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their difficulty for individuals with severe HL or cognitive 
impairments. Additionally, these tests inadequately address 
the great diversity of spoken dialects and the low literacy 
levels prevalent among the older population throughout China.
The Mandarin Digit-in-Noise (DIN) test was developed using 
11 monosyllabic digits (0 to 10) spoken by a female speaker. 
Individual recordings of these digits were combined into four 
sets of digit sequences (two-, three-, four-, and five-digit). 
These sets were evaluated using both fixed Signal-to-Noise 
Ratio (SNR) measurements and an adaptive procedure 
in 2dB steps. The average digit recognition probabilities 
and estimated psychometric function curves for the 11 
digits were plotted, leading to the exclusion of digit three 
from the final set due to suboptimal performance in the 
optimisation process.
Test time to complete a two-digit, a three-digit, a four-digit, 
and a five-digit was approximately 1:30, 2:00, 2:25, and 2:55 
min, respectively.
The psychometric functions and test-retest reliability for 
the two- to five-digit sequences were evaluated among 54 
young normal hearing (NH) listeners (aged 21–29 years), and 
56 older (60–87 years) HA wearers with moderate-severe 
SNHL. Additionally, the study also explored the relation 
between digit recognition and working memory capacity 
for the older test subject group.
In both test groups, results indicated that the Speech Reception 
Threshold (SRT) worsened (i.e. increased) as the number 
of digits increased. For young NH adults, the mean SRT 
increased from -11.11dB to -10.02dB as the digit sequence 
length increased from two to five digits. In contrast, for 

older adults with HL, it increased from -2.94 dB to -1.25 dB 
SNR over the same range. The DIN test slope in Mandarin 
is shallower compared to that observed in other languages, 
possibly due to Mandarin’s greater reliance on spectral rather 
than temporal information.
Test-retest reliability was consistently high across all digit 
sequences in both test groups, although it was lower in older 
adults. The SRTs for all digit sequences correlated well with 
SRTs measured using the Mandarin Hearing in Noise Test 
(HINT) and the Mandarin Chinese Matrix test.
In older test subjects with HL, working memory capacity 
correlated specifically with the SRT for the five-digit 
sequence, but not with the SRTs of the other sets of 
digit sequences. This suggests that two- to four-digit 
sequences primarily reflect auditory perception, whereas 
the five-digit sequence requires a higher working memory 
capacity to reconcile the mismatch between speech input 
and phonological representations stored in long-term 
memory.
These findings highlight the reliability of the Mandarin DIN 
test and its strong correlation with SRTs obtained from 
standardised sentence tests. However, the choice of digit 
sequence is crucial for accurate assessment. The authors 
recommend the use of the three-digit sequence for clinical 
assessment of auditory perception and the two-digit sequence 
for hearing screenings, given its shorter administration time 
and acceptable test-retest reliability. The five-digit sequence 
test, which may present challenges for older HA users, 
warrants further investigation to assess its suitability for 
evaluating speech perception. •
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This study reviews existing research on binaural 
processing and the implications of interaural 
asymmetry, and proposes a model to help 
understand the variability in outcomes associated 
with hearing asymmetry in individuals with 
bilateral cochlear implants.

REVIEW OF BINAURAL PROCESSING 
WITH ASYMMETRICAL HEARING 

OUTCOMES IN PATIENTS WITH BILATERAL 
COCHLEAR IMPLANTS

The benefits of binaural hearing for sound localisation and 
hearing in background noise are well documented. However, 
the benefits for users of bilateral cochlear implants (CI) can 
vary significantly, potentially due to interaural asymmetry.
Interaural asymmetry may occur at many levels of the auditory 
pathway, including, but not limited to, differences in hearing 
thresholds, loudness growth, speech recognition, place of 
stimulation, neural health and cortical representation.

BOTTOM UP CODING AND BRAINSTEM STRUCTURES
In the early stages of auditory signal processing, the 
primary interaural cues are interaural loudness or level 
difference (ILD) and interaural time difference (ITD). Several 
brainstem structures, including the lateral superior olive, 
the inferior colliculus, and the medial superior olive, are 
involved in encoding ILD and ITD by integrating information 
from both ipsilateral and contralateral auditory pathways. 
However, the characteristics of CIs – such as insertion 
depth of the electrode array, resulting in stimulation of 
the higher frequency neurons; the rate of stimulation; and 
lack of coding for fine temporal cues in the processing 
strategies – all contribute to a difference in the coding for 
these early binaural cues compared with normal hearing 
(NH) listeners.

AUDITORY DEPRIVATION
In addition, auditory deprivation, associated with delay of 
implantation, as well as sequential implantation, can adversely 
impact binaural processing of the auditory signal. Prolonged 
auditory deprivation may lead to neural consequences 
such as nerve fibre death, deterioration of dendrites, and 
demyelination of nerve pathways. In cases where the delay 
extends beyond critical developmental periods, the pathways 

for binaural processing may fail to develop adequately or 
be irreversibly compromised. 

CHARACTERISTICS OF COCHLEAR IMPLANTATION
The variety in electrode arrays, their translocation into 
adjacent scalae, and their positioning within the cochlea can 
significantly influence the distance from the spiral ganglion 
cells, which are the intended targets of electrode stimulation. 
Additionally, the processing strategies of cochlear implants 
– such as simultaneous stimulation of multiple electrodes – 
coupled with interaural placement discrepancies in bilateral 
implant users, can lead to spectro-temporal smearing of the 
auditory signal and degrade binaural processing.

TOP-DOWN PROCESSING
Predictive coding assumes that listeners leverage previous 
knowledge of the world and language structure to help 
interpret auditory signals, with this type of processing 
occurring in higher-order brain structures, such as the 
auditory cortex. Processing strategies at this level utilise 
binaural fusion of spectro-temporal information, combined 
with predictive knowledge, to facilitate the identification and 
spatial localisation of sound sources. Once sound sources 

CRITICAL NOTE:
This comprehensive review provides an excellent 
summary of recent human and animal research into 
the factors and mechanisms underlying both binaural 
hearing and interaural asymmetry. The incorporation 
of these findings into a model to assist with explaining 
the impacts of asymmetry on the variability of binaural 
hearing benefits obtained by people who receive 
bilateral CIs, is also especially valuable.
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are organised in space, the brain can focus attention by 
inhibiting neural responses to background sound sources 
and amplifying responses to foreground sound sources. In 
bilateral CI users, indistinct object identification associated 
with asymmetric spectral fusion may disrupt the ability 
to segregate and prioritise objects into foreground and 
background, important prerequisites for focusing on a sound 
source in the presence of noise.
Cortical specialisation can also play a role in top-down 
processing, with NH listeners exhibiting a right-ear advantage 
for speech and language tasks. Bilateral CI wearers often 
show an advantage for the ear implanted first. Moreover, 
animal studies suggest that unilateral implantation can 
induce a reorganisation of contralateral cortical areas to 
respond more effectively to the unilateral auditory input. 
In contrast, children and adults receiving simultaneous CI 
show no ear advantage.

AUDITORY EXPERIENCE AND TRAINING
Following implantation, patients undergo an adaptation 
phase as they learn to interpret and utilise the signals from 
the implant. In terms of pitch perception, individuals learn 
to recalibrate their pitch map to accommodate the new 
stimulation patterns. Recent animal studies, in which animal 
subjects were deafened early in life and subsequently fitted 
with CIs after a period of auditory deprivation, showed that 

operant conditioning could be used to train users’ ability 
to use interaural timing differences. These findings suggest 
that auditory training could be instrumental in improving 
listening in noise for individuals with CI.

SUMMARY
Interaural asymmetry resulting from degradation of 
auditory signals and binaural pathways can interfere 
with binaural processing for individuals with bilateral 
CIs. Nonetheless, it is important to recognise that, despite 
significant inteuraural differences post implantation, most 
implantees perform better on SIN tasks in the binaural 
condition, meaning it would be uncommon for second-ear 
implantation to result in poorer performance. However, 
the degree of improvement in binaural function can vary 
among recipients.

IMPLICATIONS FOR CLINICIANS
Minimising auditory deprivation and providing auditory 
training following cochlear implantation may play an 
important role in leveraging the neural plasticity of auditory 
pathways. In addition, robot-assisted surgeries could reduce 
electrode translocations, and minimise trauma associated 
with electrode insertion. Advances in imaging techniques 
could lead to more precise interaural electrode placement, 
or help in refining pitch-matching techniques. •



61

C r
S

In a previous study, the authors demonstrated that patients 
with single-sided deafness (SSD) referred for cochlear 
implantation (CI), exhibited a significantly higher average air-
conduction threshold (at 0.5, 1, 2, 4 kHz; AC PTA4) in the better 
ear compared to age- and gender-matched thresholds from 
ISO 7029:2017. This ISO standard defines hearing thresholds 
for female and male otologically normal persons between 18 
and 80 years of age. The authors suggest that the higher PTA 
in the better ear could result from additional strain on the only 
hearing ear, potentially due to heightened noise exposure 
from orienting towards the sound source and/or stretching 
of the cervical vessels resulting in reduced blood flow. It is 
proposed this might manifest as a progressive high-frequency 
threshold increase in the better ear. The present study built 
on the existing body of work by including thresholds up to 
8 kHz, recruiting patients both with and without referrals for 
CIs, and including measurements of tinnitus burden.

METHOD
The authors conducted a comprehensive review of 2,086 
pure-tone audiograms PTAs from 323 adult patients, including 
277 with SSD and 46 with asymmetric hearing loss (AHL), 
from four hospitals and 156 private otorhinolaryngology 
practices. SSD was defined as severe to profound HL in 
one ear and a PTA of no more than 30 dB HL in the other. 
AHL was characterised by a PTA between 30 and 60 dB 
HL in the better ear. Collected data included the following 
variables: age; gender; aetiology of HL; CI use; and duration 
of deafness (measured either to the date of assessment or to 
the time of cochlear implantation). Aetiologies were classified 
into eleven categories: ‘sudden loss’; ‘trauma’; ‘vestibular 
schwannoma’; ‘Meniere’s Disease’; ‘infectious disease’; 
‘chronic otitis media (COM)’; ‘congenital HL’; ‘otosclerosis’; 
‘postoperative’; ‘other’; and ‘unknown’.
The primary dependent variable was the difference between 
the AC PTA4 of the better ear of SSD participants and the 

age- and gender-controlled AC PTA4 from ISO 7029:2017. A 
positive difference (AC PTA4 > 0) indicates that the AC PTA4 
for SSD participants is greater than the normative values 
from ISO 7029:2017.  
Additionally, the study evaluated number and monosyllabic 
speech, assessed tinnitus intensity using a numerical rating 
scale, and administered the Goebel and Hiller tinnitus 
questionnaire.

RESULTS 
The primary finding of the study was that patients with 
SSD had significantly higher pure-tone thresholds at each 

CRITICAL NOTE
This study presents compelling evidence that 
patients with SSD are at an elevated risk of 
experiencing hearing loss (HL) in their better or 
only hearing ear. This finding is crucial for clinical 
practice, where it should inform patient counselling 
regarding expectations as well as the importance 
of ongoing hearing monitoring and conservation 
strategies. Although the research seeks to compare 
HL in the better ear across different aetiologies 
of SSD, the conclusions are somewhat limited 
by the relatively small sample sizes within each 
aetiological group. It is likely that the mechanisms 
underlying HL in the better ear vary significantly 
across different pathologies, such as chronic otitis 
media (COM) versus postoperative HL or sudden 
SNHL. Additionally, the study does not clearly 
explain the timespan over which the audiograms 
were obtained, leaving open the question of 
whether the observed patterns would shift with 
longer observation periods. Nonetheless, this data 
is of significant relevance for both clinicians and 
patients dealing with SSD.

AUDITORY CAPACITY OF THE BETTER-
HEARING EAR IN ASYMMETRIC HEARING LOSS

Speck I., Gundlach E., Schmidt S., et al.

Eur Arch Otorhinolaryngol. (2024): 281(5), 2303–12

doi: 10.1007/s00405-023-08342-w. Epub 2023 Nov 
25. PMID: 38006462; PMCID: PMC11024001.

By Melissa Babbage – New Zealand

This study documented the course 
of changes in hearing in the better 
ear over time in patients with 
single-sided deafness (SSD) and 
asymmetric hearing loss (AHL).
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measured frequency from 0.125 to 8 kHz compared to age- 
and gender-matched normative data from ISO 7029:2017. 
This relationship held when including only audiograms with 
nonsignificant air-bone gaps (<10 dB). 
A weak but significant correlation (r = 0.08) was observed 
between the duration of deafness in the poorer hearing 
ear and the difference in AC PTA4. However, no significant 
correlations were found between the AC PTA4 difference 
and either of the tinnitus measures employed in the study. 
Except for Meniere’s disease (MD), patients with aetiologies 
commonly presenting bilaterally, and particularly in patients 
with COM, exhibited greater AC PTA4 differences for the 
better ear. In the case of COM, this increase in better ear AC 
thresholds was at least partially attributable to conductive 
components, as evidenced by higher PTA4 air-bone gaps 
in this group.
Of the 277 patients with SSD assessed in the initial audiogram, 
104 developed AHL during the study period. The mean 
interval between the first recorded instance of SSD and the 
diagnosis of AHL was 5.19 years (SD = 5.91 years).
No significant associations were found between the duration 
of SSD diagnosis and the onset of AHL, or between AHL and 
the aetiology of the poorer ear. Additionally, age, gender, 
and CI treatment were not correlated with developing AHL

DISCUSSION
Overall, the results provide evidence supporting the conclusions 
from the authors’ previous study that hearing thresholds in 
the better ear of patients with SSD are poorer than those 
of average age- and gender-matched controls from ISO 
7029:2017. Although the discrepancy between SSD and 
ISO thresholds was greater in the high frequencies, it was 
statistically significant across all tested frequencies. A weak 

correlation was observed between the duration of deafness 
and AC PTA4 difference. These findings do not support the 
hypothesis that the HL is attributable to increased strain of 
the better ear, which the authors posited would result in 
significantly more pronounced loss in the high-frequencies 
and greater HL over time. Instead, it is proposed that the 
observed mechanism could instead be sympathetic HL in the 
better ear, similar to sympathetic opthalmia, which causes 
vision loss in the better eye due to an autoimmune response. 
The significant influence of the aetiology on HL indicates 
that the underlying causes of the PTA4 difference may vary 
depending on the pathology affecting the poorer ear. This 
effect persisted even when excluding audiograms with 
air-bone gaps. Notably, patients with COM exhibited the 
greatest AC PTA4 difference and the largest air-bone gap in 
the better ear, likely due to reduced middle ear ventilation 
bilaterally. Similarly, subjects from the otosclerosis showed 
elevated AC PTA4 differences, consistent with the known 
tendency for bilateral development in 62–80% of those initially 
presenting with unilateral otosclerosis. Interestingly, the AC 
PTA4 difference was no higher in patients with MD than in 
other aetiology groups, despite the fact that this pathology 
often progresses to a bilateral condition over time.
While there was a clear variance in AC PTA4 differences 
across aetiologies, it is interesting that among the 38% of 
SSD patients who progressed to AHL, no significant impact 
of aetiology, age, or duration of deafness was observed.
The authors conclude that there is clear evidence that, in 
many pathologies leading to SSD or AHL, there is a greater 
risk of hearing deterioration in the better or only hearing 
ear. This risk is greater in cases of COM, otosclerosis and 
congenital SSD, underscoring the importance of appropriate 
patient counselling. •
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By Tali Bar-Moshe – Israel

Technological advancements have significantly altered the 
behaviour of healthcare consumers, particularly in their 
pursuit of online information, interactions, and service 
reviews. These transformations influence not only consumers 
but also healthcare providers.
This qualitative study sought to explore online reviews and 
consumer feedback regarding their experiences with hearing 
services. The researchers collected Google both recent and 
older reviews about audiology clinics across various clinical 
settings in 40 U.S. cities. After applying inclusion criteria, the 
study analysed a dataset comprising 500 five-star reviews 
and 234 one-star reviews,.
The data collected was subjected to inductive thematic 
analysis, revealing six domains with 23 themes for satisfied 
consumers; and seven domains with 26 themes for dissatisfied 
consumers. The experience of consumers as expressed across 
these domains presented a wide spectrum of emotions. The 
‘overall experience’ domain capturing sentiments from deep 
appreciation and satisfaction to pronounced dissatisfaction 
and diminished loyalty. The ‘standard of care’ domain 
highlights consumers’ expectations for person-centred 
care, professionalism, and effective relationships and 
communication. The ‘clinical outcomes’ domain emphasises 
the critical role of hearing outcomes in consumers’ well-
being. The data also points to the importance of audiologists’ 

professional competence, facility quality, and inclusive care, 
all of which were recurrently mentioned in both positive 
and negative reviews.
The study’s findings shed light on consumers’ experiences 
with hearing healthcare, offering valuable insights into 
areas needing improvement in both service delivery and 
audiologist-consumer interactions. It emphasises that 
effective communication is a cornerstone of the consumer-
audiologist partnership and plays a significant role in every 
in-clinic interaction with other service providers. Other 
key factors contributing to consumer satisfaction included 
personalised care and service, inclusion and accessibility, 
economic considerations, and the magnitude of hearing 
outcomes on consumers’ well-being. •

PERCEPTIONS OF HEARING HEALTH 
CARE: A QUALITATIVE ANALYSIS OF SATISFIED 

AND DISSATISFIED ONLINE REVIEWS

The analysis of 500 five-star and 234 
one-star reviews across various clinical 
settings in 40 U.S. cities offers detailed 
insight into the factors affecting patient-
centred care and patient satisfaction. 
This collaborative effort underscores 
the crucial role of consumer feedback in 
improving healthcare services.

CRITICAL NOTE:
Audiologists must navigate not only technological 
advancements in their field but also the evolving 
expectations and experiences of consumers of 
audiology service. By gaining a deeper understanding 
of these expectations and experiences, audiologists 
can improve patient-centred care, strengthen the 
audiologist-consumer relationship, and ultimately 
improve patient satisfaction.
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