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Peripheral hearing evaluation in children with Down
syndrome

Avaliacao auditiva periférica em criancas com sindrome de Down
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Renata Mota Mamede Carvallo’, Suelly Cecilia Olivan Limongi’, lvone Ferreira Neves-Lobo'

ABSTRACT

Purpose: This study sought to characterize the peripheral auditory sys-
tem of individuals with Down syndrome (DS) using conventional and
high-frequency audiometry. Methods: We performed a cross-sectional
and observational study. Fifteen individuals with DS, who were of both
genders and between 7 and 15 years of age, participated in this study.
The following procedures were performed: otoscopy, tympanometry
with ipsilateral and contralateral acoustic reflex, pure-tone audiometry,
vocal audiometry and high-frequency audiometry. Results: There was a
predominance of mild conductive hearing loss in one or both ears. The
mean hearing thresholds for conventional audiometry were below 20 dB
HL and between 20 and 40 dB HL for high-frequency audiometry. The
Pearson correlation coefficient indicated a moderate positive correlation
between the 9-14 kHz thresholds and age. Conclusion: Overall, no
significant differences were observed when comparing the right and left
ears of individuals with DS, in regards to pure-tone audiometry, immit-
tance testing and speech audiometry. Most children showed middle ear
abnormalities and conductive hearing loss. Moreover, high-frequency
audiometry suggested the onset of impaired cochlear function, which
may be associated with frequent otitis media episodes and/or early

cochlear degeneration.
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RESUMO

Objetivo: Caracterizar o sistema auditivo periférico de individuos com
sindrome de Down, por meio da audiometria convencional e de altas
frequéncias. Métodos: Estudo do tipo transversal e observacional. Par-
ticiparam 15 individuos com sindrome de Down, de ambos os géneros,
entre 7 e 15 anos de idade. Foram realizados os seguintes procedimentos:
Meatoscopia, Timpanometria com pesquisa do reflexo actistico ipsilateral
e contralateral, Audiometria Tonal, Audiometria Vocal e Audiometria de
Altas Frequéncias. Resultados: Houve predominio de perda auditiva
condutiva de grau leve, em uma ou ambas as orelhas. As médias dos
limiares auditivos para a audiometria convencional ficaram abaixo de
20 dBNA e, para a audiometria de altas frequéncias, ficaram entre 20
e 40 dBNA. O coeficiente de correlacao de Pearson revelou correlacao
moderada positiva, entre os limiares de 9 a 14 kHz e a idade. Conclusio:
De forma geral, ndo foram observadas diferencas significativas, quando
comparadas as orelhas direita e esquerda de individuos com sindrome
de Down, na audiometria tonal, imitanciometria e logoaudiometria.
A maioria das criangas apresentou alteracdo de orelha média e perda
auditiva condutiva. A audiometria de altas frequéncias sugere o inicio
de prejuizo da fungio coclear, que pode estar associado as otites médias

frequentes e/ou a degeneracdo coclear precoce.
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Hearing in Down syndrome

INTRODUCTION

Hearing loss can be caused by environmental or genetic fac-
tors. For instance, some genetic disorders demonstrate isolated
hearing loss, whereas others show hearing loss associated with
abnormalities of other organs due to a variety of syndromes".

Down syndrome (DS) is a genetic disorder characterized
by the presence of an extra copy of chromosome 21 or excess
genetic material present on this chromosome®. Diagnosis is
based on a series of signs and symptoms, and confirmation is
established by chromosome analysis. Because not all affected
individuals show the same characteristics, cytogenetic analysis
is necessary®®,

Studies have demonstrated that this syndrome occurs in 1
in every 1,000 live births. The most common clinical charac-
teristics include intellectual disability, muscular hypotonia,
oblique palpebral fissures, increased vascularity, microcephaly
and flat occiput. Additional characteristics include a small and
flat nose, low nasal bridge, cardiovascular malformations and
respiratory infections due to obstruction of the upper airways®.

Muscular hypotonia affects the muscles of the bronchial
tree, impairing the elimination of secretions. The accumulation
of mucus can lead to infections of the upper airways and a
consequent increase in the incidence of otitis media®. Another
factor that may contribute to the increased incidence of ear
infections in DS patients is the dysfunction or impairment of
the middle ear, which is frequently observed in this population.
This factor is related to anatomical defects such as an abnormal
Eustachian tube, persistent mesenchymal tissue in the tympanic
cavity, external auditory canal stenosis and hypoplasia of the
mastoid®.

Hearing loss occurs in approximately two-thirds of chil-
dren with DS and may present as conductive, sensorineural or
mixed hearing loss”®. However, the prevalence of conductive
hearing loss is greater, occurring in approximately 60-80% of
individuals with DSV,

Histopathological studies have shown that in cases of se-
cretory otitis media, there may be diffusion of bacterial toxins
and cytokines from the middle ear to the cochlea by way of the
round window membrane. These events can cause structural
injury to the inner ear, such as rupture of cochlear membranes,
resulting in sensorineural hearing loss!>!¥.

Congenital abnormalities of the inner ear are not frequent,
although individuals with DS present with anatomically smaller
cochlea than typically developing children’®. Moreover, begin-
ning in the second decade of life, individuals with DS present a
decline in hearing thresholds with a progressive “presbycusis”
type pattern®11-16),

Few studies have performed peripheral auditory system eva-
luations in subjects with DS. Because hearing loss can impair
language development and oral expression, complete audiolo-
gical evaluation of these individuals is crucial for differential
diagnosis and treatment guidance. This study therefore aimed to
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characterize the peripheral auditory system of individuals with
DS, using both conventional and high-frequency audiometry.

METHODS

This was a prospective observational study approved by the
Ethics Committee for Analysis of Research Projects, School of
Medicine, Universidade de Sado Paulo (USP) (No. 138/11). In
addition, parents or guardians signed informed consent forms
prior to enrollment in the study.

A total of 15 individuals with DS were studied; these pa-
tients were of both genders, between the ages of 7 and 15 years
(mean 10 years and 9 months + 1 year and 6 months) and in-
cluded 8 females and 7 males. The presence of other associated
impairments, such as neurological and psychiatric disorders that
could impede the application of audiological procedures, was
considered exclusion criteria. It should be noted that subjects’
handedness was not considered in the present study.

First, an interview was conducted with parents or guardians
in which information about medical and otologic history was
collected. The external auditory canal and tympanic membrane
were then examined to determine the existence of problems
that could interfere with the evaluation, such as the presence
of cerumen, foreign bodies, etc. A Heine® otoscope was used
for this examination.

To investigate the ipsilateral and contralateral acoustic
reflexes and mobility of the tympanic-ossicular chain, immit-
tance testing was performed using an Interacoustics® AT 235
analyzer. A type A tympanogram with the presence of acoustic
reflex was considered a normal result, whereas a type B or C
tympanogram and/or the absence of acoustic reflex was con-
sidered an abnormal result”.

Conventional pure-tone audiometry and high-frequency
audiometry were performed in a soundproof booth using a
GSI-61 audiometer (Grason-Stadler®) and model TDH-50 and
HDA 200 supra-aural headphones®.

Hearing thresholds with air conduction were obtained
at frequencies ranging from 250-8,000 Hz and with bone
conduction at frequencies from 500-4,000 Hz whenever air
conduction thresholds exceeded 15 dB HL. Air conduction
thresholds above 15 dB HL were defined as the presence of
hearing loss. Hearing losses were classified according to type,
either as conductive hearing loss or sensorineural hearing loss,
and according to degree, using the mean of the 500-4,000
Hz frequencies". It is important to note that classification
according to degree was not performed in cases of hearing
loss at an isolated frequency.

Next, speech audiometry was performed to obtain the
speech reception threshold (SRT) and speech discrimination
index (SDI)®.

High-frequency audiometry was also carried out at
the following frequencies: 9,000, 10,000, 12,500, 14,000,
16,000, 18,000 and 20,000 Hz (investigated in this order).
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All thresholds (obtained in dB HL) were determined using
the descending method in steps of 10 dB and the ascending
method in steps of 5 dB. The hearing thresholds at high
frequencies were classified as normal according to the
mean standards for high-frequency thresholds (10, 12.5, 14
and 16 kHz) proposed by a previous study®" for each age
group. The result was classified as abnormal if one or more
frequencies in one or both ears was higher than the previously
proposed standard®".

All subjects were evaluated in a maximum of two ses-
sions, performed on sequential days, and acoustic impedance
measurements were always performed at the beginning of the
evaluation.

Data analysis

For data analysis, a quantitative and qualitative description
of the audiological profile of individuals with DS was made.
The Wilcoxon test, equality of two proportions, ANOVA and
the Pearson correlation coefficient were used for statistical
analysis. The results were analyzed with a significance level
of 5% (0.05).

RESULTS

With regard to the otological history of the 15 children, 10
had a history of otitis media, and the number of episodes in
these 10 individuals ranged from 2 to 8 (average 5.3 episodes).

There was a higher percentage of subjects with abnormal
immittance testing results (tympanometry and acoustic refle-
xes) bilaterally. However, this difference was not significant
(Table 1).

Table 1. Immittance testing findings in individuals with Down syndrome

Immittance

) n % p-value
testing
Abnormal 10 66.6
0.131
Normal 5 35.7

Test of equality between two proportions (p<0.05)

There was no difference between the right and left ears for
audiometric thresholds between 250 and 8,000 Hz. However,
for high frequencies, differences were observed between right
and left ears at frequencies of 9,000 Hz and 11,200 Hz, with
worse thresholds for the left ear. Qualitative analysis by indi-
vidual revealed the following results:

- Five subjects (33.3%) had mild conductive hearing loss,
considering the mean of the 500-4,000 Hz frequencies in
one or both ears (accompanied by changes in immittance
testing, type B or C tympanograms and/or the absence of
acoustic reflexes);

- Three subjects (20.0%) had hearing loss at the 8,000 Hz
frequency alone, in one or both ears (with or without a
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change in immittance testing);

- Four subjects (26.7%) had hearing thresholds within normal
limits in both ears (accompanied by changes in immittance
testing, type C tympanograms and the absence of acoustic
reflexes);

- Three subjects (20.0%) had hearing thresholds within nor-
mal limits in both ears (accompanied by normal results on
immittance testing).

In the classification of hearing thresholds at high frequen-
cies, only 2 individuals (13.33%) presented normal results for
the frequencies tested, whereas 13 children (86.67%) showed
altered hearing thresholds.

Comparisons between right and left ears in pure-tone air
conduction audiometry are presented in Table 2.

Table 2. Comparison between right and left ears in pure-tone air con-
duction audiometry (n=15)

) Mean Standard
By air L p-value
(dB HL) deviation

RE 16.1 4.9

250 Hz 0.705
LE 16.7 4.3
RE 13.0 9.2

500 Hz 0.564
LE 14.0 8.5
RE 11.7 8.6

1,000 Hz 1.000
LE 12.0 10.5
RE 11.0 8.7

2,000 Hz 0.604
LE 12.3 10.7
RE 7.8 5.7

3,000 Hz 0.083
LE 6.1 BI5)
RE 7.9 9.1

4,000 Hz 0.193
LE 10.0 8.1
RE 18.3 19.7

6,000 Hz 0.914
LE 17.5 141
RE 18.3 16.2

8,000 Hz 0.856
LE 19.4 10.4
RE 21.4 14.2

9,000 Hz 0.034*
LE 27.9 171
RE 27.9 15.8

10,000 Hz 0.519
LE 30.4 15.4
RE 31.1 17.3

11,200 Hz 0.022*
LE 37.5 20.3
RE 33.9 18.6

12,500 Hz 0.096
LE 40.4 19.9
RE 33.6 15.9

14,000 Hz 0.399
LE 36.8 18.7
RE 34.6 14.7

16,000 Hz 0.501
LE 37.9 18.3
RE 27.5 10.9

18,000 Hz 0.657
LE 28.2 12.3
RE 14.6 5.7

20,000 Hz 0.719
LE 13.9 7.4

*Significant values (p<0.05) — Wilcoxon test
Note: RE = right ear; LE = left ear
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Table 3. Comparison between right and left ears in the speech reception threshold test and speech discrimination index

SRT RE LE SDI RE LE
Mean (dB HL) 16.0 17.3 Mean 96.8% 96.0%
Median 15 20 Median 96% 96%
Standard deviation 10.0 9.2 Standard deviation 3.3% 2.8%
Qi 10 10 Qi 96% 96%
Q3 20 20 Q3 100% 96%
n 15 15 n 5 5
Cl 5.1 4.7 Cl 2.9% 2.5%
p-value 0.449 p-value 0.655

Wilcoxon test (p<0.05)

Note: SRT = Speech reception threshold; SDI = Speech discrimination index; RE = right ear; LE = left ear; Q1 = 1st quartile; Q3 = 3rd quartile; Cl = confidence interval

Comparisons between right and left ears using the SRT
and SDI tests revealed differences that were not considered
significant (Table 3).

The Pearson correlation coefficient indicated a moderate
positive correlation between age and the 9-14 kHz thresholds
and a weak positive correlation for the other hearing threshol-
ds evaluated. These results indicated that increased age was
associated with a deterioration of hearing thresholds, mainly
at the frequencies that demonstrated a moderately positive
correlation (Table 4).

Table 4. Pearson correlation between hearing thresholds at frequencies
between 250 and 20,000 Hz and age

Threshold intensity x age

Pearson correlation (r)
(for each frequency)

250 Hz 0.43#
500 Hz 0.48#
1,000 Hz 0.48#
2,000 Hz 0.28#
3,000 Hz 0.34#
4,000 Hz 0.22#
6,000 Hz 0.33#
8,000 Hz 0.41#
9,000 Hz 0.59*
10,000 Hz 0.66*
11,200 Hz 0.65*
12,500 Hz 0.61*
14,000 Hz 0.64*
16,000 Hz 0.41#
18,000 Hz 0.32#
20,000 Hz 0.18#

# Weak positive correlation; * Moderate positive correlation

DISCUSSION

One of the characteristics observed in DS is the high preva-
lence of hearing loss due to middle ear infections”-'". Abnormal
immittance testing results were obtained for 66.6% of subjects
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in this study, which agrees with the prevalence observed in
previous studies.

In addition, 33.3% of subjects showed mild conductive hea-
ring loss in one or both ears, and 26.7% had hearing thresholds
within normal limits in both ears, but with abnormalities in
immittance testing. These results suggest that these children
may have been entering or leaving an episode of otitis media,
although hearing thresholds were not compromised, confirming
other findings reported in the literature"'®.

The prevalence of otitis media episodes, as evidenced by the
otologic history of the study participants, also agrees with the
literature”"'V; we found that 66% of DS subjects had a history
of otitis, with a mean of 5.3 episodes.

The literature also reports that abnormalities of the inner
ear are not common in individuals with DS", which is in
agreement with the findings of this study, which did not detect
sensorineural hearing loss in any case. It is important to note
that there is a tendency toward increased sensorineural hearing
loss in the second decade of life in individuals with DSV, al-
though this was not the case for participants in the present study.

Regarding conventional audiometry hearing thresholds, there
was no difference between left and right ears or for the SRT and
SDI speech tests, which is in agreement with a previous study®?.

Differences were observed between the right and left ears
for high frequencies at 9,000 Hz and 11,200 Hz. In addition,
left ears presented air conduction thresholds at high frequen-
cies higher than right ears, and this finding was also reported
in another study for frequencies of 9 kHz and 11.2 kHz®.
However, most studies demonstrate concordance of results in
regard to the absence of differences between the high-frequency
thresholds obtained in the left and right ear®!2+27,

High-frequency audiometry (above 8 kHz) has been sho-
wn to be sensitive for measuring cochlear function and can
diagnose sensory dysfunction earlier than conventional audio-
metry®®. However, there is no standard of normality for high
frequencies, and thus, it is recommended that hearing thresholds
should be compared among groups, while controlling for the
“age” variable and defining similar patterns among groups for
conventional pure-tone thresholds®.
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One previous study on this theme®" determined a mean
standard for high-frequency thresholds in individuals without
otological disorders between 4 and 60 years of age, distributed
according to age group. Comparing the thresholds obtained in
this study with those proposed in the previous study, 86.67%
of children with DS showed abnormal hearing thresholds.

In another study on this topic, 31 children aged 7 to 12 years
were evaluated, with hearing thresholds below 20 dB HL, for
conventional audiometry frequencies. The children were divi-
ded into 2 groups: one group with up to 3 episodes of otitis and
the other with 4 or more episodes of otitis media. The second
group showed higher hearing thresholds at high frequencies at
all frequencies evaluated. The mean 9-18 kHz thresholds did
not exceed 15 dB HL for the first group but were between 13
and 26 dB HL for the second group, suggesting that 4 episodes
of otitis media are sufficient to determine differences in hearing
thresholds at high frequencies'®.

According to the results of the above-cited study"®, which
was performed with children of a similar age to those in the
present study as well as a history of frequent otitis media, it
can be concluded that the thresholds obtained in the present
study were worse for all high frequencies evaluated, suggesting
that cochlear function in these children can be affected even
in the absence of sensorineural hearing loss in conventional
audiometry. It can also be inferred that the presence of hearing
loss only at 8,000 Hz, observed in this study in 20% of cases,
suggests that cochlear impairment was the result of frequent
otitis media in individuals with DS.

It has also been reported that high-frequency audiometry
is more sensitive to the effects of otitis media on cochlear
function, most likely due to the proximity of the region res-
ponsible for the high frequencies in the cochlea to the round
window membrane and the middle ear space. In addition,
recurrent episodes of otitis media may damage high-frequency
thresholds in the long term, even after complete resolution
of the condition®”.

Itis important to note that individuals with DS may present
early cochlear degeneration, which is referred to as “early
presbycusis” by some authors!19, It is therefore believed that
this factor may contribute to reduced hearing thresholds at high
frequencies at an earlier stage. In the present study, the Pearson
correlation coefficient revealed a moderate positive correlation
for 9-14 kHz thresholds and a weak positive correlation for
the other hearing thresholds evaluated, indicating a trend for
worsening hearing thresholds with increasing age, even in very
young study subjects.

It is important to mention that the variable “age” is a factor
that must be considered in studies of hearing thresholds at high
frequencies, as it has been shown that small children do not
perform well in this evaluation. However, in the case of the
participants in this study, the mean age was approximately 11
years, an age range described as appropriate for investigating
hearing thresholds at high frequencies®.
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Although cognitive development in individuals with DS
can affect hearing thresholds, especially with regard to higher
frequencies, auditory responses cannot be disregarded because
hearing loss can contribute to the worsening of cognitive skills
in individuals with DS"9. The need for greater care in beha-
vioral hearing evaluations in this population should therefore
be stressed.

Despite these limitations, the present study demonstrated
the importance of using high-frequency audiometry to evalu-
ate individuals with DS while monitoring cochlear function.
Indeed, frequent episodes of otitis media and the trend toward
early cochlear degeneration may contribute to the development
of sensorineural hearing loss, which is not initially evident
through conventional audiometry alone.

CONCLUSION

Overall, no significant differences were observed when
comparing the right and left ears of individuals with DS, in
regards to pure-tone audiometry, immittance testing and speech
audiometry. Most children presented middle ear abnormalities
and conductive hearing loss, and the high-frequency audiometry
results suggest the onset of impaired cochlear function, which
may be associated with frequent otitis media episodes and/or
early cochlear degeneration.
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