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Otoacoustic emissions in newborns with
mild and moderate perinatal hypoxia

Emissbes otoacusticas em recém-nascidos
com hipoxia perinatal leve e moderada

ABSTRACT

Introduction: Severe neonatal hypoxia (as evidenced by the Apgar value) is currently considered the only
risk for hearing loss. Hypoxia is one of the most common causes of injury and cell death. The deprivation of
oxygen in mild or moderate cases of hypoxia, although smaller, occurs and could cause damage to the auditory
system. Objective: To investigate the amplitude of otoacoustic emissions in neonates at term with mild to
moderate hypoxia and no risk for hearing loss. Methods: We evaluated 37 newborns, divided into two groups:
a control group of 25 newborns without hypoxia and a study group of 12 newborns with mild to moderate
hypoxia. TEOAE and DPOAE were investigated in both groups. Results: The differences between groups
were statistically significant in the amplitude of DPOAE at the frequencies of 1000, 2800, 4000 and 6000 Hz.
In TEOAE, statistically significant differences were found in all tested frequency bands. OAE of the study
group were lower than those in the control group. Conclusion: Although the occurrence of mild and moderate
neonatal hypoxia is not considered a risk factor for hearing loss, deprivation of minimum oxygen during neonatal
hypoxia seems to interfere in the functioning of the outer hair cells and, consequently, alter the response level of
otoacoustic emissions. Thus, hese children need longitudinal follow-up in order to identify the possible impact
of these results on language acquisition and future academic performance.

RESUMO

Introduc¢fo: Atualmente, somente a hipoxia neonatal grave (evidenciada pelo valor do Apgar) ¢ considerada
risco para a deficiéncia auditiva. A hipoxia ¢ uma das causas mais comuns de lesao e morte celular. Nos casos de
hipoxia leve ou moderada, embora menor, a privagdo da oxigenacao esta presente e, dessa forma, algum dano ao
sistema auditivo pode ocorrer. Objetivo: Investigar as amplitudes das emissdes otoactisticas em recém-nascidos
a termo sem risco para deficiéncia auditiva que apresentaram hipoxia leve ou moderada. Método: Foram
selecionados 37 recém-nascidos de ambos os sexos, divididos em dois grupos: 25 do grupo controle, formado por
recém-nascidos sem hipoxia, e 12 do grupo estudo, formado por recém-nascidos com hipoxia leve ou moderada.
Resultados: Foram pesquisadas as EOAT e EOAPD em ambos os grupos ¢ comparados os seus resultados.
Nas EOAPD foram encontradas diferencas estatisticas entre as amplitudes nas frequéncias 1.000, 2.800, 4.000 e
6.000 Hz. Nas EOAT foram encontradas diferengas estatisticas nas bandas de frequéncia de 1.000, 1.400, 2.000,
2.800 e 4.000 Hz, sendo as EOA do grupo estudo menores que as do grupo controle. Conclusdo: Embora a
ocorréncia de hipoxia neonatal leve e moderada ndo seja considerada risco para perda auditiva, a minima privagao
do oxigénio durante 0 momento de hipdxia neonatal parece interferir no funcionamento das células ciliadas
externas e, consequentemente, no nivel de respostas das emissdes otoacusticas. Dessa forma, faz-se necessério
o acompanhamento longitudinal desses lactentes, a fim de identificar o possivel impacto desses resultados na
aquisi¢do de linguagem e, futuramente, no desempenho escolar.

Study carried out at the School of Medical Sciences of Santa Casa de Sao Paulo - Sao Paulo (SP), Brazil.
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INTRODUCTION

Some newborns are at risk of hearing loss. According to
the criteria of the Joint Committee on Infant Hearing” and of
Comusa®, among other risks described, only severe neonatal
hypoxia, as evidenced by the Apgar scale value®, is considered
a risk for hearing loss. However, some newborn infants may
present mild or moderate neonatal hypoxia, indicating a need
for special care, but without great risk to life. In such cases,
damage to the auditory system can already be observed™®.

Perinatal hypoxia can be defined in various ways. One concerns
the metabolism and nutrition between mother and fetus, in
which asphyxia leads to changes in the homeostasis of the
fetus. The decrease in this relationship between metabolism and
nutrition between the mother and the newborn can have two
causes. The first refers to a reduction in the amount of oxygen
and the second to a reduction in the amount of blood circulating
among the different organs and tissues®.

The severity of hypoxia varies, and may cause the child’s
death. The recovery will depend on the fetus’s ability to adapt.
Hypoxia is one of the most common causes that lead to injury
and cell death. Each cell resists oxygen deprivation for a certain
time. If exposed to longer periods of deprivation, change
processes will begin, leading to irreversible damage to the cell’s
structure and cell death®.

Previous studies have shown that hypoxia plays a significant
role in the death of hair cells and consequent hearing loss-1?.

The outer hair cells are the main recipients of acoustic
signals. However, they are extremely sensitive to lack of oxygen
caused by hypoxia. The death of these cells causes irreversible
hearing loss, that is, sensorineural hearing loss'". Recent studies
in guinea pigs showed a significant reduction in the cochlear
blood flow during periods of hypoxia'>13,

Yoshikawa et al.('¥ indicate that one of the hypotheses for
the reversal of initial damage is due to the fact that the cochlea,
due to being located very close to the brain and, consequently,
to the central nervous system, is privileged in the redistribution
of blood and oxygen to more vital organs. However, if systemic
hypoxia continues, cochlear damage, as well as damage to the
central nervous system, can occur'®.

Hearing loss due to hypoxia has been shown to be temporary
in most cases. However, there are few studies in the area that
demonstrate how this mechanism recovers. Studies show that
there is a temporary change in the hearing threshold, but more
research is needed to prove the dynamic changes to the threshold.
Hearing variation and recovery time also vary according to
the measured frequency range, suggesting that some cochlear
regions are more sensitive to hypoxial®.

Thus, although the occurrence of mild and moderate neonatal
hypoxia is not considered a risk to hearing loss, it is known that
oxygen deprivation may result in damage to the hair cells of the
cochlea. Therefore, the slightest oxygen deprivation during the
time of neonatal hypoxia may interfere with the functioning of
the outer hair cells and, consequently, with the level of responses
of otoacoustic emissions.

CoDAS 2016;28(2):93-98

Leite JN, Silva VS, Buzo BC

OBJECTIVES

This study aimed to investigate the amplitude of evoked
otoacoustic emissions (EOAEs) in newborns at term, without
risk for hearing loss, who showed neonatal hypoxia classified
by the medical team as mild or moderate.

METHOD

The study was approved by the research ethics committee of
the respective service, under protocol no. 353.754. The sample
was composed according to the occurrence of newborns at the
Rooming-in of Maternidade da Irmandade da Santa Casa de
Misericordia de Sao Paulo, who fulfilled the inclusion criteria
described below. A total of 37 newborns of both genders were
selected. Participants were divided into two groups: control
group, made up of 25 newborns at term without auditory risk
and without perinatal hypoxia (Apgar 8 to 10), and study group,
made up of 12 newborns at term without auditory risk and mild
or moderate perinatal hypoxia (Apgar 5 to 7).

All participants were volunteers. Those responsible for the
newborns were invited to participate and were informed of the
objectives and conditions of the study. Those who agreed to
participate signed an informed consent.

The study included newborns at term (37-41 completed
weeks) with or without mild and/or moderate neonatal hypoxia
with up to 35 days of life, without risk factors for hearing loss
according to JCTH®. All participants had been evaluated by the
Neonatal Hearing Screening program during the hospital stay
in the Rooming-In with satisfactory results, i.e., with a “Pass.”
The EOAE test for the study was conducted at the time of the
newborn’s discharge, during the first consultation with the
pediatrician at the Pediatric Service or, ultimately, a return was
scheduled for this purpose. Pre- or post-term newborns, over
35 days or with any risk factor for hearing loss were excluded
from this study.

Table 1 shows the comparison between the groups regarding
the mean age in days and Apgar scores for the 1st and 5th
minute of life. The diagnosis of mild and/or moderate perinatal
hypoxia and the Apgar scores considered by the investigators
were determined by neonatologist doctors. There was no
statistically significant difference between the groups with
regard to the newborns’ age in days. With regard to Apgar scores,
the difference between the control and study groups at the 1st
and 5th minutes were significant, with higher Apgar average
values in the control group, confirming that the groups are in
fact statistically different.

For the recording of the OAE, the Echoport ILO292 USBII
equipment was used, as well as ILO V6 Clinical software.
The distortion product otoacoustic emissions (DPOAE) was
initially collected, thus generating the DP-Gram in the 1,000-to
8,000-Hz frequency range, maintaining the L1 and L2 levels
always constant at L1 = 65 dBSPL and L2 = 55 dBSPL.
The acquisition was in the range of two points per octave.
All DPOAE responses were recorded in f2, but are equal to
the ratio of 2f1-f2. The ratio of fl and f2 was 1.22. Then, the
transient-evoked otoacoustic emissions (TEOAE) were collected
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in a 20-ms window. The levels of responses in five frequency
ratios were studied:. 1,000, 1,400, 2,000, 2,800, and 4,000 Hz.
The test was interrupted when 260 stimuli were reached. The level
of stimulus was between 78 and 82 dBSPLpe.

Descriptive statistical analysis was conducted for the
amplitudes of the DPOAE and TEOAE for the two groups.
To check the comparison of the mean amplitudes of DPOAE
and TEOAE, the ANOVA test was used. For this purpose, a
0.05 significance level (5%) was defined. Importantly, for all
analyses, the data for the right and left ears were used together.

RESULTS

Figure 1 shows the mean amplitudes of DPOAE per frequency
studied in newborns in the control group (without hypoxia) and
in the study group (with mild or moderate hypoxia). Statistical
difference can be observed in f2 for 1,000, 2,800, 4,000, and
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6,000 Hz, when comparing the two groups, indicating a decrease
in the amplitude of DPOAE in the study group, that is, in
newborns with mild and/or moderate hypoxia.

With respect to the amplitudes of TEOAES, Figure 2 shows
that the comparison of the control and study groups showed a
statistical difference in all tested frequency ratios.

DISCUSSION

Studies indicate that the incidence of hypoxia in newborn
infants can vary between 3 and 6 per 1,000 births'%!17, Although
the occurrence of hypoxia is significantly high, it is observed
that some of these newborns have other associated impairments.

It is important to report that there was some difficulty in
the composition of the study group’s sample (mild to moderate
hypoxia) due to the occurrence of other risk factors for hearing
loss, according to the criteria®?. According to the exclusion

Table 1. Descriptive analysis and p-value of the characterization data of the study population regarding their age in days, birth weight, and value

of the Apgar score at the 1st and 5th minutes of birth

Group Mean Median Star)d:.:\rd Minimum Maximum N p-value
Deviation
. Control 9.7 7 71 2 33 25
Age in days 0.782
Study 10.4 8.5 7.2 5 32 12
) ) Control 3273.0 3040.0 389.9 2740 4030 25
Birth weight (g) 0.658
Study 3467.5 3422.5 355.6 2755 3910 12
. Control 8.7 9 0.6 8 10 25
Apgar 1st min <0.001
Study 5.8 7 1.6 4 7 12
) Control 9.7 10 0.5 9 10 25
Apgar 5th min <0.001
Study 8.7 9 0.5 8 9 12
Caption: N = number of participants
e=@meControl  ehd=Study
13{3

dBSPL

p=0.037

p=0.120

p=0.0782

L 1 1

p=0.

5[1

016 p<0.001

p=0.014

1 1 1 J

1000 1400 2000

28

00 4000 6000 8000 Hz

Figure 1. Mean, standard deviation, and the value of the amplitudes of the Distortion Product Otoacoustic Emissions per frequency studied in
the newborns in the control group () (n = 50) and in newborns in the study group (M) (n = 24)
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Figure 2. Mean, standard deviation, and p-value of amplitudes of Transient-evoked Otoacoustic Emissions per frequency studied in the newborns
in the control group (#®) (n = 50) and in newborns in the study group (M) (n = 24)

criteria of this study, the presence of these indicators would
hamper the tests, as they may alter the results of the examination.
The present results could be more robust if the study group
population was higher.

According to the publication by the JCIH®, in 2007, a mild
to moderate degree of hypoxia is not considered an indicative
factor of hearing loss. However, the results of this study and of
the DPOAE and TEOAE tests (Figures 1 and 2, respectively)
indicate that there is a decrease in levels of OAE responses in
newborns exposed to oxygen deprivation. The decrease in the
level of OAE seems to indicate the presence of alterations in
the functioning of the outer hair cells, the main receivers of
acoustic signals in the inner ear.

Similar results were reported describing the difference
when comparing cases with and without hypoxia!32b. In a
study that investigated the effects of hypoxia in the inner ear in
adults through DPOAEs, the authors!'® observed a significant
decrease in the amplitude of DPOAE during hypoxia in 5 of the
16 people tested. The destabilization of the level of DPOAE with
considerable fluctuations during hypoxia was observed in nine
individuals. Thus, the authors concluded that the observed results
seem to be characteristic of metabolic cochlear disturbances
caused by hypoxia.

The decrease in the level of responses of OAEs demonstrated
by this research indicates changes in the functioning of the outer
hair cells resulting from hypoxia. Such changes show that the
slightest oxygen deprivation can really affect the hearing of
children"®.

The sensitivity of the outer hair cells to hypoxia and
their death in the presence of such risk has been described
previously!?. Temporary changes in the threshold can be found
and are associated with the fact that the human body focuses on
organs such as the brain during changes in the homeostasis of
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the newborn. The fact that the cochlea is located near the brain
may explain hearing preservation and recovery of the hearing
threshold. The monitoring of the hearing of children exposed
to such risks is necessary.

One study that explored the long-term effects of hypoxia
in the hearing of animals using Auditory Brainstem Responses
(ABRs)"® and another study®® that examined the DPOAE:s in
children with a history of hypoxia also showed results similar
to this study. While hearing, evaluation methods used were
different and different parts of the auditory pathway have been
examined; the similarity of the results suggests that the effects
of hypoxia can occur both at the level of the outer hair cells
and of the brainstem.

It is important to note that the main differences observed
were in the 2,800 and 4,000 (p <0.001) frequency ratios for the
TEOAE (Figure 2) and, for /2, were in the 4.000 (p < 0.001)
frequency ratio for the DPOAE (Figure 1). Thus, the cochlear
region that differed between the groups was defined tonotopically
between 2,500 and 4,000 Hz.

It is also interesting to note that this frequency range has been
extensively researched in studies investigating hearing loss induced
by noise, since the first frequencies that present hearing loss on
the audiogram are 3,000, 4,000, and/or 6,000 Hz?>?., Clearly, the
paths that lead the exposure to noise to generate cochlear lesions
are numerous and complex. Continuous exposure to excessive
noise has been described for damaging the cochlear hair cells,
initially in the outer hair cells in the most basal portion of the
cochlea and, in more severe degrees, also affecting the inner
hair cells®?. The partial oxygen pressure in the perilymph and
endolymph and the cochlear blood flow were found decreased in
guinea pigs exposed to loud noises®**>. Hsu et al.?® suggested
that cochlear injury induced by intense sound would be made
by two different mechanisms: mechanical and metabolic®®.
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The authors explain that the acoustic overstimulation could incite
metabolic activity, resulting in depletion of energy reserves,
which would be related to a decrease in enzyme activity and
energy production, leading to dysfunction and morphological
lesions in the cochlea. These metabolic pathways observed in
noise-induced hearing loss can be closely related to cellular
hypoxia and ischemia, since hair cells are highly energy
demanding®%.

These changes can occur in the entire Corti, but the hair
cells located in the basal portions of the cochlea seem to
be the most vulnerable and seem to be affected initially®?.
Considering the above and assuming cochlear vulnerability in
this region, it is possible that the most robust differences in the
2,800 and 4,000 frequencies of infants with hypoxia may arise
from similar processes directly related to the decreased oxygen
available during mild to moderate deprivation.

In experiments with newborn mice®”, researchers found that
cochlear alterations caused by hypoxia and/or ischemia jointly
affected the outer and inner hair cells, but the change initially
affected the inner hair cells, and then, with an increasing hypoxia
degree, expanded to the outer ones. Cheng et al.?® observed a
decrease in the number of hair cells in mice after 10 hours of
hypoxia in an in vitro experiment, and also warn that both the
outer and the inner hair cells were considered equally susceptible
to hypoxia, and the cell loss increased from the apex to the base.

If we consider the fact that inner hair cells can be damaged
more easily than the outer in the presence of hypoxia, and
noting that there is currently no clinical test that can measure
small lesions of these cells, the monitoring of these infants is
extremely necessary because these structures play a key role
in auditory sensory transduction.

In this study, newborn infants exposed to mild and moderate
hypoxia presented responses to the OAEs in lower amplitude
than newborns without hypoxia, pointing to possible changes
in the functioning of the outer hair cells resulting from oxygen
deprivation. It is extremely important to consider that all newborns
assessed in this study achieved a “Pass” result in the neonatal
hearing screening, that is, in a more superficial assessment, which
is the proposal of a screening program, these newborns were
within normality criteria. However, given these results, whether
the presence of mild to moderate hypoxia should therefore be
considered as a predisposing factor for hearing impairment,
requiring proper monitoring, aiming to monitor the auditory
and language development, is up to discussion.

Obviously, as explained above, a limitation of the study
was a reduced casuistry in the study group, since isolating the
presence of mild and/or moderate perinatal hypoxia from other
hearing risks was very difficult. We intend to continue with
the study, in an attempt to make the current data more robust.

CONCLUSION

Based on the results, it can be concluded that the OAEs
were lower in the study group than in the control group, with
the largest differences and statistical significance located in the
2,800-, 4,000-, and 6,000-Hz frequencies in the DPOAE and in
all frequency rations in the TEOAE. Although the occurrence of
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mild and moderate neonatal hypoxia is not considered a risk for
hearing loss, the slightest oxygen deprivation during the time
of neonatal hypoxia appears to interfere in the functioning of
the outer hair cells and, consequently, in the response level of
otoacoustic emissions.

Thus, the longitudinal follow-up of these infants is necessary
in order to identify the potential impact of these results on
language acquisition and, later, on academic performance.
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