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Abstract

Objective: To compare the V. wave latencies, amplitudes, and testing times of
auditory brainstem response (ABR) using Click and CE-Chirp stimuli in patients
with unilateral total hearing loss (HL).

Materials and Methods: Male patients with one normal ear and a total HL in the
other were tested for Click and CE-Chirp ABR, Pure Tone Audiometry (PTA), Stenger,
and Tympanometry. PTA thresholds in normal hearing ears were 20 dB HL for each
frequency, tympanogram resulted to type A, and Stenger was negative in total HL.
Click and CE-Chirp stimuli were sent using an alternating polarity and inserting ER
3A headphones (Rate: 20.1, High Pass Filter: 100 Hz, and Low Pass Filter: 3,000 Hz).
Ear with total HL tested with 100 dB and 95 dBnHL, normal hearing ear was tested
with 80, 60, 40, 30, 20, and 10 dBnHL, 15 dB, and 5 dBnHL to determine the hearing
level. ABR thresholds, V. wave latencies, amplitudes, and test times for each Click
and CE-Chirp stimuli were compared.

Results: Results of 71 patients were analyzed. The CE-Chirp ABR wave V amplitudes
were higher at all levels except 80 dBnHL. Click ABR wave V latencies at 80 and 60
dBnHL levels were longer (p=0.00). CE-Chirp ABR wave V latencies at 40 dBnHL and
below were longer (p=0.00). CE-Chirp ABR thresholds (12.81 dBnHL) were closer
to 2-4 kHz behavioral threshold averages (10.45 dBnHL) than Click ABR thresholds
(14.64 dBnHL). CE-Chirp ABR test time was shorter (14.57+3.83 vs. 17.91+3.94 min,
p=0.00).

Conclusion: The CE-Chirp stimulus was used to evaluate the normal hearing ear in
patients with unilateral total HL, which shortens the test time and provides closer
results to behavioral thresholds. CE-Chirp ABR method is more advantageous than
the Click ABR method to evaluate patients with unilateral total HL.

0z

Amag: Tek tarafli total isitme kaybi olan hastalarda Click ve CE-Chirp uyaranlari ile
elde edilen isitsel beyin sapi yaniti (ABR) esiklerinin V. dalga latans ve amplitiidlerini
ve test zamanlarini karsilastirmaktir.

Gere¢c ve Yontemler: Bir kulagi total isitme kayipli, diger kulagi normal isiten
erkek hastalara Click ve CE-Chirp uyaranlar kullanilarak sedasyon altinda ABR testi

235


https://orcid.org/0000-0002-2474-7227
https://orcid.org/0000-0002-9009-6389
https://orcid.org/0000-0003-2116-9940

236 Ceylan et al. CE-Chirp ABR Test in Unilateral Deafness

yapildi. Pure Tone Odiyometri (PTA), Stenger testi ve Timpanometri testleri uygulandi. Normal isiten kulaklarinda PTA esikleri her
frekans icin <20 dB HL, timpanogram sonucu tip A ve total isitme kayipl kulaklarinda Stenger negatif olan kisiler dahil edildi. Click
ve CE-Chirp uyaranlar alternating polarite ve insert ER 3A kulakliklar ile gdnderildi. Rate: 20,1, Yiiksek Gegiren Filtre (HPF): 100 Hz,
Algak Gegiren Filtre (LPF): 3.000 Hz olarak ayarlandi. Total isitme kayipli kulaklar Click ve CE-Chirp uyaran kullanilarak 100 dB ve 95
dB ses siddetlerinde ABR testi uygulandi. Normal isiten kulaklara 80, 60, 40, 30, 20, 10 dB ve esik belirlemek icin gerektiginde 15 dB,
5 dB diizeyinde sesler gonderildi. Click ve CE-Chirp uyaran ile gerceklestirilen ABR esikleri, dalga V latanslari, dalga V amplittdleri ve
test stireleri karsilastirildi.

Bulgular: Yetmis bir hastanin sonuclari incelendi. 80 dB nHL disindaki biitiin diizeylerde CE-Chirp ABR dalga V amplitiidleri Click ABR
dalga amplitiidlerinden daha buyiiktii. 80 ve 60 dB nHL diizeylerinde Click ABR dalga V latanslari CE-Chirp ABR dalga latanslarindan
uzun bulunurken (p=0,00), 40 dB nHL ve altindaki diizeylerde CE-Chirp ABR dalga V latanslari Click ABR daha uzundu (p=0,00). CE-
Chirp ABR esikleri (12,81 dB nHL) Click ABR esiklerine (14,64 dB nHL) gore 2-4 KHz davranissal esik ortalamalarina (10,45 dB nHL)
daha yakindi. CE-Chirp ABR test siiresi Click ABR test siiresinden daha kisaydi (14,57+3,83 vs. 17,91+3,94 dakika, p=0,00).

Sonug: Unilateral total isitme kaybinda CE-Chirp uyaran kullaniminin ABR test siiresini kisalttigi ve normal isiten kulaklarda
davranissal isitme esiklerine daha yakin cevaplar sagladigr gézlenmistir. Unilateral total isitme kayipli hastalarin degerlendirilmesinde
CE-Chirp ABR ydntemi Click ABR yénteminden daha avantajhdir.

Introduction

Brainstem auditory-evoked potentials (AEPs) are
bioelectrical potentials that arise from specific neural
activities in the auditory pathway from the cochlea
to the auditory cortex after the presentation of an
auditory stimulus (1). Although this electrical activity
takes approximately 0.5 seconds with low severity, it
can be recorded in case of voltage fluctuations using
electrodes placed on the skin surface (1,2). Auditory
brainstem response (ABR) is defined as AEPs that
occursinthe process between 2-12 msec after auditory
stimulation in healthy individuals (2). ABR results are
recorded based on Click, tonal and Chirp techniques.
In the Click ABR method, the sound wave reaches its
peak from the basal region of the cochlea in a longer
time. The low frequency region of the originated
response emerges msec after the high-frequency
region (3). Basal cells are not stimulated ubiquitously.
Thus, nerve cells cannot occur simultaneously by
depolarization. This situation is clarified as cochlear
travel delay or cochlear delay (waves of sound
circulation time in the cochlea) (3,4). Chirp record
is a newly defined stimulus for ABR evaluation (5).
Chirp stimulus can be broad band Click-stimulus
derivative CE-Chirp or narrow as frequency-specific
tone-band derivative narrow-band CE (NB-CE) Chirp.
In recent years, there is also a newly developed level
specific (LS) Chirp stimulus (6). Frequency spectrums
of Click and CE-Chirp stimuli are the same. CE-Chirp
is a stimulus developed to assess ABRs. This stimulus
can provide synchronous stimulation in the cochlea
(5,6). The difference of the CE-Chirp stimulus from
the Click stimulus is the occurrence of delivery of low,

Meandros Med Dent J 2021;22:229-34

medium and high-frequency components to stimulate
all frequency regions in the cochlea simultaneously
basal cells can achieve different frequency targets
using CE-Chirp stimulus (7). Larger amplitude ABR
waves are obtained by simultaneous depolarization
in all frequency regions of the cochlea by CE-Chirp
stimulus (1,2).

This study was designed to compare the ABR test
results obtained with CE-Chirp and Click stimuli in
patients with unilateral total hearing loss.

Materials and Methods

This study was a cross-sectional analytical
research. Ethical approval was obtained with the
decision of Gilhane Military Medical Academy
Ethics Committee (decision no: 50687469-1491-139-
14/1648.4-407, date: 25.02.2014) for this study. This
study was conducted in accordance with the Helsinki
Declaration. Seventy-one men (18-25 years old) with
one ear with total hearing loss and the other ear
with normal hearing participated in the study. All
individuals participating in the study were informed
by experts and their verbal and written consents
were obtained. According to the results of Pure Tone
Audiometry (PTA), Stenger test and tympanometry
tests, male patients with total hearing loss in one ear
and hearing the other ear normally were included in
the study. Among these patients, patients between
the ages of 19-25 and PTA thresholds for normal
hearing ears with <20 dB HL for each frequency were
included in the study. Patients who were diagnosed
with mental retardation, having psychiatric disease,
and getting out of sleep were excluded from this study.
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In order for the patients to be included in the study,
their normal hearing ears; for each frequency 20 dB
HL PTA thresholds, type A tympanogram, negative
Stenger test result were required. TABR thresholds,
wave V latencies and wave V amplitude data were
analyzed in patients’ normal hearing ears. The time
taken to obtain ABR responses via CE-Chirp and Click
stimulus were also compared.

PTA tests were performed using the Interacoustics
model AC40 (calibrated as per ANSI S3.6, 1996)
(Interacoustics AS, Assens, Denmark) as the Pure
Tone Audiometer device in the soundproof cabinet.
PTA Airway thresholds (between 250-8,000 Hz), bone
path thresholds (between 500-4,000 Hz) were tested.
Headphones TDH 39 (Telephonics Co. Farmingdale,
NY, USA) were used for airway transmission and
vibrator RadioEar B-71 (RadioEar Co. Middelfart,
Denmark) were used for bone conduction. Then,
these patients underwent sedation and ABR tests
were performed with Click stimulus and CE-Chirp
stimulus. The sedation of the patients was provided
by the relevant anesthesia team. CMS-60 model pulse
oximeter device was used to control the pulse and
oxygenation of the patient after sedation. In order to
provide oxygen to the patient, 10 liters, 150 Bar, 1.5
m?® medical oxygen cylinder was kept in the room.

Click ABR and CE-Chirp ABR tests were applied
under the sedation to patients who conformed
circumstances stated above. Interacoustic Eclips Ep
15 ABR system (Interacoustics, Middelfart, Denmark)
was used for ABR testing and recording. The stimuli
were calibrated to ISO 389-6 (2007) for the Click
and to manufacturer’s data for the Chirps. In ABR
test protocol, electrodes with the positive line were
placed on the upper forehead area, electrodes with
the neutralized line were placed on the bottom side
of the forehead, while one negative electrode was
settled on to the mastoid process area on the left
and other one was settled on to the mastiod process
area on the right. The positive (active) electro was
placed in the midline upper part (Fz) of the forehead,
the ground electrode in the midline (Fpz) of the
forehead, the reference electrodes were placed in
the right (M2) and left (M1) mastoid areas. Reference
electrodes were placed on the right (M2) and left
(M) mastoid areas. Care was taken to ensure that the
electrode-skin impedances are below 3 kQ and that
the cables do not overlap. Click and CE-Chirp stimuli

were sent via the insert ER-3A (Etymotic Research)
headphones with alternating polarity, rate: 20.1.
High Pass Filter: 100 Hz, Low Pass Filter (LPF): 3,000
Hz and artefact exclusion level were set to 40 nV in
the measurements. The tests were started by sending
monaural Click stimulus to the ears with total hearing
loss. Ears with total hearing loss were tested at 100 dB
and 95 dB. While testing ears with total hearing loss, a
mask sound was sent to normal hearing ears. Normal
hearing ears of the patients were tested at levels such
as 80, 60, 40, 30, 20, 10 dB and, if necessary, 15 dB, 5
dB to determine the threshold. After performing ABR
test using Click stimulus, ABR was performed using
CE-Chirp stimulus with the same test technique. ABR
wave V amplitudes (peak to following trough) and
their latencies were determined.

The preparation stage of the patients for the test
was not included in the test period. When the patients
were asleep for the test, the tests were started and
the test times were recorded.

Statistical Analysis

Statistical analysis was performed using SPSS 20.0
program (IBM SPSS Statistics for Windows, Version
27.0. Armonk, NY: IBM Corp, USA). Click ABR and CE-
Chirp ABR for dependent variables in comparing the
differences between wave latency findings; Paired
t-test) between the means of paired data averages
was chosen as the method. Kolmogorov-Smirnov test
was used to test normality assumption. Click ABR and
CE-Chirp ABR test time comparison (Paired t-test)
method was used. ANOVA “One-Way Analysis of
Variance” was used to control the proximity between
the Click ABR threshold, the CE-Chirp ABR threshold
and the PTA 2-4 KHz thresholds, and the average of
the 2-4 KHz threshold, and the Tukey test was used to
control the factor that caused the difference. Tukey
test was applied to control the factor that caused
all the difference with a significance level of 95% or
a=0.05.

Results

In this study, the data obtained from 71 male
patients between the ages of 19-25 who had a
mean age of 28.6 were evaluated. Twenty-eight
of the patients had right (39.4%) and 43 (60.6%)
of the patients left ears had total hearing loss. ABR
waves were not observed with both types of stimuli
in ears with total hearing loss. Pure sound tonal
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audiometry thresholds of normal hearing ears are
shown in Table 1. The differences of the thresholds
were examined using One-Way ANOVA [Tukey t-test
(phostoc)] method in the normal hearing ears. As a
result, PTA was determined as 2-4 KHz threshold
average < CE-Chirp ABR threshold < Click threshold.
According to the CE-Chirp ABR thresholds, PTA was
found closer to the 2-4 KHz threshold averages
compared to the Click ABR thresholds (Figure 1).
One-Way ANOVA (Tukey t-test method) was used to
examine the differences of the thresholdsinthe normal
hearing ears of the patients. Click ABR thresholds was

dBnHL
16 14,64
14 12,81
12 10,45
10
8
6
4
2
0
2-4kHz PTA CE-Chirp ABR Click ABR Threshold
Threshold Average Threshold Average Average

Figure 1. Comparison of Click ABR and CE-Chirp ABR avarage
thresholds in terms of proximity to the 2-4 KHz pure tone

audiometry avarage threshold in normal hearing ears of

patients
ABR: Auditory brainstem response, PTA: Pure Tone Audiometry

seen to be different from the behavioral thresholds
than the PTA thresholds. Results closer to the 4 KHz
thresholds were found compared to the 2 KHz and
2-4 KHz threshold averages (Figure 2). It was also
investigated to which frequency region the CE-Chirp
ABR thresholds were closer than the behavioral
thresholds. Thus, CE-Chirp ABR Threshold PTA was
found similar and close to the 4 KHz threshold. CE-
Chirp ABR thresholds were found close to the 2-4
KHz threshold average after 4 KHz and the latest 2
KHz PTA thresholds. We should note that CE-Chirp
ABR thresholds are very close to similar to behavioral
thresholds to 4 KHz thresholds (Figure 3, Table 2).
According to the results obtained by comparison

dBnHL
14 12,81
12 . 11,26
i 9,64
8
6
4
2
0
PTA 2 KHz PTA 2-4 KHz PTA 4KHz CE-Chirp

Figure 2. Click ABR thresholds and PTA thresholds of patients’
normally hearing ears

ABR: Auditory brainstem response, PTA: Pure Tone Audiometry

Table 1. Average values of pure tonal audiometry test results of normal hearing ears of patients

250 Hz 500 Hz 1,000 Hz 2,000 Hz 4,000 Hz 8,000 Hz
Air path (dB) 14.3 12.3 10.9 8.7 11.4 13.5
Right Bone path (dB) 7.8 7.4 6.3 6.3 7.1 6.4
Air path (dB) 17 14.5 13.2 10.5 11.6 13.9
Left Bone path (dB) 11.3 9.5 8.2 8.4 7.9 7.9

Table 2. The relationship between CE-Chirp ABR thresholds and behavior thresholds of patients’ normal hearing ears

Number of patients

Pure Tone Audiometry 2 KHz threshold average 71 9,6479 dB nHL -
Pure Tone Audiometry 2-4 KHz threshold average 71 10,4577 dB nHL -
Pure Tone Audiometry 4 KHz threshold average 71 11,2676 dB nHL 11,2676 dB nHL
CE-Chirp ABR threshold 71 12,8169 dB nHL

0.125 0.153

ABR: Auditory brainstem response
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statistical tests, wave V latencies were found to be
longer at 80 dB nHL and 60 dB nHL than CE-Chirp ABR
method with Click ABR method (p=0.00). Contrary
to high intensities at 40 dB nHL, CE-Chirp wave V
latencies were shorter than Click ABR wave V latencies
(p=0.00) (Figure 4). At 80 dB nHL, Click ABR wave V
amplitudes were larger than CE-Chirp ABR wave V
amplitudes, while at lower levels CE-Chirp ABR wave
V amplitudes were recorded as larger than Click ABR
wave V amplitudes (Figure 5). The CE-Chirp ABR test
time was found to be shorter than the Click ABR test
time [(14.57+3.83 vs. 17.91+3.94) minutes, p=0.00].
The preparation stage of the patients for testing was
not included in the test time. The test was started
when the patients went to sleep required for the
test, and from this moment on, the test times were
recorded.

dBnHL
14 12,81
11,26
12 10,45
9,64
10
8
6
4
2
0
PTA 2 KHz PTA 2-4 KHz PTA 4KHz CE-Chirp
Thresholds

Figure 3. CE-Chirp ABR thresholds and PTA thresholds of
patients' normally hearing ears

ABR: Auditory brainstem response, PTA: Pure Tone aAudiometry
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(P=0.00) (p=0.00) (p=0.00) (p=0.00) (p=0.00) (p=0.00) ‘

Figure 4. Comparison of Click ABR and CE-Chirp ABR wave V
latencies of normal hearing ears of patients

ABR: Auditory brainstem response, PTA: Pure Tone Audiometry

Discussion

In our study, ABR waves were not observed with
both types of stimuli for the ears of patients in total
hearing loss. In patients’ normal hearing ears, CE-
Chirp ABR thresholds (12.81 dB nHL) were found
closer to the average of 2-4 KHz behavioral thresholds
(10.45 dB nHL) than the Click ABR thresholds (14.64 dB
nHL) (Figure 1). Example Click ABR and CE-Chirp ABR
images demonstrate that the CE-Chirp ABR threshold
is determined 5 dB lower than the Click ABR threshold.
Prigge et al. (6) reported that individuals with normal
hearing had more reliable feedbacks than CE-Chirp
stimulus and Click stimulus, and CE-Chirp stimulus was
the ideal stimulus regarding threshold estimation. In
our study, the closeness of CE-Chirp ABR thresholds
and Click ABR thresholds to behavioral threshold
averages of 2 KHz, 4kHz, 2-4 kHz were also examined.
It is noteworthy that CE-Chirp ABR thresholds are very
close to similarly to behavioral thresholds to 4 kHz
thresholds.

In 30-35 dB nHL, result of “passed” in hearing
screening was obtained with CE-Chirp ABR more
than CE-Chirp stimulus results by comparison of 40
newborns with a risk of hearing loss and no risk of
hearing loss based on Almeida et al. (8) findings.
In their study, Cebulla et al. (9) investigated the
waveform morphology, latency, and amplitude values
in newborns and compare them with those evoked by
the Click. Their findings showed that regardless of the
type of stimulus in 96 newborns at 60 dB nHL, wave
V was present in all newborns, at 40 dB nHL; wave V.
was present as 95% with Click ABR, while Chirp ABR
was determined as 100% (9). Khorsand et al. (10)

microvolt

0,16
014 0,136 0,136

0,12
0,103
1 0,088
0,078 ¥ Click ABR
0,08
® CE-Chirp
0,06 o 052 ABR
0,036
0,04 0,029
" .

0

o

o

80dB 60 dB 40dB 30dB 20dB 10dB
Figure 5. Comparison of Click ABR and CE-Chirp ABR wave V

amplitude sizes of the patients' normal hearing ears
ABR: Auditory brainstem response
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studied on the CE-Chirp and Click ABR comparison
and they repoerted that thresholds of V. wave in 15
individuals with no hearing impairment between the
ages of 20-30 and CE-Chirp ABR wave V thresholds
were obtained approximately 5 dB better than the
Click ABR wave V thresholds (10).

In our study, CE-Chirp ABR wave V amplitudes were
found to be larger in all ears except normal 80 dB nHL
than Click ABR wave V amplitudes demonstrated
in Figure 5. Consistent with our findings, Khorsand
Sabet et al.s research showed that in 15 individuals
with normal hearing had bigger amplitudes than
Click ABR wave V amplitudes than CE-Chirp ABR at
20, 40, 60 dB sound intensity. Click ABR wave V had
bigger amplitudes than than that of CE-Chirp ABR at
80 dB nHL (10). Similarly, a study was conducted by
Rodrigues and Lewis (5) conducted with 12 adults with
normal hearing, their findings showed that higher
levels of amplitude than CE-Chirp ABR and Click ABR
were obtained in all levels (60, 40, 30, 20, 10 dB nHL)
except 80 dB nHL.

Compatible with our findings, in their study, Stuart
and Cobb (11). In their study in which they compared
the results of ABR tests with CE-Chirp and Click stimuli
in 23 newborns at 30 dB nHL, their findings showed
that larger wave V amplitudes were obtained with
CE-Chirp stimulus. There are some other studies
indicating that the deficiency in normal hearing ears
at 80 dB nHL with CE-Chirp stimulus to provide lower
amplitude responses than Click stimulus and can be
eliminated by LS Chirp stimulus. Elberling et al. (12)
studied to compare ABR test results obtained via LS
Chirp, classical CE-Chirp and Click stimulus in normal
hearing individuals. They reported bigger amplitudes
in LS Chirp stimulus than both CE-Chirp ABR and Click
ABR at 80 dB nHL (12).

Cargnelutti et al. (13) obtained larger wave
V amplitudes compared to LS stimulus and Click
stimulus by performing a comparative study with LS
CE-Chirp ABR and Click ABR results at 85 dB nHL in 30
individuals with normal hearing. Since our research
was conducted using sedation when the patient went
to rest required for the test, the tests were started
and the test times were recorded from this moment.
In this respect, both ABR methods were applied
equally and simultaneously in our study, which makes
our research advantageous regarding comparing ABR
test times performed with both stimulus types. In our
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study, CE-Chirp ABR test time was shorter than Click
ABR test time [(14.57+3.83 vs. 17.914+3.94) minutes,
p=0.00].

Inconsistent with our findings, Almeida et als (8)
findings showed application time of CE-Chirp ABR
test at 30-35 dB nHL was shorter than that of Click
ABR test and results’ potentials were compared with
Click stimulus and Chirp stimulus in 96 newborns (8).
Greater amplitude responses were obtained with
Chirp ABR, and more reliable test results besides
shorter test time were reported (9). It has been shown
to be five minutes faster (14).

In a study on the use of CE-Chirp stimulus for
monitoring during surgery which was conducted by
Di Scipio and Mastronardi (15). Their findings showed
that the use of Chirp ABR during surgery provides a
rapid response with larger wave amplitudes and may
also provide faster feedback to the surgeon who
performs the surgery (15).

There are also studies showing that the Chirp
stimulus has areas of use other than the ABR test.
Chertoff etal. (16) achieved larger N1 wave amplitudes
in the Combined Action Potentials performed with
Chirp stimuli in 16 adults with normal patients.

NB-CE Chirp ASSR thresholds and Tone Burst ABR
thresholds for closeness to behavioral thresholds in
children with normal and hearing loss patients were
compared in Venail et al’s (17) studies. It has been
reported that there is a high degree of correlation
between NB-CE Chirp ASSR thresholds and 0.5, 1, 2, 4
KHz behavioral thresholds (18). These results suggest
that the clinical use of Chirp stimulus may also become
widespread in other electrophysiological audiology
test applications.

Conclusion

CE-Chirp ABR thresholds were found closer to
PTA thresholds than Click ABR thresholds in normal
hearing ears of patients with unilateral total hearing
loss. It has also been found that ABR can be performed
in a shorter time with the CE-Chirp stimulus.

The findings obtained in this study suggest that the
use of CE-Chirp stimulus in patients with unilateral
total hearing loss shortened the time of ABR
testing and provided closer responses to behavioral
thresholds (PTA thresholds) than Click ABR thresholds
in normal hearing ears of patients with unilateral total
hearing loss. The results of this study; supports that
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the use of CE-Chirp stimulus may be more appropriate
compared to Click stimulus when performing ABR test
in patients with unilateral total hearing loss.
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