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ABSTRACT

*This work has been published

under CC BY-NC-SA 4.0 license. Background and Objectives: Prematurity means that the baby is born before 37 months of age,

which leads to various problems, including hearing defects. Timely detection of hearing loss with the
help of tools that facilitate this identification, can have a significant impact on the child’s personal,
social, and educational development. The aim of the present study was to achieve better responses
¢ using the chirp stimulus along with the click. The chirp stimulus can compensate for the time delay
Accepted: 28 Nov 2022 - caused by low-frequency stimuli and increases the simultaneous presentation of high and low
Available Online: 29 Dec 2022 . frequencies in the cochlea. Therefore, the morphology of the waves is improved, and the amplitude

. ofresponses increases; thus, the waves can be better identified despite the prematurity of the infants.

Article info:
Received: 26 Sep 2022

Methods: Eighy newborns were examined in four groups, which were divided into term and preterm
groups based on gestational age (including late preterm, moderate, and very preterm). The intensity
of the click and chirp stimuli was fixed at 40 and 80 dB. The amplitude and latency of waves I, III,
and V, the inter-peak latencies of I-11I, IlI-V, and I-V, as well as the ratio of the amplitude of wave
V/I were among the compared parameters. It should be mentioned in tables paired t-test was used
in cases marked with *. Wilcoxon test was used in other cases.

. Results: The chirp stimulus mainly had less latency than the click stimulus and created a larger
Funding . amplitude at a high intensity (80 dB). In the intensity close to the threshold, i.c. 40 dB, these findings
. were slightly different. The more developed the infants, the stronger the responses and the more

The authors declared no conflict effective the chirp stimulus in eliciting responses.

of interest.
Conclusion: The chirp stimulus was more effective in obtaining multiple components of brainstem-
evoked responses in infants, especially preterm infants, and investigating the status of their auditory
system. The use of a higher sample size could lead to an increase in the growth of clinical use and
better efficiency of diagnostic protocols and responses.
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f What is “already known” in this topic:

especially preterm infants.

—» What this article adds:

study.

The chirp stimulus was more effective in obtaining multiple components of brainstem evoked responses in infants,

Greater amplitude and lower latency than the click stimulus were created by the chirp stimulus in the present

Introduction

ccording to the definition by the World

Health Organization (WHO), babies who

are born before 37 weeks of pregnancy

or less than 259 days from the first day

of the mother’s last period are called pre-
mature infants [1] The probability of hearing disorders
in premature infants with low gestational age is higher
than in mature infants, and the history of hospitaliza-
tion in the Neonatal intensive care unit (NICU) after
this premature birth also increases this probability [2-
4]. Long-term use of breathing tubes makes these in-
fants susceptible to middle ear infections. Low birth
weight, environmental noises caused by the incubator
used due to the Hyperbilirubinemia, as well as pre-
scribed antibiotics can be complications of premature
birth that may lead to hearing problems in this group of
infants [3, 4]. One of the most important causes of hear-
ing problems in these infants is cerebral white matter
injury, which disrupts the normal development of the
myelination of auditory nerve pathways and affects the
normal maturation of the auditory system. Myelination
and maturation of the auditory nervous system occur
from the peripheral part to the central part [5].

If hearing loss is diagnosed before one month of age
and treatment measures are taken before three months
of age, the prognosis will be very good; thus, early di-
agnosis of hearing disorders at a young age prevents
disabilities caused by late diagnosis of hearing disorders
[6, 7]. Considering the maturation process and many
differences in the auditory evoked brainstem response
(ABR) components of premature and mature infants, us-
ing the values of ABR components related to premature
infants to prevent diagnostic errors, more accurate and
faster assessment of retro-cochlear injuries seems nec-
essary in this group of infants [8, 9]. Click stimulus is
used to estimate the hearing threshold in infants, but this

stimulus is only able to estimate the hearing sensitiv-
ity in the high-frequency areas of the cochlea [10, 11].
Chirp stimulus is designed to compensate for cochlear
delay and firing asynchrony of cochlear basal and apex
nerve units, which can increase the synchronization be-
tween nerve units in different cochlear regions and lead
to larger amplitudes. In this case, stronger responses are
expected [10, 12, 13]. The purpose of this study was to
investigate the response of the auditory brainstem to the
click and chirp stimulus in premature and mature infants.

Materials and Methods

Four groups of 20 infants (a total of 80 infants) consist-
ing of three groups of premature and one group of mature
infants participated in this study, and the division of prema-
ture infants according to the gestational age of the mother at
the time of birth was according to Table 1 [14]. It should be
mentioned in tables paired t-test was used in cases marked
with *. Wilcoxon test was used in other cases.

The studied population was newborns who were re-
ferred to Fatemiyeh Hospital in Hamadan. Assessments
were conducted in a relatively quiet room in the inten-
sive care unit. The necessary information in this research
was colle ¢ ted through interviews, examination, and
clinical evaluation. Entry criteria for preterm infants in-
cluded an age range from 28 weeks to before 37 weeks
of pregnancy. Term infants were at 37-40 weeks of
gestation to enter the intervention. Other inclusion cri-
teria for both term and preterm groups were the same
and included the absence of hearing problems in family
members, the absence of genetic and syndromic sensory
and motor diseases diagnosed by a pediatrician, confir-
mation of hearing health using a set of tests, including
otoscopy, tympanometry, transitory evoked otoacoustic
emission (TEOAE), behavioral observation audiometry
(BOA), and non-use of ototoxic drugs by the mother
during pregnancy. Parents’ unwillingness to continue the
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Table 1. Different groups according to the gestational age of the mother at the time of birth

Group

Gestational Age at Birth (Weeks)

Very preterm
Moderate preterm

Late preterm

28-31

32-33

34-36

research process or observe any abnormality in the ABR
test, such as neuropathy disorder was one of the exclu-
sion criteria. In case of lack of auditory evoked response,
weak morphology of ABR waves, and suspicion of hear-
ing loss, the infant was excluded from the test process
and referred for further evaluation.

All infants were evaluated by click and chirp stimuli.
The components examined in the ABR test included
the amplitude and latency of waves I, III, and V, in-
terpeak intervals of I-III, III-V, and I-V, as well as the
V/I amplitude ratio. The secondary evaluation was
also performed approximately three months later un-
der the same conditions. Stimulus intensity was 80 and
40 dB to compare the difference in response to stimuli
at high- and near-threshold intensity levels. Recording
the evoked responses of the baby in sleep mode and
in a quiet environment using expansion click and 1.0-
ms diversion and chirp stimulus with a wide frequency
range [13], using the inserted phone as a single phone
and with 2000 number of sweeps and the stimulus rate
was 27.3CS with a bandpass filter of 100-3000 Hz.
The time window was set at 15 ms with a pre-stimu-
lation time of -1 ms and 100,000 times amplification.
ABR waves were recorded through electrodes on the
forehead, bilateral mastoid, and vertex [15].

The comparison of click and chirp stimuli, inter-
group comparisons, and analysis of response changes
over several months were done by the paired t-test,
Wilcoxon test, and Kruskal-Wallis test and using SPSS
software, version 18.

Results

The comparison of the results obtained from the click
and chirp stimuli separately in each group at 80 dB
intensity is shown in Table 2. No significant difference
was found between the interpeak latency and V/I ra-
tio of stimuli (P>0.05); thus, they were omitted. The
amplitude and latency of waves I, III, and V mainly
showed a significant difference between the click and
chirp stimuli so that the chirp stimulus had a shorter
latency and a larger response amplitude at the intensity

of 80 dB (P<0.05). For example, in the first row of
the table indicating data about the first group of very
preterm infants in the right ear, the latency of wave |
for the chirp stimulus was equal to 2.50+0.44, while
this value was 2.75+0.26 for the click stimulus. These
values for chirp wave III and V latency were equal to
4.51+0.46 and 7.09+0.55, which were higher for the
click stimulus (4.92+0.37 and 7.70+0.28, respective-
ly). The same findings were also obtained regarding
the wave latency in other groups. The findings of la-
tency and amplitude of waves indicated that the chirp
stimulus in premature infants can be a better stimulus
than the conventional click stimulus for recording re-
sponses.

In the second step, a between-group comparison of
the data of all four groups was done using the Krus-
kal-Wallis non-parametric test (Table 3). There was a
significant difference between the latency of waves I,
III, and V in these groups (P<0.05), but this finding
was not obtained regarding the amplitude of all waves
(P>0.05). The parameter of interpeak latency and V/I
ratio showed no significant difference (P>0.05).

The chirp stimulus at the intensity of 40 dB mainly
had a longer latency and a lower amplitude than the
click stimulus only in groups 3 and 4 (P<0.05). In
groups 1 and 2, which included more premature in-
fants than other groups, the chirp stimulus latency did
not show a significant difference compared to the click
stimulus (P>0.05). For brevity, these findings are not
mentioned in this section.

Re-evaluation three months after birth in all groups
showed an increase in amplitude and a decrease in the
latency of the waves (P<0.05), which can be seen as a
sign of the continuation of the evolution of responses
after birth (Table 4).
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Table 2. Comparison of the amplitude (microvolt) and latency (millisecond) of I, Ill, and V waves for click and chirp stimulus at 80 dB Intensity

Right Ear Left Ear
Parameter Group Mean1SD MeanSD
z/t P z/t P
Click Chirp Click Chirp
v 2.75:026  2.500.44 238 002 268047  231#037 259 0.0
Wavel Py 262:0.17 2484023 318  000°  262+0.17 236044 257 001
latency
3 238017 2464046 -123 021 238015 2464233 123  0.20
4 227:017  2.21#027 -073 046  227t017 216030 -1.96  0.04'
1 037:0.11  053+021 215  003°  037:0.13  048+017 181 007
Wave | Py 045:0.18 062019 240 002  044:0.15  062t022 306  0.00°
amplitude 3" 047+17  063:021 231  003°  047:0.12  064t020 309  0.00°
4 049:0.13  0.63+021 -245 001  048:0.14  064t023 -2.17 003
v 492¢037 4511046 342  000°  504:037  473t045 373 000"
wavell Py 495:0.19  455:047 326  000°  4.96:1.19  452t054 314  0.00°
latency
3 472+020  475:040 -120 022  473:020  475:044  -180 007
4 463t0.17 4504044 -187 006  456:0.18  442t033 236 001
1 036:0.14  046:021 203 004  034:0.13  045t022 203 004"
Py 043:0.17  051+0.18 274 001  043:0.17  050:022 215  0.04'
Wave Il
Il 3 049011  052+011 142 017 051016  052+017 137 0.8
4 052t0.14 054016 -1.34 018  051:0.16  053:017 -134 0.8
T 770028  7.09¢055 373  000° 771025  6.93+0.17 1047  0.00"
2 7654017  7.36#0.30 510  000°  7.60t0.17  7.174046 529  0.00°
Wave V
latency
3 7344017  7.39+044  -123 021  7.44t017 7394046  -124 023
4 7.18:0.17  7.25¢048 032 074  7.8t0.15  7.15¢0.64 -129  0.19
1 030:0.12  041:020 232 003  031:0.12  043t019 202 004"
X 033t0.12 041018 206 005  033:0.14  044t020 225 003"
Wave V
litud .
B 3 037:0.14  040+013 143 016  037:0.14  040+013 145  0.16
4 038:0.17 044015 -173 008  042:0.14  046:0.16 -134  0.18

Groups: 1= Very preterm, 2= Moderate preterm, 3= Late preterm, and 4= Term infants

The main difference between our study and previous
studies was that they mainly evaluated normal adults
or term infants, while we attempted to investigate the ef-
fectiveness of the chirp stimulus in different groups of
preterm infants with different gestational ages to under-
stand whether this stimulus used for all these premature
infants is effective or not. Previous studies have shown

Discussion

The efficiency of chirp stimulus at high-intensity levels
(80 dB)

Brainstem-evoked responses of infants for two stimuli,
click and chirp, were investigated in the present study.

Hosseini SM, et al. Auditory Brainstem Responses Using Click and Chirp Stimuli in Premature Infants. Func Disabil J. 2022; 5:E66
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Table 3. Between-group comparison of latency (millisecond) and amplitude (microvolt) of brainstem response waves for click and chirp

stimulus (Kruskal-Wallis test)

Right Ear Left Ear
Stimulus Parameter Wave
Chi-square df P Chi-square df P

| 38.98 3 0.00 23.20 3 0.00
Latency 1] 20.16 3 0.00 31.93 3 0.00
Vv 41.77 3 0.00" 46.57 3 0.00"

Click
| 6.41 3 0.09 6.48 3 0.09
Amplitude 1] 14.62 3 0.00 12.27 3 0.00
Vv 3.40 3 0.33 8.65 3 0.03"
| 9.16 3 0.02" 8.82 3 0.03"
Latency I 5.86 3 0.11 11.17 3 0.01"
Vv 5.58 3 0.13 17.54 3 0.00"

Chirp
| 3.12 3 0.37 8.16 3 0.04"
Amplitude I 2.99 3 0.39 3.19 3 0.36
\Y 1.55 3 0.67 1.22 3 0.74

that the click and chirp stimuli have differences in cre-
ating excited responses in normal adults and the chirp
stimulus can be more useful [16, 17]. For example, Sa-
bet et al. in 2014 assessed the differences between click
and chirp stimuli and showed that the chirp stimulus is
capable of producing evoked responses with less latency
than the click stimulus at an intensity of 80 dB [11]. They
studied normal-hearing adults. Research has generally
shown that the click stimulus has less power in creat-
ing a nervous response [18-20]. The chirp stimulus can
reduce intra-cochlear temporal dispersions and enable
the recording of neural responses with higher amplitude
and shorter acquisition time [13, 21, 22]. In 2021, Ceylan
et al. compared brainstem waves induced by click and
chirp stimuli in patients with unilateral hearing loss [23].
Studies have also been conducted in the field of infants,
but they have used term infants; for example, da Silva
Ormundo and Lewis in 2021 used click and chirp stimuli
in term infants with normal hearing to record brainstem
auditory evoked responses [21]. Responses were record-
ed at an intensity of 70 dB. The use of chirp stimulus for
term infants as a more suitable stimulus for extracting
waves with better morphology and higher V wave am-
plitude was one of the results of this study.

The chirp stimulus in the present study mainly pro-
duced a stronger auditory evoked brainstem response in

term and premature infants (Table 1). The lower latency
time and the larger response amplitude for the chirp
stimulus can be seen as a sign of greater neural synchro-
ny in generating such responses.

Effect of gestational age on brainstem evoked responses

In the present study, the gestational age of the mother
at the time of birth was an effective factor regarding how
the auditory system responds to different stimuli. There
was a significant difference, especially in the latency pa-
rameter of all three waves, between the different groups
(Table 2). Mohammadkhani et al. in 2009 [8] showed
a significant difference between the brainstem-evoked
responses of normal and premature infants. They only
used the click stimulus. They attributed this difference
to the immaturity of the auditory system in premature
infants. However, there are also studies showing that the
latency of wave I is not affected by the prematurity of
infants, and the process of maturation of the auditory
pathways of premature infants is the same. Therefore,
prematurity is a risk factor that cannot alone affect the
evolution process of the brainstem response [24, 25].
This difference between their findings and the present
study may be related to the small sample size in both
studies. In general, the older the mother’s gestational
age at the time of the birth of the infants, the shorter the

Hosseini SM, et al. Auditory Brainstem Responses Using Click and Chirp Stimuli in Premature Infants. Func Disabil J. 2022; 5:E66
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Table 4. Comparison of latency(millisecond) and amplitude(microvolt) of waves for click and chirp stimulus at baseline and three months

after birth (Wilcoxon test)

Right Ear Left Ear
Stimulus Wave Parameter MeantSD MeantSD
z P z P
Before After Before After
Amplitude 0.44+0.15 0.48+0.24 160 0.10 0.4440.14 0.49+0.22 0.20 0.02*
Wave |
Latency 2.51+0.27 2.42+0.35 220 0.02* 2.49+0.32 2.42+0.39 2.01 0.04*
Amplitude 0.45+0.15 0.49+0.23 185 0.06 0.45+0.17 0.5+0.24 242 0.01*
Click Wave llI
Latency 4.81+0.28 4.63+0.58 2.38 0.01* 4.82+0.31 4.66+0.57 246 0.01*
Amplitude 0.34+0.14 0.41+0.23 2.67 0.00* 0.36%0.14 0.42+0.22 2.67 0.01*
Wave V
Latency 7.47+0.29 7.35+0.46 224 0.02* 7.47+0.37 7.36+0.46 249 0.01*
Amplitude 0.60+0.21 0.65+0.23 2.27 0.02* 0.60+0.21 0.65+0.22 2.56 0.01*
Wave |
Latency 2.41+0.37 2.25+0.43 3.01 0.00* 2.32+0.40 2.22+0.41 247 0.01*
Amplitude 0.51+0.17 0.57£0.22 1.82 0.06 0.50+0.19 0.56+0.24 2.59 0.00*
Chirp Wave llI
Latency 4.58+0.45 4.43+0.54 8.58 0.01* 4.60+0.46 4.47+0.55 240 0.01*
Amplitude 0.42+0.17 0.49+0.24 248 0.01* 0.43+0.17 0.51+0.25 246 0.01*
Wave V
Latency 7.27+0.46 7.11+0.51 2.77 0.00* 7.18+0.49 7.02+0.57 2.73 0.00*

latency of the response, and in some cases, they were
recorded with a higher amplitude. These findings can be
seen as a sign of a delay in the maturation of the system
and myelination of the central pathways and a kind of
non-synchronicity in the responses, which has been seen
due to the prematurity of the infants, which is confirmed
by previous studies [8, 25, 26]. With age, the responses
become stronger.

Improving responses in secondary assessment

In the present study, with the passage of time from the
initial assessment in all groups, the improvement of re-
sponses was observed (Table 3) so that the amplitudes
increased and the absolute latency of the waves de-
creased, which was also consistent with previous studies
[27]. These differences show that it is better to use the
norms of this group to diagnose retro-cochlear injuries
and even threshold evaluation in premature infants. In
2019, Seethapathy et al. investigated brainstem evoked
response in 80 very preterm and late preterm infants at
one and three months of age [25]. The click stimulus was
used at the intensity of 70 and 30 dB nHL. This study
showed that the maturation process of the auditory sys-
tem is from the periphery to the center and does not dif-

fer in different groups of premature infants. Infants who
were very premature had less neuronal development
than the other group, which accelerated with age. These
findings can confirm the results of the present study.

Behavior of the chirp stimulus at low-intensity levels

In this research, as can be seen at high-intensity lev-
els, such as 80 dB, the chirp response had lower latency
than the click stimulus, but at the intensity of 40 dB, the
behavior of this stimulus was different. There were dif-
ferences in the response to the chirp stimulus in the dif-
ferent groups. In groups 3 and 4, whose infants were
more developed, the latency of the chirp stimulus was
higher than that of the click stimulus, which is in line
with Khorsand’s findings that 20-30-year-old normal
adults had examined. Sabet et al. showed that the chirp
stimulus at low-intensity levels, i.e. 20 and 40 dB, had a
higher latency than the click stimulus [11]. This differ-
ence in response to the chirp stimulus has also been re-
ported in other studies (for example, the study by Ceylan
on patients with bilateral hearing loss [23]). However,
our findings regarding more premature infants, namely
groups 1 and 2, are different from the findings of other
groups (3 and 4) because, in these groups, no significant
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difference was observed between V wave latency for
chirp and click stimuli. Because there is no similar find-
ing in preterm infants in previous studies to compare this
result, it can be said that the chirp stimulus can be an ef-
fective stimulus at low- and high-intensity levels in pre-
term infants because there is no more latency problem
for the chirp, at least in these premature infants.

Conclusion

Greater amplitude and lower latency than the click
stimulus were created by the chirp stimulus in the present
study. The process of estimating thresholds in preterm
infants can be difficult due to their less development than
term infants; thus, a better stimulus, such as a chirp, will
be able to elicit stronger responses and make this process
easier because it is closer to the behavioral threshold and
the hearing threshold is achieved in a shorter time.

It is recommended to use this stimulus in other groups
of patients with hearing disorders and evaluate it in
groups with a higher number of samples to determine
the norm values of this test in future studies. On the other
hand, we hope that this research can pave the way for
widespread clinical use of this stimulus for better diag-
nosis of hearing loss in infants so that evaluation proto-
cols can be improved.
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