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Abstract: Contralateral acoustic stimulation (CAS) has the effect of reducing the amplitude
of transient evoked otoacoustic emissions (TEOAE) of the opposite cochlea. This phenome-
non is considered to be mediated via the efferent pathway, from the superior olivary complex
through the medial olivocochlear system to the contralateral cochlea. The assessment of this
suppressive effect provides an objective and noninvasive technique for exploring the function
of the efferent auditory system in humans. Two previous studies investigated the suppression
effect of TEOAE in newborns and revealed a significant effect in 18 full-term neonates.

In this study, the effect of contralateral acoustic stimulation on TEOAE was investigated in
13 full-term neonates (gestational age, 40—42 weeks). The TEOAE were recorded alternately
with and without simultaneous, contralateral white noise. The CAS effect of TEOAE was
present in all subjects; a mean of 2.21 dB = 1.7 (21% = 9.3%) was found. Our study demon-
strated additional support for the functional maturity of the medial olivocochlear efferent sys-
tem from birth.
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earing from birth (or perhaps even earlier) is
H crucial for normal language development in a

child. From birth, the sensitivity of hearing
and frequency selectivity are essential for speech sound
perception. The outer hair cells have been proved to en-
hance sensitivity and fine tuning of the auditory system
[1]. Otoacoustic emissions (OAEs) are associated with
the mechanical processes of the outer hair cells [2,3].
The efferent auditory pathways, investigated particu-
larly with the olivocochlear bundle (OCB) system that
terminates in the cochlea, are involved in these pro-
cesses. For many years, it was known that the medial
component of the OCB synapses extensively on the
outer hair cells. Recently, for the first time, acquired
knowledge established that transient otoacoustic evoked
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emissions (TEOAE) facilitated extensive testing of the
olivocochlear bundle in awake human beings. A num-
ber of studies proved in both humans [4-9] and animals
[10-12] the suppression of spontaneous and evoked
emissions by contralateral acoustic stimuli, and this ef-
fect was termed suppression effect, or contralateral
acoustic stimulation (CAS) effect. The involvement of
the OCB in the CAS effect was confirmed.

On the basis of two reports in the literature [13,14],
the CAS effect was proved to exist from birth in 18
full-term neonates. Our study adds evidence to the
function of the CAS effect from birth in 13 additional
babies.

MATERIAL AND METHODS

Subjects

Thirteen normal, healthy, full-term babies (7 male, 6
female) born at The Chaim Sheba Medical Center, Tel
Hashomer, were tested. The mean gestational and con-
ceptional ages (measured from the last menstrual cycle)
were 40.4 = 0.7 weeks (range, 40—42 weeks) and 40.7
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* 0.76 weeks (range, 4043 weeks), respectively. The
mean birth weight was 3,447 = 297 g.

Eleven babies were tested at 24—48 hours after birth,
and two more were tested on their third and fifth days.
On evaluation, the neonatal physician confirmed that
all neonates were normal, with no family history of
general or auditory pathology. The neonates had no risk
factors for hearing impairment as defined by the Joint
Committee on Infant Hearing [15]. The tests were car-
ried out after feeding, during light sleep in a quiet room
in the Neonatology Unit.

General Procedure

All neonates passed the TEOAE screening test in both
ears before being tested for the CAS effect. The
TEOAE screening criteria were reproducibility of more
than 50% and a signal-to-noise ratio equal to or greater
than 3 dB in three of the four frequency bands: 1.6, 2.4,
3.2, and 4 kHz [16].

One ear of each neonate was tested for the CAS ef-
fect, because the entire procedure lasted approximately
1 hour when it was successful. Once this testing was
accomplished, the babies usually became restless, and
the other ear was impossible to test. The procedure was
initiated in more than double the number of babies re-
ported here but could not be completed, as the babies
awakened.

The tested ear was chosen arbitrarily according to
the side on which the babies were lying in their cribs.
The CAS effect was obtained from five right and eight
left ears.

The TEOAE Procedure

Click-evoked otoacoustic emissions were recorded and
analyzed using the ILO288 Echoport OAE analyzer
(Otodynamics, S.L.E. Ltd., Crydon, UK), which was
connected to a portable computer (Twin Head 486DX2).
A Type E neonatal probe was used.

The Quickscreen mode as proposed in the protocol
of newborn testing [17] was used. This mode employs a
nonlinear click stimulus of 80 microseconds at a rate of
80 presentations per second. Nonlinear clicks consist of
four clicks, the first three being in the same phase and
amplitude and the fourth opposite in phase and having a
threefold larger amplitude. The summation of four suc-
cessive responses leaves only the nonlinear component
of the otoacoustic response. This stimulus paradigm re-
duces stimulus artifact, cancels all the linear compo-
nents of the response, and affects the true amplitude of
the emission, thereby rendering difficult the absolute
quantification of suppression [18]. We chose this mode
for the neonates, taking into account that both emission
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and noise amplitudes are greater in neonates than in
adults [19].

The mean intensity measured at the external ear ca-
nal was 69.33 dB pe SPL, with an SD of 3.35 dB. For
each response, 260 low-noise samples were averaged.
As each sample consisted of four successive clicks, the
total response was 1,040 stimuli.

A recording window of 2.5-12.5 milliseconds post-
stimulus was used for analysis. The first 2.5 millisec-
onds were eliminated to avoid the ringing component
of the stimulus. A band-pass of 500-6,000 Hz was em-
ployed.

The CAS Effect Procedure

For CAS effect, six successive TEOAE measurements
were recorded for each baby, alternately without (three)
and with (three) simultaneous contralateral noise. The
contralateral acoustic stimulation was a 40-dB HL white
noise, generated by a 10D Belton portable audiometer.

The CAS was delivered to the ear by a miniature in-
sert earphone using the same Otodynamics disposable
tips used on the type E probe for TEOAE recordings.
To avoid its movement, the insert earphone was se-
cured to the ear with surgical tape. Calibration of the
insert earphone was carried out with a Briiel-Kjar 2209
sound level meter.

Data Analysis

For each baby, the testing conditions (stimulus inten-
sity and stability, and the number of noisy presenta-
tions) and the response measurements (TEOAE ampli-
tudes with and without contralateral noise) were
averaged separately for the recordings with and without
the CAS. The CAS effect of each neonate was calcu-
lated as the difference between the mean TEOAE am-
plitude with CAS and the mean TEOAE amplitude
without CAS. In a similar manner, the same values
were calculated for the entire group. The CAS effect
was expressed also as the percentage change between
the averaged TEOAE amplitude recorded with CAS
and the amplitude recorded without CAS. To calculate
this relative difference, the average TEOAE amplitudes
were converted from the decibel SPL values calculated
by the ILOS88 analysis system into micro-Pascal. Stu-
dent’s 7 tests and Pearson correlations were used for
statistical analysis.

RESULTS

The means of the recording conditions of the TEOAE
without noise and the TEOAE recorded with contralat-
eral noise are presented in Table 1. Results showed no
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Table 1. Measurements of Testing Conditions in Newborn Testing (N = 13)

Stimulus Intensity (dB pe SPL)

Stimulus Stability (%)

No. of Noisy Samples

Without CAS With CAS Without CAS With CAS Without CAS With CAS
Average 70.62 70.29 86.3 60.5 473
SD 2.97 3.54 52 41.1 28.73
Range 66.3-78.7 65.2-78.6 63.7-96 79.2-92.9 6.3-165 6.8-108

CAS = contralateral acoustic stimulation; SD = standard deviation.

significant differences by paired ¢ test between the re-
cordings with and without the CAS in regard to stimu-
lus intensity, stability, and the number of noisy sample
measurements.

The average TEOAE amplitude of the entire group
without contralateral noise (mean = SD) was 14.38 dB
SPL * 4.78 dB (Figure 1). The average TEOAE am-
plitude with contralateral noise was 12.17 dB SPL =
4.71 dB.

The CAS effect of the entire group, calculated as the
difference between these two means, was 2.21 dB =
1.7, which was found to be significant by paired ¢ test
(tf[12] = 4.7; p < .001). The other measurement for
these relative differences (i.e., the average of the per-
centage change of TEOAE amplitude with and without
CAS) was 15% (SD, 9.3; range, 3-53%).

Figure 2 shows the individual values of the CAS ef-
fect plotted in hierarchy. In 77% of the neonates, the
CAS effect was greater than 1 dB; in two cases
(15.4%), the effect was less than 0.5 dB.

Two factors were evaluated as being related to the
CAS effect. First, no significant correlation was found
between the TEOAE amplitude recorded without the
contralateral noise and the amount of the CAS effect.
Second, despite the small number of subjects, an inter-
esting consideration was assessing whether the neo-
nate’s gender or the choice of tested ear (right or left)
had any effect either on the TEOAE recordings or on
the CAS effect. As described, accomplishing the entire
procedure for one ear was difficult; testing both ears of
the same neonate was almost impossible. Therefore,
when we made a comparison between two ears, we ac-
tually compared two different groups of subjects. For
both the gender factor (female versus male) and the
tested ear factor (right versus left), no significant differ-
ences were found either for any of the TEOAE parame-
ters or for the amount of the suppression.

DISCUSSION

The efferent innervation of the cochlea is rich and in-
triguing. Its peculiar way of synapsing differently with
the outer and inner hair cells contributed to the interest

of many investigators over the years regarding the
functional significance of the efferent system. In the
1960s, an important role in hearing function was as-
cribed to the efferent olivocochlear bundle [20-24]. As
early as 1962, Fex [23,24] claimed an auditory feed-
back system and connection between the two ears via
the efferent system.

In a modest study done in our laboratory, Rubinstein
et al. [25] even postulated that normal hearing is the
common result of afferent and efferent activity, on the
basis of the fact that the compound action potential is
increased or decreased by efferent OCB activity. With
the tremendous progress in understanding the role and
function of the outer hair cells in hearing, significance
was attributed also to the efferent role demonstrated by
the suppression of the TEOAE.

The results of our study are in agreement with those
of Ryan and Piron [13] and Goforth et al. [14]. Average
reduction of 2.21 dB in the amplitude of the TEOAE
was induced by introducing contralateral noise simulta-
neously with the TEOAE recording. This magnitude is
just a little above the range of 1-2 dB reported in most
of the adult studies of the suppression effect. It corre-
sponds to a mean of 21% in our study.

The amount of suppression we found in our testing
of the neonate population corresponds to the results of
other reports using the linear click in neonate testing:
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Figure 1. Transient evoked otoacoustic emission amplitudes
(in decibels SPL; SD in parentheses) with and without con-
tralateral acoustic stimulation.
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Figure 2. Suppression effect (in decibels): individual data.

Ryan and Piron [13] reported that in most cases, the re-
duction in amplitude was at least 1.5 dB, and Goforth et
al. [14] reported a mean of 2.076 dB in the full-term ne-
onates they tested.

Most authors concur that a large number of inter-
subject variations exist in the amount of suppression
[5,6,9,18,26]. In this study, it was expressed in high
levels of SD and large ranges of the amount of CAS ef-
fect (i.e., 0.23-6.53 dB; 3-50%).

Because TEOAE amplitude is widely known to dif-
fer greatly among tested ears, we tried to establish the
existence of a correlation between the level of emission
and the amount of the CAS effect. No significant corre-
lation was found between the amount of the CAS effect
and the TEOAE amplitude recorded without contralat-
eral noise. This result agrees with the findings of others
[27,28]. Veuillet et al. [6], for example, found no sig-
nificant differences between two groups of “large” and
“small” emission levels. However, Ryan and Kemp [9]
claimed that with large TEOAE, the effect can be de-
tected easily, whereas among the smaller TEOAE, de-
tecting the differences above the background noise was
difficult.

Evidence of efferent function in the neonates
strengthens the importance of this system in the hearing
process. Additional new significant dimensions have
arisen from findings in Mongolian gerbils, wherein the
suppression of the comppound action potential by con-
tralateral noise even preceded the maturation of the
otoacoustic emissions [29]. If the same holds true in
humans, as demonstrated by Walsh et al. [30] in cats,
possibly the OCB is involved even in development.
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