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Abstract

Objectives: To promote establishment of more uniformly effective ototoxicity monitoring
programs (OMPs), this report reviews the U.S. national audiology guidelines in relation to “real
world” OMP application. A secondary aim is to review the mechanisms, risk and clinical
presentation of hearing loss associated with major classes of ototoxic medications.

Design: This is a non-systematic review using PubMed, national and international agency
websites, personal communications between ototoxicity experts, and results of unpublished
research. Examples are provided of OMPs in various healthcare settings within the U.S. civilian
sector, Department of Defense (DoD), and Department of Veterans Affairs (VA).

Study Sample: The five OMPs compared in this report represent a convenience sample of the
programs with which the authors are affiliated. Their opinions were elicited via two semi-
structured teleconferences on barriers and facilitators of OMP, followed by a self-administered
questionnaire on OMP characteristics and practices, with responses synthesized and tabulated
herein. Preliminary results are provided from an ongoing VA clinical trial at one of these OMP
sites. Participants were 40 VA patients who received cisplatin chemotherapy in 2014-2017. The
study arms contrast access to care for OMP delivered on the treatment unit versus usual care as
provided in the audiology clinic.

Results: Protocols of the OMPs examined vary, reflecting the diverse settings in which they
exist. Service delivery concerns included baseline tests missed or completed after the initial
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treatment, and monitoring tests done infrequently or only after cessation of treatment. Perceived
barriers involved logistics related to accessing and testing patients, such as a lack of processes to
help patients enter programs, patients’ time and scheduling constraints, and inconvenient
audiology clinic locations. Most sites routinely used abbreviated or screening methods to facilitate
monitoring.

Conclusions: The most effective OMPs integrated audiological management into the care
pathways of the clinical specialties that prescribe ototoxic medications. More OMP guidance is
needed to inform evaluation schedules, outcome reporting, and determination of an actionable
ototoxic change. Guidance is also lacking on the potential use of hearing conservation approaches
suitable for the mass testing needed to support large-scale OMP efforts. Guideline adherence
might improve with formal endorsement from the organizations governing medical specialty
stakeholders in OMP such as medical oncologists, pulmonologists, infectious disease specialists,
and ototolaryngologists.
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INTRODUCTION

Platinum-based cancer chemotherapeutics and certain aminoglycoside antibacterial therapies
can cause inner ear damage called ofotoxicity, a leading cause of acquired hearing loss
worldwide (Paken et al., 2016). Ototoxic agents tend to differentially affect the cochlear
(i.e., hearing) and/or vestibular (i.e., balance) systems and, depending on the drug, can
impair renal, hepatic, neural, and blood marrow activity. According to the American Speech-
Language-Hearing Association (ASHA) guidelines, prospective hearing assessments can
motivate treatment changes to reduce the progression of ototoxic damage, and rehabilitation
to mitigate some of its functional impacts (ASHA, 1994). Yet, monitoring during drug
treatment is an inconsistent practice for adult oncology and infectious disease patients at risk
for ototoxicity. Further, there is substantial variation in monitoring methods and outcome
reporting among clinics that provide ototoxicity monitoring (Vasquez & Mattucci, 2003;
Konrad-Martin et al., 2010; Prescott Jr, 2014; Theunissen et al., 2014; Egelund et al., 2015;
Garinis et al., this issue). This is striking when one considers that the U.S. national
audiology guidelines promoting ototoxicity monitoring programs (OMPs) have been in place
for over two decades with more recent guidelines confirming and expanding details of the
approach for adult and pediatric populations (ASHA, 1994; Children’s Oncology Group
[COG], 2008; American Academy of Audiology [AAA], 2009). The present report reviews
the mechanisms, risks, and clinical presentation of hearing loss associated with major
ototoxic drug classes. The U.S. national audiology guidelines for monitoring adult patients
receiving ototoxic drug treatments are then reviewed and examined within the context of
“real world” OMP application among five healthcare settings spanning the U.S. civilian
sector, Department of Defense (DoD), and Department of Veterans Affairs (VA).
Perspectives provided on OMP service gaps, barriers, and solutions are the views of the
authors who are audiologists or audiology clinician-researchers. The overall goal is to
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increase understanding of the factors that influence effective OMP provision in order to
foster development of new programs, achieve improved parity across programs, and
motivate future refinement of the U.S. national guidelines pertaining to ototoxicity
monitoring in adult patients.

The Case for Prospective Ototoxicity Monitoring

Early detection and proactive management of hearing loss are the primary rationale for
OMPs, recognizing that hearing change is frequently overlooked by the impacted individual
and, as a result, under-treated by health professionals, particularly for patients coping with a
life-threatening disease (Durrant et al., 2005). In fact, the vast majority of hearing impaired
people do not seek help for their hearing loss (e.g., National Academies of Sciences,
Engineering, and Medicine, 2016). Unfortunately, untreated hearing loss degrades
interpersonal relationships and social-emotional well-being (Mulrow et al., 1990; Kochkin &
Rogin, 2000; Wiley et al., 2000), impedes the understanding of health and treatment-related
information (Dalton et al., 2003; Amalraj et al., 2009) and is associated with increased
hospital readmissions (Genther et al., 2015). Attending to hearing loss is therefore especially
important in times of critical illness.

Prospective ototoxicity monitoring and related education and counseling can help patients
appreciate the impacts on daily living of pre-existing hearing loss and worsened hearing.
Such an awareness increases the likelihood that a patient will seek aural rehabilitation and
use prescribed intervention (Knudsen et al., 2010; Saunders et al., 2013; Laplante-Lévesque
et al., 2015). Rehabilitative interventions generally involve the prescription of hearing aids;
however, progressive treatment-related hearing changes can pose a challenge and some
patients may elect to pursue hearing aids only after treatment is behind them. This highlights
the need for appropriate referrals to avoid a loss to follow-up. It also increases the
importance of the many other forms of aural rehabilitation. These can include instruction on
coping and communication strategies, training to optimize use of auditory and visual speech
cues, and use of assistive listening devices (FM systems, television and phone
amplification). Rehabilitation of hearing loss, particularly when comorbid with another
illness, requires a high level of patient-centered care made possible by combining a full
range of solutions (Blazer, 2016).

Beyond ototoxicity monitoring for the purpose of rehabilitation are considerations for
informing drug treatment decisions. When ototoxicity is identified prospectively, the drug
regimen can be altered to prevent further damage from occurring if it is medically
reasonable to do so. Ototoxicity is more likely to be dose-limiting when tumor response to
the drug has been good, ototoxicity presents as one of several toxic events impacting a
patient’s overall health, the patient reports hearing changes are impacting daily living, and/or
the loss becomes severe (Bielefeld & Henderson, 2011; Garinis et al., this issue).
Established OMPs essentially facilitate the transition from a reactive to a proactive hearing
health promotion culture, creating an opportunity for signs of ototoxicity to be identified
before they become debilitating as well as for timely rehabilitation of unavoidable and/or
pre-existing hearing loss.
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Clinical Presentation of Ototoxicity

Major Classes of Common Ototoxic Drugs.

Many pharmacological agents have the potential to cause ototoxicity, including platinum
coordination complexes, aminoglycoside antibiotics, loop diuretics and nonsteroidal anti-
inflammatory drugs (NSAIDs). A lack of direct auditory and vestibular system monitoring,
interactions and potentially synergistic effects with concurrent radiotherapy, and other
ototoxic exposures cloud exact assessment of the risk of ototoxicity. Understanding the
effects of ototoxic treatments on auditory and vestibular function may be also hampered by
limitations in clinical measurements for subtle, pre-clinical inner ear changes (Van der Walt,
2002).

Cisplatin is generally considered the most ototoxic compound in common clinical use, and
the second generation platin drug, carboplatin, can also produce potent cochleotoxic effects
at high cumulative doses (Obermair et al., 1998; Hartmann & Lipp, 2003; Bielefeld &
Henderson, 2011). Ototoxic hearing loss as a side effect of oxaliplatin, a third derivative,
appears to be less common with only a few individual case studies reported in the literature
(Malhotra et al., 2010; Vietor & George, 2012; Oh et al., 2013; Hijri et al., 2014; Dreisbach
etal., 2017). Additionally, vestibular system damage from platinum-based drugs may cause
severe balance problems characterized by disequilibrium, dizziness, and/or oscilopsia
(difficulty fixing an image in the plane of view while moving) (Cass, 1991; COG, 2008;
AAA, 2009; Handelsman, this issue).

Other highly cochleotoxic therapies involve certain aminoglycoside antibiotics, such as
amikacin, tobramycin, or streptomycin, which are frequently distributed in the U.S. for
severe bacterial infections due to their effectiveness and broad-spectrum specificity toward
various organisms. Aminoglycosides may also selectively target inner ear structures critical
for vestibular function, resulting in balance disturbances in the absence of hearing loss. In
some clinical cases, the aminoglycoside gentamicin is injected intratympanically in the ears
of patients with Meniere’s disease to ablate vestibular hair cells for therapeutic effect
(Minor, 1999). The incidence of vestibulotoxicity across different clinical populations is
highly variable, due to similar drug and patient factors listed above for ototoxic hearing loss
(Schwade, 2000).

Largely reversible effects of ototoxicity have been associated with loop diuretics (such as
furosemide), azines, NSAIDS, and the glycopeptide antibiotic, vancomycin (Black et al.,
2001; also see review by Lonsbury-Martin et al., 2007). More research is needed to
understand the concomitant effects of these drugs with only minimal ototoxic potential when
given alone, which can act synergistically when given with another ototoxin (AAA, 2009).
In the mean time, heightened clinical awareness of this potential is critical as many patients
receive drugs for multiple comorbid conditions. For more information on classes of ototoxic
drugs and their mechanisms of action see Watts et al. (2017, this issue).

Pathophysiology and Mechanisms of Action.

Aminoglycosides are thought to cross the blood-labyrinth barrier into cochlear tissues and
fluids (Tran Ba Huy et al., 1986; Li & Steyger, 2011), and enter hair cells through the
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mechano-electrical transduction (MET) channels (Marcotti et al., 2005; Alharazneh et al.,
2011). The MET channel is mechanically-gated by tip links between adjacent stereocilia
(Kazmierczak et al., 2007), and is stretch-activated by stereociliary motion due to fluid
pressure waves introduced into the cochlea by the motion of the stapes. Other mechanisms
by which aminoglycosides may enter the hair cells include endocytosis (Hashino & Shero,
1995), and infiltration through other aminoglycoside-permeant cation channels expressed by
hair cells (Karasawa et al., 2008; Stepanyan et al., 2011). Serum concentrations of the drug
are monitored to ensure patients are not being overdosed; however, these are only weakly
related to known toxicities. Generally, nephrotoxicity raises the greatest clinical concern and
thus kidney function is systematically monitored. There are two main hypothesized
mechanisms of ototoxic damage. One is that aminoglycosides can damage the synapse
between the cochlear hair cell and neural afferents that may lead to degeneration of spiral
ganglion neurons. The other possibility is the creation of reactive oxygen species that can
damage inner ear hair cells. There is some support for this latter hypothesis in animal
models that have shown attentuaton of this effect using antioxidants.

In comparison to aminoglycosides, the mechanism of cisplatin-induced ototoxicity has been
more challenging to understand, partly due to the unique structure of the molecule.
Preclinical studies have shown that cisplatin, on average has a distinctive molecular mass
and potentially larger diameter than aminoglycosides, which suggests trafficking through
MET channels is not the primary method of entering cochlear hair cells. Multiple trafficking
routes, such as non-MET channels, might be responsible for cisplatin ototoxicity (Hilder &
Hill, 2007; Thomas et al., 2013; Karasawa & Steyger, 2015). Cisplatin’s unique molecular
structure also accounts for a slow clearance rate of the drug in the cochlea (van Ruijven et
al., 2005).

A main mechanism of platinum drug damage is overproduction of free radicals, which can
outpace intracellular anti-oxidant enzymes, leading to oxidative reactions in the cochlea and
increased programmed cell death (Mukherjea & Rybak, 2011). Within the cochlea, cisplatin
injures hair cells, supporting cells, spiral ganglion cells and marginal cells of the stria
vascularis (Laurell et al., 2000; Lee et al., 2003; Reidemann et al., 2008; Hellberg et al.,
2009; Arora et al., 2009). The pattern of hair cell destruction begins with the outer hair cells,
progressing in a lateral to medial direction starting at the cochlear base (high frequency
coded), moving toward the apex (low frequency coded) with continued treatment
(Schweitzer, 1993). The sensorineural hearing loss that arises generally begins in the high
frequencies, increases in severity and spreads to lower frequencies with increasing
cumulative dose (Fee, 1980; Wright & Schaefer, 1982; Blakely & Meyers, 1993; Schucknect
& Gacek, 1993; Fausti et al., 1999; Knight et al., 2007; Hellberg et al., 2009). Compared
with cisplatin, carboplatin is thought to produce a greater mix of outer and inner hair cell
loss and oxaliplatin is thought to be more toxic to the auditory nerve than the cochlear hair
cells with reduced pharmacokinetic uptake in the cochlea (Ding et al., 2012; Lobarinas et al.,
2013).

Treatment with cranial irradiation in addition to cisplatin appears to add to the progressive
degeneration of the cochlea (Jereczek et al., 2003; Kolinsky et al., 2010; Bass & Bhagat,
2014). Exposure to noise increases the ototoxic effects of both cisplatin and
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aminoglycosides (Gratton et al., 1990; ASHA, 1994; AAA, 2009; Li et al., 2015). There also
appear to be powerful potentiating effects of systemic inflammatory processes, which are
still under investigation (Cross et al., 2015; Koo et al., 2015). Finally, it is important to know
that the ototoxic effects of both cisplatin and aminoglycosides can progress even after
treatment has ended (Tono et al., 2001; Bertolini et al., 2004; Kolinsky et al., 2010; Huth et
al., 2011). Several foundational reviews on the topics covered in this section can be found in
Chapters 10-13 in the 2007 book entitled, “Pharmacology and Ototoxicity for Audiologists”,
edited by Kathleen Campbell, and in AAA (2009).

Ototoxicity Incidence Among Cancer Patients.

Worldwide, an estimated 19.3 million new cancer cases will be identified each year by 2025,
an increase from 14.1 million in 2012 according to GLOBOCAN (Ferley, 2012). Many of
the most commonly occurring cancers are related to physical inactivity, poor nutrition,
alcohol and tobacco use, infectious disease and/or sun exposure, and as populations age,
increased cancer prevalence. Regardless of economic development, 42% of all cancers
among men are lung, prostate and colorectal cancer while, among women, 43% of cancers
are breast, colorectal or lung cancers, and of these, lung, breast and colorectal account for
the most commonly occurring cancers overall (Torre et al., 2015). According to the
American Cancer Society, an estimated 1.6 million people in the U.S. will be newly
diagnosed this year and most will live following their diagnosis and treatment (ACS Cancer
Facts and Figures, 2016). The 5-year relative survival rate for all cancers (2005-2011) in the
U.S. is now 69%, up from 49% in the 1970s (ACS Cancer Facts and Figures, 2016).
Platinum-based drugs are the antineoplastic chemotherapeutic agents of choice for the
treatment of many adult cancers (e.g., head and neck, lung, germ cell, colorectal, and
bladder). For example, cisplatin’s effectiveness as an antitumor agent is well established
from tumor response rates as high as 90% for head and neck tumors (Weaver et al., 1982) to
long-term survival rates at 70-80% for testicular cancer (Priest & Vogelzang, 1991).

Hearing loss from cisplatin and carboplatin is typically permanent and bilateral, but not
necessarily symmetric or immediate, and can occur with or without tinnitus. It is difficult to
predict how ototoxicity will manifest for any particular patient due to the wide range of
patient characteristics and treatment regimens that are necessarily involved, and by the large
variety of ototoxicity metrics used in the literature. For example, Bokomeyer et al. (1998)
found persistent ototoxic symptom prevalence of tinnitus (59%), hearing loss (18%), or both
(23%) among fairly young patients (mean age 31 years.; range 21-53 years) with cisplatin
used to treat testicular cancer. Frisina et al. (2016) reported on a retrospective medical record
review of ototoxicity in a cohort of 488 young men (median age 31 years.; range 15-49
years) with germ cell cancer. The majority (66%) were diagnosed in the early stages of
disease (1 and 11) and all were given cisplatin (median cumulative dose: 400 mg/m?2). None
received concurrent treatments of radiation or the chemotherapy agent vincristine. Pre-
treatment audiograms were not available. Post-treatment audiograms obtained on this cohort
1-30 years (median 4.5 years) following treatment were compared to published normative
patterns in quartiles of hearing thresholds among males by age at 4, 6, and 8 kHz (Engdahl
et al., 2005), the conventionally-tested frequencies most likely to show ototoxicity. Only
20% of this cohort were found to have retained normal hearing post-treatment (<20 dB HL).
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As expected, post-exposure hearing loss was strongly correlated with increasing age (R=
0.79). Subjectively, up to 30% reported decreased hearing and 40% reported tinnitus. After
adjusting for age, a cumulative dose of >300 mg/m? was found to be associated with higher
quartile hearing loss in the 4-8 kHz range compared to those with doses <300 mg/m2.
Additionally, for every 100 mg/m?2 of cumulative dose, a 3.2 dB increase in hearing loss
(4-12 kHz) was observed after age adjustment.

Among patients with head and neck cancers, Theiunissen et al. (2014) systematically
reviewed 2507 publications using the keywords of “radiotherapy”, “ototoxicity”, and “head
and neck squamous cell cancer”. Hearing was measured prospectively in most studies using
a variety of approaches. Results showed hearing loss occurs with radiation alone, but the
incidence of hearing loss was higher among those with chemoradiation in whom the risk was
associated with cochlear radiation dose, cumulative cisplatin dose, follow-up time, age, and
baseline hearing results. They found that those patients with poorer hearing at baseline
ended up with worse hearing after treatment but that the amount of hearing change was
greatest for those with better hearing. Similarly, older age was associated with increased
incidence of hearing loss; however, younger patients had larger hearing changes (Zuur et al.,
2007; 2009). The ototoxicity criteria used was also an influencing factor. By definition the
ASHA-significant hearing loss criteria (ASHA, 1994) are more sensitive than ototoxic
adverse events identified using the Common Terminology Criteria for Adverse Events
(CTCAE) grading scale designed for cancer clinical trials, particularly when ultra-high
frequencies are included. Ototoxicity incidence varied from 0 to 43% with radiation
treatment alone and from 17 to 88% for chemoradiation among the 21 included studies. The
highest incidence was found for a study by Zuur et al. (2007) of chemoradiation effects
using bolus dosing (3 courses at 100 mg/m2) and ultra-high frequency audiometry (>8 kHz)
graded by CTCAE v3.0 (CTCAE, 2006).

Ototoxicity Incidence Among Patients with Severe Infections.

While many infectious diseases are controlled or eradicated in some parts of the world, in
areas where they persist, they cause serious injury and death to millions. Approximately half
of all deaths caused by infectious disease can be attributed to just three diseases:
tuberculosis, malaria, and AIDS (www.infoplease.com/ipa/A0903696.html). In the U.S.,
broad spectrum aminoglycoside antibiotics are sometimes used to treat tuberculosis,
endocarditis and sepsis. Additionally, drugs with potential for ototoxicity are used routinely
in patients with cystic fibrosis (CF). Among this group, ototoxic drugs are administered by
injection, intravenously, and sometimes as less-ototoxic inhaled regimens for mycobacterial
infections including those associated with bronchiectasis with chronic obstructive
pulmonary diseases, chronic bronchitis, tuberculosis, and emphysema (Drobnic et al., 2005;
Orriols et al., 1999). Aminoglycosides are also routinely used to manage severe pulmonary
infections caused by pseudomonas aureus or methicillin-resistant Staphylococcus aureus
(MRSA) secondary to CF or compromised immune system function. In the developing
world, tuberculosis mycobacterium is a significant problem and, increasingly, is an emerging
problem in the developed world.
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Although the treatment efficacy of these drugs is good, there is a risk of permanent hearing
loss and balance disorder in as many as 20% of patients receiving aminoglycosides for
extended periods of time (Forge & Schacht, 2000). However, the incidence of hearing loss
varies dramatically across studies and age groups. The variability among studies of patients
with CF is likely due to differences in the actual amount of drug given, and similar to studies
investigating cisplatin, depends on patient factors like hearing status, patient age, treatment
duration, plasma drug levels, renal status, diabetes, sex, mitochondrial mutations, infection/
inflammatory status, and concomitant illnesses that might place an individual patient at
higher risk of ototoxicity-induced hearing loss (Garinis et al., 2017).

There is considerable variability among studies in the reported prevalence of hearing loss
from aminoglycoside treatment in adult patients with CF, ranging from 0-56%, compared to
prevalence of only 11-18% in age-matched groups of adults without a history of CF or
aminoglycoside exposure (Al-Malky et al., 2015; Garinis et al., 2017). Notably, patients with
CF tend to be young with a life expectancy of 37 years of age (Cystic Fibrosis Foundation
[CFF], 2017); therefore, the incidence of sensorineural hearing loss in these patients is
substantial compared to non-CF patients of the same age. Importantly, the co-administration
of other drugs may also induce or increase the risk of ototoxicity including azithromycin (a
macrolide), vancomycin (a glycopeptide), and furosemide (a loop diuretic), as described
above. It is difficult to estimate the severity of ototoxic hearing changes in patients with CF
because treatments often begin in childhood, confounding baseline hearing data in research
participants studied as adults. A recent study by Garinis and colleagues (2017) describes the
audiometric profiles for 81 adult patients with CF with a wide cumulative range of lifetime
antibiotic dosing. Consistent with the literature, hearing profiles vary widely for each dosing
range examined, suggestive of a genetic component to ototoxicity susceptibility (Conrad et
al., 2008). The results also showed that long-term, regular exposure to intravenous
aminoglycoside treatments and higher overall dosing are associated with increased risk of
hearing loss. Interestingly, the variability within each dosing group shows that some patients,
regardless of dosing had no hearing loss. Genetic variants that confer protection from
ototoxicity may play a role in these cases (Tang et al., 2002; Garinis et al., 2017).

U.S. National Audiology Guidelines Pertaining to Ototoxicity Monitoring

In the U.S., there are two main governing bodies for audiologists, the American Speech-
Language-Hearing Association (ASHA) and the American Academy of Audiology (AAA),
that standardize specific aspects of professional practice, provide clinical certification and
professional oversight. These groups have provided the primary guidance documents that
serve as the foundation for OMPs nationally. They are the: ASHA Guidelines for the
Audiologic Management of Individuals Receiving Cochleotoxic Drug Therapy (ASHA,
1994) and the AAA Position Statement and Clinical Practice Guidelines on Ototoxicity
Monitoring (AAA, 2009). If applied effectively, these documents allow for standardization
of basic aspects of OMP provision and serve as a basis from which to develop more specific
clinical objectives and protocols.

These guidelines were drafted prior to recent reports of cochlear neural degradation as a
potential contributor to impaired temporal processing and speech understanding ability (as
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reviewed in Kujawa & Liberman, 2015). Measures of the temporal fidelity of the group
auditory nerve fiber response (high level auditory brainstem response [ABR], frequency
following response [FFR]) as well as more sensitive speech understanding measures are
being investigated for use in older and noise impaired individuals, and may impact clinical
definitions of ototoxicity and other aspects of OMP provision. These issues are beyond the
scope of this report, as are issues related to ototoxic-induced tinnitus or balance disorders for
which monitoring is not fully addressed in current guidelines.

General Goals of the OMP.

ASHA provides a set of broad goals for monitoring cochleotoxicity. These include:

Use a standard definition of an ototoxic hearing shift
Conduct pre-treatment counseling regarding potential cochleotoxic effects
Include a baseline evaluation preferably before but at least early in treatment

Perform monitoring visits at sufficient intervals to document hearing loss
progression or fluctuations; and

Perform a post-treatment evaluation followed by longer term monitoring based
on the post-treatment outcomes.

Specific Recommendations for When and How to Monitor.

The ASHA (1994) appendix provides what is described as an “ideal schedule for early
detection” of cochleotoxicity, recognizing several potential pitfalls of the approach, namely,
that it may not always be practical to perform the testing in a sound booth, to use definitive
diagnostic measures each visit, or for all testing to be performed by an audiologist. With
those caveats, the ideal schedule is this:

Baseline tests are recommended to occur no later than 24 hours after initial
cisplatin treatment and monitoring is recommended to precede each cisplatin
subsequent dose.

Baseline tests after administration of any aminoglycoside should occur no later
than 72 hours and monitoring should occur every 2-3 days or at least weekly
during treatment.

Monitoring should also ensue if hearing changes are noticed by the patient or
care team.

After cessation of drug treatment, the test schedule should include an immediate
post-treatment test and follow-up at 3 and 6 months post-treatment.

Finally, if a hearing shift is detected at any time, the standard advises a validating
retest and subsequent testing at least weekly until the hearing has stabilized.

The ASHA (1994) appendix provides these recommendations for dealing with the potential
pitfalls of this approach:
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. Patients should be tested at bedside (or chairside in the oncology treatment unit)
if necessary, although an audiometric sound room (booth) is considered the ideal
test environment.

. Those patients with limited responsiveness should be tested using a shortened
screening protocol including only those measures that significantly contribute to
the OMP’s goal of detecting threshold changes (i.e., air conduction (AC)
conventional audiogram or a limited range of frequencies near an individual
patient’s high frequency hearing limit called the sensitive range for ototoxicity
[SRO] described below).

. If the recommended test schedules “cannot be met or maintained, monitoring of
pure tone sensitivity should be conducted as often as possible, and interim testing
should be done if the patient experiences any symptoms of cochleotoxicity”
(ASHA, 1994, appendix p. 16).

In summary, these specific recommendations for when and how to monitor depend on
exposure drug class (albeit only broadly as platinum drugs versus aminoglycoside
antibiotics), patient report, and the ability of the patient to tolerate and accurately perform
behavioral testing.

Baseline Test Components.

There is consensus that baseline testing should be as comprehensive as possible so that
patients can serve as their own control to identify changes on tests done at a later date
(ASHA, 1994; AAA, 2009). However, obtaining a comprehensive baseline test prior to drug
treatment can be extremely difficult, as discussed in the section below on OMP service gaps.
Recommended tests include bilateral pure tone AC threshold from 0.25 to 8 kHz (including
the half-octaves 3 and 6 kHz). Retesting is advised to establish reliability within 5 dB along
with otoscopy and immittance. Bone-conduction testing is recommended to document any
conductive component and identify the potential for hearing fluctuation due to ototoxicity.
To enhance test sensitivity, high frequency (>8 kHz) AC testing, including the SRO is highly
recommended for its early detection of initial hearing changes and, finally, recording of
otoacoustic emissions (OAES) is advocated for its potential use as an objective ototoxicity
measure should the patient become too ill to provide a reliable hearing test. Speech reception
thresholds and word recognition are also recommended as substantial changes in speech
understanding would provide strong motivation for treatment change.

Monitor Test Components.

When it comes to hearing monitoring during drug treatment, guidelines describe a
comprehensive hearing evaluation (essentially the baseline test battery described above is
repeated). Guidance indicates that, should evidence of ototoxic damage be found, AC
thresholds at the conventionally tested frequencies (after ruling out any conductive
component to the loss) and speech recognition data ideally would be used for treatment
decisions (AAA, 2009). Because data need to be communicated to the patient-provider team
before the next treatment to inform treatment decisions (i.e., to be actionable), monitoring
occurs with the added pressure of time. Thus, ASHA and AAA guidelines describe a high-
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frequency AC-based screening protocol designed to sensitize threshold measures and allow
time for follow-up testing. This patient-specific SRO is shown to identify the vast majority
of initial ototoxic changes in adults (Vaughan et al., 2002; Fausti et al., 2003), although it is
important to remember that exceptions can occur. The SRO method operationally-defines the
highest audible frequency as the frequency at which the patient can reliably detect a tone of
100 dB SPL or less. Thresholds from this highest audible frequency and the next six
frequencies below (which have thresholds better than 100 dB SPL) are measured at one-
sixth octave interval steps and constitute the SRO. At most treatment intervals, only AC
thresholds at these frequencies are screened and unless they reveal a hearing shift (or the
patient/provider team reports signs of ototoxicity), no additional testing is completed.

Both sets of guidelines describe non-responsive inpatients as needing testing using objective
measures. OAE testing is recommended for its speed and sensitivity as a potential screening
measure in all patients. Further, AAA (2009) advocates the use of distortion-product OAE
(DPOAE) testing over other objective measures, such as transient evoked OAEs (TEOAES)
and ABR testing, because of its ability to assess higher frequencies (compared with clinical
TEOAE systems) and the fact that OAESs are generated by the structures (outer hair cells)
most likely to show early ototoxic damage.

Guidance for specific OAE screening protocols is lacking; however, approaches are
discussed elsewhere (Konrad-Martin et al., 2012; 2016) where a two-pronged approach has
been suggested. First, the clinical protocols available with most standard OAE measurement
equipment should be used to obtain a gross assessment of cochlear function over a broad
frequency range. This has the advantage of providing fairly consistent data across treatment
centers. Second, a more detailed investigation of stimulus frequencies and/or levels should
be obtained. This can help substantially with test interpretation for example by revealing fine
structure and broader patterns of change. It can also sensitize measurements if lower levels
are included and/or high frequencies are emphasized (where changes associated with drug
treatment are most common). An example is to target the highest one octave range where
DPOAES are measureable at baseline for obtaining responses to a series of levels from about
65 to 35 dB SPL for L2 (Reavis et al., 2011) or to fine stimulus-frequency steps of 1/12 to
1/24th octave (Dille et al., 2010; McMillan et al., 2012).

Behavioral SRO can be conducted using sound-attenuating headphones and OAE testing
with deeply inserted canal probes to help address ambient noise problems, which tend to be
greater at lower-frequencies (see Figure 3 in Brungart et al., this issue). Thus, these
measures might be especially useful for testing outpatients in the oncology unit, or
inpatients, sometimes isolated with infectious disease, who cannot easily leave the hospital
floor to travel to the audiology clinic. Attributing changes in either of these screening
measures to ototoxicity requires confirmation of normal middle ear status using a
tympanometer. Identification of middle ear dysfunction and/or failure on an ototoxicity
screening measure is used to triage patients for more in depth follow-up testing. Depending
on the screening results, additional testing could determine the extent that newly-acquired
hearing loss has begun to impact hearing thresholds at speech frequencies, erode functional
speech measures, and sort out conductive from cochlear components using bone conduction.
Generally, once screening reveals hearing shifts within the conventional frequency range,
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OMP goals shift from early detection to AC threshold survelience of the standard
audiometric frequencies due to their importance for decisions regarding rehabilitation and/or
drug treatment changes.

Definition of an Ototoxic Threshold Shift.

The following set of audiometric criteria for ototoxic hearing threshold shifts were proposed
in the ASHA (1994) guidelines and reinforced by AAA (2009): A 20 dB shift at any single
frequency, a 10 dB shift at two adjacent test frequencies, and a loss of response at three
adjacent high test frequencies where earlier responses were obtained close to the audiometer
output limits. Shifts meeting any of these criteria must be confirmed by repeat testing within
24 hours. These criteria were designed to identify small shifts in hearing, to provide a
window of opportunity for counseling and, potentially, treatment changes to occur before
damage becomes debilitating. Acceptable false positive rates have been demonstrated for
these criteria in numerous studies using control samples in whom auditory function is
presumed stable. These studies have included assessment of false positives occurring for
conventional audiometric thresholds (meaning the octave intervals through 8 kHz), ultra-
high thresholds and SRO thresholds, and for frequencies tested in 1/2-, 1/3-, and 1/6- octave
steps (which could span the conventional and ultra-high range) (Frank & Dreisbach, 1991,
Frank, 2001; Konrad-Martin et al., 2010). Most were conducted in young, healthy research
participants, however, to obtain false positive rates representative of sick patients, the control
sample in one of these studies was comprised of inpatients obtaining care primarily at VA
medical centers (Konrad-Martin et al., 2010). For the interested reader, Figure 5 in Konrad-
Martin et al. (2010) contrasts percentages of patients with a threshold shift of varying
magnitudes at one, two. or three adjacent frequencies with results plotted separately for
those receiving a control drug and an ototoxic medication.

Considerations for Standardizing the Measurement and Reporting of Ototoxic Events.

A recent meta-analysis undertaken to assess the severity of cisplatin ototoxicity in patients
with head and neck cancer could not draw definitive conclusions, citing a lack of
comparable monitoring test time points and consistent pre- and post-treatment audiologic
outcome measures as a major clinical problem (Theunissen et al., 2014). Additionally, a
recent survey found that only 26% of adult CF clinics in the U.S. include audiometry to
monitor adverse effects of aminoglycosides (Prescott, 2014). Guidelines for the treatment of
multiple drug-resistant tuberculosis (MDR-TB) provide no definitions or monitoring
strategies for otoxocity monitoring (Abbara et al., 2015), although some protocols have been
suggested for patients with nontuberculous mycobacterial (NTM) diseases (Egelund et al.,
2015). Standardization of the measurement and reporting of ototoxic events is an important
interdisciplinary topic of discussion that needs to occur.

Based on their review of the literature, Theiunissen et al. (2014) favored reporting
ototoxicity severity using a pure tone average (PTA) of 1-4 kHz to signify the potential
impact on speech intelligibility. They supported also reporting a separate metric sensitive to
early changes. Their suggestion of using a fixed set of high frequencies (e.g., PTA of 8, 10,
and 12.5 kHz) could be problematic because patients with poor pre-treatment hearing will
vary in their high frequency hearing limit. This has lead some researchers to advocate use of
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the patient-specific SRO (Fausti et al., 1999) which tailors the tested frequency range to the
patients pre-treatment hearing. Additionally, although ASHA guidelines provide a sensitive
metric of ototoxic hearing change, there remains a lack of consensus on how to define a
clinically important—and thus medically actionable—ototoxic hearing change in various
populations (see Brewer and King, this issue). Clearly, patient-centered clinical decision-
making requires patient education and input. At a minimum, the magnitude of the shift from
baseline (the dB change) combined with a patient’s pre-treatment hearing level could be
used to assess the potential impact of ototoxic-induced hearing loss on communication.
Results from additional tests beyond the audiogram (e.g., speech understanding tests) can be
helpful for substantiating the need for intervention (ASHA, 1994; AAA, 2009; Brewer &
King, this issue).

Do U.S. National Guidelines Offer Sufficient Guidance?

Examples of OMP Service Gaps, Barriers and Facilitators in a Variety of Healthcare

Settings.

Understanding the many clinical settings in which the U.S. national ototoxicity monitoring
guidelines were designed to be applied provides insight into their utility for OMP provision
and is crucial in the development of an efficacious program (ASHA, 1994; AAA, 2009;
Damschroder et al., 2009). Table 1 provides general characteristics of five OMPs including
the targeted patient populations, how patients are identified and scheduled for testing, and
where the testing takes place. Program data provided in this report were elicited via two
semi-structured teleconferences on barriers and facilitators of OMP, followed by a self-
administered questionnaire on OMP characteristics and practices. Once synthesized and
tabulated by the first author, each respondent edited the text and tables and provided
additional clarifying information. The authors were self-selected from among participants in
a Department of Defense (DoD) national working group on ototoxicity monitoring and/or
were suggested by the Editors of this special issue.

As seen in Table 1, these programs target several distinct populations for monitoring at a
variety of healthcare settings within the U.S. civilian sector (Mayo Clinic in Rochester, MN;
Oregon Health & Science University [OHSU CF Clinic] in Portland, OR; Yale University in
New Haven, CT), and public sector (Department of Veterans Affairs [VA Portland] in
Portland, OR; DoD Walter Reed National Military Medical Center [Walter Reed] in
Bethesda, MD). Outpatient settings predominated for both cancer care and infectious disease
treatment, although most programs included inpatients among the targeted populations. The
OMPs were in various stages ranging from a pre-implementation plan to house an OMP
within a hospital’s CF clinic (OHSU CF Clinic) to a well-established OMP (Walter Reed).
Yale University’s large-scale program was in the implementation phase. Mayo Clinic had
implemented an OMP for pediatric oncology patients and more recently expanded their
program to include adult medical oncology and infectious disease patients. VA Portland’s
established program flexed over recent years based on staffing losses and research study
support.

The top service delivery gaps for the OMP programs examined included patients never
entering into the program or lost to follow-up, baseline tests missed or conducted after the
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initial treatment, and monitoring tests conducted infrequently or only after chemotherapy
had concluded. All sites reported similar barriers but programs were impacted to varying
degrees. The specific barriers are as follows:

. Inconsistent referrals

. Scheduling limitations

. Location and space limitations
. Staffing limitations

Walter Reed did not experience these issues as substantial barriers; the OHSU CF Clinic and
Yale University viewed them as substantial issues hampering program implementation;
Mayo Clinic and VA Portland viewed them as barriers to sustaining the current level of
OMP provision without research support, and to program expansion to include a wider range
of at risk patients.

Inconsistent Referrals.

Yale University was without a codified cross-specialty program or systematized referral
process to identify patients being placed on an ototoxic drug regimen. They report that
patient self-referral and physician referral often occured after treatment or not at all so that
many patients were not entering into the OMP. Further, many patients were lost to follow up
after a baseline was obtained. Frequent staffing shifts by oncology and other medical
residents in training rendered inservices with stakeholder physicians a necessary but
insufficient remedy for the problem. Inconsistent patient referrals were considered the
greatest problem to overcome in the plan to create an OMP for patients seen at the adult CF
Clinic at OHSU. To address the barriers of inconsistent referrals and insufficient lead time
prior to treatment, Mayo Clinic and VA Portland reported this was faciliated through
participation in oncology multidisciplinary team clinics (the stage at which the cancer
treatment is determined). This was not considered a long-term solution for programs with
limited staffing given the frequency of meetings and multitude of oncology clinics (e.g.,
head and neck, lung, bladder) at a given hospital. Mayo Clinic found that regular (monthly
or quarterly) involvement in the multidisciplinary team clinics created enough collboration
to permit standing (weekly) participants of multidisciplinary team clinics to alert audiology
of patients being considered for an ototoxic treatment. Referrals from pharmacy have also
been considered to grow multidisciplanary collaborations, but short lead times were
expected with this method meaning that it might not adequately address the scheduling
conflicts that prevent timely baseline tests. At the VA Portland site, having consistent
referrals was insufficient for getting many of these patients scheduled into the audiology
clinic as described below. The Walter Reed audiology department consistently obtained
referrals for patients prior to treatment with an ototoxic drug, in part, because the oncology
and infectious disease stakeholders were active in most aspects of OMP care coordination.

Other Logistical Barriers to Monitoring (Scheduling, Staffing, Equipment, Test location).

Limitations related to the patients’ schedules and compliance for audiology visits were
considered major barriers to usual care OMP provision at VA Portland, and across most
other programs. At Yale University, Mayo Clinic, and VA Portland, audiology was not co-
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located with the associated oncology or infectious disease treatment locations. The long
walk or patient transport required to reach audiology contributed to difficulties related to the
ability of patients to manage their complex medical care coordination demands. OMP
couseling and testing is typically interleaved with many other appointments on the day of
treatment (e.g., oncology, radiation, speech-language pathology, nutrition, social work), any
of which can run late. All programs needed to use “creative scheduling” (often during lunch
and before or after audiology clinics’ official hours). In contrast to the other sites, Walter
Reed had multiple dedicated baseline and monitoring appointments available each day for
OMP as well as supervised student support. Other sites were well-equipped for inpatient and
outpatient OMP, but reported that OMP is restricted by the number of schedulers, available
booths, and audiologists. For example, at the time of this writing, Yale had 12 oncology
departments providing care in buildings where audiology was not located and five
audiologists running full outpatient audiology clinics. Being able to provide OMP support
for a 2000 bed hospital (200 bed cancer hospital) in addition to traditional outpatient
services was not feasible for comprehensive monitoring. Further, several cancer clinics
associated with Yale had opened satellite locations around the state without audiology
support. The sheer number of at-risk patients serviced by this hospital system would require
a technician-based screening approach similar to those used by hearing conservation and
newborn hearing screening programs, as would system-wide expansion of OMP for Mayo
Clinic and VA Portland. Because data arising from OMPs require review and interpretation
by an audiologist, teleaudiology may be the future for many large-scale OMPs once
approaches can be refined and validated.

Table 2 provides information on each OMP’s objectives including baseline and monitor test
schedules, protocols, and the criteria used to identify ototoxic hearing shifts. Sites agreed
with ASHA (1994) and AAA (2009) guidelines that a comprehensive audiometric evaluation
is optimal to obtain for the baseline test, /f the patient can tolerate a complete evaluation as
well as if the patient’s schedule permits, and for any subsequent tests that are designed to
focus on rehabilitation. Sites also unanimously agreed that multiple comprehensive monitor
tests were not feasible for many patients, including those considered behaviorally
responsive. To be acceptable for the patient, provide timely data for the oncology team and
be feasible for audiology staffing, monitor tests could not be labor- or time-intensive. The
sites that were able to regularly perform monitoring visits within a target population did so
by routinely using abbreviated testing protocols and screening approaches to optimize
actionable data and minimize patient fatigue and cost. Tests were dropped from monitor test
protocols (including speech testing) that did not directly contribute to the OMP’s goal of
detecting threshold shifts and early ototoxic damage, and/or were considered taxing to a
patient’s attention and memory. Additional test components were included only when
deemed to be clinically-necessary (e.g., when hearing shifts were found or rehabilitation was
a focus of the evaluation). Furthermore, sites testing patients who were receiving ototoxic
antibiotics or radiation alone, adopted a less frequent monitoring evaluation schedule than
that suggested by ASHA (1994) and AAA (2009).

One site (Walter Reed) was able to perform monitoring using behavioral SRO and OAE
screening measures in the audiology clinic located adjacent to otolaryngology, pulmonary,
and infectious disease clinics and in close proximity to the center’s outpatient oncology
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clinics. VA Portland, Mayo Clinic, and Yale University frequently used an abbreviated
monitoring protocol (otoscopy, tympanometry, AC thresholds in conventional and ultra-high
frequencies). At VA Portland, monitor tests were primarily conducted in a clinic sound
booth. At Mayo Clinic, testing usually was done in the outpatient clinic in close proximity to
otolaryngology, oncology, and infectious disease; however, testing was also done on the
treatment unit or inpatient setting if necessary for scheduling. The Yale University clinic
sometimes used portable equipment and is investigating alternative testing options such as
teleaudiology.

Service delivery across the OMPs examined was clearly influenced by the hospital systems
and clinical settings in which they exist. The most consistently-delivered OMP examined
was at Walter Reed where medical treatment comes at no direct cost to the patient, the OMP
was only marginally impacted by logistical barriers and implemented as a cross-specialty
collaboration. Their audiology department staff was only involved in the treatment and
evaluation side of OMP rather than identifying at risk patients or tracking their ototoxic
treatments, which provided major time savings. The audiology clinic location greatly
facilitated effective OMP provision. Additionally, the scale of this small hospital system
rendered it more tractable compared with some of the other OMPs. At Mayo Clinic and VA
Portland, a patient-driven approach was taken to permit adaptation of monitoring schedules
to be more or less frequent based on the clinical needs of the patient. At Mayo Clinic,
individuals receiving higher doses, those with better pre-exposure hearing, and younger in
age tend to have larger shifts during treatments and were monitored more frequently. At VA
Portland, greater audiology resources were devoted to those patients receiving the most
ototoxic drug, cisplatin; many had late-stage cancers and were older with significant pre-
exposure hearing loss.

Researchers at VA Portland are conducting a randomized clinical trial to determine if a
comprehensive OMP delivered chair-side on the treatment unit can facilitate the monitoring
recommendations set out by national guidelines. As shown in Table 3, the two arms of this
trial compare usual care as provided in the audiology clinic versus monitoring conducted
primarily using the Oto-ID, a portable high-frequency audiometer with store-and-forward
telehealth capabilities (described in Dille et al., 2015; Brungart et al. this issue). Research
participants randomized to the experimental (Oto-ID) arm, do not pay for OMP-related visits
and this audiological management is inserted into the patient’s oncology care flow with
scheduling done in coordination with the oncology nurses. Much of the testing is done by
the patient him/herself using a simple automated SRO screening test on each day of
treatment, typically as the patient receives pre-treatment hydration through an IV. A day
ahead of each treatment, the research team sends a secure email reminder to the oncology
nurse with a code corresponding to the patient’s stored baseline test. The day of treatment,
the nurse selects the baseline test indicated in the email as the control against which the
monitor test will be compared and signs out the Oto-I1D unit. The Oto-ID software re-orients
the patient to the testing procedure. The SRO hearing results are securely and automatically
transmitted to the research audiologist via text message for comparison to the baseline test.
Hearing is tested by the audiologist if changes are found. Alternatively, the audiologist can
elect to perform a more complete audiometric evaluation in lieu of the patient SRO self-test
if hearing shifts are impinging on those frequencies important for speech understanding, the
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treatment team notices a hearing change or a patient complains of a change in hearing or
tinnitus. The latter generally begins with AC testing on the oncology unit using the Oto-1D.
Additional tests are included as indicated by the AC threshold results.

Table 4 shows the number of baseline and monitor tests for patients enrolled in the clinical
trial by research arm. Both study arms have the advantage of the research team staffing
multidisciplinary clinics (usually for head and neck, lung and sometimes for bladder
cancers) thus increasing the likelihood that an initial audiology consult is in place for
patients treated with cisplatin. This facilitated OMP service delivery, however, even with the
consult in place, less than 50% (9/19) of patients randomized to usual care obtained a
baseline prior to treatment. Monitor tests also occurred far less frequently in this group.
Only 47% (9/19) received one or more hearing tests during treatment. Few patients (2/19 or
11%) completed a hearing monitor test prior to each dose. In contrast, all 21 patients
randomized to the Oto-1D arm had a true baseline and monitor tests prior to each cisplatin
dose. Thus the ideal evaluation schedule based on ASHA (1994) guidelines fared well when
implemented as a self-administered screening approach in the oncology unit. In general,
scheduling for sound booth testing in the clinic was found to be limited by outpatient
appointment availability and to strongly depend on the patient’s ability and willingness to
travel to the medical center specifically for the audiology appointment. Of note, had all
participants in both arms of the clinical trial received a baseline and monitor tests each dose,
an estimated 247 visits to the audiology clinic would have been needed for these 43 patients.
This further illustrates the importance of time and cost-efficient testing, such as the patient-
administered screening approach examined in this study.

CONCLUSIONS

Service delivery varies across OMPs, partly as a reflection of system and program-level
priorities and resources. Within a program, services do not always support even the most
basic monitoring practices. Monitoring hearing occurs more often when instituted within a
formalized, systematic OMP that can deliver services on the day of treatment, in or near the
treatment unit. Facilitators of effective OMPs are flexible staffing, time-efficient protocols,
and depending on the setting, portable equipment and/or telehealth. Existing ASHA (1994)
and AAA (2009) recommendations provide good general guidance and some basis for
program standardization, while remaining flexible enough to enable tailoring of OMP
clinical goals. Specific evaluation schedules provided in these national guidelines may prove
impractical to implement. More guidance is needed regarding the frequency of testing that
yields the best cost-benefit balance. This warants further investigation of the severity of
ototoxicity as a function of patient and drug treatment factors, and the effectiveness of
various OMP practices. A clear prerequisite for large-scale OMP efforts is the mass testing
characteristic of similarly-scaled hearing conservation and newborn hearing screening
programs. Guidance on these aspects of OMP will be necessary for applications beyond
boutique programs (e.g., on how to ensure the accuracy of tests conducted using remotely
driven audiometers and/or portable equipment). Related to this, it is unclear how much
additional testing beyond AC and tympanometry is needed to confirm changes identified on
monitoring tests when the added pressure of time is substantial as the patient-provider team
prepares for the next dose. An important related question is what should constitute an

Int J Audiol. Author manuscript; available in PMC 2019 September 01.



1duosnuep Joyiny vA 1duosnue Joyiny vA

1duosnue Joyiny vA

Konrad-Martin et al.

Page 18

actionable hearing change from the perspectives of the patient and treatment team.
Successful OMPs have the referral support of the nurses and physicians that provide ototoxic
medications for life-preserving medical care, as well as their consensus on OMP goals and
the implications of monitoring for treatment decisions. Finally, to achieve widespread OMP
provision, formal endorsement may be needed from governing bodies of the medical
stakeholders (e.g., medical oncology, pulmonology, infectious disease, otolaryngology). This
could potentially compel physician partners to support OMP.1
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Acronyms:

AAA American Academy of Audiology

ASHA American Speech-Language-Hearing Association
COG Children’s Oncology Group

CTCAE Common Terminology Criteria for Adverse Events

CF Cystic Fibrosis

CFIR Consolidated Framework for Implementation Research
DoD Department of Defense

FM Frequency modulation personal amplification system

GLOBOCAN the GLOBOCAN project, a joint project from the International
Agency for Research on Cancer and World Health Organization to
provide global cancer statistics

HCE Hearing Center of Excellence

Iasan example, oncologic practice for clinical trials already requires standardized reporting of ototoxic “adverse events”, such as the
National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE v 4.03, 2010). Additionally, recent guidelines
for extended-interval dosing of nontuberculous mycobacterial pulmonary infections consider ototoxicity from aminoglycosides as a
common serious adverse drug reaction and recommend baseline and periodic audiology evaluation on all patients receiving either
systemic or inhaled amikacin (Egelund et al., 2015).
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MET mechano-electrical transduction channels
MRSA methicillin-resistant Staphylococcus aureus
NCRAR VA National Center for Rehabilitative Auditory Research
NSAIDs nonsteroidal anti-inflammatory drugs
NTM Non-tuberculosis Microbacteria
OMP Ototoxicity monitoring program
u.sS. United States
SRO Sensitivity Range for Ototoxicity
VA Veterans Affairs
REFERENCES

Abbara A, Lang S Kon OM, Collin SM, Pan D et al. 2015 Weekly audiograms pre-emptively identify
amikacin related to ototoxicity in MDR-TB. Thorax (suppl 3): A1-A254.

Alharazneh A, Luk L, Huth M, Monfared A, Steyger PS, et al. 2011 Functional hair cell
mechanotransducer channels are required for aminoglycoside ototoxicity. PLoS One, 6, €22347.
[PubMed: 21818312]

Al-Malky G, Dawson SJ, Sirimanna T, Bagkeris E & Suri R 2015 High-frequency audiometry reveals
high prevalence of aminoglycoside ototoxicity in children with cystic fibrosis. J.Cyst Fibros, 14,
248-254. [PubMed: 25127922]

Amalraj S, Starkweather C, Nguyen C & Naeim A 2009 Health literacy, communication, and treatment
decision-making in older cancer patients. Oncology (Williston Park), 23, 369-375. [PubMed:
19476267]

American Cancer Society. Cancer Facts & Figures 2016. Atlanta: American Cancer Society; 2016.

American Speech-Language-Hearing Association (ASHA). 1994 Guidelines for the audiologic
management of individuals receiving cochleotoxic drug therapy. ASHA, 36, 11-19.

American Academy of Audiology (AAA). 2009 Position Statement and Clinical Practice Guidelines:
Ototoxicity Monitoring. www.audiology.org Accessed 1-27-2017.

Arora R, Thakur JS, Azad RK, Mohindroo NK, Sharma DR, et al. 2009 Cisplatin-based chemotherapy:
Add high-frequency audiometry in the regimen. Indian J.Cancer, 46, 311-317. [PubMed: 19749461]

Bass JK & Bhagat SP 2014 Challenges in ototoxicity monitoring in the pediatric oncology population.
J.Am.Acad.Audiol, 25, 760-74; quiz 782-3. [PubMed: 25380122]

Beilefeld EC, Henderson D 2011 Mechanisms of Cisplatin Ototoxicity and Routes for Intervention. In:

ASHA Perspect.Hear.Hear.Disord.Res.Diagn, Vol 15, 3-14.

Bertolini P, Lassalle M, Mercier G, Raquin MA, 1zzi G, et al. 2004 Platinum Compound-Related
Ototoxicity in Children: Long-Term Follow-Up Reveals Continuous Worsening of Hearing Loss.
J.Pediatr.Hematol.Oncol, 26, 649-655.

Black FO, Gianna-Poulin C & Pesznecker SC 2001 Recovery from vestibular ototoxicity.
Otol.Neurotol, 22, 662-671. [PubMed: 11568676]

Blakley BW & Myers SF 1993 Patterns of hearing loss resulting from cis-platinum therapy.
Otolaryngol.Head Neck Surg., 109, 385-391. [PubMed: 8414553]

Bokemeyer C, Berger CC, Hartmann JT, Kollmannsberger C, Schmoll HJ, et al. 1998 Analysis of risk
factors for cisplatin-induced ototoxicity in patients with testicular cancer. Br.J.Cancer, 77, 1355
1362. [PubMed: 9579846]

Brewer CB & King KA In press Clinical Trials, Grading Scales, and the Audiologist’s Role in
Therapeutic Decision Making. Int.J.Audiol, this issue.

Int J Audiol. Author manuscript; available in PMC 2019 September 01.


http://www.audiology.org

1duosnuey Joyiny wA 1duosnue Joyiny wA

1duosnue Joyiny vA

Konrad-Martin et al.

Page 20

Brungart D, Schurman J, Konrad-Martin D, Watts K, Buckey J et al. In review. Ototoxicity
Monitoring: Tablet-Based Testing. Int.J.Audiol, this issue.

Cass SP 1991 Role of medications in otological vertigo and balance disorders. Semin.Hear, 12, 257—
269.

Children’s Oncology Group, COG. 2008 Long-term follow-up guidelines for survivors of childhood,
adolescent, and young adult cancers-version 3.0. www.survivorshipguidelines.org Accessed
01-27-2017.

Common Terminology for Criteria for Adverse Events, (CTCAE v3.0). 2006 National Institutes of
Health http://ctep.cancer.gov/protocolDevelopment/electronic_applications/docs/ctcaev3.pdf
Accessed on 05-25-2013.

Common Terminology Criteria for Adverse Events (CTCAE v4.03). 2010 National Institutes of Health
https://evs.nci.nih.gov/ftpl/CTCAE/CTCAE_4.03_2010-06-14_QuickReference_5x7.pdf
Accessed on 01-27-2017.

Conrad DJ, Stenbit AE, Zettner EM, Wick I, Eckhardt C, & Hardiman G. 2008 Frequency of
mitochondrial 12s ribosomal RNA variants in an adult CF population, Pharmocogenet Genomics,
18(12), 1095-1102.

Cross CP, Liao S, Urdang ZD, Srikanth P, Garinis AC, et al. 2015 Effect of sepsis and systemic
inflammatory response syndrome on neonatal hearing screening outcomes following gentamicin
exposure. Int.J.Pediatr.Otorhinolaryngol, 79, 1915-1919. [PubMed: 26384832]

Cystic Fibrosis Foundation, CFF. 2017 About Cystic Fibrosis. https://www.cff.org/What-is-CF/About-
Cystic-Fibrosis/ Accessed 01-27-2017.

Dalton DS, Cruickshanks KJ, Klein BE, Klein R, Wiley TL, et al. 2003 The impact of hearing loss on
quality of life in older adults. Gerontologist, 43, 661-668. [PubMed: 14570962]

Damschroder LJ, Aron DC, Keith RE, Kirsh SR, Alexander JA, et al. 2009 Fostering implementation
of health services research findings into practice: a consolidated framework for advancing
implementation science. Implement Sci., 4, 50-5908-4-50.

Dille MF, Konrad-Martin D, Gallun F, Helt WJ, Gordon JS, et al. 2010 Tinnitus onset rates from
chemotherapeutic agents and ototoxic antibiotics: results of a large prospective study.
J.Am.Acad.Audiol, 21, 409-417. [PubMed: 20701838]

Dille MF, McMillan GP, Helt WJ, Konrad-Martin D & Jacobs P 2015 A Store-and-Forward Tele-
Audiology Solution to Promote Efficient Screenings for Ototoxicity during Cisplatin Cancer
Treatment. J.Am.Acad.Audiol, 26, 750-760. [PubMed: 26415968]

Ding D, Allman BL & Salvi R 2012 Review: ototoxic characteristics of platinum antitumor drugs.
Anat.Rec.(Hoboken), 295, 1851-1867. [PubMed: 23044998]

Dreisbach L, Ho M, Reid E, & Siegel J 2017 Effects of Oxaliplatin, Carboplatin, and Cisplatin Across
Treatment on High-Frequency Objective and Subjective Auditory Measures in Adults. ASHA
Perspect.Hear.Hear.Disord.Res.Diagn, 2(Part 1), 17-36.

Drobnic ME, Sune P, Montoro JB, Ferrer A & Orriols R 2005 Inhaled tobramycin in non-cystic
fibrosis patients with bronchiectasis and chronic bronchial infection with Pseudomonas
aeruginosa. Ann.Pharmacother, 39, 39-44. [PubMed: 15562142]

Durrant JD, Palmer CV & Lunner T 2005 Analysis of counted behaviors in a single-subject design:
modeling of hearing-aid intervention in hearing-impaired patients with Alzheimer’s disease.
Int.J.Audiol, 44, 31-38. [PubMed: 15796100]

Egelund EF, Fennelly KP & Peloquin CA 2015 Medications and monitoring in nontuberculous
mycobacteria infections. Clin.Chest Med, 36, 55-66. [PubMed: 25676519]

Engdahl B, Tambs K, Borchgrevink HM & Hoffman HJ 2005 Screened and unscreened hearing
threshold levels for the adult population: results from the Nord-Trondelag Hearing Loss Study.
Int.J.Audiol, 44, 213-230. [PubMed: 16011050]

Fausti SA, Helt WJ, Phillips DS, Gordon JS, Bratt GW, et al. 2003 Early detection of ototoxicity using
1/6th-octave steps. J.Am.Acad.Audiol, 14, 444-450. [PubMed: 14655957]

Fausti SA, Henry JA, Helt WJ, Phillips DS, Frey RH, et al. 1999 An individualized, sensitive
frequency range for early detection of ototoxicity. Ear Hear, 20, 497-505. [PubMed: 10613387]

Fee WE, Jr 1980 Aminoglycoside ototoxicity in the human. Laryngoscope, 90, 1-19.

Int J Audiol. Author manuscript; available in PMC 2019 September 01.


http://www.survivorshipguidelines.org
http://ctep.cancer.gov/protocolDevelopment/electronic_applications/docs/ctcaev3.pdf
https://evs.nci.nih.gov/ftp1/CTCAE/CTCAE_4.03_2010-06-14_QuickReference_5×7.pdf
https://www.cff.org/What-is-CF/About-Cystic-Fibrosis/
https://www.cff.org/What-is-CF/About-Cystic-Fibrosis/

1duosnuep Joyiny vA 1duosnue Joyiny vA

1duosnue Joyiny vA

Konrad-Martin et al.

Page 21

Ferlay J, Soerjomataram I, Ervik M, Dikshit R, Eser S, Mathers C, Rebelo M, Parkin DM, Forman D,
Bray F GLOBOCAN 2012 v1.0, Cancer Incidence and Mortality Worldwide: IARC CancerBase
No. 11 [Internet]. Lyon, France: International Agency for Research on Cancer; 2013 Available
from: http://globocan.iarc.fr.

Forge A & Schacht J 2000 Aminoglycoside antibiotics. Audiol.Neurootol., 5, 3-22. [PubMed:
10686428]

Frank T 2001 High-frequency (8 to 16 kHz) reference thresholds and intrasubject threshold variability
relative to ototoxicity criteria using a Sennheiser HDA 200 earphone. Ear Hear, 22, 161-168.
[PubMed: 11324845]

Frank T & Dreishach LE 1991 Repeatability of high-frequency thresholds. Ear Hear, 12, 294-295.
[PubMed: 1783231]

Frisina RD, Wheeler HE, Fossa SD, Kerns SL, Fung C, et al. 2016 Comprehensive Audiometric
Analysis of Hearing Impairment and Tinnitus After Cisplatin-Based Chemotherapy in Survivors of
Adult-Onset Cancer. J.Clin.Oncol, 34, 2712-2720. [PubMed: 27354478]

Garinis AC, Cross C, Srikanth P, Carroll K, Feeney MP, et al. 2017 The Cumulative Effects of
Intravenous Antibiotic Treatments on Hearing in Patients with Cystic Fibrosis. J.Cyst.Fibros
5;16(3):401-409. doi: 10.1016/j.jcf.2017.01.006 Epub 2017 Feb 24. [PubMed: 28238634]

Garinis AC, Cornell A, Allada G, Fennelly KP, Maggiore RJ, Konrad-Martin D In Revision.
Ototoxicity monitoring through the eyes of the treating physician: Perspectives from pulmonology,
infectious diseases, and medical oncology. Int J Aud, this issue.

Genther DJ, Betz J, Pratt S, Martin KR, Harris TB, et al. 2015 Association Between Hearing
Impairment and Risk of Hospitalization in Older Adults. J.Am.Geriatr.Soc, 63, 1146-1152.
[PubMed: 26096388]

Gratton MA, Salvi RJ, Kamen BA & Saunders SS 1990 Interaction of cisplatin and noise on the
peripheral auditory system. Hear.Res, 50, 211-223. [PubMed: 2076973]

Handelsman JA In press Vestibulotoxicity: Strategies for Clinical Diagnosis and Rehabilitation.
Int.J.Audiol, this issue.

Hartmann JT, Lipp HP 2003 Toxicity of platinum compounds. Expert opinion pharmacotherapy, 4,
889-901.

Hashino E & Shero M 1995 Endocytosis of aminoglycoside antibiotics in sensory hair cells. Brain
Res, 704, 135-140. [PubMed: 8750975]

Hellberg V, Wallin 1, Eriksson S, Hernlund E, Jerremalm E, et al. 2009 Cisplatin and oxaliplatin
toxicity: importance of cochlear kinetics as a determinant for ototoxicity. J.Natl.Cancer Inst, 101,
37-47. [PubMed: 19116379]

Hilder TA & Hill JM 2009 Modeling the loading and unloading of drugs into nanotubes. Small, 5,
300-308. [PubMed: 19058282]

Huth ME, Ricci AJ & Cheng AG 2011 Mechanisms of aminoglycoside ototoxicity and targets of hair
cell protection. Int.J.Otolaryngol, 2011, 937861. [PubMed: 22121370]

Jereczek-Fossa BA, Zarowski A, Milani F & Orecchia R 2003 Radiotherapy-induced ear toxicity.
Cancer Treat.Rev, 29, 417-430. [PubMed: 12972360]

Karasawa T & Steyger PS 2015 An integrated view of cisplatin-induced nephrotoxicity and
ototoxicity. Toxicol.Lett, 237, 219-227. [PubMed: 26101797]

Karasawa T, Wang Q, Fu Y, Cohen DM & Steyger PS 2008 TRPV4 enhances the cellular uptake of
aminoglycoside antibiotics. J.Cell.Sci, 121, 2871-2879. [PubMed: 18682499]

Kazmierczak P, Sakaguchi H, Tokita J, Wilson-Kubalek EM, Milligan RA, et al. 2007 Cadherin 23 and
protocadherin 15 interact to form tip-link filaments in sensory hair cells. Nature, 449, 87-91.
[PubMed: 17805295]

Knight KR, Kraemer DF, Winter C & Neuwelt EA 2007 Early changes in auditory function as a result
of platinum chemotherapy: use of extended high-frequency audiometry and evoked distortion
product otoacoustic emissions. J.Clin.Oncol, 25, 1190-1195. [PubMed: 17401008]

Knudsen LV, Oberg M, Nielsen C, Naylor G & Kramer SE 2010 Factors influencing help seeking,
hearing aid uptake, hearing aid use and satisfaction with hearing aids: a review of the literature.
Trends Amplif, 14, 127-154. [PubMed: 21109549]

Int J Audiol. Author manuscript; available in PMC 2019 September 01.


http://globocan.iarc.fr

1duosnuep Joyiny vA 1duosnue Joyiny vA

1duosnue Joyiny vA

Konrad-Martin et al.

Page 22

Kochkin S, & Rogin C 2000 Quantifying the obvious: The impact of hearing instruments on the
quality of life, Hearing Review, 7, 6-34.

Kolinsky DC, Hayashi SS, Karzon R, Mao J & Hayashi RJ 2010 Late onset hearing loss: a significant
complication of cancer survivors treated with Cisplatin containing chemotherapy regimens.
J.Pediatr.Hematol.Oncol, 32, 119-123. [PubMed: 20098336]

Konrad-Martin D, James KE, Gordon JS, Reavis KM, Phillips DS, et al. 2010 Evaluation of
audiometric threshold shift criteria for ototoxicity monitoring. J.Am.Acad.Audiol, 21, 301-14;
quiz 357. [PubMed: 20569665]

Konrad-Martin D, Reavis KM, McMillan GP & Dille MF 2012 Multivariate DPOAE metrics for
identifying changes in hearing: perspectives from ototoxicity monitoring. Int.J.Audiol, 51 Suppl 1,
S51-62. [PubMed: 22264063]

Konrad-Martin D, Poling GL, Dreisbach LE, Reavis KM, McMillan GP, et al. 2016 Serial Monitoring
of Otoacoustic Emissions in Clinical Trials. Otol.Neurotol, 37, €286-94. [PubMed: 27518137]

Koo JW, Quintanilla-Dieck L, Jiang M, Liu J, Urdang ZD, et al. 2015 Endotoxemia-mediated
inflammation potentiates aminoglycoside-induced ototoxicity. Sci.Transl.Med, 7, 298ral18.

Kujawa SG & Liberman MC 2015 Synaptopathy in the noise-exposed and aging cochlea: Primary
neural degeneration in acquired sensorineural hearing loss. Hear.Res, 330, 191-199. [PubMed:
25769437]

Laplante-Levesque A, Brannstrom KJ, Ingo E, Andersson G & Lunner T 2015 Stages of change in
adults who have failed an online hearing screening. Ear Hear, 36, 92-101. [PubMed: 25158981]

Laurell G, Viberg A, Teixeira M, Sterkers O & Ferrary E 2000 Blood-perilymph barrier and
ototoxicity: an in vivo study in the rat. Acta Otolaryngol, 120, 796-803. [PubMed: 11132710]

Lee JE, Nakagawa T, Kim TS, Iguchi F, Endo T, et al. 2003 A novel model for rapid induction of
apoptosis in spiral ganglions of mice. Laryngoscope, 113, 994-999. [PubMed: 12782811]

Li H, Kachelmeier A, Furness DN & Steyger PS 2015 Local mechanisms for loud sound-enhanced
aminoglycoside entry into outer hair cells. Front.Cell.Neurosci, 9, 130. [PubMed: 25926770]

Li H & Steyger PS 2011 Systemic aminoglycosides are trafficked via endolymph into cochlear hair
cells. Sci.Rep, 1, 159. [PubMed: 22355674]

Lobarinas E, Salvi R & Ding D 2013 Insensitivity of the audiogram to carboplatin induced inner hair
cell loss in chinchillas. Hear.Res, 302, 113-120. [PubMed: 23566980]

Lonsbury-Martin BL, Martin GK 2007 Other ototoxins: Aspirin and other nonsteroidal anti-
inflammatory drugs, quinine, and macrolides Campbell KCM, (ed.) Pharmacology and Ototoxicity
for Audiologists. Clifton Park, NY: Thomson/Delmar Learning, pp. 187-194.

Marcotti W, van Netten SM & Kros CJ 2005 The aminoglycoside antibiotic dihydrostreptomycin
rapidly enters mouse outer hair cells through the mechano-electrical transducer channels.
J.Physiol, 567, 505-521. [PubMed: 15994187]

McMillan GP, Konrad-Martin D & Dille MF 2012 Accuracy of distortion-product otoacoustic
emissions-based ototoxicity monitoring using various primary frequency step-sizes. Int.J.Audiol,
51, 689-696. [PubMed: 22676700]

Minor LB 1999 Intratympanic gentamicin for control of vertigo in Meniere’s disease: vestibular signs
that specify completion of therapy. Am.J.Otol, 20, 209-219. [PubMed: 10100525]

Mukherjea D & Rybak LP 2011 Pharmacogenomics of cisplatin-induced ototoxicity.
Pharmacogenomics, 12, 1039-1050. [PubMed: 21787192]

Mulrow CD, Aguilar C, Endicott JE, Tuley MR, Velez R, et al. 1990 Quality-of-life changes and
hearing impairment. A randomized trial. Ann.Intern.Med, 113, 188-194. [PubMed: 2197909]

National Academies of Sciences, Engineering, and Medicine, 2016 Hearing health care for adults:
priorities for improving access and affordability. National Academies Press.

Obermair A, Speiser P, Thoma M, Kaider A, Salzer H, et al. 1998 Prediction of toxicity but not of
clinical course by determining carboplatin exposure in patients with epithelial ovarian cancer
treated with a combination of carboplatin and cisplatin. Int.J.Oncol, 13, 1023-1030. [PubMed:
9772295]

Orriols R, Roig J, Ferrer J, Sampol G, Rosell A, et al. 1999 Inhaled antibiotic therapy in non-cystic
fibrosis patients with bronchiectasis and chronic bronchial infection by Pseudomonas aeruginosa.
Respir.Med, 93, 476-480. [PubMed: 10464834]

Int J Audiol. Author manuscript; available in PMC 2019 September 01.



1duosnuep Joyiny vA 1duosnue Joyiny vA

1duosnue Joyiny vA

Konrad-Martin et al.

Page 23

Paken J, Govender CD, Pillay M & Sewram V 2016 Cisplatin-Associated Ototoxicity: A Review for
the Health Professional. J.Toxicol, 2016, 1809394. [PubMed: 28115933]

Prescott WA, Jr 2014 A survey of extended-interval aminoglycoside dosing practices in United States
adult cystic fibrosis programs. Respir.Care, 59, 1353-1359. [PubMed: 24782555]

Priest ER & Vogelzang NJ 1991 Optimal drug therapy in the treatment of testicular cancer. Drugs, 42,
52-64. [PubMed: 1718685]

Reavis KM, McMillan G, Austin D, Gallun F, Fausti SA, et al. 2011 Distortion-product otoacoustic
emission test performance for ototoxicity monitoring. Ear Hear, 32, 61-74. [PubMed: 20625302]

Riedemann L, Lanvers C, Deuster D, Peters U, Boos J, et al. 2008 Megalin genetic polymorphisms and
individual sensitivity to the ototoxic effect of cisplatin. Pharmacogenomics J, 8, 23-28. [PubMed:
17457342]

Saunders GH, Frederick MT, Silverman S & Papesh M 2013 Application of the health belief model:
development of the hearing beliefs questionnaire (HBQ) and its associations with hearing health
behaviors. Int.J.Audiol, 52, 558-567. [PubMed: 23682849]

Schubert CR, Fischer ME, Pinto AA, Klein BE, Klein R, et al. 2016 Sensory Impairments and Risk of
Mortality in Older Adults. J.Gerontol.A Biol.Sci.Med.Sci, .

Schuknecht HF & Gacek MR 1993 Cochlear pathology in presbycusis. Ann.Otol.Rhinol.Laryngol,
102, 1-16.

Schwade ND. 2000 Pharmacology in audiology practice In: Roeser RJ, Valente M, Hosford-Dunn H,
eds. Audiology diagnosis. New York: Thieme; pp. 139-162.

Schweitzer VG 1993 Cisplatin-induced ototoxicity: the effect of pigmentation and inhibitory agents.
Laryngoscope, 103, 1-52.

Stepanyan RS, Indzhykulian AA, Velez-Ortega AC, Boger ET, Steyger PS, et al. 2011 TRPAL-
mediated accumulation of aminoglycosides in mouse cochlear outer hair cells.
J.Assoc.Res.Otolaryngol, 12, 729-740. [PubMed: 21879401]

Tang HY, Hutcheson E, Neill S, Drummond-Borg M, Speer M, et al. 2002 Genetic susceptibility to
aminoglycoside ototoxicity: how many are at risk? Genet.Med, 4, 336-345. [PubMed: 12394346]

Tono T, Kiyomizu K, Matsuda K, Komune S, Usami S, et al. 2001 Different clinical characteristics of
aminoglycoside-induced profound deafness with and without the 1555 A-->G mitochondrial
mutation. ORL J.Otorhinolaryngol.Relat.Spec, 63, 25-30. [PubMed: 11174059]

Theunissen EA, Bosma SC, Zuur CL, Spijker R, van der Baan S, et al. 2015 Sensorineural hearing loss
in patients with head and neck cancer after chemoradiotherapy and radiotherapy: a systematic
review of the literature. Head Neck, 37, 281-292. [PubMed: 24478269]

Thomas AJ, Hailey DW, Stawicki TM, Wu P, Coffin AB, et al. 2013 Functional mechanotransduction
is required for cisplatin-induced hair cell death in the zebrafish lateral line. J.Neurosci, 33, 4405—
4414. [PubMed: 23467357]

Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, et al. 2015 Global cancer statistics, 2012. CA
Cancer.J.Clin, 65, 87-108. [PubMed: 25651787]

Tran Ba Huy P, Bernard P & Schacht J 1986 Kinetics of gentamicin uptake and release in the rat.
Comparison of inner ear tissues and fluids with other organs. J.Clin.Invest, 77, 1492-1500.
[PubMed: 3700652]

Van der Walt H 2002 Too close for comfort: emotional ties between nurse and patients In: Swartz L,
Gibson K, Gelman T, eds. Reflective practice: psychodynamic ideas in the community. Cape
Town, South Africa; Human Sciences Research Council [homepage on the Internet]. Available
from http://www.hsrcpress.

van Ruijven MW, de Groot JC, Klis SF & Smoorenburg GF 2005 The cochlear targets of cisplatin: an
electrophysiological and morphological time-sequence study. Hear.Res, 205, 241-248. [PubMed:
15953532]

Vasquez R & Mattucci KF 2003 A proposed protocol for monitoring ototoxicity in patients who take
cochleo- or vestibulotoxic drugs. Ear Nose Throat J, 82, 181-184. [PubMed: 12696237]

Vaughan NE, Fausti SA, Chelius S, Phillips D, Helt W, et al. 2002 An efficient test protocol for

identification of a limited, sensitive frequency test range for early detection of ototoxicity.
J.Rehabil.Res.Dev, 39, 567-574. [PubMed: 17642021]

Int J Audiol. Author manuscript; available in PMC 2019 September 01.


http://www.hsrcpress

1duosnuey Joyiny wA 1duosnue Joyiny wA

1duosnue Joyiny vA

Konrad-Martin et al.

Page 24

Watts K et al. In preparation Medication-induced Ototoxicity in Adults: A Brief Overview for
Audiologists. Int.J.Audiol, this issue.

Weaver A, Flemming S, Kish J, Vandenberg H, Jacob J, et al. 1982 Cis-platinum and 5-fluorouracil as
induction therapy for advanced head and neck cancer. Am.J.Surg, 144, 445-448. [PubMed:
6889819]

Wiley TL, Cruickshanks KJ, Nondahl DM & Tweed TS 2000 Self-reported hearing handicap and
audiometric measures in older adults. J.Am.Acad.Audiol, 11, 67-75. [PubMed: 10685672]

Wright CG & Schaefer SD 1982 Inner ear histopathology in patients treated with cis-platinum.
Laryngoscope, 92, 1408-1413. [PubMed: 6983637]

Zuur CL, Simis YJ, Lamers EA, Hart AA, Dreschler WA, et al. 2009 Risk factors for hearing loss in
patients treated with intensity-modulated radiotherapy for head-and-neck tumors.
Int.J.Radiat.Oncol.Biol.Phys, 74, 490-496. [PubMed: 19135315]

Zuur CL, Simis YJ, Lansdaal PE, Hart AA, Rasch CR, et al. 2007 Risk factors of ototoxicity after
cisplatin-based chemo-irradiation in patients with locally advanced head-and-neck cancer: a
multivariate analysis. Int.J.Radiat.Oncol.Biol.Phys, 68, 1320-1325. [PubMed: 17418969]

Int J Audiol. Author manuscript; available in PMC 2019 September 01.



Page 25

Konrad-Martin et al.

SawBWos Ajarey Ajarey SawBWos Ajrensn juawdinba a)qenod
Alrensn Alrensn Alrensn Alrensn SaWIBWOS Y100q payeali punos | J10MUON Bw Wwwrj Suo11e20]
AB0J02UQ YNM paieys SOA AB0J02UQO Yim paseys SOA SOA a|qisuodsal o1u12 ABojoipny Bunnpayas
Alarey Ajarey Ajarey Alarey Ajarey Juswieal) Buunp [ediajey uaned
shem|y SaWIBWOS Alrensn SaWINBWOS Ajorey juswieany Buunp Jediagey ABojoouQ
skem|y une|dsio 1oy Aj[ensNxx Alrensn Ajarey Ajarey 151y 01 Joud [eLssy \mep_ﬂ%w%
19NN 13naNco Alrensn 19NN 15haN Jojpue g1 ‘LN mMM_HM_W_mwM_ﬁW%m Sjuslled 0 SS899Y JO SPOIA|
(pareyur pue Al) oA (A1) s8A (p3reyur pue Al) s3A ON (p3reyur pue Al) saA SONY
(N/H Apewid) sex ON (N/H Ajprewind) sap ON ON auo|y uonelpey
SOA SOA SOA SOA ON (uoneipesowsayd Buipnjour) unejdogred
SOA SOA SOA SOA OoN (uoneipeiowsyd Buipnjour) uneldsip palafae] syuswieal |
ON ON ON ON ON juanedu]
SOA N SOA SBA SOA juaneding | uone|ndod jusied Arewnid
(1033 21UIID) WBWLIBN0D | (110K JIUIID) JUBLILIBA0D %%ﬂ_,___modonw_m_%mv (o3 o) vea | (uoy3 o) vean o0k Aatioes
paysijqeis3 paysi|geis3y uoryejuawsa|duw uonejuswaldw] Buiuueldq abels dINO
paay Ja)eM (puepiod NIA 48158420y Aisasmun afeA 2u10 42 (NSHO)

VA) WalsAs ared yiesH
pue|I0d SAIeyY S, Ueldlan

a0 okey

Ajis1an1un 8ousIds
72 U1jeaH uobaiQ

‘sBunas| pJeog Jownl=g] ‘soluld

AreundiosipninN=aLN ‘snousaenu|=A| ‘weibold Burioluoly A1191X01010=dINO :J82UBd 23U pue peay=N/H sonolgqiue apisodA|Bouluy=9 NV
“(sHun juswiealy Jo/pue (QLIA) sotund Areundiosipinw ‘spaeoq Jowny Buiyeis ‘'sased awos Ul ‘sadiniasul A1je1dads-ssoJd ‘paodal [ealpaw

8yl ul asn Joy sale|dwsl 3 nsuod Buileald “Ha) senlAOe Yoeadno di4198ds ybnoayy suoneindod jusired urensd Ajuo palsbiel sanijioey 1SojA “Burioliuow
[ewndo pauoddns 1eyr ajnpayds e ul sispinoid uedisAyd wouy sjellagal Bulurelgo Ajusisisuod paliodal ‘pasy Ja1fepn ‘auls auo AjuQ (surdipaw Areuowjnd
10 aseasip suondajul ‘A6ojoduo wouy *a°1) sBnip 21x01010 Jo siapiroid ueldisAyd J18y) Woly S[ellajal [eUOISEIJ0 AJuo pey salls 1sow ‘Ajfeuonippy
‘pallajal-}1as Ajauel syusied ‘Janamoy f1senbai Aq usied Aue Joy Burioniuow papiaoid sweiboud | ‘speadsoy uswulanob alem omy sealaym ‘sbumas
a1ed U1[eay Uel|IAID 3Jam Sal[1oe) daly ] ‘swelboid paysijgelss-|jam o ‘sabels uoirejuswajdwi pue Buluuejd wouy pabuel SO YL "Paisal are Asy)
alayM pue ‘pajnpayds pue passadde ale siusired moy ‘uonejndod jusiyed ayy Jo s1oadse ‘adAl Alji1oe) ‘dINO Jo abeis ayr Buipaebal papiaoad s uonewIoU|

VA Author Manuscript

‘paulwex3 (sdINO) sweaboad Burioniuopy A1191X01010 [eaIulD a8yl JO sansiisloeseyd

‘TalqeL

VA Author Manuscript

VA Author Manuscript

Int J Audiol. Author manuscript; available in PMC 2019 September 01.



Page 26

Konrad-Martin et al.

suonsanb
$SaUIZZIP 79 SNuULL

S1y 8v-v¢
UIyIM 159181 Sabueyo §|
papaaU Se SIS [UONIPPY

0OU ‘Uo1IdNPUOID
auoq ou “6°3) [ens

1ens anIsuayaidwo) ‘AiswouedwAl suonsanb sureJisuod Jo bunsay suonsanb
paloalap sabueyo §| +ZHY 21-S2°0 $SaUIZZIp 79 SNuUILL 10} 90Ua49]0) Jusjed SSaUIZZIp 79 SN)uULL
s3v0da Ajuo Qv ‘asimiayio 1eAd anIsuayaidwo) Jo “uawdinba Jo awn |eAs anisuayaidwo)
‘AnpwouedwA] SN20} © S1 UoIeM|Iqeyal pa1da1ep sabueyo J| 11 parelnaiqae Bunsay pa10alap sabueyo §|
‘salouanbauy J1 4o spwad ajnpayds | s3v0oda ‘AnswouedwA) ‘lanamoy ‘paiagald | s3v0da ‘AnswouedwA]
0O¥S AJuo oV juaied J1 anisuayaidwo) + ZHX 9T-G2'0 AJuo Jv Jens aAIsuayaidwo) + ZHY 9T-G2'0 AJuo DV JOMUON
suonsanb

sSauIZzIp 79 snjuull suonsanb

suonsanb s3v0da SS3UIZZIP 79 SNHUUILL
SSaUIZZIp 79 SN)uULL leuondo ‘zHY 21-6 s3voda suonsanb suonsanb

$3v0dd + OdS
+ [eAs anIsuayaidwo)

salouanbaly ybiy-enyn
+ [eAd anisuayaidwo)d

+ satousanbaly ybiy-enn
+ [eAd anisuayaidwo)d

SSBUIZZIP 79 SNuULL
Jens anIsuayaidwo)

SSUIZZIP 79 SNuULL
Jens anisuayaidwo)

auljaseq PapuUaLILL0daY 10901044 dINO

SIIAIBS UONBYIqeyaY
7 Buljasuno)

dn moj |0} JuswIea.-1s0d
auo[e uoleIpel 10 SOINY
10} 9]94A2 yoes 03 Jorid
‘sbnup uneld 1o asop
yoea 0} Joud JouoN
JuBWIRa] 1811 1O 1Y $Z
uy/m Jo 0} Jouid auljaseg
A1191X0}0]0 UO UOIEINPa
Japinoad pue juaired

S2IAIBS UONRN|IqeyaY
7 Buijasunod

JUETLEEY

Jaye pue Bulnp a|npayas
Burionuow usALIp-jualled
A1191X01010 UO UOI1eINPa
Japinoid pue juaized

S30IAIBS UONBlI|IgeYaY
7 Burjasuno)

dn moj|0} JusWIeaI-1S0d
auo|e uoneIpel 10 SONY
10} 9]9A2 yoes 03 Jouid
‘sbnup uneld Joy asop
yoea 01 Jouid Jo)uoN
uaWIRaN 1811 JO Iy ¥Z
ul/m Jo 0} Joud auljaseg
A1191X010]0 UO UONEBINP
Japinoid pue juaired

SIIAIBS UONE)|IgeyaYy
7 Buijasunod
JuawIeal) Inoybnoayy
Burioyuow JuslsIsuod
A)21x03010

uo uoIreINPa

Japinoid pue jusized

SIIAIBS UONBNI|IqeyaY
79 Buijasuno)

"SYIYs Burreay Joy
Joyuow 0} s1sa) Burreay
lenuue-1q :JuanedinQ
150d yuow-auo

pue yT ‘2 ‘T Aeq ‘auljeseq
“uanedu] [SHINV-AI 104
S158) 40} Buljaw Il d14193ds
ON ‘uawieas; Inoybnoiyy
Burionuow jualsisuo)
SOINV pajeyul Jo4
A1191X0}010 UO UOIEINPa
Japinoad pue juaired

$aA123[g0 dNO

pasy Ja1_M

(puepIod WA) walsAs
aleDd yilesH puejriod
SAIeJ]Y S,Uedslan

NIA
19153420y 21Ul1D 0Ae N

Aussanun ajeA

2D 49 (NSHO)
Al1s18A1UN B2UBIDS

72 YiJeaH uobaip

VA Author Manuscript

"SJUSAT 9SIBAPY 10} BLIAIID ABojouIWwIa] uowwo)=3vI1D
{SpjoysalyL uononpuo) suog=o9g ‘uoierdossy buliesH abenbue yasads UrdLIBWY=YYHSY ‘SapIS0dA|BoulWY =NV ‘SPIOYSaIYL UOIINPUOD IIY=DJV
"JUBAS 3SJBAPE I1X01010 UR 10} BLIBD (FDLD) SIUSAT aSIanpy Jo) eliali) ABojoulwial uowwo) 1w Jiys Bulreay e Jaylaym Jo uoiredipul

ue yum s1s16o0joauo Buipiaoid osfe paliodal o1uljD 0ARIA pue paay J31BAA SUIYS Bulieay 21X01010 AJ1uapl 0] elg1ld #66T (WHSY) BulieaH-abenbue
-yo9ads uesuswyy Buisn papiodal salls || (Quswidinba aAISUSIXa 10 SYI00Q PUNOS INOYIA SIIUTD 811]|8les e 10 11Un 1UaWIeal] 8y} Uo Palinaao Bunsa)
‘paiwi] Sem awin Juaned usym a°1) ajqejieAe Juswdinbs 03 1depe pue sjuaied syepowwodde 01 Bulss) usiioys 01 Bulaey paniodal Ing ‘s1sel Bulioyuow
AAISUBYa1dwod padwialie Uslo puejlod WA pue AlISIaAIluN 3[eA SISl Buliojuow pajeiAalqae Ajauiinod salis aAl |[e Ing ‘auljaseq e uoiten|eAs
JL18WoIpne sAIsuayaldwiod e Bulurelqo papuswiwodal aiis yaed ‘A1101x01010 paanpul-(9IAY) apisodA|boulwe 1oy Burioliuow uo pasnaoy AJ9jos sem
ya1ym a1u1ja (42) sisodquy 91sAa (NSHO) Alisianiun a3usaias % yljeaH uobialQ ayl ul dINO pauueld ayl wody apise ‘san1laslqo dNo Jejiwis pey sanijioe

"eLIg111) abueyd BuliesH pue $]020104d ‘sanndalgqo (dINO) weaboud Burionuoy A1191x01010

VA Author Manuscript

‘¢ slqeL

VA Author Manuscript

Int J Audiol. Author manuscript; available in PMC 2019 September 01.



Page 27

Konrad-Martin et al.

SOA ON SOA ON ON Elvjolke]
SOA N SOA SN SBA VHSY | eusnaD abueyd burresH
lens
anIsuayaidwoo si AjjeardAy
Bunsa| ‘Aressadau si
suonsanb UOIUBAIBIUL BAINEN[IRYSI suonsanb suonsanb suonsanb

SSUIZZIP 79 SNHUULL
|ens anIsuayaidwo)

Jayuny ap1oap ueldIul
pue janed J1 Ajuo suoq

SSAUIZZIP 79 SNHUULL
|eAs aAIsuayaidwo)

SSaUIZZIP 79 SNHUULL
Jens aAIsusyaidwo)

SSUIZZIP 79 ShyUULL
[ens anIsuayaidwo)

juswieal] 1s0d

suonsanb
SSauIZzIp 79 sniuul L

suonsanb

S$SaUIZZIP 7® SnuuuLL
(4e19Wo1pne Aouanbaly
-ybiy ajge|rene

PRI

(puejiod WA) Waishs
a1ed yiesH puepod
SAleyV S, Uedslsn

N
119153420y d1ul]D oAey

Aus1anaiun sjeA

211D 49 (NSHO)
AJISIBAIUN 82UBIDS
72 YijeaH uobaio

VA Author Manuscript

VA Author Manuscript

VA Author Manuscript

Int J Audiol. Author manuscript; available in PMC 2019 September 01.



Page 28

$3v0dda Jo/pue syiys
Burreay [euonouny 1oy serausnbaly yasads ays 1se) Aew pue abueyd

suonsanb ssauIzzip % snjuulL
SIY 8-y UIynm 158181 sabueyo |
papaau se sisal [euonIppy ‘AnswouedwA |

1030104d dNO

wiuod 0y Burreay sisalal ueldiul) ‘AnswouedwAy ‘Adodsol0
1pa19213p S1 YIYS WHSY $1 ‘MaIAa] 104 1s160]o1pne 0} papJemloy
s}nsaJ Ym Ajuo sa1ouanbaiy QS Ul DV Sapn|oul 18)-4|9S 1ualied

+ZH) ZT-G2°0 A|uo DV ‘asimiayio
SN20J € S UoIeN|Igeyal 41 J0

snwJad ajnpayds waned J1 ansusyaldwo) J0MUOIA|

Allensn Ajoey juswdinba ajqeniod

§1S9) 101IUOIA 10) pasn suol}ed0T]

(Ajuo s1sa1 uoneaiian/dn-moj|oy) Ajarey Alrensn 4100q punos

sasInu ABOJOOUO L3IM UOITRUIPIO0D Ul ‘Wes) YoIessay a1u1)d ABojoipny Buiinpayos

1anaN [eLiy S1y3 Ul suaired Joy JanaN Wiaweal) Burinp [ellagal-}[as ualed

Bunsay yym soueljdwod

dINO ays Jo Jed se pabeuew ale sjusied ‘Ajaley Juaied U0 Aja1 0} SpUS) ‘SALINBWOS

Juawieal bunnp essyay ABojoouQ

skem)y Alensn, Juswiea 1541y 03 Joud [essaey AB0joauQ SjUdl1ed 01 SS32IV JO 3POIN
SoIUIfd
Alrensn 193N, ABojoouo Jojpue g1 ‘dLIN syes 1sibojoipny
SOA SOA (uonreipelowsayd Buipnjour) uneidsiy paabue] syuswyest |
ON ON waiedu|
uoine|ndod juaned Arewiid
SOA SOA wanedino

wuy (@1o10) [euswiaadx3 WL 81e) [ensng

puefII0d WA T8 [BLLL [B21UI]D PAzZIWOpURY BUlIoNUON ANDIX0I010

Konrad-Martin et al.

'sbunasiy pseog Jownl=g] ‘Aljigededs yijeays|al premio) pue a101s Yl Jalewolpne

Aouanbaly ybiy-eann ajqeniod=al-010 :sa1ulfa AreuljdiasipiiniA=aLIA ‘SNOUsABIUI=A] ‘189UBI %J8U pue peay=N/H ‘Sa110Iqrue apIsodA|bouluy =NV
"(1x21 BulAuedwoooe pue ¢ a|gel 99s) W aJed [ensn ay o) Apuanbaiy sso| Jey

p211n220 BUIISa) ‘JISASMOH “LWIe 3Jed [ensn ay) 10} sAISUsyaIdLod al1ow sem Bulisal eyl uass aq Ued 11 ‘suiie oMm] ay) Joy sjoooloid Buriedwod Ag "ad1nsp
3y} uo papeo| 13} uostiedwod auljaseq areridoadde ayy yum juawiessl Jo Aep yaes uo sjusired 01 J-010 apiroid 01 wayl bundwoud sesinu ABojoouo

3] 01 SIBPUILIAI JUSS PUB PJ0JaI [BIIPaAW J1UO0JII3]8 8yl Bulsn SjuawIeal) s Jusited yoea payde.) wea) Apnis sy ‘wie [ejuswiiadxa ayl Jo4 "[ellasal
Japinoad 1uawIeal] Jo/pue [e4Ia)a4 JJ9s 1ualred AQ passadoe aiaMm Sad1AIaS Bulioliuow AJ191X01010 ‘We 91ed [ensn ay) Jo4 "(W.e [eluswiiadxs ‘gl-010)
sanlIqeded piemio) pue 8401s Yim Jajswolpne Aouanbaiy-ybiy sjgeniod e Buisn aun ABojoouo syl ul Ajrewnid wes) yaaeasal ayl Aq pajonpuod Butriojiuow
snsJaA 21Ul ABojoipne ay) ul papinoid Se aJed [ensn :SwJe 0M] JO SUO 0] Paziwopuel alam papnjoxa 1ou siuedionted BuljIp “1opIOoSIp Jea a|ppIW Juddal
JOAIIO® 10 8seasIp S,a1a1ua Buiney ‘aredionted 01 sjgeun AjjeaisAyd 1o Ajaaniubod Bulag papnjoul SUOISN[IXT “Jeld) [ealul|d syl ul Led axe) o1 s|qiba
aJam uire|dsio yum Adeayiowsyd BuiAgdal siusiled ‘T 9|gel 104 Se awes ayl Si 8|gel 8yl JO Jewi04 pPapiAcid ale [eli) 8y} JO swe oMl ay) Jo uonduasap v

WA PuBj110d 3y 1e sayoroaddy Burionuoin A191x01010 oM Bunseaiuod [eldl [esluld paziwopuey
‘€ 9lqeL

VA Author Manuscript VA Author Manuscript VA Author Manuscript

Int J Audiol. Author manuscript; available in PMC 2019 September 01.



Page 29

Konrad-Martin et al.

*a)1s s1y1 Je (s1s16ojoipne [eaiunjo sy Aq pawiioyiad 3se) e 1ou sI SIY) “a°1) SOIUID g1 PUB LAl 8U) 4JeIS [eLi] 8U) LM pajel1dosse sisIBojoipne yosessal ay L
oo

‘(¢ pue € SajgeL Ul pagLIasap) aMIS pueLIod WA aYl 1e [l [ealulfo Buiobuo ue jo Led se pajels ag 03 uebag SoIUID g1 pue LN Usym Ajfenuelsgns pasealoul alis Siyl 1e sjeliajal 4o Jaquinu ayl
£

01Ul ABojoipne ayy

ur BurIoNuUOW 21X0]010 818 [ensn urelqo |ns Aew Apnis yosessal sy ui uonedionted sujosp oYM S[ENPIAIPU| “Z 8|gel wody panojdal ‘|ooojoid a1uljo ABojoipne puejiiod WA ayi si [020304d Wiy 81ed [ensn

5

3vO1D + VHSV

VHSV

elIaND abuey) BuliesH

SPaau aAl|10eyaJ aAlas 0) Bullsal [euonippe Joj 91uljd 0} paInoy
10VH4 ‘aareuuonsenb |41 ‘3/VIHH
‘141 's3v0dQq ‘AnswouedwA] ‘OdS + ZH) 02-G°0 AJuo OV

|eAs anIsuayaidwiod

s1 AjjeaidAy Bunse] ‘Alessadau

SI UOIUSAIRIUI SAITRN|IGRYSI JayLIng
8p193p UeIdIuIjo pue juaiied 41 Ajuo suoQg

juswileal] 1sod

asreuuonsanb 100 (1Ov4) Adeiay] Jsoued jo
1UBLISSBSSY [BUOROUNS ‘(14 L) X8pu] [euonound snuuutl ‘(IIHH)
Al4ap|3 ayp 4oy Jo (WIHH) S)npe Joj Alojuanu| desipueH BulleaH

wJiy (Q1010) [eluswLIadXg

WY a1ed [ensng

pUBLIOd WA T8 [ELIL [e91UI]D Paziwopuey BULIONUO A1191X01010

VA Author Manuscript

VA Author Manuscript

VA Author Manuscript

Int J Audiol. Author manuscript; available in PMC 2019 September 01.



Page 30

Konrad-Martin et al.

(81617 (e-0) 20 1uaed Jad s1s3) BulresH JoNUON

(8167 (0z-2) L' Jualied Jad uneldsi Jo sesoq

(abueu) abeaany

€0T €T paurelqQ s1sal BulieaH Joyuo

1Z 6 paulelqo sisaL BuliesH suljaseg

€01 60T paJaisiulwpy unedsi Jo sasoq
(N) reaoL

(Tz=u wiy) A1-010 | (6T=U Way) a1eD [ensn

way Apms

uun ABojoouo sy} uo uonelpAy Juswiean-aid BuiAiadal ajiym QJ-010 a8yl Buisn Bunsel-4|as Juaned

AqQ palel]1oe) Sem SIYL 9SOp Yoea 03 Jolid S1sa) J0juoW B pue auljaseq e pey wJe J-010 a3y} 01 paziwopuel syualied Tz ||V "8SOp Yydes o} Jouid Joyuow
Burreay e pajsjdwod swuaned (6T/2) %TT Ajuo pue (sjuained 9) uswieal] Burinp 131 Jonuow auo 1snl paaIadal 1sopy “siuaired asayl Jo (6T/6) %y Ul
PaJInd90 S1$8) JOMUOA “JUaWIeal] 01 Jolid auljaseq e paurelqo aJed [ensn 0} paziwopuel suaiied Jo (6T/6) %0S UBY] SS87 Juswieal] Jadued papnjouod pey
OUM S[enpIAIpUI 3s0Y) 10} wie Apms Ag Sasop ulle|dsio paaisiullwipe Jo Jaquinu ayl 01 uoiejal ul wae Apnis Aq uonenjeas Bulieay Jo1iuow Jo auljaseq
PaAIadaJ Jeyl slualted JO JBQUNU Yl SMOUS 3]qel “ulte|dsio JO aSop 1Se| 240430 pue 3S0p 1S1) Ja)je ‘quawies) Burinp pajejdwod si 1ey) 1531 Bulieay e paulyap
SI UoIIeN|eAd J0JIUOW Y/ "Ulre|dsId JO 8sop 1S41) 8y} JO SINOY g UIynm Jo 03 Jorid sinad0 Jey 1s8) Bulieay e se paulap S uoirenjeas Bulieay auljaseq v

"850 une|dsiD pue juaiied Ag suonenjeas bulaesH Jo sisquin :uosiiedwo) way ApNis [eldl [ediuld
v 9lqelL

VA Author Manuscript VA Author Manuscript VA Author Manuscript

Int J Audiol. Author manuscript; available in PMC 2019 September 01.



	Abstract
	INTRODUCTION
	The Case for Prospective Ototoxicity Monitoring
	Clinical Presentation of Ototoxicity
	Major Classes of Common Ototoxic Drugs.
	Pathophysiology and Mechanisms of Action.
	Ototoxicity Incidence Among Cancer Patients.
	Ototoxicity Incidence Among Patients with Severe Infections.

	U.S. National Audiology Guidelines Pertaining to Ototoxicity Monitoring
	General Goals of the OMP.
	Specific Recommendations for When and How to Monitor.
	Baseline Test Components.
	Monitor Test Components.
	Definition of an Ototoxic Threshold Shift.
	Considerations for Standardizing the Measurement and Reporting of Ototoxic Events.

	Do U.S. National Guidelines Offer Sufficient Guidance?
	Examples of OMP Service Gaps, Barriers and Facilitators in a Variety of Healthcare Settings.
	Inconsistent Referrals.
	Other Logistical Barriers to Monitoring (Scheduling, Staffing, Equipment, Test location).

	CONCLUSIONS
	References
	Table 1.
	Table 2.
	Table 3.
	Table 4.

