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Abstract

Introduction: Hidden hearing loss (HHL) is a type of auditory disorder that
affects the auditory neural processing and hearing sensitivity in subjects with
normal hearing thresholds. Unlike central auditory processing disorders,
HHL happens when the cochlea (the peripheral auditory organ) is affected.
There are several known risk factors to HHL which includes noise exposure,
ototoxic drugs, and peripheral neuropathies, and age. Recent studies have
shed light on this type of hearing loss, its etiology, prevalence, and how it can
affect the auditory acuity in humans. Methods: This paper covers the current
research regarding HHL, its causes, the different mechanisms involved in this
disorder, and the diagnosis and potential treatments related to it. We will
delve deeply into different researches concerning HHL. 4 articles from 285
were selected focusing on normal hearing individuals with bad speech intelli-
gibility were discussed in this paper. In addition, articles discussing the effects
of noise exposure on hearing impaired individuals were not considered as this
study solely aims to focus on normal hearing sensitivity individuals with
HHL, resulting in 4 articles from 285. Results: Numerous literatures over the
decades have suggested that HHL is due to the degeneration of cochlear rib-
bon synapses, or hair cells synapses without hair cell damage. Their associa-
tion with HHL was noted several times through this study, whether we were
studying the effect of noise exposure, of age, or of ototoxicity. In all cases, no
significant hair cell damage was observed, and normal thresholds were recov-
ered. However, a decline in the amplitude of Auditory Brainstem Response
(ABR) peak I from auditory nerve (AN) responses in noise exposed subjects
and a decline in compound action potential (CAP) was measured when cer-
tain drugs were applied to the round window of Guinea pigs. Conclusion:
Most studies, have proven that cochlear synaptophysin is the major contri-
butor to noise induced, age, and ototoxic related HHL. There are several au-
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diometric tests that were used to help identify HHL including Puretone au-
diometry in background noise, ABR, CAP, Distortion Product Otoacoustic
Emission (DPOAE).
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Hearing Loss, Ototoxicity, Schwan’s Cells Ablation

1. Introduction

Hearing loss is a common condition, but it can also be difficult to detect. This is
especially true for HHL, a type of hearing loss that is not visible in the ear canal
or eardrum and presents itself with normal hearing thresholds, but speech intel-
ligibility is affected. While there are many reasons why this type of hearing loss
occurs, including medical conditions, aging, and exposure to loud noises, there
are things that can be done to protect an individual from it.

In a study conducted by Kohrman et al (2020) [1], it is stated that the most
common type of hearing loss is called sensorineural hearing loss (SNHL) and af-
fects about 320 million people worldwide. This type of hearing loss is diagnosed
by the presence of elevated audiometric thresholds ranging from mild to pro-
found. It is caused by the degeneration of the cells responsible for the detection
and transmission of acoustic sounds through the auditory circuit. These cells in-
clude the inner hair cells (IHCs) and outer hair cells (OHCs) as well as the spiral
ganglion in the cochlea. However, unlike sensorineural hearing loss, HHL shows
normal auditory thresholds yet has “significant perceptual difficulties including
understanding speech in noisy backgrounds” (Berdawaj et al, 2015) [2]. This has
often been linked to “auditory processing disorder”, which indicates a dysfunc-
tion in the peripheral auditory system also called “the cochlea”. Recent studies
have proven that this change can be related to several factors including noise,
drugs, age, and peripheral neuropathy that can “alter the neural-evoked output
of the AN independently of hair cells loss and changes in hearing thresholds”
(Kohrman et al, 2020) [1]. This type of hearing loss is known as HHL and often
is not diagnosed by using standard audiological evaluations.

Numerous studies have highlighted that HHL can be caused by exposure to
moderate noise. According to Hickox et al (2017) [3], these studies have shown
that long exposure to those moderate noises causes either a temporary threshold
shift or a permanent threshold shift. In most cases of hearing sensitivity in a case
of temporary threshold shift, it is usually recovered and back to normal within a
few days or weeks without any outer or inner hair cells loss. However, even after
thresholds have recovered back to normal yet “cochlear responses to suprathre-
shold sound levels are significantly altered” (Kohrman et al, 2020) [1]. Recent
studies also have suggested that the desynchrony also knowns as synaptic loss

between the inner hair cells and the AN represent the main pathology even in
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patients suffering from temporary threshold shifts following noise exposure. In
addition, this synaptic loss is independent of the integrity of both inner hair cells
and spiral ganglions. When the synapses are damaged, the nerve fibers start to
degenerate, which causes HHL due to acute noise exposure.

Age-related hearing loss, in almost all cases, causes a sensorineural hearing
loss. The dysfunction is often referred to as presbycusis and is known to be the
second most common health related problem among the elderly population.
According to Salvi ef al (2018), [4] it affects approximately over 40% of patients
from 70 years old or more. With age, speech perception in noisy environments is
known to decrease even when subjects have normal hearing thresholds. One of
the most common complaints among elderly patients, even if they believe to
have normal hearing, is conversation in a restaurant, which in a noisy environ-
ment, is very hard. However, when conversation is carried out in a quiet envi-
ronment, there are no difficulties at all, and they can understand everything.
“Data obtained from carboplatin-treated chinchillas suggest that tone-in-noise
thresholds are a sensitive and frequency dependent method of detecting damage
to the IHC/type I system” (Salvi et al, 2018) [4].

Ototoxic medications are known to cause hearing or a balance problem. This
can happen when a patient is on a high dose of aminoglycoside antibiotics. For
example, gentamicin is known to cause hearing loss among most patients who
have taken it. When a drug is ototoxic, it causes damage to the inner and outer
hair cells which are responsible for hearing, damage to them would therefore
cause hearing loss. Inner hair cells are sensory receptors that transform sound
vibration to electrical signals from the cochlear fluid which are then sent
through the AN to the auditory brainstem and cortex. Outer hair cells are lo-
cated near the basilar membrane, they act as an amplifier for low sounds that
enter the cochlea with high sensitivity and accuracy. Moreover, exposure to oto-
toxic drugs can also “induce acute swelling of SGN terminal dendrites, similar to
the morphology associated with excitotoxic damage of IHC synapses by noise
exposure” (Ruel et al, 2007) [5]. In addition, ototoxic drugs have been linked to
CAP synapse loss in the inner hair cells, which in turn usually causes HHL.
However, in this precise relationship, it is unclear exactly how the HHL and
temporal processing are related, and if ototoxic drugs such as gentamicin can
cause it. Not much information linking them has been delivered through studies
over the years.

According to Kohrman et a/ (2020) [1] and Kujawa and Liberman (2009) [6],
the decline in synapses number was proportional to the decrease in audiometric
responses at the basal regions of the cochlea, which are responsible for high fre-
quencies. However, a damage to the synapses in the inner hair cells has been the
only proposed mechanism of HHL, whether it is due to noise exposure, age, or
ototoxicity. It is speculated that a damage in cochlear Schwann cells can be
another cellular mechanism of HHL regardless of synaptic damage. It is hypno-
tized that a transient loss on Schwann cells results can be a characteristic of

HHL, which is not correlated to hair cells synaptic loss but rather “with disrup-
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tion of the first heminodes at the auditory nerve peripheral terminal” (Wan et
al, 2017) [7], which identifies a potential mechanism of HHL. In the cochlea,
sensory hair cells and neurons are surrounded and myelinated by a type of gli-
al-like cells called Schwann cells. These cells are essential in the peripheral
nervous system as they are crucial for the growth, operation, and regeneration of

peripheral nerves.

2. Objective

As mentioned before, HHL is very common and can be caused by several factors
including noise exposure, age, ototoxicity. There are several audiometric tests
that can help in identifying HHL. These include Puretone audiometry in back-
ground noise, ABR, CAP, DPOAE.

During an ABR testing, the amplitude of Wave I represents the presence of
intact synapses. Therefore, damage to synapses between inner hair cells and AN
fibers due to extended noise exposure causes a reduction in the wave I amplitude
of the auditory brainstem in subjects with normal hearing thresholds which fur-
ther indicates the presence of HHL. In a study conducted by Bramhall et al
(2017) [8], veterans and non-veterans, who were exposed to high noise levels
due to the use of firearms, were compared to veterans and non-veterans with
lower levels of noise exposures, both of which had normal hearing thresholds.
ABR responses to a tone burst stimulus for the frequencies 1000 Hz, 3000 Hz,
4000 Hz, and 6000 Hz noted a smaller wave I amplitude in veterans and
non-veterans that are exposed to high levels of noise compared to those who are
exposed to low ones.

In a study performed by Salvi et al (2018) [4], the performance of elderly pa-
tients was compared to younger patients with similar threshold in a quiet envi-
ronment were tested again except in a noisy environment. Thresholds in noise
for elderly subjects are expected to be worse than thresholds in noise for younger
subjects, even though both groups had similar hearing thresholds in a quiet
background. This highlights the significance of repeating measurements in
broadband noise (BBN).

High doses of aminoglycoside antibiotics like gentamicin are known to cause
a threshold shift since it damages inner and outer hair cells, which is why their
use is largely restricted. In a study performed by Ishikawa et al (2019) [9], the
ototoxicity of various aminoglycoside drugs was tested for the effect of dosage of
the aminoglycoside drug on outer hair cells, inner hair cells, synapses, and
whether a reduction in dosage can still be a cause of HHL.

The consequences of removal of Schwann cells in the cochlea were also in-
vestigated. It is believed that severe loss of Schwann cells “causes rapid audito-
ry nerve demyelination, which is followed by robust Schwann cell regeneration
and axonal remyelination” (Mellado ef al, 2014) [10], which can in turn be a
cause of HHL. This however is believed to differ from what was observed when

studying the effects of noise exposure, aging, or ototoxicity, as it appears
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without a decline in hair cells synapses. Instead, it correlates with “permanent
disruptions of the first heminodes at the auditory nerve axon close to the
IHCs” (Wan et al, 2017) [7]. If correct, this study would unravel a new me-
chanism of HHL.

3. Methods

An intensive analysis of existing literatures from 2005 to 2021, filled with find-
ings from various researches was conducted to test the relationship between
noise exposure, age, ototoxicity, Schwan cell ablation and HHL. The main data-
base used for this review was PubMed using the keywords “hidden hearing loss,
noise induced hidden hearing loss, age related hidden hearing loss, ototoxicity
and hidden hearing loss, pathologies and causes of hidden hearing loss”, and
over twenty-five studies were preliminarily found. However, only articles based
on evidence best practice procedures, achieving a good reliability and validity
were selected and discussed in this review. The selection procedure is displayed
in Figure 1 below. In addition, articles discussing the effects of noise exposure
on hearing impaired individuals were not considered as this study solely aims to
focus on normal hearing sensitivity individuals with HHL, resulting in the de-
tailed review of the results section of four different articles taken from the initial

twenty-five.

4. Results

The aim of this literature review is to review the main causes of HHL and the
appropriate tools to diagnose it based on its different causes which include noise
exposure, age, ototoxicity, and Shawn cells ablation. In the following section,
four main articles focusing on these different causes were explored in detail to
show if a correlation between them and HHL is present or can be disproved, as
well as investigate the best method to identify and diagnose this condition. A

summary of the findings in each of the studies reviewed can be found in Table 1.

Symptoms of
Hidden Hearing
Loss

Pathologies of
Hidden Hearing Sc%&}gg&eﬂs
Loss
- - Noise Induced
Hidden Hearing ) )
PubMed e Loss HlddeIilOI;ISearmg
Causes of Hidden Hiﬁggnrﬁi;er?n
Hearing Loss Loss g
Treatments of Ototoxicity and
Hidden Hearing Hidden Hearing
Loss Loss

Figure 1. Literature selection procedure.
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4.1. Detecting Noise Induced Hidden Hearing Loss
in Subjects Using Puretone Audiometry
and ABR

The study by Nam et al (2021) [11] reviewed above was used in this paper to
link and diagnose noise exposure to HHL using ABR and Puretone audiometry
among other audiological evaluations.

In this study, audiological data of 15 patients (24 ears) with the following cha-
racteristics: noise exposure history, no history of neurotological disorders, nor-
mal Puretone audiometric and immittance results, present DPOAEs, and normal
ABR wave I IIT and V were compared with 12 control subjects (24 ears) selected
with the following criteria: no history of noise exposure, normal audiogram and
no noise exposure.

In pure tone audiometry, no significant differences were observed between the
control group and noise-exposed group for frequencies ranging from 250 to
8000 Hz. ABR was conducted using click stimuli at 90 dB SPL, the ABR ampli-
tude of Wave I and Wave V as well as the interpeak interval between Wave I and
Wave V did not show significant change between the noise exposed and the
control groups when taking into consideration male subjects only.

The results of this study fail to link a history of noise exposure to HHL, which
therefore disproves the theory that noise exposure can be a major effect and is
correlated to HHL.

4.2. Detecting Age Related Hidden Hearing Loss
Using Puretone Audiometry in
Noisy Environment

The study by Salvi et al (2018) [4] reviewed above was used in this paper to cor-
relate age and HHL using and Puretone audiometry among other audiological
evaluations.

To detect if age can be related to HHL, this study divided its cohort into two
groups: a group of younger subjects with ages ranging between 19 - 24 and a
group of older subjects with ages ranging between 54 - 71. All participants had a
normal audiometric threshold of 25 dBHL in a quiet environment for frequen-
cies ranging from 250 Hz to 8000 Hz.

Subjects were then tested in a noisy environment, using BBN in the back-
ground at 20 dBHL and then at 30 dBHL. At 20 dBHL, the threshold for young
subjects stayed almost identical, while nearly all elderly subject’s thresholds were
above the mean threshold of normal subjects and outside normal range. In con-
trast, at 30 dBHL, young subjects experienced an increase in threshold from a
mean of 20 dBHL to 30 dBHL. Elderly patients also experienced a greater shift in
responses especially at high frequencies well above the mean threshold of younger
subjects.

The results of this succeed in linking the age and environment of an individu-
al to HHL, which therefore proves the theory that age can have a major effect
and is correlated to HHL.
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4.3. Detecting Hidden Hearing Loss Due to Dose Dependent
Aminoglycoside Ototoxicity Using Animal Models

The study by Ishikawa et al (2019) [9] reviewed above was used in this paper to
investigate a possible correlation between ototoxicity and HHL using different
doses of aminoglycoside. Aminoglycosides are a type of antibiotic, approved by
the Food and Drug Administration (FDA), that are used to treat infections. A
major side effect of these types of drugs is hearing impairment, it is believed that
these antibiotics cause a permanent damage to sensory cells and neurons within
the inner ear resulting in the hearing loss.

To test the relationship between ototoxicity and HHL, five aminoglycoside
medications, three of which are still commonly used despite known ototoxicity,
were selected and tested for ototoxicity on 45 Guinea pig models which in-
cluded: Neomycin, gentamicin, paromomycin, apramycin and gentamicin Cla.
Each of the 5 drugs antibacterial activity was compared and analyzed for three
different aminoglycoside dosages: 60 mg/mL, 210 mg/mL, and 420 mg/mL to
analyze long-term ototoxic effects on thresholds shift.

Threshold differences were noticed for all three concentrations of all five
drugs starting within 60 to 90 minutes and then for days. CAP thresholds shift
were observed on day 21 for 60, 210, & 420 mg/mL groups. It was also noted that
higher frequencies (above 4 kHz) were more affected than lower ones which
suggests changes in the basal region of the cochlea and a significant decrease in
outer hair cells at the 420 mg/mL was observed compared to the 60 mg/mL.

The results of this prove that there is a dose dependent correlation between
CAP and outer hair cells. Therefore proves the theory that aminoglycoside me-

dications can have a major effect and is correlated to HHL.

4.4. Detecting Hidden Hearing Loss due to Schwann Cells Ablation
Using Animal Models

The study by Mellado et al (2014) [10] reviewed above was used in this paper to
show how Schwann cells ablation can be related to HHL using ABR among other
audiological evaluations on animal models.

To test the consequences of Schwann cells ablation and its causes on HHL,
pathogen-free mice [12] from both genders were used.

When mice were injected with a tamoxifen from the postnatal age of 21 to 23
an ABR was performed at 1, 4, 8, and 16 weeks from injection time. Three dif-
ferences were noted: A reduction in the Wave I amplitude, an increase in Wave I
latency, and an increase in widths at all periods when stimulus was presented at
70 dB SPL.

These results suggest that Schwann cells ablation resulted in an impairment of
the auditory system. Additionally, a change in APs and SPs was also noted after
Schwann cells ablation. Through all periods of time the SP amplitude of DTA
was not affected. However, a reduction in the AP of ABR peak 1 in DTA and an
increase in the SP/AP ratio were noted.
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Table 1. Summary of results.

4.5. Summary

Author Participants  Factors Results Conclusion
Nam et al. 15 patients (24 Noise Pure tone audiometry from 250 Hz to 8 kHz: Noise Exposure
(2021) [11] ears) Exposure No significant threshold differences were observed No significant differences
between the control group and noise-exposed were observed between the
group. control and noise exposed
ABR at 90 dB SPL: group
Amplitude of Wave I, Wave V, and interpeak
interval between Wave I and Wave V did not show
a significant change between the noise exposure and
the control groups.
Salvi et al. 10 young Age Subjects were then tested in a noisy environment by Significant threshold shift
(2018) [4] patients (mean using BBN at 20 dBHL and then at 30 dBHL was observed when
age of 20.09 20 dBHL: presenting broadband
years) ® Young subjects threshold stayed almost background noise at 30
6 elderly identical. dBHL in both groups.
patients (mean o Elderly subject’s thresholds were above the mean Elderly patients were more
age of 62.66 threshold of normal subjects and outside normal affected especially at
years) range. higher frequencies which
e 30dBHL: explains poorer speech
e Young subjects experienced an increase in intelligibility compared to
threshold the control group.
o Elderly patients also experienced a greater shift
in responses especially at high frequencies above
mean threshold of younger subjects.
Ishikawa et al 45 guinea pig Aminoglycoside Five aminoglycoside medications were tested for A direct correlation was
(2019) [9] models (AG) dose dependent ototoxicity. Namely, neomycin, observed between the
induced gentamicin, paromomycin, apramycin, gentamicin different aminoglycosides
ototoxicity Cla. dosages and threshold
At three different dosages: 60 mg/mL, 210 mg/mL, shifts especially at high
and 420 mg/mL. frequencies.

Mellado et al.
(2014) [10] mice from
both

Genders [12]

Pathogen-free Schwann cells

ablation

Threshold differences were noticed for all three There is a deterioration in
concentrations of all five drugs at different times

ranging from minutes to days.

the integrity of the
cochlear amplifiers, also
known as the outer hair
cells (OHCs) which could
also explain poorer speech
intelligibility.

When mice were injected with a tamoxifen from  Schwann cells ablation
P21 to P23, an ABR was performed at 1, 4, 8, and 16

weeks from injection time.

resulted in an impairment
of the auditory system.
Three differences were noted at all periods when

stimulus was presented at 70 dB SPL:

1) Reduction in the Wave I amplitude

2) Increase in wave I latency

3) Increase in widths

A reduction in the AP of ABR Peak 1 in DTA and

increase in the SP/AP ratio was noted.
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4.6. Comparison of Results

Noise exposure was explored in two different ways in this section Nam et al
(2021) [11] introduced noise as a previous exposure within a patient’s history,
while Salvi ef al (2018) [4] used noise as an effect during testing. When subjects
of all ages who were previously exposed to noise were tested for Puretone audi-
ometry in a quiet environment, no significant changes were observed, while
when young and elderly subjects were tested in a noisy environment (a BBN of
30 dB), a decrease in threshold was noted for both groups and a decrease in high
frequency was noted for elderly subjects. Similarly, the research by Ishikawa et
al (2019) [9] studied different dosages of 5 aminoglycoside (AG) drugs and their
effect on hearing. In this study, a threshold shift was also observed especially at
higher frequencies. Both studies explain the difficulty in speech intelligibility
since a hearing loss at high frequencies points to changes in the basal regions of
the cochlea and therefore a loss of OHCs.

During their study, both Nam ez al (2021) [11] and Mellado et al (2014) [10]
tried to identify HHL using ABR measurements. Just like before, when subjects
who were previously exposed to noise were tested for ABR in a quiet environ-
ment, Amplitude of Wave I, Wave V, and interpeak interval between Wave I and
Wave V did not show a significant change between both groups. However, when
studying Schwann cells ablation, mice were injected with a tamoxifen and tested
for ABR, a reduction in the Wave I amplitude, an increase in wave I latency, and
an increase in widths at all periods when stimulus was presented at 70 dB SPL
was observed. Wave I represent the distal portion of the AN, and a decreased
amplitude, increased latency and width in this wave usually points to hearing
loss. It also points to a loss of OHCs integrity which further explains the diffi-
culty in speech intelligibility.

These four studies suggest that patient history, age, ototoxic drugs and the en-
vironment in which the audiological evaluation was performed all played a ma-
jor role in identifying HHL, whether using Puretone audiometry or ABR, sub-
jects case history should be studied in detail prior to testing, the age range
should not be too broad and Puretone audiometry should not be only conducted

in a quiet environment but rather in a noisy one.

5. Discussion

5.1. The Correlation between Noise Exposure and Hidden Hearing
Loss

For decades, researchers believed that noise induced hearing loss (NIHL) caused
damage to the outer and, however, recent studies have suggested that “the syn-
apse between IHC and SGNs with low spontaneous firing rates and high thre-
sholds are the most vulnerable” (Nam et al, 2021) [11] to noise exposure. Some-
times, this dysfunctions in the synapses can be hidden and occur without any
audiometric threshold shift. Animal studies and experiments were made con-

cerning cochlear synaptopathy over the decades and were described as the most
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likely mechanisms to cause HHL due to noise exposure. Similar studies were
made concerning humans. The most likely and reliable diagnostic method of
HHL in humans was ABR analysis. In an ABR, Wave I represents AN function.
In animal models, when the synapses are affected, the amplitude of wave I would
be affected. In animal models, the extent of the damage in the synapses is corre-
lated to the amplitude of wave I. However, since human testing for HHL is not
easy, measurements of Wave I are complicated in ABR recordings as several
factors can affect the amplitude of Wave I. These include age, gender, type of
stimulus, and recording method. According to the literature mentioned above,
“the amplitudes were decreased with more extensive noise exposure history in
females, but not in males, highlighting the significance of sex as a confounding
factor” (Nam et al, 2021) [11] when testing for noise induced HHL, this is due
to wave I amplitudes are smaller for male subjects than for females despite simi-
lar hearing thresholds which shows the importance of gender as a factor to take
into consideration. Numerous similar studies tested patients with normal hear-
ing thresholds and found no significant effects on ABR wave I due to noise ex-
posure in both genders.

For example, in another study performed by Grinn et al (2017) [13], partici-
pants were exposed to noise to investigate the presence of HHL. The subjects
presented themselves with normal hearing thresholds prior to noise exposure
and “there were no permanent changes in the participants’ audiometric, elec-
trophysiologic, or functional measures” (Nam et a/, 2021) [11] which further
proves that acute exposure to noise did not cause any changes in ABR waves.
Another way suggested to diagnose HHL is the use of electrocochleography
(ECoQG), “since inter- and intra-subject variability may mask or exaggerate small
differences in amplitude and the ratios of amplitudes of ABR wave I/wave V, the
AP/SP values yielded by ECoG can be used instead” (Bramhall et al, 2017) [8].
However, big disadvantages in these studies would be due to lack of data on life-
long exposure to noise which is an important factor to take into consideration
during testing. Researchers have found that the best solution to estimate a sub-
ject’s noise exposure is by using questionnaires, which would be highly valuable
for future testing.

Other disadvantages that many studies over the decades have failed to take
into consideration prior to testing was their subject’s speech perception in noisy
environments. As we have mentioned before, word recognition in noisy envi-
ronments despite normal thresholds has been a major symptom of HHL. “It has
been suggested that poorer word recognition in noisy and difficult listening
conditions might be related to cochlear synaptopathy. Studies have suggested
that a test battery including electrophysiological and behavioral evaluations
would be more reliable than a single test to identify the HHL caused by cochlear
synaptopathy in subjects with normal hearing in conventional audiograms.”
(Liberman et al, 2016) [14] In most cases, pure tone audiometry and speech
recognition are usually done in quiet environment, testing subject performance

in noisy ones would be much more useful.
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5.2. The Correlation between Age and Hidden Hearing Loss

The findings suggest that older individuals struggle more than younger individ-
uals to detect tone in a noisy environment, especially at high frequencies. High
frequencies are responsible for understanding speech therefore hearing impair-
ment at high frequencies will affect speech understanding. This agrees with el-
derly patients’ main complaint: “One interpretation of the tone-in-noise data
from elderly with ‘normal hearing’ is that their IHC or high-thresholds type I fi-
bers are damaged except near 1 kHz region.” (Salvi et al, 2018) [4]. Usually,
when performing Puretone audiometry, the testing is done under unrealistic
conditions which include an extremely silent environment. A realistic environ-
ment would be communication and testing in a noisy background which would
increase the intensity of hearing loss: “Aging subjects show declines in neural
coding of the temporal features of sound that are likely important for speech
perception in noise, and such deficits can also occur independently from in-
creases in thresholds” (Marmel et al, 2013) [15].

Some studies have shown that a decrease in ABR peak of wave I for elderly pa-
tients would agree with cochlear neuropathy and could prove the defects in
temporal processing. Studies performed on mice have also shown a 50% de-
crease in ABR wave I peak amplitude which progresses over time. This decrease
is consistent with the decrease in wave I amplitude due to IHCs synapses loss,
which in turn contributes to age-related HHL.

According to several researches on human and animal subjects, it was proven
that damage to the inner hair cells and type I neurons, which are responsible for
transmitting and translating information from the ear to the brain, can cause
hearing deficiency in noisy environments. This proves an efficient way to detect
a person’s hearing loss is by measuring tone detection thresholds in BBN rather

than a quiet environment through different specific frequencies.

5.3. The Correlation between Ototoxicity and Hidden Hearing Loss

The studies also indicated a dose dependent toxicity in all five drugs. No hair
cells loss or action potential threshold shifts were observed when the lowest do-
sage of the aminoglycoside drugs was applied to the round window. However,
neomycin and aromomycin, unlike apramycin and gentamicin Cla, caused
damage to the inner hair cells and synapses. When dosage was increased, a re-
duction in the mechanoelectrical transduction of inner hair cells was also ob-
served. Recent studies have shown that Aminoglycosides are believed to “initial-
ly cause stereociliary damage, which will be followed by HC loss, mainly of
OHC:s in the basal (high frequency) region’ which have been considered to date
as the most vulnerable element of the inner ear to AG treatment” (Ishikawa et al
2019) [9].

However, as mentioned previously, noise exposure can lead to hair cells de-
generation even when normal thresholds are observed. “A reduction of up to

50% of the synapses between IHCs and cochlear neurons can occur. The same

DOI: 10.4236/ijohns.2023.123012

117 Int. J. Otolaryngology and Head & Neck Surgery


https://doi.org/10.4236/ijohns.2023.123012

A. Jalkh

primary loss of cochlear synapses occurs in the aging ear” (Viana et al, 2015)
[16] which is referred to as HHL. An interesting common aspect between the use
of ototoxic drugs and HHL is established during this study. In both cases, inner
hair cells synapses can be damaged while outer hair cells remain intact. this
proves that inner hair cells are one of the most vulnerable elements for ototoxic
medications in the inner ear. These observations in turn support the correlation
between inner hair cells synapses, the amplitude of cochlear neural responses
such as ABR, both of which can be influenced by noise exposure and age regard-

less of hearing threshold.

5.4. The Correlation between Schwann Cells and Hidden Hearing
Loss

It was observed that the mice had a dramatic demyelination, it is assumed sig-
nificant hearing impairment soon after the injection. That however would be
solved during the next 4 months as during which the damaged nerve remyeli-
nated. ABR threshold and DPOAEs which represent the function of inner and
outer hair cells were not affected by this change. This shows that the mice had a
normal threshold despite demyelination. However, based on the above results,
mice suffering from Schwann cell ablation showed that the ABR wave I ampli-
tude, which reflects the SGNs activity, was significantly reduced, and the latency
and width, which represent the function of the AN, severely increased. When
tested 4 months after injection, the effects did not reverse, even after remyelina-
tion of Schwann cells.

To further support the hypothesis that Schwann cells ablation can cause HHL
even after remyelination, an analysis of the amplitude of SP/AP ratio, which is
often used for the diagnosis of HHL, was performed. SP amplitude, if altered,
would show the correlation between Schwann cells damage and hair cells func-
tion, was not affected within all timeframes. This proves that there is no link
between the two. However, Wave I AP amplitude was reduced through all time
points suggesting a neural dysfunction within the cochlea. Moreover, SP/AP ra-
tio was also significantly reduced through all the time points. These results prove
that there is no correlation between Schwann cells ablation damage and hair
cells damage, but rather support the hypothesis that Schwann cells ablation re-
sults in a cochlear auditory neuropathy and HHL even after remyelination.

5.5. Diagnosis and Possible Treatments of Hidden Hearing Loss

As we already know, a major complaint of people affected by HHL is speech
perception in a noisy environment despite normal audiometric thresholds.
Through animal studies, it was proven that the amplitude of ABR Wave I is cor-
related with the function of synapses. Several studies on young subjects with
normal hearing thresholds have found a link between difficulty in speech per-
ception in noisy environments and changes in auditory evoked potentials (ABR
Wave I amplitude) that are consistent with synaptic damage. A study based on

veterans with normal auditory thresholds noted a correlation between a change
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Wave I amplitude and noise exposure. However, another study detailed in this
paper failed to find any link between the two.

More detailed research should have been done in this field as several factors
could have affected the results. The above studies also concluded that synaptic
damage could occur without any significant hair cells damage which is why a
subject shows no hearing loss during Puretone audiometry. As we have seen
from patient complaints, it is the reason why they have a difficulty understand-
ing speech in noisy environments. Since current federal guidelines in the
workplace are based on “the assumption that exposures producing no PTSs are
benign” (Arenas et al, 2014) [17], a change in these guidelines should be consi-
dered to prevent HHL.

Usually, hair cells in the cochlea cannot be replaced once damage. Although it
is believed that some hearing impairments in sensorineural hearing loss might
be treatable or even preventable. Multiple studies have stated that damaged hair
cells and neurons can never be replaced. However, several animal studies have
shown that a limited amount of hair cells could be regenerated via transdifferen-
tiating other supporting cells. It has been demonstrated that the repair of coch-
lear synaptopathy due to an “extended therapeutic window in which the hair cell
targets, as well as the spiral ganglions and their central axons, survive” Liberman
(2017) [18] is even simpler. Several studies have shown that using neurotrophins
“in the signaling pathways involved in neuronal development and maintenance,
can elicit neurite extension from spiral ganglion cells even in the adult mamma-
lian ear” (Wise et al, 2005) [19]. Animal studies have shown that neurotrophin
delivery can help in the treatment of noise induced synaptic damage by restoring
ABR amplitudes. In conclusion these findings could lead to neurotrophin as a

potential treatment for HHL by restoring cochlear synaptophysin.

5.6. What Affects Hidden Hearing Loss and How Can It be Treated

In this review, I have attempted to provide a deep study of HHL by identifying
the major causes using several studies, and clarifying that mechanisms, other
than synaptopathy, can be a contributor to HHL. Potential treatments were also
discussed in this paper.

These findings are crucial to take into consideration when for future research
concerning HHL since if not done correctly, it will impact the diagnosis and po-
tential treatment. For example, as mentioned above, a reduction in ABR wave I
amplitude does not always indicate synaptic damage, it can be due to other pa-
thologies such as a dysfunction affecting Schwann cells. Another example ob-
served is that if subjects’ background is not properly considered, it can affect re-
sults tremendously. More detailed research on diagnostic tools of HHL should
be made to identify what cochlear components are affected, synapses, hair cells
or Schwann cells, and then treat them.

In cases of HHL, most people, especially medical legal cases, tend to be dis-

missed as they couldn’t find any obvious hearing impairments, but we as audi-
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ologists must think outside the box and administer extra testing to explore the
possibility of HHL. Two examples of tests that could be done are: speech in noise
at 5 dB SNR, normally a person would do 72% or better, less than that would in-
dicate the presence of an underlying problem. Another test that can be done
would be QuickSin to test for any asymmetry between the ears in terms of signal
to noise ratio (SNR) loss. It is therefore necessary that we implement additional
tastings to identify HHL.

It is also believed that untreated HHL can lead to earlier developed age-related
hearing loss and in some cases tinnitus. This shows a correlation between them
and therefore managing correctly HHL would help decrease the risk of develop-

ing other hearing pathologies especially in the elderly population.

6. Conclusions

In conclusion, the study above has failed to find a link between noise exposure
and HHL. Moreover, studies have found small to no correlation between noise
exposure and a diminished wave I amplitude in ABR measurements while using
suprathreshold click stimuli. No significant difference was observed between
subjects who were exposed to acute noise and the control group in the literature
mentioned above. However, several studies have found the opposite and that
noise exposure and the ABR amplitude of Wave I are correlated. This proves
how studies concerning HHL due to noise exposure are very misleading due to
the inaccuracy of lifetime noise exposure, age, gender, or other underlying pa-
thologies in humans, all things that can affect this type of study. Therefore, fu-
ture research should include more detailed evaluations of noise exposure history,
and other electrophysiological methods such as ECoG or neuroimaging to try
and identify HHL from noise exposure.

Several studies over the years have proven that a normal noise-free audiogram
is not always the best way to detect certain types of pathologies. HHL usually
presents itself with normal Puretone threshold but at difficulty in understanding
speech. The above research concluded that an efficient way to detect age related
HHL is by performing Puretone audiometry in a noisy environment by using
BBN rather than a quiet one.

In addition, it was deduced that HHL can be caused by neomycin, gentamicin
and paromomycin but not apramycin or gentamicin Cla at different concentra-
tions where no significant outer hair cells damage was recorded, however inner
hair cells were one of the most vulnerable elements when tested after the use of
ototoxic drugs. The research in turn also suggests regardless of a reduced genta-
micin dosage, HHL is still a possible side-effect. This may eventually develop to
hearing loss later in life as we have seen previously in age related and noise in-
duced hearing loss. However, this literature also showed that there is safer ami-
noglycoside, such as apramycin and gentamicin Cla that can be potentially used
for future clinical treatments.

HHL is a type of auditory disorder that affects the auditory neural processing
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and hearing sensitivity in subjects with normal hearing thresholds. They are of-
ten diagnosed by abnormal ABR Wave I amplitudes and latencies. This makes
HHL hard to detect using normal audiometry testing. Subjects suffering from
HHL have difficulty in speech understanding in a noisy environment. Studies
have focused on HHL caused by synaptic due to noise exposure, ototoxicity, and
aging. This had made most studies explore possible treatments to repair hair
cells synaptic loss.

However, the results of this experiment have opened a new possible pathology
that causes HHL which arises from cochlear Schwann cells rather than synaptic
loss. Some subjects who suffer demyelinating pathologies, for example, Char-
cot-Marie-Tooth disease (CMT) and Guillain-Barré (GBS), suffer from an audi-
tory impairment due to reduced ABR Wave I amplitudes and increased width
and latencies. The following studies suggested a new mechanism that can be af-
fected by HHL. In the coming years, the prevalence of HHL related to patholo-
gies such as CMT and GBS which causes Schwann cells ablation is likely to in-
crease. In conclusion, the following study revealed that this research may have
clinical implications in diagnosing and treating HHL.

It was concluded that the major causes of HHL which include noise exposure,
age and ototoxicity causes damage in cochlear synapses. However, this is not the
only mechanism involved, a damage in Schwann cells can also contribute to it.
Understanding these mechanisms is crucial for the possibility of future treat-
ments because currently available ones such as hearing aids and cochlear im-
plants focus on an abnormal auditory threshold, which is not the case in a sub-

ject suffering from HHL.
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