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Suppression effect of otoacoustic emissions
in term and preterm infants

Efeito de supressao das emissoes
otoacusticas em lactentes termo e pre-termo

ABSTRACT

Purpose: This research aims at verifying the occurrence and magnitude of suppression effect of otoacoustic emissions
evoked by transient stimulus in term and preterm infants, setting a benchmark for clinical use. Methods: The study
sample consisted of 40 infants, with a rage of age from five days to four months, without any risk indicators for
hearing loss and otoacoustic emissions present at birth: the 20 term and 20 preterm infants spent more than five
days in the Neonatal Intensive Care Unit. Linear click was presented at 65 dB Sound Pressure Level, in blocks
of 15 seconds without noise, and with contralateral noise at 60 dB Sound Pressure Level. The reduced response
in the presence of noise indicates positive suppression effect. Mean values of suppression were established and
the comparison between the groups was analyzed statistically. Results: Suppression occurred in 100% of the
children and did not vary as a function of ear side and between the groups. Conclusion: All children presented
suppression regardless of the group. The average suppression obtained on the total population was 0.85 dB.
The minimum recommended criterion for clinical use was a reduction of 0.20 dB in the overall response.

RESUMO

Objetivo: Verificar a ocorréncia e a magnitude do efeito de supressao das emissdes otoacusticas evocadas por
estimulo transiente, em lactentes a termo e pré-termo, estabelecendo-se niveis de referéncia para utilizagdo
clinica. Método: A amostra foi composta por 40 lactentes, de 5 dias a 4 meses de idade, sem risco para alteragido
neurologica e auditiva e com emissdes otoacusticas presentes ao nascimento, sendo 20 nascidos a termo e
20 nascidos pré-termo que permaneceram mais de cinco dias em Unidade de Terapia Intensiva Neonatal. O clique
linear foi apresentado a 65 decibels Nivel de Pressdo Sonora, em blocos de 15 segundos sem ruido e com ruido
contralateral, a 60 decibels Nivel de Pressdo Sonora. Considerou-se presencga de supressao quando houve redugio
da resposta na presenca de ruido. Os valores médios de supressdo foram estabelecidos e a comparagéao entre os
grupos foi analisada estatisticamente. Resultados: A supressdo ocorreu em 100% das criangas e ndo variou em
fungdo do lado da orelha e entre os grupos. Conclusio: Todas as criangas apresentaram supressao, independente
do grupo. A supressdo média obtida na populagao total foi de 0,85 decibel. O critério de referéncia minimo
recomendado para utilizagdo clinica foi a redugdo de 0,20 decibel na resposta geral.

Study carried out at Ambulatorio de Distirbios da Audi¢ao do Departamento de Fonoaudiologia, Universidade
Federal de Sao Paulo — UNIFESP - Sao Paulo (SP), Brazil.
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INTRODUCTION

The function of the efferent pathways has been known for
a long time and its studies began when research examined
how the mechanical movement of the outer hair cells (OHC)
is controlled by the efferent medial olivocochlear system.
This system can be activated by electrical stimuli, by chemical
stimuli, or by noise, inhibiting contractions of the outer hair
cells and consequently reducing the level of responses of
optoacoustic emissions®. The system deals with the abilities
of sound localization, selective attention, frequency selectivity,
detection of acoustic signals in noise, as well as acting in the
protection against temporary or permanent damage by elevated
acoustic levels®. These skills are essential for proper processing
of auditory information.

Transient-evoked otoacoustic emissions (TEOAE) can
be used for the investigation of the functioning of the medial
efferent auditory system through the analysis of the levels of
the response obtained with and without noise. A decreasing
response in the presence of ipsilateral contralateral or bilateral
competitive noise reflects the activation of the efferent pathways
in the olivocochlear system, a phenomenon called the suppression
effect of otoacoustic emissions*®.

An analysis of the suppression effect can be performed
using as a stimulus the “clicks” or the “tone burst”. This click
can be presented in a linear or non-linear mode. In the linear
click, four pulses of 60/65 dB SPL in the same polarity are
presented. In the non-linear technique, three pulses of 80 dB
SPL are presented in the same polarity, while a fourth pulse is
presented out of phase to the first three ones and with a 10 dB
increase in intensity®.

The non-linear click stimulus chosen for the first suppression
studies performed in infants. Currently, literature states that
presented linearly click obtains more satisfactory results®®.

In fact, the suppression effect of TEOAE with linear clicks
was studied in infants with and without risk, confirming the
effectiveness of the use of linear technique for this population®.
On the other hand, a study comparing the linear and non-linear
technique in neonates demonstrated the presence of the suppression
effect regardless the type of click used®.

Following technological advances, new techniques of capturing
the efferent system responses were developed, allowing the use
of linear clicks, presented in alternating blocks with and without
noise. For the use of this new technique, it was necessary to
establish benchmarks for the adequate clinical application.

As a consequence, this study aims at verifying the occurrence
and magnitude of the suppression effect of otoacoustic emissions
evoked by transient stimulus in term and preterm infants,
establishing reference levels for clinical use.

METHODS

This is an observational, quantitative and cross-sectioned
study, developed in a public university in Sdo Paulo State —
Universidade Federal de Sdo Paulo/UNIFESP - and approved
by the Comité de Etica em Pesquisa da UNIFESP (approval
number 451543). Parents or guardians of the children were
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accordingly informed about the research purposes, and agreed
with the participation of their children in the study by means
of a signed consent form.

The following inclusion criteria were adopted: five-day to
four-month old infants, with no risk for neurological and hearing
loss and otoacoustic emissions evoked by transient stimulus
present at birth were accepted. The criteria for the presence of
TEOAE responses were: signal/noise ratio> 3 dB at 1000 Hertz
(Hz), and> 6 dB in 2000, 3000 and 4000 Hz, reproducibility and
stability of at least 50% and 70%, respectively. Infants who met
the inclusion criteria were submitted to transient otoacoustic
emissions suppression test and divided into two groups:

Group I - composed of 20 term infants (37 to 42 week
gestational age).

Group II - composed of 20 preterm infants (up to 36 weeks
and six days of gestation) who spent more than five days in the
Intensive Care Unit (NICU).

All children were in natural sleep and placed in the mother’s
and/or guardian’s lap. The test was conducted in a soundproof booth
with Otodynamics - ILO USB - V6 equipment. The equipment
is provided with two probes, adapted to the external acoustic
meatus of the infant, one displaying linear clicks at 65 dB SPL,
and other broadband noise to 60 dB SPL. The presentation took
place in alternate blocks of 15 seconds of linear clicks without
noise and 15 linear clicks with contralateral noise. the test was
initiated on the right ear for 50% of the sample and on the left
ear for the remaining 50%.

The overall response with and without noise and differences
were established by the equipment. It was considered the
presence of suppression when there was a reduced response in the
presence of noise. The suppression values were established and
compared between the groups analysed statistically by applying
the Analysis of Variance (ANOVA) in order to check whether
there was any difference between the groups and between the
cars. The significance level was 5% (p <0.05).

RESULTS

The sample consisted of 40 infants, 20 term infants, nine
females and 11 males, and 20 preterm infants, 11 females and
nine males. Gestational age group for the term children ranged
from 37 to 41 weeks, with an average age of 39 weeks. In the
preterm infants group, gestational age ranged from 27 to 36 weeks
with an average age of 33 weeks. From this group, 90% (n=18)
were Appropriate for Gestational Age (AGA), 5% (1) Small
for Gestational Age (SGA) and 5% (1) Large for Gestational
Age (LGA). The ages of the infants, during the evaluation,
ranged from four to 60 days in children born at term, and from
14-120 days in the preterm group. It is worth mentioning that
the preterm children were evaluated with post-conceptual age
equal/or superior to 37 weeks, with an average of about 39 weeks.

The average values of the responses for TEOAE with and
without noise are described in Table 1.

Statistical analysis was performed using ANOVA demonstrated
no difference between the ears (p = 0.883) in both groups.
There was evidence of the noise effect in both ears for both
groups (p <0.001).
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The average difference for the responses obtained with
and without noise (general suppression) for both groups can
be seen in Table 2.

As there was no statistically significant difference between
the ears and between the groups, it was decided to consider a
sample of 40 infants. The average values for the responses with
and without noise and the average differences obtained for the
total sample are presented in Table 3.

In order to verify whether the suppression values differed in
relation to age, the Spearman’s rank correlation coefficients were
obtained, as shown in Table 4 and illustrated in Figures 1 and 2.

Average values for the responses from otoacoustic emissions
with and without noise (deletion) were recorded in the frequency
bands 2000 Hz, 3000 Hz and 4000 Hz, observing statistically
significant difference with and without noise (p = 0.006) in
both ears and groups. The 1000 Hz band could not be analysed
due to low frequency response. The average difference for the
responses in the bands 2000 Hz to 4000 Hz, with and without
noise (general suppression), are presented separated by group
and ears in Table 5.
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DISCUSSION

TEOAE suppression has been considered as an important,
fast and non-invasive clinical procedure for evaluating cochlear
function and operation of the efferent Olivocochlear Medial
system?, The efferent system in humans, descends from the
cortex to the cochlea, and at lower levels, the fibers cross from
the superior olivary complex and follow towards the internal
ear'V, These fibers are formed by two bundles: the medial,
predominantly contralateral, projects its endings to the outer
hair cells, modulating their contractions; lateral, predominantly
ipsilateral, projects its endings to the inner hair cells. The efferent
system operates by noise acoustic stimulation presented in an
ipsilateral, contralateral or bilateral way, reducing the activity
of the outer hair cells.

The efferent auditory pathways are responsible for diminishing
the response level to the otoacoustic emissions, decreasing the
cochlear nerve potential and acting in the improvement of sound
localization skills and selective attention, as well as protecting
the system against intense noise®%). Suppression of emissions
may be absent or reduced in cases of retrocochlear changes.

Table 1. Mean values for overall response (in dB) of otoacoustic emissions with and without noise, in both groups, by ear

Standard

Percentile Percentile Percentile Percentile Percentie Percentile Percentile

Total N Average deviation Minimum 5 10 o5 50 75 90 05 Maximum
e wih RE 20 13.79 522 4.70 4.71 5.00 8.20 1535  17.40 19.78  20.08  20.10
5 .
vonoise g 20 13.20 4.71 3.50 3.60 5.84 9.90 1320 1672  19.94 2028  20.30
g RE 20 14.69 455 6.00 6.07 7.41 1153 1575 17.80 20.09 2029  20.30
e} without
© noise | 20 14.12 4.89 4.20 4.30 6.58 10.73 1410 17.63  20.87 23.18  23.30
g with RE 20 1340  6.28 1.40 1.52 3.92 9.63 1320 1970 2139 2292  23.00
g noise™ | E g 1417 582 400 403 483 1070 1550 1870 2275 2404  24.10
2 without RE 20 1416 6.29 1.70 1.85 475 10.30 1350 21.30 21.69 2341  23.50
>3
3 .
G Mot 20 14.98 4.48 4.70 478 6.61 1127 1570 1920 2326 2435  24.40

Caption: Difference between ears p = 0.610. Difference between groups p = 0.788. Noise Effect * p <0.001. dB - decibel. RE - right ear. LE - left ear. Total N - total

number of sample by ear

Table 2. Mean values for the difference in overall response without noise - Noise (suppression effect) in dB by ear in each group

Total N Average Stapdlart Minimum Percentile Percentile Percentile Percentile Percentile Percentile Percentile Maximum
deviation 5 10 25 50 75 90 95
Group |- RE 20 0.760 0.791 0.10 0.10 0.20 0.30 0.55 0.77 2.29 3.25 3.3
term LE 20 0.765 0.767 0.10 0.10 0.21 0.30 0.55 1.05 1.65 3.41 3.5
Group Il - RE 20 0.760 0.879 0.20 0.20 0.20 0.20 0.45 0.90 2.59 3.36 3.4
preterm | E 20 0.815 0.833 0.20 0.20 0.21 0.42 0.55 0.77 1.89 3.70 3.8

Caption: Difference between ears = difference between groups: p0833. dB - decibel. RE - right ear. LE - left ear. Total N - total number of samples by ear

Table 3. Mean values of the responses (in dB) of the total sample removal effect

Standart Minimum

Total N Average deviation 5

Percentile Percentile Percentile Percentile Percentile Percentile Percentile
10 25 50 75 90 95

Maximum

Suppression 40 0.85 0.72 0.20 0.20

effect

0.25

0.40 0.62 0.99 1.93 3.14 3.25

Caption: dB - decibel. WN - With noise. ON - without noise. Total N - total number of the sample
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Table 4. Values for Spearman’s rank correlation coefficients for the pair
of variables age (days) and suppression effect (dB) per group and ear

Variables Coefficient P Value

Age x Difference (WN-ON) -0.116 0.626
Suppression - Gl - RE

Age x Difference (WN-ON) 0.027 0.911
Suppression - Gl - LE

Age x Difference (WN-ON) -0.129 0.586
Suppression - Gl - RE

Age x Difference (WN-ON) -0.025 0.916

Suppression - Gl - LE

Caption: WN- with noise ON - without noise. RE - right ear. LE - left ear.
Gl - group | (term). Gll - group Il (preterm). dB — decibel

Table 5. Mean values of the suppression effect of the total sample for
the frequency bands of 1000 Hz, 2000Hz, 3000Hz and 4000 Hz

Band Frequency (Hz) 1000 2000 3000 4000
Total N 3 21 27 35
% 7.5 52.5 67.5 87.5
VARIATION
Average suppression effect - 0.77 1.06 0.94
Caption: Hz - Hertz. % - Porcentage
[ RE
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Caption: ON - Without noise. WN — With noise. dB - decibel
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The choice of the applied stimulus influences the suppression
of otoacoustic emissions. Studies conducted between 2001 and
2004 used the non-linear click to investigate the contralateral
suppression of otoacoustic emissions in infants!'>'¥, This stimulus
guarantees an almost total elimination of acoustic artifacts related
to the ear canal and the probe of the equipment and it is also
indicated because it achieves better neonatal screening results!!>'9),
In recent years, studies have revealed that the use of linear
low intensity click provides the best suppression of responses.
From these studies, the OAE equipment began to capture the
TEOAE suppression with linear click the 60/65 dB SPL and 5dB
contralateral noise above or below the test stimulus, presented in
alternating blocks of linear clicks with no noise and with noise.
As a consequence, in this study, it was decided to record the
effect of TEOAE suppression with linear click at 65 dB SPL,
as recommended in literature!'’2". As a suppressor stimulus, it
was used the noise broadband at 60 dB SPL, considered the
most effective to cause a suppression effect®2?).

The occurrence of the suppression effect was 100% for both
sides and both groups. Such an occurrence was higher than
literature discoveries, using the non-linear stimulus (Chart 1).

0 15 20 45 60
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*
.
. -
L]
» .
“
L ]
= . > = : L L]
2 l
Age (days)

Figure 1. Dispersion graph for age (days) and suppression effect (dB) for term infants group
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Caption: ON — Without noise. WN — With noise. dB - decibel

Figure 2. Dispersion graph for age (days) and suppression effect (dB) in preterm infants group
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This difference was expected and corroborates the literature
discoveries that indicate higher incidence of suppression with
linear click of low intensity.

There was no variation in the average suppression obtained
according to the ear analysed: in the group of term infants born,
the average removal was 0.76 dB SPL for both ears. In the
group of preterm infants, the average removal was 0.76 dB SPL
for the right ear and 0.81 dB SPL for the left ear. A variation
according to the side analysed in the suppression studies has
been controversial: some studies found average values of
greater suppression on the right ear®!:1429 while others found
no differences between ears!'**). The advantage of the right ear
in suppressing the EOAT reinforces the concept of laterality
of olivocochlear system function and could reflect a delay in
sound driving the left olivocochlear tract as compared to the
right one®?., The most frequent suppression for right handed
individuals could also be related to hemispheric dominance®.

Studies in infants with linear click suppression obtained
values close to those obtained in this study (Chart 2)781229
These values were lower than the values obtained with no
linear click(1226),
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In this research, the suppression did not vary between the
groups of term and preterm infants. In studies investigating
the maturation of the efferent olivocochlear system, higher
suppression values were found in full-term infants in relation
to preterm, probably because the structures of the brain stem
are less developed in premature infants, resulting in lower
amplitude inhibition of the response!'***?>. Suppression study
in infants showed that at the 40™ gestational week the medial
efferent system already has its full maturity®”. In fact, children
in this study were evaluated at the 37-week post-conceptual
age, which is why this difference did not occur.

The aim of this work was to establish the suppression values
in the four frequency bands studied. However, due to the low
incidence of responses in the bands of 1000 Hz (7.5%) only
the bands of 2000Hz, 3000Hz and 4000Hz could be analysed,
demonstrating the presence of deletion in all analysed bands
(Table 5). The low frequency of responses for the 1000Hz band
can be related to the presence of respiratory noises, sucking and/or
swallowing in infants. Studies have revealed the interference of
the suction noise in otoacoustic emissions affecting mainly the
bands of 1000Hz, 1500Hz and 2000Hz®**, In fact, previous

Chart 1. Description of mean values for the suppression effect using nonlinear click stimulus according to research in the literature with infants

Durante and Durante and " Viveiros and Durante and
AUTHOR (S) Carvallo?® Carvallo™ Morlet et al. Azevedo? Carvallo™
YEAR 2001 2002 2004 2004 2006
46 infants 51 infants
SAMPLE (N) 25 term infants 120 term infants (24 preterm and 22 25 term infants
(37 term and 14 preterm)
termos)

STIMULUS Non-linear click Non-linear click Non-linear click Non-linear click Non-linear click
SUPPRESSION o 22% preterm o
OCCURENCE 88.5% 52.4% term 75% not referred not referred
SUPPRESSION 2.32 dB feminine Term = 0.90 dB . 2.81 dB infant

AVERAGE 3.28 dB masculine | Preterm = 0.52 dB >1and1.5dB Superiorto 1.5dB | 4 41" 48 6th month

BAND FREQUENCY

Not analysed

Not analysed

2000Hz

4.71 dB masculine
3.15 dB feminine

3000Hz

3.41 dB masculine
3.20 dB feminine

4000Hz

4.32 dB masculine
3.04 dB feminine

slight increase
between 2000Hz and
3000Hz

Not analysed

Caption: % - percentage. dB - decibel. Hz - Hertz

Chart 2. Description of the suppression effect average values using linear click stimulus found in research described in the literature with infants

SUPPRESSION OCCURENCE

AUTHOR Morlet et al.® Gkoritsa et al.?® Amorim et al.®
YEAR 1999 2006 2010
SAMPLE (N) 49 infants (38 preterm and 70 infants (27 preterm and 15 praterm born infants
11 term) 43 term)
STIMULUS Linear click Linear click Linear click
>1dB

not referred

22% preterm
52.4% term

71.4% bilaterally

RE =1.44 dB Term = 0.90 dB
SUPPRESSION AVERAGE LE = 1.05 dB Preterm = 0.52 dB 1to1.5dB
Suppression between 1000Hz
BAND FREQUENCY and 3000Hz not analysed Not analysed

Caption: % - percentage. RE - right ear.

LE - left ear. dB - decibel. Hz — Hertz
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studies had reported that breathing noises interfered in the
capture of otoacoustic emissions, generating no response in
11.3% of infants©?,

From the results, it was noticed that the presence of white
noise, presented contralaterally, which reduces the response
level of otoacoustic emissions evoked by transient stimulus,
demonstrating the involvement of the efferent system olivocochlear
in the suppression effect for both term and in preterm infants,
assessed at 37 week post-conceptual age.

CONCLUSIONS

The proposed evaluation technology of the TEOAE
suppression effect proved to be effective, since 100% of the
sample presented such effect.

The average suppression obtained for the total population
was 0.85 dB SPL, which presented not difference from group
to group and between the ears. The benchmark recommended
for clinical use was a minimum reduction of 0.20 dB in the
overall response.
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