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Introduction

The medial olivocochlear bundle arises from the 
superior olivary complex and projects efferent 
fibres to contralateral cochlear outer hair cells.1 The 
efferent olivocochlear system has an inhibitory 
effect on the outer hair cells that can be measured 
using contralateral acoustic stimulation (CAS) of 
otoacoustic emissions (OAEs).2 The role of this 
inhibitory effect in auditory functioning is unclear, 
although it has been suggested to be involved in 
low-level signal detection3 and to act as protection 
against noise either as an epiphenomenon4 or 
directly.5 However, efferent suppression (ES) using 
CAS of transiently evoked OAEs (TEOAEs) does 
not correlate with temporary threshold and emission 
shifts after one hour of music exposure using an 
MP3 player.6

In cochlear hearing loss involving outer hair cell 
dysfunction, there is no ES using CAS of OAEs 
due to the reduction or absence of emission 
amplitudes.7 ES is also abnormal in patients with 
vestibular neurectomy sectioning of the efferent 
olivocochlear bundle,8 and it has been suggested to 

be abnormal in patients with auditory neuropathy 
spectrum disorder7 and other pathologies related to 
primary auditory neuron deficits (like multiple 
sclerosis).9 Further, abnormal ES is found in 
patients with tumours affecting the eighth cranial 
nerve,10-13 such as vestibular schwannoma (VS).

VS is a slow-growing benign intracranial tumour 
arising from the vestibular branch of the eighth 
cranial nerve. It shows an incidence range of 
1-20 cases per 1 million person-years.14 Depending 
on the tumour size, its (yearly) growth rate and 
clinical manifestation such as auditory and 
vestibular symptoms, trigeminal and facial nerve 
dysfunction and headache,15 VS is conservatively 
managed (i.e. wait-and-scan), resected micro
surgically or treated with radiation.16 Prognostic 
factors for hearing outcome in VS patients are of 
great clinical importance. Good high frequency 
hearing and speech discrimination at diagnosis can 
predict good preservation of hearing during a wait-
and-scan period.17 Preserved TEOAEs prior to VS 
surgery have been suggested as predictive tools of 
postoperative hearing preservation, although this 
remains a matter of debate.18 OAEs could be useful 
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Materials and methods

Subjects

The patient group included nine subjects (6 women, 
3 men) with unilateral (7 right-sided, 2 left-sided) 
non-surgically treated VS diagnosed by an oto
rhinolaryngologist and radiologist at University 
Hospital Ghent (Belgium). Both the tumour and 
non-tumour ears of the patient group were tested. A 
group of nine control ears was selected; subjects 
were matched for gender, age (within 5 years of the 
age of the corresponding patient) and ear side 
according to the tumour ear of the patient group. 
Table 1 summarizes the characteristics of the 
patient and control groups. 

The study was approved by the local ethics 
committee, and all subjects provided informed 
consent in accordance with the statements of the 
Declaration of Helsinki.

Admittance measures

All subjects had normal immittance values using an 
85 dB SPL 226-Hz probe tone (TympStar, Grason-
Stadler Inc.). Ipsilateral and contralateral acoustic 
stapedial reflex thresholds were measured at 
1.0 kHz, and the contralateral acoustic stapedial 
reflex thresholds for broadband noise were 
measured using the same equipment as for 
tympanometry. Inclusion criteria included present 
ipsilateral reflexes in the non-tumour ear of the 
patient group and control group at 1.0 kHz and 

in the early stages of hearing impairment in VS 
patients by providing additional information on 
cochlear involvement due to vascular compression,19 
while CAS of OAEs could be used to evaluate the 
functional intactness of the efferent auditory system 
in VS patients. 

Studies investigating ES in the tumour and non-
tumour ears of VS patients as compared to control 
ears have shown equivocal results.10-13 Methodolo
gical differences might account for some of the 
differences in the findings. For example, some 
studies include other types of cerebello-pontine 
angle tumours,10,13 use a non-matched control 
group10-12 or differ considerably in terms of the 
protocol used to measure ES. In general, ES using 
CAS of TEOAEs is greatest for linear clicks with 
intensities between 55 and 65 dB peSPL and for 
suppressor intensity levels of the same intensity or 
5 dB higher than the intensity level of the clicks 
that elicit TEOAEs.9,20 Measuring ES in VS patients 
while taking into consideration the middle ear 
acoustic reflex as well as acoustic crossover is 
hampered by the presence of asymmetrical hearing 
loss in the majority of patients. 

Therefore the first aim of the current study was 
to evaluate different click and noise intensity 
conditions for measuring ES using CAS of TEOAEs 
with commercially available OAE equipment in 
patients with unilateral VS and in gender-, age- and 
ear side-matched control subjects. The second aim 
was to conduct a pilot study that compared the 
amount of ES between tumour and non-tumour ears 
versus control ears. 

Table 1
Characteristics of the study patients with vestibular schwannoma and of the control subjects

Subject 
number

Patient group Control group
Gender Age (years) Tumour ear Tumour localisation Management Gender Age

1 Female 40 Right I C Female 43
2 Female 42 Right I and E C Female 41
3 Female 47 Right I C Female 49
4 Male 65 Left I C Male 65
5 Male 60 Left I RT Male 55
6 Female 50 Right I and E C Female 51
7 Male 41 Right I RT Male 39
8 Female 65 Right I and E RT Female 61
9 Female 65 Right I and E RT Female 63

C: conservative management; E: extrameatal; I: intrameatal; RT: radiotherapy.
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applied. The amount of ES was calculated as the 
difference (in dB) in TEOAE amplitude with and 
without CAS at the half-octave frequency bands 
centred around frequencies 1.0, 1.5, 2.0, 3.0 and 
4.0 kHz. TEOAEs were considered present when 
the signal-to-noise ratios were at least 3 dB in the 
condition without CAS. The higher the ES, the 
stronger the olivocochlear efferent reflex strength.

Four different click and noise intensity level 
conditions were used. According to the recom
mendation of Hood et al.,20 clicks and noise were 
presented at 55 and 60 dB peSPL, respectively, 
when three out of five frequency bands in the 
condition without CAS showed present TEOAEs. 
If no TEOAES were present, the click and noise 
intensity was increased by 5 dB SPL each (condition 
1). In the other three stimulation conditions, the 
click intensity was 60 dB peSPL, and the noise 
intensity was set to 30 dB (condition 2), 40 dB 
(condition 3) or 50 dB (condition 4) above the 
hearing threshold for broadband noise.

The following confounding factors should be 
checked when measuring ES. First, the amount of 
CAS should be below the intensity level that 
induces acoustic crossover.22 However, the chance 
of acoustic crossover occurring is limited by the 
maximum output for broadband noise of the 
equipment; in this study, the maximum output was 
80 dB SPL. Second, the amount of CAS should be 
below the contralateral acoustic stapedial reflex 
threshold for broadband noise.2,22 Finally, according 
to Hood et al.,20 the noise intensity level should be 
the same intensity or 5 dB higher than the click 
intensity level. 

Data analysis

Statistical analysis was performed using SPSS 
version 22 (SPSS Inc.). First, the different click 
and noise intensities for measuring ES using CAS 
of TEOAEs were evaluated using descriptive 
values. Second, the difference in hearing thresholds, 
TEOAEs, DPOAEs and the amount of ES was 
analysed between tumour ears and control ears 
versus non-tumour ears and control ears using the 
non-parametrical Wilcoxon signed-rank test. A 
significance level of p < 0.05 was used. 

Results

The contralateral acoustic stapedial reflex thresholds 
for broadband noise, the hearing threshold for 

present contralateral reflexes in the matched ears of 
the control group. 

Pure-tone audiometry

Air and bone conduction thresholds were measured 
using the modified Hughson-Westlake method at 
conventional octave frequencies of 0.25 to 8.0 kHz 
(Equinox 2.0, Interacoustics, with a TDH-39 head
phone and Radio-Ear B71 bone conductor). Only 
control ears with hearing thresholds equal to or 
better than the 95th percentile for gender- and age-
related frequency-specific hearing thresholds21 were 
included in the study. The hearing threshold for 
broadband noise was also determined. The pure-
tone average was calculated at frequencies of 0.5, 
1, 2 and 4 kHz. 

Otoacoustic emissions

TEOAEs, distortion product OAEs (DPOAEs) and 
CAS of TEOAEs were measured using the ILO 292 
USB II module with a calibrated probe and ILOv6 
software (Otodynamics Ltd). 

TEOAEs were measured according to the non-
linear differential method of stimulation using 80-
µs rectangular pulses at a rate of 50 clicks per 
second at an intensity of 80 ± 2 dB peSPL and a 
noise rejection setting of 4 mPa. The measurement 
was stopped after 260 accepted sweeps. Emission 
and noise amplitudes were determined in half-
octave frequency bands centred at 1.0, 1.5, 2.0, 3.0 
and 4.0 kHz. TEOAEs were considered present if 
the signal-to-noise ratio per half-octave frequency 
band was at least 3 dB. 

DPOAEs were measured using the primary tone 
level combination L1/L2 = 65/55 dB SPL and the 
primary tone frequency ratio f2/f1 = 1.22, with f2 
ranging from 0.841 to 8.0 kHz at eight points per 
octave. The entire frequency range was looped until 
the noise amplitude per frequency fell below -5 dB 
SPL using a noise artefact rejection level of 6 mPa. 
Emission and noise amplitudes were calculated in 
half-octave frequency bands with centre frequencies 
of 1.0, 1.5, 2.0, 3.0, 4.0, 6.0 and 8.0 kHz. DPOAEs 
were considered present if the signal-to-noise ratio 
at half-octave frequency bands was at least 3 dB. 

The linear stimulation method was used to 
measure TEOAEs with and without CAS of con
tinuous white noise in alternating 10-second blocks. 
In the condition without CAS, 260 sweeps were 
obtained, and a noise rejection level of 4 mPa was 
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were significantly different between the tumour and 
control ears at 0.25 kHz (T = 2.0, p = 0.041), 2 kHz 
(T = 0.0, p = 0.018), 4 kHz (T = 0.0, p = 0.012) and 
8 kHz (T = 1.0, p = 0.011) as were the pure-tone 
averages at 0.5, 1, 2 and 4 kHz (T = 1.0, p = 0.011). 
The non-tumour ears and control ears were sig
nificantly different at 8 kHz (T = 3.0, p = 0.035). 
Figure 1 shows the mean hearing thresholds at 
octave frequencies in the three groups. 

There were no significant differences in the mean 
TEOAE amplitudes between tumour ears and con
trol ears or between non-tumour ears and control 
ears except at 2.0 kHz (T = 20, p = 0.046). Figure 2 
shows the mean TEOAE amplitudes in the three 
groups at all frequency bands. However, the number 
of present TEOAEs at frequency bands with centre 
frequencies of 2.0, 3.0 and 4.0 kHz in the tumour 
ears was reduced to 2 or 3 observations (Table 3). 

There were no significant differences in DPOAE 
amplitudes between tumour or non-tumour ears 
versus control ears (Figure 3), although there were 
a low number of present DPOAEs in tumour ears 
and control ears at the frequency band with a centre 
frequency of 8.0 kHz (Table 3). 

Finally, there were no significant differences in 
the amount of ES between tumour and control ears 
or between non-tumour and control ears in condition 
1 (Figure 4a) and condition 3 (Figure 4b). ES was 
infrequently present in both tumour and non-tumour 
ears, especially in the frequency band with higher 
centre frequencies (Table 3). 

broadband noise and the CAS intensity level for 
tumour ears, non-tumour ears and control ears are 
shown in Table 2. The median hearing thresholds 
for broadband noise were 35 dB HL, 20 dB HL and 
15 dB HL, respectively, for the tumour, non-tumour 
and control ears. Since the threshold for broadband 
noise was used to determine the amount of CAS in 
condition 2 (30 dB SL), condition 3 (40 dB SL) and 
condition 4 (50 dB SL), the maximum output of 
80 dB SPL for CAS was exceeded in several tumour 
and non-tumour ears. The median contralateral 
acoustic stapedial reflex thresholds for broadband 
noise were 90 dB SPL, 80 dB SPL and 85 dB SPL, 
respectively, for the tumour, non-tumour and con
trol ears. The contralateral acoustic stapedial reflex 
thresholds for broadband noise exceeded the CAS 
intensity level in condition 3 for one tumour ear and 
in condition 4 for two tumour ears. 

The intensity levels were non-optimal for CAS 
according to Hood et al.20 in conditions 2 and 4 in 
most ears. Therefore, condition 1 (click and noise 
intensity level of 55 or 60 dB SPL) and condition 3 
(click intensity level of 60 dB peSPL and noise 
intensity level of 40 dB SL) were identified as the 
conditions with the most recordable ES using CAS 
of TEOAEs and were thus the best stimulation 
intensity combinations. 

Hearing thresholds, TEOAEs, DPOAEs and ES 
using CAS of TEOAEs were compared between 
tumour and control ears and also between non-
tumour and control ears. The hearing thresholds 

Table 2
The median contralateral acoustic stapedial reflex thresholds for broadband noise (CL ART), pure-tone average (PTA)  
at 0.5, 1, 2 and 4 kHz, hearing threshold for broadband noise (THR), and CAS in conditions (C) 1 to 4 for the tumour,  

non-tumour and control ears
Tumour ears Non-tumour ears Control ears

CL ART PTA THR 
CAS

CL ART PTA THR
CAS

CL ART PTA THR
CAS

C1 C2 C3 C4 C1 C2 C3 C4 C1 C2 C3 C4
1 115 6.3 20 60 50 60 70 90 -3.8 20 60 50 60 70 85 2.5 10 60 40 50 60
2 80 6.3 15 60 50 60 70 90 6.3 20 60 45 55 65 85 7.5 15 60 45 55 65
3 A 58.8 45 65 50 60 70 80 6.3 20 65 75 U U 95 11.3 20 60 50 60 70
4 110 63.8 45 65 50 60 70 70 12.5 20 65 75 U U 85 1.3 15 60 40 50 60
5 A 75.0 70 65 65 75 U A 23.8 35 60 U U U 85 11.3 20 60 55 65 75
6 115 63.8 70 65 75 U U 105 32.5 45 65 U U U 75 8.8 15 60 50 60 70
7 90 42.5 35 60 55 65 75 65 7.5 25 60 65 75 U 85 3.8 15 60 50 60 70
8 85 10.0 20 65 50 60 70 80 8.8 20 65 50 60 70 90 6.3 15 60 45 55 65
9 90 32.5 20 65 50 60 70 75 7.5 20 60 50 60 70 90 18.8 25 65 50 60 70

A, absent; bold, non-optimal intensities; italic, above ART; U, unmeasurable.
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could be clinically useful, but these measurements 
are complicated by the presence of asymmetrical 
hearing loss in the majority of these patients. 
Further, the results of earlier studies that investigated 
difference in ES in tumour and non-tumour ears 
of  VS patients have not resulted in a consensus 
understanding. Therefore, the goal of the  current 
study was two-fold: first, to evaluate different click 
and noise intensity conditions for measuring ES 
using CAS of TEOAEs with commercially available 
OAE-equipment in tumour ears, non-tumour ears 
and control ears; second, to compare the amount of 
ES between tumour ears and non-tumour ears of 
patients with unilateral VS versus gender-, age- and 
ear side-matched control subjects. 

The literature suggests several click and noise 
intensity levels for measuring CAS of TEOAEs. 
The greatest amount of ES is found for linear click 
intensity levels between 55 and 65 dB peSPL with 
the contralateral broadband noise at or near 60 dB 
SPL.2,9,20,23 Since the amount of ES is greater for 
increasing noise intensity levels,20 others have used 
noise levels that depend on hearing threshold 
for  broadband noise.10,24 However, the CAS 
should be below the contralateral acoustic stapedial 
reflex thresholds using broadband noise2,22 as well 
as below the intensity level that induces acoustic 
crossover,22 which should be carefully controlled in 
patients with asymmetrical hearing loss. Previous 

Discussion

The olivocochlear reflex strength, which can be 
measured using CAS of TEOAEs, indicates the 
functional intactness of the efferent auditory sys
tem.2,23 Measuring ES in patients with unilateral VS 

Figure 1
The hearing thresholds (dB HL) at octave frequencies between 
0.25 and 8 kHz of tumour and non-tumour ears of the patient 
group and of the ears of the control group. Data are shown as 
mean values ± one standard error of the mean (SEM).

Figure 3
The distortion product otoacoustic emissions (DPOAE) 
amplitudes (dB SPL) at measured frequency bands are shown 
for the tumour ears, non-tumour ears and control ears. Data are 
shown as mean values ± one standard error of the mean (SEM).

Figure 2
The transient evoked otoacoustic emissions (TEOAE) 
amplitudes (dB SPL) at frequency bands with centre 
frequencies of 1.0, 1.5, 2.0, 3.0 and 4.0 kHz for the three 
groups. Data are shown as mean values ± one standard error of 
the mean (SEM).
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and noise intensity level conditions were evaluated 
based on these criteria. Two conditions with the 
highest number of measurable ES were identified, 
namely condition 1 (click and noise intensity levels 
of 55 or 60 dB SPL) and condition 3 (click intensity 
level of 60 dBpeSPL and noise intensity level 
40 dB SL). 

studies measuring ES using CAS of TEOAEs in 
patients with cerebellopontine angle tumours used 
a variety of (non-)linear clicks with fixed or variable 
noise levels10-13 without a clear indication of the 
exact noise levels. This could potentially induce 
acoustic crossover or elicit the contralateral acoustic 
stapedial reflex. In the current study, different click 

Table 3
The percentage of present  transient evoked otoacoustic emissions (TEOAEs), distortion product otoacoustic emissions (DPOAEs) 

or efferent suppression (ES) that were present using CAS of TEOAEs in condition 1 (C1) and condition 3 (C3) at all frequency 
bands

Frequency (kHz)

1.0 1.5 2.0 3.0 4.0 6.0 8.0

TEOAEs

Tumour ears 56 67 33 22 33 N/A N/A

Non-tumour ears 67 78 78 78 56 N/A N/A

Control ears 89 89 89 89 78 N/A N/A

DPOAEs

Tumour ears 56 67 33 33 44 33 33

Non-tumour ears 78 78 78 56 67 78 67

Control ears 89 89 100 89 78 78 33

ES: C1

Tumour ears 56 56 33 22 33 N/A N/A

Non-tumour ears 56 67 56 33 56 N/A N/A

Control ears 78 89 89 78 78 N/A N/A

ES: C3

Tumour ears 56 56 33 22 33 N/A N/A

Non-tumour ears 44 44 44 33 44 N/A N/A

Control ears 89 89 89 89 78 N/A N/A

N/A: not applicable.

Figure 4
Efferent suppression (dB) at the indicated measured frequency bands for the three groups measured in (a) condition 1 and (b) condition 
3 (b). Data are shown as mean values ± one standard error of the mean (SEM).

a b
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patients with unilateral VS and a control group 
matched for gender, age, ear side and cochlear 
hearing loss. 
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Conclusion

This study identified two optimal click and noise 
intensity level combinations for measuring ES 
using CAS of TEOAEs in VS patients. The first 
condition uses clicks and noise at 55 and 60 dB 
peSPL, respectively, when three out of five fre
quency bands in the condition without CAS show 
present TEOAEs. If they do not show TEOAEs, 
the click and noise intensity is increased by 5 dB 
SPL each. The second condition uses a click 
intensity level of 60 dB peSPL and a noise intensity 
that is 40 dB above the hearing threshold for 
broadband noise. For these two conditions, there 
were no significant differences in the amount of 
ES in the tumour and non-tumour ears of patients 
with unilateral VS versus gender-, age- and ear 
side-matched control subjects. This pilot inves
tigation should be extended by including more 

04-keppler-.indd   197 10/09/15   11:46



198	 H. Keppler et al.

22. 	Sun XM. Contralateral suppression of distortion product 
otoacoustic emissions and the middle-ear muscle reflex in 
human ears. Hear Res. 2008;237(1):66-75.

23. 	Veuillet E, Collet L, Duclaux R. Effect of contralateral 
acoustic stimulation on active cochlear micromechanical 
properties in human subjects: dependence on stimulus 
variables. J Neurophysiol. 1991;65(3):724-735.

24. 	De Ceulaer G, Yperman M, Daemers K, Van Driessche K, 
Somers T, Offeciers FE, Govaerts PJ. Contralateral 
suppression of transient evoked otoacoustic emissions: 
normative data for a clinical test set-up. Otol Neurotol. 
2001;22(3):350-355.

Hannah Keppler
Ghent University
Faculty of Medicine and Health Sciences
Department of Speech, Language and Hearing Sciences
De Pintelaan 185
9000 Ghent, Belgium
Tel.: +32/9/332 04 08
E-mail: hannah.keppler@ugent.be

16. 	Somers T, Van Havenbergh T. Multidisciplinary manage
ment of vestibular schwannomas: state ot the art. B-ENT. 
2012;8(4):235-240.

17. 	Stangerup SE, Tos M, Thomsen J, Caye-Thomasen P. 
Hearing outcomes of vestibular schwannoma patients 
managed with ‘wait and scan’: predictive value of hearing 
level at diagnosis. J Laryngol Otol. 2010;124(5):490-494.

18. 	Ferber-Viart C, Colleaux B, Laoust L, Dubreuil C, 
Duclaux R. Is the presence of transient evoked otoacoustic 
emmissions in ears with acoustic neuroma significant? 
Laryngoscope. 1998;108(4):605-609.

19. 	Roosli C, Linthicum FH, Jr., Cureoglu S, Merchant SN. 
Dysfunction of the cochlea contributing to hearing loss in 
acoustic neuromas: an underappreciated entity. Otol 
Neurotol. 2012;33(3):473-480.

20. 	Hood LJ, Berlin CI, Hurley A, Cecola RP, Bell B. 
Contralateral suppression of transient-evoked otoacoustic 
emissions in humans: intensity effects. Hear Res. 1996; 
101(1):113-118.

21. 	International Organization for Standardization 2000. 
Acoustics - Statistical distributions of hearing thresholds 
as a function of age. ISO 7029. ISO, Geneva: 2000.

04-keppler-.indd   198 10/09/15   11:46




