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what special considerations need to be understood to best support patients
and their families. Here, we have summarized their viewpoints to encourage
widespread adoption of improved OtoM services for at-risk individuals.
Conclusions: The field of audiology needs to move to a place where we better
understand the full extent of ototoxicity and can agree on expanding minimum
guidelines that can be implemented more universally to mitigate, detect, and
manage the damage from ototoxic exposures. Only recently has our field seen
a therapeutic drug that can protect against ototoxicity; however, the population
served is restricted only to children receiving treatment for nonmetastatic carci-
noma. This is hopefully just the beginning of future therapeutic interventions to
come, but, in the meantime, ototoxicity resulting from other medications in dif-
ferent patient populations and chemical agents persists.
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Major health care gaps exist worldwide in the audio-
logical management of individuals, following exposure to
medical, occupational, or environmental ototoxicants. Oto-
toxicants are specific pharmaceuticals, solvents, asphyx-
iants, nitriles, metals, or compounds that pose a significant
risk to the auditory and/or vestibular system(s) (Centers for
Disease Control and Prevention, 2018). Individuals exposed
to these agents can experience ototoxicity-related adverse
events, including permanent hearing loss, tinnitus, or bal-
ance disorders (Biswas et al., 2022; Blankenship et al,
2021; Dillard et al., 2022, 2021; Van Hecke et al., 2017).
Efforts to provide individuals at risk greater control over
their hearing and balance health are needed to preserve
their social participation and quality of life (QoL). Due to
the lack of vestibulotoxicity research related to the mecha-
nism and standards for detection, knowledge of the func-
tional impact that these agents have on balance remains
limited (Myers et al., 1993; Schaefer et al., 1985).

However, ototoxicity-related auditory deficits, fol-
lowing exposure to certain aminoglycoside antibiotics and
platinum-based chemotherapies, are better characterized
and are common adverse events from treatment in many
regions of the world (Dillard et al., 2021, 2022). Currently,
the World Health Organization (WHO) recommends that
people receiving ototoxic medications and those exposed to
environmental hazards, such as ototoxicants, have their
hearing appropriately managed (WHO, 2021).

Yet, the widespread adoption of ototoxicity manage-
ment (OtoM) programs, particularly in adults, is severely
lacking in the clinical community (Konrad-Martin et al.,
2018). Children are more closely monitored when there is
a known period of risk to their hearing from exposure to
a clinically necessary ototoxic medication (reviewed by
Meijer et al., 2021). Pediatric studies have shown that
hearing loss may detrimentally impact the development of
critical language and speech acquisition, education, and
social development (Olusanya & Newton, 2007; Yoshinago-
Itano, 2000). In older populations, it is important to recog-
nize that even mild hearing losses can have a substantial
impact on an individual and the greater community,
particularly among older adults who may also be
experiencing cognitive decline (Lin et al., 2013). Un-
addressed hearing loss can drastically impair listening and
communication with the people who matter most and is
therefore associated with social isolation, loneliness, and
mental health deficits (Jung & Bhattacharyya, 2012;
Kramer et al., 2002; Monzani et al., 2008; Shukla et al.,
2020). This casts light on the substantial need for hearing
health care in the aging population.

Implementation and standardization of an OtoM
program require expert consensus and support from the
professional community. The International Ototoxicity

Management Group (IOMQG) is a global consortium of
hearing health advocates from clinics, universities, task
forces, health foundations, professional societies, govern-
ment agencies, and patients. Currently, there are no stan-
dardized approaches to OtoM. Efforts are underway, in
part through IOMG, to generate recommendations for pro-
spective OtoM across the life span and in a variety of dif-
ferent clinical settings. The aim is to develop feasible, con-
textually relevant clinical objectives and guidelines, recom-
mendations for their implementation, and toolkits by focus-
ing on systems, pathways, and coordination of care.

Additionally, IOMG is working to develop educa-
tional tools that will be useful for patients, and their care
team, through their decision-making process. Harmonizing
expert opinions with the voices of those most at risk for
developing ototoxicity will be key to successful implemen-
tation of effective OtoM (Garinis et al., 2018; King &
Brewer, 2018; Konrad-Martin et al., 2023). On October
19, 2021, the American Speech-Language-Hearing Associ-
ation’s (ASHA) Special Interest Groups (SIGs) 6 (Hearing
and Balance Sciences: Research and Clinical Applica-
tions), 7 (Auditory Rehabilitation), 8 (Public Health Audi-
ology), and 9 (Pediatric Hearing and Hearing Disorders)
hosted a special virtual Open House Event entitled
“What’s New in Ototoxicity Management for Audiologists
and SLPs?” This event welcomed IOMG members to an
expert panel discussion of the risks, outcomes, and clinical
management of hearing loss due to ototoxic exposure(s)
across the life span. As hearing deficits are more com-
monly characterized in research and more often managed
clinically, the focus of discussion was on hearing loss
rather than vestibular and tinnitus-related issues. The
objective of this viewpoint is to convey the thoughts, opin-
ions, and experiences of IOMG clinicians and researchers
shared during this event as they related to ASHA SIG-
generated questions pertaining to the mitigation and
development of programs for the detection and manage-
ment of hearing loss due to ototoxic exposures.

It can be advantageous to view hearing loss resulting
from exposure to ototoxicants through a public health lens
rather than focusing on the individual. The goal of a pub-
lic health framework is to protect and improve the health
of a population. One way to bring audiology and public
health together is through a prevention framework: pri-
mary, secondary, and tertiary prevention (Reavis et al.,
2016). Primary prevention aims to prevent disease or
injury before it befalls an individual and includes activities
such as health promotion and education, with the goal of
changing attitudes and behaviors to prevent disease
(Abdalla & Omar, 2011; Alberti, 1996). For example, edu-
cating physicians and providers, including SLPs, about
ototoxicity, its risk factors, and the integral role of the
audiologist in OtoM 1is a critical component in the
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primary prevention of ototoxic drug-induced hearing loss
and balance problems. Partnering care team members
may be better poised to flag patients at risk for ototoxicity
and positioned to make timely referrals for OtoM.
Another pillar of primary prevention is antibiotic steward-
ship, with the goal of improving responsible aminoglyco-
side antibiotic practices, which can protect patients from
hearing loss caused by unnecessary antibiotic use (Chiotos
et al., 2019; Dillard et al., 2022). In the workplace, pri-
mary prevention includes strategies such as elimination of
the health hazard, substitution with a less toxic agent,
engineering and administrative controls, and personal pro-
tective equipment. However, primary prevention has its
limitations, and people will still be prescribed medications
or experience workplace exposures that can lead to
ototoxicity-related adverse events. Secondary prevention
includes disease and injury surveillance, or more precisely,
monitoring for symptoms. In the context of managing oto-
toxicity, the goal is to reduce the impact of these adverse
events that may occur following an ototoxic exposure
through early detection and timely access to treatment
(Watkin et al., 2007). For secondary prevention strategies
to be successful, they need to be goal directed, have a
clear understanding of what defines a clinically meaningful
change for the population under surveillance, and be
accessible to individuals at risk (Konrad-Martin et al.,
2018). Finally, tertiary prevention includes the diagnosis
and treatment for ototoxic-induced hearing loss to prevent
associated disability. Audiological rehabilitation is a ter-
tiary preventive measure.

Mitigating Ototoxicity From
Medical Exposures

Clinically used ototoxic medications, such as platinum-
based anticancer drugs (e.g., cisplatin) and aminoglycoside
antibiotics, are often unavoidable. These life-saving clini-
cal drugs, used most often to treat certain cancers, heart
disease, and serious infections, are a critical part of
standard-of-care therapies but are considered ototoxic due
to their negative effects on the auditory and vestibular sys-
tems (Kahlmeter & Dahlager, 1984). When platinum-
based drug therapies or other ototoxic therapies are indi-
cated, patients should be counseled on all elements of
their treatment, including the risk of ototoxicity. If no
other treatment option is available, patients should be
referred to an audiologist for ototoxicity monitoring before,
during, and after therapy as part of a formal OtoM pro-
gram (American Academy of Audiology [AAA], 2009;
ASHA, 1994; Strebel et al., 2022). If a change in hearing is
identified early, alterations in therapy may be considered to
prevent further hearing loss, or appropriate aural rehabilita-
tion can be implemented to reduce the impact of
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ototoxicity. Unfortunately, this referral for hearing health
care is often overlooked, or an appropriate OtoM program
is not available to readily serve the patient.

Mitigating Ototoxicity From Occupational
Exposures

The best approach to mitigate the risk of ototoxicity
in the workplace is to be proactive, taking the necessary
steps to provide primary prevention strategies (education
on risk and risk reduction) and secondary prevention
strategies (monitoring hearing, before, during, and after
exposure and providing timely reporting and referrals).
Information obtained over the course of the monitoring
period will help those individuals at risk and their health
team determine how best to proceed with exposures to
reduce further ototoxic damage and/or consider rehabilita-
tion options to manage their functional impact. For exam-
ple, knowing what ototoxicants exist in the workplace is
critical and can often be learned by reviewing resources
(American Conference of Governmental Industrial Hygien-
ists, 2023; Centers for Disease Control and Prevention,
2018) to avoid auditory damage. If ototoxicants are identi-
fied, steps should be taken to control exposure by imple-
menting substitutes when possible and through the use of
personal protective equipment (e.g., gloves, gowns, masks).

Interaction of ototoxicants with exposures to haz-
ardous levels of noise warrant added attention. Daily
exposures to both noise and chemicals (e.g., solvents,
metals, carbon monoxide) are common in modern indus-
trial work environments. Much of the research conducted
in the 1980s revealed that workers exposed to nonhazard-
ous noise levels and chemicals had higher rates of hearing
problems compared to workers exposed to chemicals alone
(Campo et al., 2009; Morata et al., 1994). Of the numer-
ous chemicals found in the workplace, only a few have
been investigated for potential ototoxicity (Occupational
Safety and Health Administration, 2018). Unfortunately,
in cases of combined noise and chemical exposures, it is
often true that there is greater hearing loss than there
would have been for each exposure on its own (Morata
et al.,, 2021). There are also scenarios of potentiation
where a chemical agent, which by itself may not affect
hearing, exacerbates a noise-induced hearing loss that is
more prevalent and more serious. These can be challeng-
ing issues to address.

Researchers and clinicians have started using the
media to communicate the risks to the public. Now,
informed patients may come to the clinic and provide the
information that they were exposed to a certain agent.
Much of our understanding of the harm chemicals present
is provided through the patient’s report, in addition to
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what is provided by occupational agencies. Hearing loss
associated with chemical exposures is a complex patholog-
ical entity and may be due to a combination of ototoxicity
and neurotoxicity. A mismatch between audiometric
results and self-reported listening difficulties is a common
finding among those who experience auditory symptoms
associated with chemical exposures (Campo et al., 2009;
Dreisbach et al., 2022; Johnson & Morata, 2010). This
scenario can be considered a sentinel alert for the need for
an evaluation of central auditory function.

Developing OtoM Programs

Widespread adoption of OtoM programs is hindered
by inadequate professional support from regulatory agen-
cies, lack of interdisciplinary coordination for referrals
and timely intervention, inadequate institutional support,
strains on personnel and clinical resources, a limited
understanding of the prevalence and magnitude of oto-
toxic damage, and discrepancies in recommended ototox-
icity monitoring guidelines (Ganesan et al., 2018; Konrad-
Martin et al., 2018). Thus, the establishment of a success-
ful OtoM program, first and foremost, requires “buy-in”
from advocates such as policy makers, clinicians, referring
physicians, patients, employers, and employees (Brandt
et al., 2014; Skinner et al., 2022). It is not a small under-
taking to provide the necessary resources and personnel to
conduct multiple clinical visits for patients requiring base-
line, monitoring, and follow-up care (Paken et al., 2020).
Beyond the hearing and balance evaluations, OtoM
includes a significant educational component to inform
not only audiologists but also patients/employees and
referring physicians/SLPs/employers of ototoxic risks,
intervention and counseling options, and long-term symp-
tom management. Institutes, clinics, and agencies must be
fully committed to the engagement in multidisciplinary
teams for an OtoM program to be effective.

Understanding the needs of the patients served, the
roles and responsibilities of the audiologist and others in
the multidisciplinary care team (including SLPs), and the
systems of care within which the audiologist will need to
be involved are crucial for optimizing the long-term audi-
tory health for individuals at risk for ototoxicity. Having
a “champion” for the cause may be necessary to develop
an OtoM program if no framework currently exists. This
individual will be tasked with making clinical connections
with patients and staff, identifying resources, and finding
opportunities to initiate an OtoM program that may not
exist within their own setting. Embedding audiology into
the different layers of care systems, and into the different
care teams, helps to identify key contacts (i.e., nurse coor-
dinator on the team, physician, physician lead). For

example, audiologists can attend infectious disease and
oncology grand rounds and participate on tumor boards
to understand how to better coordinate care when plans
include ototoxic exposures. The care team and the patient
populations primarily served can vary by institution.

Understanding the process and the role of the audi-
ologist in that process should be defined at the outset.
Audiology services should never be viewed as supplemen-
tal to a care team, rather as part of an integral team-
based approach for those individuals undergoing treat-
ments requiring ototoxic medications or being exposed to
ototoxicants in the workplace.

In cases where disease or illness is so complex that it
is not reasonable to ask patients to make multiple visits to
a clinic for monitoring, OtoM program goals should aim
to reduce barriers to audiologic care by taking audiology
services to the patients’ bedside, so that any necessary
intervention can be promptly provided (Dreisbach et al.,
2017; Garinis et al., 2021). Several automated solutions
have been explored in clinical and research applications
for general hearing wellness that could be utilized in
OtoM programs (Dawood et al., 2021; Frisby et al., 2022;
Koleilat et al., 2020; Mahomed-Asmail et al., 2016). Cur-
rently, portable technology exists that includes manual
and automated protocols for monitoring ototoxicity in
boothless settings (Brungart et al., 2018; Dille et al., 2015;
Fernandez et al., 2021; Jacobs et al., 2012; Koleilat et al.,
2020). The initial concept of tablet-based audiometry has
expanded to include multiple, other auditory-related tests,
which provides the opportunity to expand and improve
upon how we, as clinicians, can evaluate the hearing of
populations at risk, be it due to ototoxicant or noise expo-
sure. However, limitations of automated, boothless sys-
tems include cost considerations and the need for con-
trolled, quiet test environments (Bright & Pallawela,
2016). Although these tools can be improved, there will
still be a need for defining the framework and care path-
ways to fully leverage these tools. As with any hearing
loss, once identified, there will be a need to manage the
patient’s hearing health.

Additionally, outreach and education are critical ele-
ments to establish an OtoM program. This is the case not
only for the patient, worker, audiologist, and policy
makers but also for other clinicians, physicians, or clinical
support staff that might not be as familiar with ototoxicity
yet could be able to make timely referrals if equipped with
the relevant knowledge. Minimally, information on the
incidence, prevalence, and risk factors for ototoxicity, and
the special considerations across the life span, need to be
discussed with all advocates. In the past 10-15 years, clini-
cal research has more clearly shown the prevalence of
platinum-induced hearing loss in children (up to 60% of
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treated children will acquire a cisplatin-induced hearing
loss) and the long-reaching impact on social and academic
development (Dillard et al., 2022; Knight et al., 2005;
Olusanya & Newton, 2007; WHO, 2021). This has led to
increased recognition of the need for OtoM programs by
pediatric cancer care teams. Collaborating with the team
that provides treatment within your institution or commu-
nity is important for developing and maintaining services
for patients and their families (Konrad-Martin et al.,
2018). Additionally, long-term follow-up care is essential,
since there is evidence that hearing loss progression can
occur after treatment (Bertolini et al., 2004; Knight et al.,
2005; Waissbluth et al., 2018).

For many patients, opportunities may arise to be
involved in a clinical trial, for instance, to test the poten-
tial ototoxicity of a new investigational drug. Too often,
these types of clinical trials are designed with no input from
an audiologist or anyone that has auditory or vestibular
expertise. This presents an opportunity to again be a
“champion” for audiology and share expertise as pharma-
ceuticals are being developed and evaluated. If approached
with this opportunity, the audiologist can indicate that they
would be able to collect hearing and balance outcome data
for the clinical trial and also provide a full monitoring pro-
gram and encourage compliance with published guidelines
on ototoxicity grading scales (King & Brewer, 2018). This
would not only educate the other health care providers on
the study team but also serve to educate industry sponsors
for future trials and drug development considerations, such
as what measurements they should be including in a trial
where ototoxicity is possible, and the appropriate timelines
for monitoring/management. Furthermore, this could also
be a synergistic way to provide opportunities for improve-
ments in standard of care. Once the research relationship
forms, the standard of care referrals and interprofessional
consultations can lead to additional growth of an OtoM
program. Physicians, nurses, and other key health care pro-
viders on the study team will see the value of audiology
and may consider future referrals unrelated to a clinical
research trial. Ototoxicity adverse events are typically per-
manent insults that will require ongoing management to
support patient communication and/or balance needs.

Detecting Ototoxicity

Detecting ototoxicity involves understanding the
functional outcomes of associated hearing loss and identi-
fying key outcomes from clinical test batteries that should
be considered a crucial part of a monitoring plan (Ganesan
et al., 2018; Lord, 2019). This can look different across the
life span, especially when it comes to patients who are very
young or advanced in age, and in various settings. OtoM
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programs should emphasize the need for evidence-based
recommendations by which patients and care teams make
decisions on monitoring schedules and assessment protocols
based on medication/exposure, risk, treatment alternatives,
resources, and patient/family priorities. Minimally, patients
need a pretreatment auditory assessment to later identify
significant changes in hearing or new perceivable concerns
related to treatment. This baseline evaluation may be
enhanced with the use of validated hearing-related QoL
questionnaires (e.g., Meijer et al., 2021). In addition to self-
reports, auditory function should be assessed both behav-
iorally and physiologically at baseline and at subsequent
visits, as outlined by ASHA (1994). This means completing
audiometry at extended-high frequencies (EHFs > 8000 Hz)
as well as conventional frequencies to determine where
behavioral responses are present. Speech perception mea-
surements are recommended, not only in quiet to capture
optimal performance but also in noise to obtain more eco-
logically valid hearing capabilities in everyday life.

An important physiologic measure for ototoxicity
monitoring is distortion product otoacoustic emissions
(DPOAEsS), because they are a more direct measure of
outer hair cell function and have been shown to be more
sensitive to initial ototoxic damage compared to behav-
ioral hearing thresholds (Dreisbach et al., 2017; Konrad-
Martin et al., 2016; Ress et al., 1999). Commercially avail-
able clinical equipment allows for DPOAE measurements
to be recorded reliably out to 6000 or 8000 Hz. This upper
frequency limit is driven by the frequency response of the
transducers used to produce the stimuli. Although it is pos-
sible to generate responses at frequencies greater than
8000 Hz (Dreisbach et al., 2006, 2017, 2018; Dreisbach &
Siegel, 2001; Poling et al., 2012, 2014, 2019), current clini-
cal equipment does not provide sufficient stimulus levels at
higher frequencies allowing for reliable measures. However,
recording DPOAE:s is still highly recommended for conven-
tional frequencies and looking to the literature to determine
what stimulus parameters could be used and how to inter-
pret results is suggested (Konrad-Martin et al., 2016; Poling
et al., 2014, 2019; Reavis et al., 2015).

It is important to consider the potential burden on
both the patient and clinical resources when developing an
ototoxicity monitoring plan, as well as the patient/family
needs. Portable technology may ease some of the physical
strain for patients with limited mobility, but streamlined
test batteries can also minimize the duration of monitoring
visits for patients that are often exhausted from treatment.
For example, knowing that ototoxicity affects basal
cochlear function initially (Sha et al., 2001), once full
baseline measures have been established, a targeted moni-
toring protocol like the sensitive range of ototoxicity can
be helpful for both behavioral (e.g., ASHA, 1994; Fausti
et al,, 1994, 1999) and physiological (Dreisbach et al.,
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2017) testing to reduce test time while still monitoring for
ototoxicity during subsequent visits. Once a significant
change has been observed, then a full audiogram and
DPOAE evaluation will be necessary to assess the extent of
change in hearing and outer hair cell function.

If and when a clinically meaningful change in hear-
ing has been detected following an ototoxic exposure, the
expected functional impact on the patient will need to be
communicated to the individual as well as to the care
team or employers. However, in situations where a drug-
induced hearing loss is detected, a single definition of
impact does not exist (King & Brewer, 2018; Paken et al.,
2020). Various ototoxicity classification systems have been
developed for specific populations, medications, and pur-
poses (King & Brewer, 2018; Waissbluth et al., 2017). As
an example, when monitoring hearing thresholds, the
ASHA (1994) published guidelines state that a 20-dB
change at any single frequency, a 10-dB change at two or
more consecutive frequencies, or a loss of response at
three or more consecutive frequencies constitute a “clini-
cally significant” threshold shift. Although clinically sig-
nificant changes in otoacoustic emission levels for moni-
toring have been explored (Konrad-Martin et al., 2016;
Reavis et al., 2015), no widely accepted clinical guidelines
exist. A meta-analysis consisting of 10 observational stud-
ies by Reavis et al. (2015) reported DPOAE level shift ref-
erence limits for adults ranging from 1.7 to 2.4 dB for
1000, 2000, 4000, and 6000 Hz over a time frame of less
than 20 days. The authors encouraged clinicians to make
as many DPOAE measurements as needed to assist with
interpreting results. They emphasize, however, that clini-
cians should identify one “watch frequency,” or a band of
frequencies to monitor for a clinically significant DPOAE
level change. They also note that the DPOAE Ilevel shift
reference limits do increase over longer monitoring periods
and at higher frequencies. For pediatric patients with can-
cer, ototoxicity monitoring may coincide with develop-
mental changes in the auditory system, particularly during
the first year of life. Interpreting DPOAE findings in this
context requires that DPOAE test-retest differences be
considered in relation to age-specific normal variability. A
recent study evaluated serial DPOAE measures conducted
in 38 healthy children with normal hearing who ranged in
age from | month to 10 years at the initial (baseline) visit
(Konrad-Martin et al., 2020). The study found a consis-
tent pattern of age-related changes in DPOAE level across
the children in the study. DPOAE level decreased over
most of the conventional frequency range, by 3-4 dB,
from 1 to 13 months of age followed by a more gradual
decline of < 1 dB/year. Because an f> of 6000 Hz showed
minimal maturation and measurement error, the authors
suggested that it may be an optimal watch frequency to
select for ototoxicity monitoring in pediatric patients. The

authors emphasize the need to validate any normative
data with locally developed normative data to ensure that
similar test performance is achieved.

Taken together, audiologists should use everything
that they have in their “toolbox™ to assess ototoxicity-
related changes. Currently, there is no status quo for oto-
toxicity monitoring. ASHA (1994) and AAA (2009) guide-
lines encourage clinicians to not only assess patients using
the behavioral audiogram at both conventional and EHFs
but also indicate that audiologic tests beyond the audio-
gram be used whenever possible. This includes immittance
measures, speech audiometry, and otoacoustic emissions.
For example, studies have shown that using DPOAEs to
monitor ototoxic effects is beneficial as changes are often
seen in DPOAE levels prior to changes noted on the
audiogram (Dreisbach et al., 2017; Konrad-Martin et al.,
2016; Ress et al., 1999). By increasing awareness of the
need for ototoxicity monitoring, the field will start to have
a better understanding of what the most sensitive tools are
for early detection of hearing loss.

Managing Ototoxicity

For the patient to be involved in OtoM programs,
key information must first be provided for them to learn
how to identify initial signs of ototoxicity in order to tell
their clinical team immediately, so the team can make an
informed decision about their treatment regimens or work-
place exposures. All patients and families should receive
an age-appropriate informational brochure about ototox-
icity, as well as online resources, and be advised of local
clinics to assist with managing hearing loss. It is important
to stress that self-advocacy for the patient is important
and this can be achieved by asking their clinical team
about adverse events associated with new or current
treatments/exposures. In addition, counseling related to
strategies for the prevention of further hearing loss is criti-
cal (understanding risk scenarios and managing exposures
to noise or music, hearing protection in noise, and asking
care providers about adverse events related to treatments
and potential alternatives). Audiologists should consider
having sample hearing protectors to offer along with
informational brochures (Byrne et al., 2012). Importantly,
the audiologist and broader care team should gather infor-
mation about impacts on QoL to provide further guidance
on management. Once hearing difficulties have been
detected, management can take various forms depending
on the needs and age of the individual. The approach can
be adjusted to balance the need for intervention (e.g.,
amplification vs. communication strategies) versus ongoing
ototoxicity monitoring. Although we may have practice
guidelines (e.g., AAA, 2009; ASHA, 1994), it is important
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to keep in mind that what is published are merely frame-
works that can, and often will, require some adjustments
for individual patients, their care teams, and the clinic.
For example, a recent article was published that is specific
to OtoM program recommendations in persons with cystic
fibrosis (Garinis et al., 2021). This article provides realistic
considerations for clinics to develop and implement a
hearing health care model for their patients without a
strong burden on the clinic itself, the patient, and audiol-
ogy. Recommendations may differ across the life span,
since adults may be able to complete a more comprehen-
sive diagnostic protocol compared to pediatrics. For
example, the Children’s Oncology Group (2018) has long-
term follow-up recommendations that specify a schedule
for monitoring children exposed to cranial radiation only
and those treated with both cranial radiation and plati-
num agents. Once hearing loss is identified, typical recom-
mendations for follow-up and intervention are similar to
what would be recommended for any patient who has
hearing loss and are based on the patient’s age and the
stability of the hearing loss.

Future Directions/Call to Action

There are hundreds of known ototoxins that pose a
threat to hearing health (e.g., Lee et al., 2005; Rizk et al.,
2020). As new medications seek approval, the Food and
Drug Administration (FDA; https://www.fda.gov) will
consult with scientific experts, patients and patient advo-
cates, industry, academics, and community members
throughout the drug development and review process to
ensure that they have the appropriate perspectives when
making regulatory decisions that may impact an individ-
ual’s health. Following FDA approval and labeling, post-
marketing surveillance is achieved through “MedWatch,”
which is the FDA’s medical product safety reporting pro-
gram for health professionals, patients, and consumers.
MedWatch offers adverse events reporting tools that allow
medical professionals and the public to report medication
errors and medical product injuries. Regarding the label-
ing of ototoxicity of environmental and occupational
exposures, it varies by country and each will have differ-
ent authoritative agencies that evaluate, document, and
disseminate toxicity information through their channels.
Often the information is focused on a specific scenario of
exposure (intentional, environmental, or occupational). In
the United States, the most complete information on tox-
icity of common chemicals can be found in the Toxicolog-
ical Profile series of the Agency for Toxic Substances and
Disease Registry (n.d.). Refined monitoring protocols and
increased overall OtoM will supply these interested parties
with the necessary information to make future decisions
and help diagnose, treat, and manage individuals currently
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undergoing treatment with or exposed to already identi-
fied ototoxicants.

However, hearing loss is not the only adverse event
of ototoxic exposures that clinicians need to manage. Tin-
nitus (Dille et al., 2010; Frisina et al., 2016), balance/
vestibular impairments (Kros & Steyger, 2019; Van Hecke
et al., 2017), and neurotoxicity (Park et al., 2013; Sastry
& Kellie, 2005; Staff et al., 2017) are all potential threats,
and minimal research exists for these ototoxicity-related
impacts. Additionally, the field is currently lacking large-
scale outcome data from randomized clinical trials utiliz-
ing validated surveys and both physiologic and behavioral
assessments that would identify the full range of ototoxic
adverse events. Given the range of ototoxicity-related
symptoms, audiologists should gather information on
exposure histories and the functional outcomes these can
have on their patients. The use of questionnaires can fulfill
this need (Griest-Hines et al., 2021; Henry et al., 2021). In
addition, sensitive tools and determination of “clinically
significant” changes in function for the detection of oto-
toxicity continue to be explored. For example, when base-
line results are available, EHF DPOAE responses are sen-
sitive to insults from platinum derivatives, and often
changes in the DPOAE responses precede those at the
same frequencies measured behaviorally with audiometry
(Dreisbach et al., 2017; Poling et al., 2019). However, cau-
tion should be exercised, as mentioned previously, when
testing frequencies greater than 8000 Hz for both audiom-
etry and DPOAE:s as specialized transducers are required.
EHF transducers for audiometry are readily available but
this is not the case for DPOAE testing currently. Achieving
reliable and repeatable DPOAE responses at EHF's is possi-
ble with equipment that is currently not commercially avail-
able for clinical use. Further research into the reliability of
EHF DPOAE responses within patients and over time is
needed to appropriately determine the feasibility of using
this objective, quick measure of outer hair cell function as
an ototoxicity screening tool. Once the value added of
DPOAEs can be confirmed, advancements and availability
in clinical and tablet equipment will likely follow.

Screening, assessment, and management of ototoxic-
ity should be grounded in science, and these findings used
to inform care. Research investigating OtoM strategies
and the impacts on functional outcomes are lacking. To
optimize the clinical impact of OtoM, the field will there-
fore need substantial investment in pragmatic (effectiveness)
trials to determine how to best provide OtoM programs in
various settings. Such information is important for planning
and implementing interventions to minimize the damage
and otherwise reduce the impact of ototoxicity. The estab-
lishment of a central data repository to which health care
providers can contribute to would be invaluable for
enabling the systematic collection of data relating ototoxic
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exposures to development and exacerbation of functional
and QoL metrics. These data are needed to better estimate
the magnitude of the problem, identify modifiable risk fac-
tors, and evaluate the utility of preventive and rehabilitative
management strategies going forward. Given the range of
ototoxicity-related adverse events and symptom burden,
one size will not fit all when it comes to OtoM programs.

Conclusions

This panel was convened to draw attention to issues
related to the mitigation, detection, and management of
ototoxicity resulting from medical, occupational, and/or
environmental exposures. Vestibulotoxicity and tinnitus
remain poorly understood; however, ototoxicity-related
hearing loss is a significant, permanent condition impacting
an individual’s overall QoL. Existing research and the first-
hand experiences expressed during the panel highlight the
need for ongoing OtoM across the life span. Although our
field now has a therapeutic drug that can protect against
ototoxicity in some children treated for nonmetastatic carci-
noma, ototoxicity resulting from other agents in other
patient populations still exists. Currently, clinical studies
aimed at mitigating the effects of ototoxic medications are
ongoing (Lee et al., 2023); however, the need remains to
advance to a place where we can better understand the full
extent of ototoxicity and can agree on minimum guidelines
that can be implemented to benefit our patients. Moreover,
the role of individualized management is crucial to consider
as well as the larger scoping component of toxicity. Many
audiologists see patients in the clinic that present with simi-
lar looking audiograms, yet the effects of the hearing loss
may have very devastating effects for one person and not so
for another. Thus, although the goal is the widespread
adoption of OtoM programs, at the individual level, the
programs themselves must be adaptable to accommodate
the special considerations of both patients and clinics.
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