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Abstract

Objective To evaluate the clinical use of acoustic change complex (ACC) as an objective tool in children who use
hearing aids (H.As) and explore how far ACC threshold could be correlated to behavioral measures.

Study design Sixty Arabic-speaking children (34 boys & 26 girls) using binaural H.As participated in the present
study. Their age ranged from 6 to 12 years. The short stimulus used in the present study to elicit ACC response

was “gap in tone! Evaluation of H.As of children was performed in the form of questionnaire, aided sound field thresh-
olds, central auditory tests, and aided/unaided cortical ACC recordings. The replicated ACC waveforms were collected
and analyzed, and the aided ACC responses were compared with unaided ACC in addition to correlation of ACC-GDT
to behavioral thresholds/scores.

Results The highest percent of ACC detectability achieved with gap in tone with 50-ms duration. Percent detectabil-
ity reached 65% in aided condition and decreased to 25% in unaided test condition. The aided ACC wave morphology
showed no significant difference when compared with unaided condition; however, a significant decrease in ACC
latency was observed in the aided condition. The ACC response was elicited easily at 40-dB sensation levels or at MCL
in both conditions. The ACC-GDT showed correlation to questionnaire scores rather than behavioral test (AFT).

Conclusions ACC to relatively short duration stimulus can be successfully recorded in hearing-impaired children
in aided and unaided conditions. ACC response parameters (detectability and P, latency) can reflect the benefit
from H.As as an objective measure in evaluation of young children and difficult to test subjects with the usual sub-
jective measures, and finally, ACC-GDT may add a predictive value to questionnaire scores which may help in case
of inability of parents or caregivers to fulfill the entire questionnaire items.

Keywords Acoustic change complex (ACC), Gap detection threshold (GDT), Hearing aids (H.As), Most comfortable
level (MCL), Auditory fusion test (AFT)

Background

Monitoring the hearing-related outcomes of infants and
children with hearing loss and who are fitted with suit-
able hearing aids is essential and can be accomplished by
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or caregivers. The Meaningful Auditory Integration Scale
(MALIS) is a parent report scale (10 items) designed to
assess hearing-impaired children’s meaningful use of
sound in everyday situation [1]. The Arabic version of
MAIS questionnaire was developed and standardized by
Kamal et al. [2].

One of the central abilities that affect performance of
the hearing-impaired children is the auditory tempo-
ral processing ability as it is affected in individuals with
sensorineural hearing loss. Shabana et al. [3] conducted
a study about temporal processing abilities in individuals
with mild and moderate degree of hearing loss and found
that significant score difference in temporal process-
ing abilities compared with norms and recommended
to study the previous abilities after rehabilitation with
suitable hearing aids. Mourad et al. [4] also revealed that
children with hearing loss showed temporal processing
deficit which varies as a function of degree of loss.

Although audiologists find difficulty to apply the previ-
ous behavioral measures on young children and/or those
with low intelligent quotient (IQ), it could be overcome
by using objective tests, and one of them is the acous-
tic change complex (ACC). ACC is a cortical auditory-
evoked potential (CAEP) evoked in response to a change
in an ongoing sound [5]. Several studies have shown that
the ACC can be recorded in children with normal hear-
ing, CI users, and H.As using gap-in-tone stimuli [6-8],
and the authors of the studies examined the effects of
amplification on the ACC. The results indicated that the
ACC can be recorded reliably in individuals using HAs.
Hence, this work is designed to study ACC in children
using H.As in response to gap-in-tone stimulus. The aim
is to provide an objective tool for assessment of temporal
resolution ability in hearing aid users and explore how far
ACC response parameters could be correlated to behav-
ioral tests. This may be considered as an objective method
for evaluating H.As performance in children independent
of the abilities or degree of their cooperation.

Method
Research design: Cross-sectional study.

Participants

Sixty Arabic-speaking children participated in the pre-
sent study. Their age ranged from 6 to 12 years. All chil-
dren were collected from the Audiology Unit of Ain
Shams University hospitals, ORL Department, Cairo,
Egypt, over the period from September 2018 to Decem-
ber 2020.

Inclusion criteria are as follows:

+ The degree of hearing loss ranges from mild to mod-
erately severe.
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+ Regular use of binaural H.As for at least 1 year

+ Cooperative child, from whom reliable aided behav-
ioral threshold could be obtained

+ Aided thresholds within long-term average speech
spectrum

+ Average or above average intellectual quotient (IQ)
based on psychometric evaluation

Methodology

MAIS questionnaire (Appendix 1.1)

The Arabic version of the Meaningful Auditory Integra-
tion Scale (MAIS) was applied in the research. It was
standardized and developed by Kamal et al. [2].

It is a parent report scale (10 items). This parent-report
scale was administered in an interview format. This tech-
nique avoided “leading” the parents to provide desired
responses and also discouraged yes—no answers.

Answers were given by rating the frequency of the
desired behaviors on a 5-point ranging from “never” (=0)
through “regularly” (=4). As there were 10 items, the
maximum total score was 40 points.

Aided psychophysical behavioral testing for temporal
resolution

Auditory Fusion Test-Revised (AFT-R) is a measure of
temporal resolution through determining the auditory
fusion threshold in ms [9]. It consists of a series of pure
tone presented in pairs. The inter-pulse interval (IPI)
between each pair of tones increases and decreases in
duration. The child was instructed to report either hear-
ing one or two tones with each stimulus pair.

AFT-R had two subtests: Subtest 2, standard test
(Appendix 1.2): it contains IPI that range from 0 to
40 ms and subtest 3, expanded test (Appendix 1.3): the
test included only three frequencies (1000 Hz, 4000 Hz,
and 250 Hz). The IPI ascended from 40 to 300 ms and
then descended to 30 ms. Either subtest II or subtest III
expanded and was done in sound field at 0° degree azi-
muth and 1 m apart from subject’s ear.

+ Aided acoustic change complex (ACC)

For ACC recording, gaps with different durations were
introduced in a tone-burst stimulus “1000 Hz” by El-
kholy et al. [6]. The tonal stimulus duration was 500 ms,
whereas gap durations were ranging from 10 to 200 ms.
Gaps generated with different durations including 200-
150-120-100-90—80-70—60-50—40-20-10 ms with the
reference point of 50-ms gap duration, according to the
presence or absence of ACC response, were decreased or
increased in duration to reach the gap detection thresh-
old (GDT).
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Gap “50-ms gap duration” was introduced at 350 ms
from the onset (Fig. 1). This onset of change was
decreased gradually by increasing the gap duration to be
introduced at 300 ms from the onset with 150-ms gap
duration and 250 ms from the onset at 200-ms gap dura-
tion. Upon decreasing onset of change, to be lower than
250 ms, no proper ACC response could be recorded, thus
limiting the maximum gap duration to 200 ms; this could
be attributed to the overlap between the onset and ACC
peaks or failure to compensate the long refractory nerve
periods [10].

il
AT

a) The silent gap was introduced at 350 ms from onset and lasted for 100 msec

Fig. 1 Example for gap in tone with 100-ms gap duration. a The
silent gap was introduced at 350 ms from onset and lasted for 100 ms

+ Equipment: Bio-logic Navigator Pro AEP system
(version.7.0.0) connected to a loudspeaker.

« Recording technique: The stimuli were delivered
through a loudspeaker connected by an external
amplifier to the evoked potential equipment. The
loudspeaker was set at 0 azimuth facing the patient
1 m apart. During ACC recording, the children were
seated comfortably watching a muted cartoon movie
to distract them and to ignore the stimuli presented.

« Electrode montage: The active electrode was placed
on the high forehead (Fz) referenced to the mastoid
(Rt or Lt), and the ground electrode was placed on
the low forehead (FPz).

+ The impedance was less than 5 KQ.

+ The EEG data was digitized (sampling rate: 512 Hz).
The responses were filtered between 0.1 and 100 Hz
and amplified (1000 gain). Response analysis window

Page 3 of 8

was included — 100 ms pre-stimulus and 710 ms
post-stimulus, total 800 ms. The number of accepted
sweeps was 50.

o Unaided ACC recording: The recording was done
while the child took off his hearing aids. It resembled
the aided ACC recording steps.

+ The replicated ACC waveforms (P;-N;-P,-N,) were
collected for all children. The pattern of waveform
morphology was determined followed by latency and
amplitude measurements.

Data analysis

« Statistical analyses were performed using SPSS 16.
The independent ¢-test was used to compare between
two different (independent) groups, while ANOVA
test was used to compare between>two different
groups. Chi-square test was used to examine the rela-
tionship between two qualitative variables.

+ The Pearson correlation measures the strength of the
linear relationship between two variables. A level of
p<0.05 was considered significant, while p <0.01 was
highly significant. A statistician helped in this study.

Results

Ql, 2, 8, and 9 showed that 4 “regularly” was the most
frequent, whereas in Q4, 2 “occasionally” was the most
frequent one.

Forty-eight children could get their GDT through sub-
test II, the remaining children failed, and only 5 children
out of 12 got scores at subtest III. Table 1 showed highly
statistically significant differences between low freq.
thresholds and high freq. threshold in subtests II and III.

+ The ACC threshold.
+ ACC morphology.

The adult morphology (P, N;, P,) was the dominant in
aided condition, and the child morphology (P;, N,) was

Table 1 Comparison between AFT thresholds at subsets Il and Ill across frequencies

AFT Group N Mean sD Range F p-value Sig
Min Max

Subset Il 250 48 15.1 54 50 30.0 18.67 <0.001 HS*
500 48 17.0 52 50 300
1000 48 20.7 64 10.0 40.0
4000 48 234 6.8 10.0 350

Subset Il 250 5 80.0 17.3 50.0 95.0 3.90 0.050 S*
1000 5 110.0 382 65.0 150.0
40,000 5 152.0 57.2 60.0 200.0

One-way ANOVA test



Shalaby et al. The Egyptian Journal of Otolaryngology (2024) 40:59

the dominant in unaided condition. However, there was
no statistically significant differences.

The table showed highly statistically significant correla-
tion with total score of questionnaire.

+ On the other hand, there was no statistically signifi-
cant correlation between ACC gap detection thresh-
olds with AFT-R thresholds.

Discussion

MAIS questionnaire was initially developed for parents
and educators to evaluate the benefit obtained by children
who were fitted with hearing aids or cochlear implants
[1]. Kamal et al. [2] reported that MAIS was considered
as a valid tool for evaluation of CI children after auditory
training. They observed improvement of post training
scores when compared with pre-training ones.

For instance, in the current work, the children got best
scores (4/4) at Q1, 2, 8, and 9 (Fig. 2). Q1 and 2 reflect the
child’s confidence in using the device; it is accepted and
coincides with one of the inclusion criteria for the chil-
dren to be regular user of H.As. Q8 and 9 reflect under-
standing of sounds, e.g., “to differ between human and
non-human sounds,” and may be explained by duration
of hearing aid fitting>1 year besides the relatively old
age of children which “range from 6 to 12 years” Lower
score (2/4) was dominant at Q4 which reflects awareness
to sounds in background noise, and lower scores indicate
that hearing-impaired children to some degree are facing
challenges to listen in noise. Despite early amplification
and seemingly sufficient levels of aided audibility, it can
still not make up for the consequences posed by the sen-
sorineural HL [11].

Individuals with hearing loss can detect gaps when
sounds that do not have many temporal fluctuations

40
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are presented at higher levels as when they are pre-
sented through amplification [12]. In AF test, 48 children
passed subtest II, and in the remaining 12 children, 5
only could pass subtest III, and GDTs were lower at low
freq. (250 Hz) when compared with high freq. (Table 1 &
Fig. 3). This is in discordance with Balen et al. [13]; they
reported no significant differences across frequencies
on population with normal or conductive hearing loss.
This disagreement may be attributed to the type of hear-
ing loss of the study group. A considerable variability in
behavioral gap detection thresholds “behavioral GDT”
among children was obtained ranging from 5 to 200 ms.
This could be explained by the influence of hearing loss
(with different degrees) that may impact GDTs. Nonethe-
less, another factor that was reported to have an influ-
ence is the age.

The aim of the 1st stage of ACC recording was to get
the ACC-gap detection threshold (GDT) in aided and
unaided conditions. Two children, while using their
devices, were able to elicit ACC-GDT at 10-ms gap dura-
tion, while no one scored 10msec while removing their
devices (the lowest ACC-GDT in unaided condition was
20 ms). These results suggest that speech recognition
abilities of H.As users improved by signal processing of
their devices, which is important in identifying small
acoustic variations in speech signal over time, allowing
the perception of speech. Figure 4a and b illustrates that
the children while using their hearing aids gave a well-
distributed pattern of ACC_GDT at gap duration with
50 ms and below, whereas after taking off their devices,
the pattern was randomly distributed.

The aim of the second stage was further analysis of
ACC parameters at 50 ms (morphology, latency, and
amplitude). As regards morphology, the adult “P;-N;-P,”
complex morphology was the dominant compared with

mo

ml
m2
m3

m4

Fig. 2 Column chart: the vertical axis represents the scores, and the horizontal one represents the items with their answers (5-point ranging

from "never” (=0) through “regularly” (=4)
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Fig. 3 Column chart representing means of AFT thresholds at subset Il () & Ill (b) across frequencies with better (lower) thresholds at lower

frequencies
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Fig. 4 The ACC threshold of different gap-in-tone durations in aided (a) and unaided conditions (b), with tendency for well-distributed pattern

at 50-ms gap-in-tone duration and below in aided condition

child “P, and N,” morphology (Fig. 5). This is in agree-
ment with Small and Werker [10] who reported that
the infant responses resemble the P;-N;-P, complex
recorded in adult participants in terms of the morphol-
ogy of the waveforms, but they found that there were
obvious differences in the relative prominence of the
peaks and significantly prolonged latencies relative to the
adults due to immaturity. However, in unaided condition,
the P; and N, morphology was the dominant. Latency of

ACC-P; was shorter and reached significant difference
with amplification (Table 2). This could be attributed
to the amplification effect because it may improve neu-
ral representation of the speech signal in H.As users as
reported by Jenkins et al. [14].

There was a negative correlation between total scores
of MAIS questionnaire and ACC-GDT (i.e., the higher
the total score of MAIS, the better ACC-GDT) (Table 3),
this result agrees with Aurélio et al. [15], those authors
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Fig. 5 lllustrating the ACC "child-type” morphology in a male child, 7 years old, with moderately severe degree of hearing loss while using his

hearing aids

Table 2 Comparison between latency and amplitude of ACC in aided and unaided conditions using gap in tone (50 ms)

Gap in tone Group N Mean SD Median Range T p-value Sig
Min Max

ACCP, latency Aided 39 100.9 232 98.6 62.3 146.5 2.26 0.028 S
Unaided 15 118.1 29.7 109.0 71.2 166.8

ACCN, latency Aided 39 149.6 39 148.5 100.8 220.7 0.81 0.419 NS
Unaided 15 1580 42.8 152.0 88.7 218.3

ACCP, latency Aided 23 168.3 23.1 164.0 126.2 210.0 0.38 0.709 NS
Unaided 5 163.6 35.1 168.3 110.8 206.3

ACCP, amp Aided 39 29 1.7 3.0 0.2 6.7 1.68 0.099 NS
Unaided 15 2.1 1.6 2.0 0.1 5.7

ACCN, amp Aided 39 -19 1.6 -16 -59 0 1.19 0.239 NS
Unaided 15 -25 15 -29 -45 -3

ACCP, amp Aided 23 0.9 0.9 0.8 .01 3.7 0.43 0.674 NS
Unaided 5 0.7 09 0.3 0.1 2.2

There were statistically significant differences of P1 latency of ACC. The P1 latency is shorter in aided condition

studied the value of MAIS questionnaire in hearing aid
users, and they reported that all items of MAIS question-
naire showed improvement in the performance of chil-
dren, either by objective or subjective measures, because
of the regular use of their hearing aids. On the other
hand, ACC to gap-in-tone thresholds showed no signif-
icant correlation with AFT thresholds. This is in agree-
ment with Shalaby et al. [16] who concluded that ACC

response parameters (lat. and amp.) had no correlation
with behavioral measures in H.As users; on the other
side, Abdel Maksoud et al. [17] concluded that ACC-
GDT can predict psychophysical temporal resolution in
young children or difficult to test population in CI users.
The failure to find a significant relation between ACC-
GDT and AFT-R test could be attributed to the relatively
short stimulus used which might not be long enough to
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Table 3 Correlation between ACC gap detection threshold and
total score of questionnaire

Total score Gap
detection
threshold

Rho -047

P-value <0.001

Sig HS

Pearson correlation test

accommodate the neural refractory periods in the imma-
ture brain [10].

Conclusion

ACC to relatively short duration stimulus (500 ms),
which is available in many equipments rather than long
duration stimulus>1 s, can successfully be recorded in
hearing-impaired children either in aided or unaided
conditions, it is preferable to use gap-in-tone stimulus
with cutoff limits at 50 ms, ACC response parameters
(detectability and P, latency) can reflect the benefit from
H.As which can help in evaluation of H.As “especially in
young children and/or difficult to test subjects with the
usual subjective measures,” and finally, ACC-GDT may
add a predictive value to questionnaire scores which may
help in case of inability of parents or caregivers to fulfill
the entire questionnaire items.
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