was performed to rule
out infection of debris in the ear, then two
screening procedures were carried out: auditory
brain stem evoked responses (ABR) and
transient evoked otoacoustic emission (TEOAE)
proceeding by high frequency tympanometry.
Infants were considered at risk of hearing
impairment if they met at least one of the 10
criteria established by the Joint Committee on
Infant Hearing (1990): premature birth
(gestational age < 34 weeks); low birth weight
(<1500 g); hyperbilirubinemia; children from
hearing-impaired families; craniofacial
anomalies; ototoxic medication; syndromes
known to be associated with hearing loss; in-
utero infection; severe perinatal asphyxia; and
neurological complications (hypotonia, bacterial
meningitis).The risk factors were detected by a
pediatrician’s  detailed examination or at
interview of the mother in the intensive care
unit [12].

In present study, every high-risk infant was
tested by both TEOAE and ABR, and
underwent tympanometry, using a high-
frequency probe tone of 1000 Hz, to rule out
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other problems such as internal ear effusion.
Infants were also checked that they had no ear
wax in their external ear canal before screening.
ABR was recorded using 16 channels EMS
Surpass (Biomedical, Austria); Click stimulus
has been used, starting from 90 dB HL down to
20 dB HL intensity level. Wave V was tracked
along the trace, which is the most stable wave.
All infants were tested under naturally sleeping.
For ABR three electrodes, C3, C4, Cz, were
placed on infant’s scalp and diagnosis of
hearing loss was based on the absence or
severely distorted ABR waves.

The TEOAE (Interacoustics Eclipse, Denmark)
was conducted, using click stimulus. The probe
tip was introduced to both ears and the results
were recorded either as preserved response with
a good emission level, or absent response with a
poor emission level.

High frequency tympanometry was conducted
using Interacoustics AA 222. Infants with type
A were included and infants with type B
tympanogram excluded.

After the ABR test, each infant’s characteristics
(such as age, sex, risk factors, and ABR,
TEOAE, and tympanometer results) were
collected and analyzed using SPSS software.
Nonparametric statistical tests, including Chi-
square analyses, were conducted to detect
significant relationships between hearing loss
and risk factors, with probabilities less than 0.05
considered statistically significant.

Results

Between 2011 and 2012, two hundred high-risk
cases were referred to Ibn Sina Hospital,
Clinical Neurophysiology Department for
hearing testing, and 23 (11.5%) had SNHL.
Table 1, shows the characteristics of infants
with SNHL.

Hearing loss occurred in 11 out of 105 boys
(10.5%) and 12 out of 95 girls (12.6%). Hearing
loss had no significant statistical relationship
with gender (p=0.62). Out of 23 infants with
hearing loss 10 (15%) of them had gestational
age < 30 weeks, indicating a significant
statistical relationship between hearing loss and
prematurity (p<0.05). Of 23 with SNHL,
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positive family history of hearing loss occurred
in 5 cases (21.7%, p<0.05). SNHL was also
detected in 4 of the 19 cases with
hyperbilirubinemia (17.4%, p<0.05), 2 of the 15
cases with severe perinatal asphyxia (13.3%,
p<0.05), 1 of the 2 cases with a meconium
aspiration syndrome (p<0.05), and in a single
case of gentamycin ototoxicity. The frequency
of risk factors in infants with SNHL is presented
in Table 2.

Discussion

The incidence of hearing loss in this study by
using ABR and OAE was 11.5%. Of the 10
known risk factors, five significant factors were
found to have higher prevalence among the
Kuwaiti infants: premature birth (gestational age
< 34 weeks, family history of childhood onset of
SNHL, hyperbilirubinemia, severe perinatal
asphyxia, associated syndrome, and ototoxic
drugs.

Congenital SNHL have been found in a small
proportion of extreme preterm babies, but
prematurity is a commonly reported risk factor
for acquired hearing impairment. In extreme
preterm populations, the occurrence of high
frequency hearing impairment among survivors
ranges from 0 to 4%, about 10 times the
prevalence in unselected populations. The
causes of SNHL in very preterm newborns may
differ from those in more mature infants as, the
period between 20 and 33 weeks’ gestation is
one of rapid fetal audiological development
[13].

Recent studies of hearing-impaired infants have
highlighted the benefits of early screening.
Downs and Yoshinaga-Itano showed that the
identification of hearing impairment before six
months of age is crucial for the normal
development of speech, and recommended the
Universal Newborn Hearing Screening (UNHS).
However, while early identification and
management of hearing impairment in infants is
of critical value, the economic aspects of such
screening should be considered. In some
instances, the most cost-effective solution might
be to screen only those with risk factors for
hearing impairment [14].

Aud Vest Res (2015);24(1):11-16.
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Table 1. Clinical characteristics of infants with SNHL

No Gender Gestational age (weeks) Ear affected Tympanometry TEOAEs ABR

1 F 41
2 M 39
3 M 26
4 F 30
5 M 34
6 M 39
7 M 26
8 M 29
9 F 27
10 F 39
11 F 26
12 M 26
13 F 39
14 M 34
15 F 39
16 F 39
17 F 41
18 M 39
19 M 30
20 F 27
21 M 39
22 F 39
23 F 27

Bilateral A Absent SA
Bilateral A Absent SA
Bilateral A Absent NR
Bilateral A Absent NR
Bilateral A Absent NR
Bilateral A Absent NR
Bilateral A Absent NR
Bilateral A Absent NR
Bilateral A Absent NR
Bilateral A Absent SA
Bilateral A Absent NR
Bilateral A Absent NR
Bilateral A Absent SA
Bilateral A Absent NR
Bilateral A Absent NR
Bilateral A Absent NR
Bilateral A Absent NR
Bilateral A Absent SA
Bilateral A Absent NR
Bilateral A Absent NR
Bilateral A Absent NR
Bilateral A Absent SA
Bilateral A Absent NR

A: Normal middle ear function
NR: No response
SA: Severely abnormal

Lutman et al. studied 218 at-risk infants, and
found that the prevalence of hearing impairment
in newborns who were in the NICU for more
than 48 hours was about 2-4%. Therefore,
infants hospitalized in the NICU should be
screened for hearing before they are discharged;
indeed, these newborns are also at greater risk
of disabilities associated with prematurity, low
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birth weight, use of ototoxic drugs, and
mechanical ventilation [15].

Stein reported that hearing loss incidence for
NICU infants is 20-50 times greater than in well
babies [16]. Roizen studied high-risk newborns;
13% of those with hearing impairment had low
birth weight, and 17% of newborns who were
discharged from NICU had hearing loss
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Table 2. Risk factors in infants with SNHL

Number of infants (per cent)

Risk factors Pathologic (23) Normal (177)
Premature birth (gestational age <34 weeks) 10 (43.5) 67 (37.9)
Positive family history of hearing loss 5(21.7) 75 (42.4)
Hyperbilirubinemia 4(17.4) 19 (10.7)
Severe perinatal asphyxia 2 (8.8) 15 (8.5)
Ototoxic medication 1(4.4) 0
Syndromes associated with hearing loss 1(4.2) 1(0.5)

difficulties [17].

Hess et al. studied 942 infants who were at risk
of hearing impairment. Using ABR, they found
17(1.9%) cases of hearing impairment, 14
(1.4%) of whom had bilateral hearing loss of
more than 30 dB. Furthermore, 4 of the 17
infants  with  hearing  impairment had
malformations [18].

Severe hyperbilirubinemia can cause hearing
loss.When indirect bilirubin passes the blood-
brain barrier, it can be deposited in the basal
ganglia and in the vestibulo-cochlear nucleus,
with resulting sensorineural hearing loss. Neault
reported that 33% of newborns with blood
bilirubin levels of 15-25 mg/dl had poor or
absent ABR [19].

Sheykholeslami  and Kaga  investigated
localization of the pathological etiology of
hearing impairment in infants with a history of
hyperbilirubinemia. Their study included three
infants with abnormal ABR. They found that
severe hyperbilirubinemia was associated with
at least some defects in the cochlea, and
especially in the outer hair cells, and even
moderate forms of hyperbilirubinemia (<20
mg/dl) could cause SNHL [20]. Amin et al.
performed ABR for immature newborns (28-32
weeks) during their first week of life, and tested
total and indirect bilirubin at 48 and 72 hours
after birth. Increasing indirect bilirubin was
more sensitive in predicting abnormalities in
ABR and encephalopathy of hyperbilirubinemia
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than total bilirubin. Their results showed a
direct significant relationship between hearing
impairment and indirect hyperbilirubinemia
[21]. In our study, we detected 4 (17%) of the
19 cases with hyperbilirubinemia (p<0.05) who
had hearing loss. Our results and findings from
previous studies suggest that all neonates should
be screened for early detection of hearing loss if
possible. If this goal is not achievable, all
infants with risk factors must be screened.

Other studies, using a cohort of more than 500
newborns, of whom 142 were admitted in
NICU, have reported the percentage of a single
risk factor, and the increased risk of hearing
impairment if several risk factors are present [5-
7].

Despite that the highest prevalence of hearing
loss was in targeted newborn babies with known
risk factors, Gilbey et al. reported that of the
5212 infants completed the universal hearing
screening testing 270 infants were referred for
full audiological diagnosis. Their results showed
that 27 neonates were found to have a
conductive hearing disorder, 4 neonates were
found to have a mixed hearing disorder and 2
neonates were found to have a SNHL hearing
disorder [22].

The difference in the reported prevalence among
the studies could be due to the number of
participants and the variations in methodology.
It is important that before implementing a
screening program in Kuwait, a number of
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issues should be addressed, including increasing
the availability and the accessibility to valuable
follow up and intervention services by qualified
and trained audiologists, valid and efficient
cochlear implant program and acoustical
amplification. In addition, it should be met the
need for trained and skillful audiologists to
administer and interpret the OAEs and the ABR
results. The limitation of our study was the
small sample size.

Conclusion

This pilot study provided empirical data and
suggested a framework that will guide the
choice of suitable and affordable newborn
hearing screening programs in Kuwait. The
prevalence of hearing loss in high-risk infants in
our participants was 11.5%. Severe prematurity
was a main risk factor of hearing loss in our
targeted population, and this finding should be
incorporated into protocols for healthcare
providers in Kuwait. However, further research
is suggested.
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