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ABSTRACT

The need for monitoring hearing and auditory function during
drug therapy and other treatments that have the potential to cause
hearing loss is well documented. Besides the main purpose of ototoxic
monitoring, which is to provide feedback to the attending physician
about the effects the treatment is having on the auditory system, it is also
helpful in setting expectations for the patient and his/her family about
the communication issues that may result from the drug therapy. This
article will review tests available to an audiologist, both subjective and
objective, that can be used to effectively monitor hearing levels and
auditory function during treatment. Published guidelines and various
ototoxic monitoring protocols are reviewed regarding tests adminis-
tered, what constitutes a significant change in test results and how these
findings are reported, and the impact significant changes may have on
the course of treatment. Test protocols from different institutions are
compared for both similarities and contrasts. Effective scheduling and
test location are key to a successful monitoring program. Finally, the
need to streamline ototoxic monitoring of hearing and auditory function
to reduce test time and make it less stressful and tiresome on the patient
will be considered.
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Ototoxicity is the cellular degeneration of
cochlear and/or vestibular tissues, leading to
functional deterioration, due to an adverse
reaction to certain therapeutic agents.1 While
most of the attention is focused on medication-
induced damage, any nonmechanical damage to
the inner ear also is considered to be an ototoxic

agent leading to possible auditory and vestibular
dysfunction.2 Other examples of nonmedica-
tion ototoxicity include noise exposure, chemi-
cal toxins, many solvents, some heavy metals,
and certain asphyxiants.2 Auditory symptoms
include hearing loss, tinnitus, hyperacusis, and
aural fullness.3 For the purpose of this article,

1e3 Midlantic Technologies Group, Colmar, Pennsylvania.
Address for correspondence: Sherman G. Lord, Au.D.,

e3Midlantic TechnologiesGroup, 3191TrewigtownRoad,
Suite 100, Colmar, PA 18915
(e-mail: slord@midlantictech.com).

Pharmacology and Ototoxicity; Guest Editor, Robert
M. DiSogra, Au.D.

Semin Hear 2019;40:122–143. Copyright # 2019 by
Thieme Medical Publishers, Inc., 333 Seventh Avenue,
New York, NY 10001, USA. Tel: +1(212) 584-4662.
DOI: https://doi.org/10.1055/s-0039-1684042.
ISSN 0734-0451.

122

mailto:
https://doi.org/10.1055/s-0039-1684042


only medication-induced hearing loss will be
addressed.

The number of drugs identified as being
potentially ototoxic has increased over the past
several decades. Some estimate the number to be
over 600,3 while other estimates are in the 200þ
range.4 The most commonly used ototoxic
medications include platinum-based chemothe-
rapeutic agents, aminoglycoside antibiotics, loop
diuretics, macrolide antibiotics, antimalarials,
and nonsteroidal anti-inflammatory drugs
(NSAIDs).3,5–7 Of these known ototoxic medi-
cations, chemotherapeutic agents (platinum-
based drugs) and aminoglycosides will cause
permanent hearing loss, while loop diuretics,
quinine, and salicylate pain relievers are known
to cause temporary hearing loss.4

The percentage of patients who experience
hearing loss as a result of receiving treatmentwith
ototoxic medications varies widely and is impac-
ted by several factors, including the particular
medication utilized, the dosage level, frequency
of treatments, method of delivery, the patient’s
age, hearing status at the time treatment begins,
past history of ototoxic drug treatment, and other
risk factors including past and concurrent noise
exposure.8 Genetic factors alsomay contribute to
individual vulnerability to ototoxicity.9,10

The potential for increased ototoxicity
occurs if drugs and/or treatment methods are
used in combination.Cranial radiation combined
with cisplatin exacerbates the progression of
cochlear damage and associated hearing loss.11

Concurrent noise exposure and even ambient
noise levels in the NICU acting synergistically
with the ototoxic medication can potentiate pro-
gressive hearing loss.12 Higher cumulative doses
of cisplatin and carboplatin increase the risk of
hearing loss, especially in younger patients.13

Permanent sensorineural hearing loss secon-
dary to medication used to treat a variety of
infections and cancers (cochleotoxicity) is a risk
for well over 4million people in theUnited States
each year.7 The American Cancer Society repor-
ted that 1.7 million people would be diagnosed
with some form of cancer in 2017. While the
5-year survival rate varies based on the type of
cancer aswell as other factors, that ratehas steadily
improved over the past 40 years. Based on data
reported for theperiod2005–2011, approximately
70% of cancer patients are now likely to survive.14

As an increasing number of cancer patients sur-
vive, there will be a greater need for audiologic
intervention services to improve the patient’s
communication and overall quality of life. This
assumes that the cancer survivors are part of a
comprehensive audiologic ototoxic monitoring
program (AOMP). Unfortunately, surveys con-
ducted in the United States andUnited Kingdom
have shown that less than 50% of respondents
have an AOMP in place. This is despite the
evidence that supports the importance and value
of an effective AOMP to the patient.3

The incidence of permanent sensorineural
hearing loss is difficult to accurately estimate
and is quite variable due to the acquired disease/
illness, treatment prescribed, individual patient
differences, and themany different metrics used
to determine and report changes in hearing.8

Medication-induced hearing loss cannot be
predicted based on dosage, serum levels, or
the development of other toxic outcomes.7,15

According to Konrad-Martin et al,8 repor-
ting on ototoxicity monitoring in the VA
Healthcare System, approximately 4,000 veter-
ans will receive cisplatin this year with an
estimated 50% developing permanent sensori-
neural hearing loss as a result. Other estimates
of the percentage of patients who develop hea-
ring loss secondary to antineoplastic medica-
tions range from 23 to 50% in adults and 60% in
children.3 Other reports have shown an inci-
dence rate of 26 to 90% in pediatric patients
receiving cisplatin and/or carboplatin.16

Theunissen et al found hearing loss inci-
dence ranging from 17 to 88% in adult head and
neck cancer patients receiving cisplatin chemo-
radiation.17 Knight et al16 performed audiologic
evaluations on 67 patients receiving platinum-
based chemotherapy. Sixty-one percent of the
patients showed bilateral hearing loss.

The aminoglycoside family of antibiotics is
used to treat various infections contracted by both
children and adults. In the United States, there
are over 4 million births annually of which 12%
are admitted to the neonatal intensive care unit.
Most of those admitted to the NICU are treated
with antibiotics to prevent a bacterial infection12

and neonatal sepsis.17,18 Other at-risk pediatric
populations treated with aminoglycosides inc-
lude thosewith cystic fibrosis, tuberculosis, endo-
carditis, severe pulmonary infections, and
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sepsis.8,17 The incidence of hearing loss in the
standard frequency range in both children and
adults who are treated with aminoglycosides
ranges from 2 to 20%, the highest incidence
occurring in patients with cystic fibrosis.18

The onset of symptoms can be quite
variable. Symptoms may occur alone or in
combination (auditory and/or vestibular), and
with rapid or gradual onset. In most cases, these
symptoms are of a permanent nature, although
some are reversible.3 In cases when patients’
complaints of hearing difficulties are reported
and used as the only monitoring method, it is
generally too late to take any preventative action
since the cochlear damage that has occurred has
already impinged upon the speech frequency
region. Nonetheless, additional steps may then
be taken to limit damage and retain the residual
hearing that remains.

While many patients are faced with life-
threatening conditions that require aggressive
drug therapeutic intervention, preventive eff-
orts should bemade tomitigate the effects these
drugs have on a patient’s hearing status, when
possible. This can only be accomplished
through the implementation of an effective
AOMP. Therefore, ototoxicity should be
monitored for each individual patient.8,16

AUDIOLOGIC MONITORING
PROGRAMS
It has been almost 25 years since the American
Speech-Language-Hearing Association publis-
hed guidelines for audiologic management of
individuals receiving cochleotoxic drug therapy
and 9 years since the American Academy of
Audiology’s position statement on ototoxicity
monitoring was published. Two points emerge
when reviewing the literature on audiologic
ototoxic monitoring over the past two decades.
One is the fact that the test protocol utilized has
been essentially unchanged. The other is that
audiologic ototoxic monitoring is still not stan-
dard of care. Konrad-Martin et al8 reviewed
national audiology guidelines for ototoxic moni-
toring and found that audiologic ototoxicity
monitoring is still not well established and
continues to be an inconsistent practice for
many adult oncology and infectious disease
patients.

The evidence documenting hearing loss
that affects the critical speech frequency
range secondary to treatmentwith ototoxicmedi-
cations, particularly those in the aminoglycoside
and platinum-based chemotherapy family, is
indisputable.3 And while the primary goal is
always to treat the disease/illness as aggressively
as possible, the onset and progression of a hearing
losswill have an adverse effect onoverall qualityof
life and interfere with the ability to communicate
with family, friends, coworkers, as well asmedical
personnel, thereby limiting their ability to convey
and understand basic health information.9

Thismay seem somewhat trivial when put in
contextwith the potential life-threateningnature
of the disease/illness for which the patient is
receiving treatment; however, withmore patients
surviving due to earlier diagnosis and improved
treatment methods, quality of life after com-
pletion of treatment should not be minimized or
overlooked. If possible, efforts should bemade to
maintain quality of life after treatment by desig-
ning medical treatment protocols that success-
fully treat the disease/illness while minimizing
hearing loss.5 In patients where progressive hea-
ring loss is documented, the physician may
decide to modify the treatment protocol (drug
type, dosage level, extend the therapy sessions) or
maintain the status quo and, in conjunction with
the audiologist, prepare the patient and his/her
family about the inevitable negative impact the
hearing loss will have on communication and the
use of nonmedical treatment strategies (e.g.,
amplification, aural rehabilitation) to deal with
the hearing loss after-effects.

It is in the best interest of patients being
treated with ototoxic medications to receive
audiologic monitoring prior to, during, and
after treatment, with the goals of early identi-
fication, prevention, and, if necessary, inter-
vention.6 In fact, an effective audiologic
monitoring program should detect changes in
auditory function before the damage affects the
speech frequency range and before the patient is
aware of changes in hearing and/or experience
other auditory symptoms.5

According to the American Academy of
Audiology’s position statement published in
2009, “audiologic monitoring for ototoxicity
is primarily performed for two purposes: (1)
early detection of changes to hearing status
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presumably attributed to a drug/treatment regi-
men so that changes in the drug regimenmay be
considered and (2) audiologic intervention
when handicapping hearing impairment has
occurred.”6 Intervention may include counse-
ling, communication strategies, amplification,
and assistive listening devices.19

Planning and Implementation

The planning, implementation, and success of
an ongoing AOMP is a team effort that
includes the attending physician, nursing staff,
audiologist, and other medical personnel who
may be involved in the care of the patient. Of
this team, “only the audiologist is endowed by
their professional training with the ability to
achieve both objectives of ototoxicity monito-
ring.”6 Therefore, the audiologist should faci-
litate the development and implementation of
the audiologic ototoxicity monitoring pro-
gram. Part of that will be to develop an
excellent working relationship with the phy-
sicians to receive referrals for patients they are
treating with ototoxic medications.6 The
audiologist may need to educate oncologists,
infectious disease specialists, and other medi-
cal personnel about the communication diffi-
culties hearing loss has in a patient’s everyday
life, including the ability to communicate
effectively in family, social, vocational, educa-
tional, and health-care situations. This may
include offering to present at grand rounds
stressing the importance of early identification
and intervention for all patients, but especially
neonates and young children.18 Untreated
hearing loss also can lead to increased hospital
readmissions.20

For pediatric patients, particularly in the
first 2 years of life, it is imperative the attending
physician and supportive medical personnel
understand the many developmental, educatio-
nal, financial, and, eventually, vocational
consequences secondary to developing hearing
loss. These include delays in speech and lang-
uage development, limited educational achieve-
ment, and social–emotional development.15

The consequences of ototoxic hearing loss for
the pediatric patient can be devastating and lead
to a lifetime of medical expenses.15 Societal
costs are estimated at over $1.3 million (in

2015 U.S. dollars after inflation) for each child
with severe prelingual hearing loss.20

Without an audiologist’s efforts to educate
physicians about the value of a structured,
consistent AOMP, it is likely that many
patients being treated with ototoxic medica-
tions will not receive audiologic care at any
point prior to, during, or after treatment.3,12,19

Scheduling

The audiologist should be the team member
responsible for defining the timing of audiologic
testing and coordinating the scheduling of
patients throughout the AOMP. The logistics
of theAOMPcanbe very challenging for the staff
and, most importantly, the patient. The audiolo-
gist must coordinate, through effective commu-
nication, with members of the medical team
involved in the patient’s care, aswell as the patient
and family, scheduling of audiometric testing so
that it is performed at the appropriate time.

There are many challenges faced by the
AOMP team to accomplish the goal of timely
and appropriate scheduling, not the least of
which is the condition of the patient and how
they are feeling during their treatment. The
importance of baseline testing to the overall
success of the AOMP cannot be understated.
Without baseline measures, it is impossible to
know if any hearing loss detected during treat-
ment was preexisting or secondary to the oto-
toxic medication/s.3,5,6,20 Therefore, the first
scheduling goal is to arrange for a baseline test
prior to the first treatment or within an accep-
table timeframe after the first treatment. The
acceptable timeframe is dependent on the
prescribed medication. For platinum-based
drugs, the baseline test should be completed
within 24 hours of the first treatment, while a
window of 72 hours is acceptable following the
first aminoglycoside treatment.5,20

If possible, the baseline test should be
performed in an audiometric test booth to
ensure accurate measurements. The results of
the baseline test should be as accurate and
reliable as possible. Although the ability to
test higher frequencies is not compromised by
ambient noise levels, by testing in an audio-
metric test booth that meets the ANSI standard
for maximum permissible ambient noise levels,
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the audiologist can be certain that the test
environment does not have any impact on the
accuracy of threshold testing.5

Baseline testing of any kind is almost
impossible to perform on neonates since
approximately 80% admitted to the NICU
are immediately placed on aminoglycoside
antibiotics to ward off infection and neonatal
sepsis.20

It is wise to consult with the attending
physician to identify patients who are at risk for
ototoxicity.21,22 These include all patients who
will be treated with known ototoxic agents
paying particular attention to those who have
other risk factors that can potentiate ototoxi-
city. These include poor general health with low
levels of red blood cells and serum proteins,
poor renal function, coadministration of multi-
ple ototoxic agents, hereditary factors, and
previous noise exposure.21 Having this infor-
mation available ahead of treatment may allow
the creation of a treatment plan that strikes a
“balance between a curative approach and qua-
lity-of-life outcomes following treatment.”22

Konrad-Martin et al proposed the use of
“prediction audiograms” that are formulated
based on the planned treatment dosage.22

They reported a hearing loss prediction error
of 4.0 to 8.0 dB when compared with actual
pure tone threshold shifts.22 Knowing ahead of
time if a patient has a greater risk for ototoxicity
is important information that can be used to
develop an individualized treatment plan and
provide critical information about the potential
for ototoxicity that the audiologist can share
with the patient and family (Fig. 1).

Schedulingmonitoring testing during treat-
ment presents a greater challenge to both the
audiologist andpatient. Schedulingmust bedone
within the context of other appointments requi-
ring coordination with multiple specialties.23

Timing of themonitoring testing is critical.
Ideally, monitoring tests should be adminis-
tered at specific intervals that correspond to the
treatment schedule but, to some extent, will be
dependent on the prescribed medication. If
possible, the patient should be scheduled before
each treatment session. By doing so, the patient

Figure 1 Pretreatment risk assessment audiograms using threshold information from Case Study 1. Series
of prediction audiograms were generated using planned cisplatin dosing regimen (dashed lines) and patient’s
actual baseline audiogram (solid line) in decibels hearing level (dB HL) shown as function of test frequency.
Gray shading indicates “speech banana” with phonemes. This model of conventional frequency thresholds
yielded overall accuracy of 4.9 to 8.0 dB prediction error.22
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will probably feel well enough for testing. Non-
etheless, at times, patients may be too ill to
complete the entire audiologic test battery.
Some patients may be unable to respond reliably
or may be entirely unresponsive.5 Similarly, the
patient may not be able to come to the audio-
logy clinic thereby requiring testing in an area
that will have higher ambient noise levels. In
either case, the test battery must be modified to
accommodate the general health of the patient
and the test environment in which the testing is
administered. For these reasons, the monito-
ring test protocol needs to be as quick and
efficient as possible.3

During treatment, the following are com-
mon audiologic monitoring test schedules:

� Prior to every scheduled cisplatin treatment.
� Prior to every third scheduled carboplatin

treatment (some recommend prior to every
treatment).

� Weekly or biweekly for patients on an
aminoglycoside drug.21

� A similar schedule is followed with pediatric
patients, regardless of age.

Finally, the audiologist is responsible for
coordinating posttreatment monitoring testing
to identify progressive hearing loss. The fre-
quency of posttreatment audiologic testing is
related to the treatment agent received (cispla-
tin, carboplatin, cranial radiation, and ami-
noglycoside). As it is possible for ototoxic
hearing loss to occur after completion of treat-
ment, posttreatment testing may reveal a hea-
ring loss that was not apparent during the
treatment phase.21 In addition, posttreatment
testing will identify progressive hearing loss
and, in some cases, may even show improve-
ment in hearing.3,20

Posttreatment scheduling varies somewhat
among AOMPs, but follows a schedule like the
following:

� Within 1 month of last treatment and then
every 3months for 1 year for patients treated
with cisplatin, carboplatin, and aminoglyco-
side antibiotics.

� Within 1 month of last treatment and then
every 6 to 12months for 10 years for patients

who were treated with cranial radiation
(high risk every 6 months through year 5,
then annually through year 10).

Changes in hearing must be confirmed by
repeat testing within 24 hours at any point
during the AOMP. If hearing changes are
confirmed at any point during treatment or
posttreatment, the test schedule may need to
be modified and intervention strategies
implemented.

The audiologist is responsible for develo-
ping and implementing an evidence-based
AOMP that may have to be modified based
on the dynamic nature of individual treatment
plans, the patient’s age, other otologic diseases
(both chronic and acute), and the responsive-
ness of the patient.7,15,21 Test methods and
protocols, particularly those used whenmonito-
ring during treatment, should be easy to admi-
nister, quick, sensitive, reliable, and as objective
as possible1

The testing portion of an AOMP can be
divided into three distinct phases: (1) baseline
(pretreatment), (2) serial (during treatment),
and (3) maintenance (posttreatment). Each of
these phases is critical to the success of the
AOMP and the inability to fully implement
each phase may miss changes in hearing due to
ototoxicity, significantly impact the ability to
prevent further hearing loss, and create unne-
cessary stress for the patient and his/her
family.

A baseline audiologic assessment should be
scheduled in advance of the first drug treatment
and be comprehensive in nature.3,5,15,17,18 Any
test that may be used to monitor hearing during
the treatment phase must be included in the
baseline test protocol.6

By most accounts, the baseline assessment
should include the following3,8:

� A thorough case history emphasizing risk
factors contributing to hearing loss (family
history, noise exposure, previous drug treat-
ments, history of ear disease, etc.) These
factors may hasten the onset of ototoxic-
related hearing loss. It is important to
establish if the patient is currently exposed
to noise in the workplace, recreationally,
and/or by listening to loud music.
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� A review of the proposed treatment plan
including diagnosis, type of treatment,
dosage, number of treatment cycles, and
date of completion. This information should
be available from the patient’s medical
record or by communicating with the
patient’s attending physician.

� Otoscopic examination.
� Pure tone air conduction testing—standard

frequencies 250 Hz to 8 kHz.
� Includemid-octave frequencies 3 and 6 kHz.21

� Pure tone air conduction testing—extended
high frequencies (EHF) 9 to 16 kHz (or 20
kHz).
� The American National Standards Insti-

tute publishes reference equivalent
threshold sound pressure levels
(RETSPLs) for circumaural headphones
for the frequency range 125 Hz to
16 kHz. The frequencies in the range
between 16 and 20 kHz are calibrated to
the equipment manufacturer’s values24

(Table 1, Fig. 2).
� Pure tone bone conduction testing 500 Hz

to 4 kHz.
� May not be necessary if air conduction

thresholds are 10 dB HL (hearing level)
or better.

� Speech audiometry including speech recep-
tion threshold (SRT) and word recognition
score (WRS; if possible).

� Full immittance test battery.
� Tympanometry, acoustic reflexes with both

ipsilateral and contralateral stimulation.
� Distortion product otoacoustic emissions

(DPOAE) from 1,500 Hz—as high a fre-
quency as the instrumentation allows (typi-
cally 8 or 10 kHz).
� Testing with an f2 less than 1,500 Hz may

increase test time due to the higher noise
levels encountered in that frequency range.

� Transient evoked otoacoustic emissions
(TEOAE) using a broad band stimulus.
� TEOAEs are reported to be more sensi-

tive to outer hair cell (OHC) damage
that can contribute to marginal and mild
hearing losses.

� Upper frequency limit is only 5 kHz.

� Auditory brainstem response (ABR) using
tone burst or narrow band CE Chirp stimuli

(500 Hz–4 kHz) to establish estimated hea-
ring level (eHL) for patents who, due to
their age and/or level of responsiveness,
cannot be tested by conventional means.
�Auditory steady state response as an alter-

native tone burst or narrow band CE
Chirp ABR.

� Pretreatment counseling to review the out-
come of the baseline audiologic testing,
ototoxic side effects of the upcoming treat-
ment, the potential communication
difficulties secondary to the ototoxicity,
the impact these will have on quality of
life, nonmedical treatment strategies, and
the need to reduce exposure to other risk
factors that can accelerate and/or exacerbate
hearing loss.

For some patients, especially infants and very
young children, many of the aforementioned
tests, specifically the behavioral tests, cannot be
performed due to their age and/or inability to

Table 1 Reference Equivalent Threshold
Sound Pressure Levels for Circumaural
Headphones

ANSI S3.6 2010

Frequency Sennheiser HDA200 and

RadioEar DD450

125 30.5

250 18

500 11

750 6

1,000 5.5

1,500 5.5

2,000 4.5

3,000 2.5

4,000 9.5

5,000 14

6,000 17

8,000 17.5

9,000 19

10,000 22

11,200 23

12,500 27.5

14,000 35

16,000 56

Speech 19

Notes: These values are added to the audiometer dial
setting to convert HL to SPL. ANSI S3.6 2010 Specifica-
tions for audiometers.

128 SEMINARS IN HEARING/VOLUME 40, NUMBER 2 2019



provide reliable responses. In these cases, modi-
fications to the conventional test battery may be
necessary. In other cases, objective testing proto-
cols are the only option. These should include a
full immittance test battery using the probe tone
stimulus appropriate for the patient’s age,
DPOAEtesting, and adiagnosticABRthreshold
estimation assessment.9,15–18

Ideally, the baseline assessment should be
administered prior to the commencement of the
first treatment; however, that may not be pos-
sible in all cases. When this occurs, the follo-
wing is a common and acceptable alternative:

� Patients receiving an aminoglycoside drug,
baseline levels should be established within
72 hours after the initial treatment.

� For treatment plans using either cisplatin or
carboplatin, 1 week prior to or within
24 hours after the first treatment.

� In all cases of cranial radiation treatments,
the patient should have the baseline test
prior to the first treatment.5,21

Test Environment

Ideally, both baseline and all serial testing
should be conducted in a sound-treated test
booth (to obtain valid thresholds unaffected by
ambient noise).5,6,8 Nonetheless, there may be
cases when a test booth is not available, or the
patient is unable to make it to the audiology
clinic. Testing outside of a sound-treated test
booth may not allow for certain tests to be
administered, although use of the latest audio-

metric testing equipment and by implementing
certain modifications to the most common and
conventional test methodologies allow for accu-
rate and reliable testing outside of a test booth.
For example, if the bone oscillator is placed on
the forehead instead of the mastoid, circumau-
ral headphones, which in the past were exclu-
sively used for EHF testing, can now be used to
test all frequencies.

Calibration values for frequencies above
8 kHz through 16 kHz were published in
ANSI S3.6 1996 and are displayed in Table 1.24

For frequencies above 16 kHz, the equipment
manufacturer provides calibration values.

If forehead placement of the bone oscillator
is employed, the circumaural headphones can
be kept in place, covering both ears during bone
conduction testing, thereby increasing attenua-
tion of ambient noise in the treatment room and
reducing test time.

There are other advantages of forehead
placement of the bone conduction oscillator
including higher test–retest reliability, lower
intersubject variability, more stable placement,
and less middle ear contribution to the bone
conduction test.25 Therefore, if bone conduc-
tion threshold testing must be conducted out-
side of a sound-treated test booth during
baseline or follow-up testing, forehead place-
ment should be strongly considered.

One final note about forehead bone con-
duction testing, the maximum output of the
bone conduction oscillator, is reduced by appro-
ximately 10 to 20 dB HL at certain frequencies

Figure 2 Circumaural headphones can be used for standard and extended high frequency air conduction
audiometric testing.
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since more acoustic output is required to reach
threshold compared with mastoid placement. It
is imperative that your audiometer be calibrated
for forehead placement. Many of the newer
generation diagnostic and clinical audiometers
allow calibration of the bone oscillator for both
mastoid and forehead placement. Please consult
your audiometer’s user manual and local calib-
ration vendor.

Furthermore, when testing is performed
outside of a sound-treated test booth, measuring
ambient noise levels using an octave or one-third
octave band analyzer at the standard audiometric
frequencies is recommended. The measured
values can then be compared with ANSI S3.1–
1999 (R2003), which specifies maximum per-
missible ambient noise levels (MPANLs) for
both ears covered (supra-aural headphones or
insert phones) and uncovered (bone conduction
with mastoid placement or sound field testing)
which determines if audiometric threshold can
be tested to 0 dBHL (seeTable 2). For example,
if themeasured ambient noise level is 5 dB above
the ANSI MPANL standard at 1 kHz, then a
patient with an actual threshold of 0 dB HL at
that frequency would yield a threshold of 5 dB
HL. Unfortunately, most audiology clinics will
not have access to a sound level meter with an
octave or one-third octave band analyzer. The
goal is then to ensure that the test area is as
consistently quiet as possible.25

Although MPANLs are not provided for
circumaural headphones in the 1999ANSI Stan-

dard, Konrad-Martin et al estimated MPANLs
for circumaural headphones from 125 Hz to
16 kHz using published attenuation data for
circumaural headphones and the ANSI compu-
tational formula. Fig. 3 plots the MPANLs for
both insert phones and circumaural headphones
along with hospital ward noise measured in half-
octave bands. In this case, insert earphones could
be used to test all frequencies while circumaural
headphones could be used for testing at frequen-
cies �2 kHz22 (Table 2, Fig. 3).

Speech audiometry also can be adminis-
tered away from the audiology clinic using
recorded speech tests. Many of the current
generation of portable audiometers, either
standalone or PC based, come equipped with
installed wave files of the basic adult and child
speech audiometry tests (e.g., spondee word
lists, CID W-22 and NU-6). This eliminates
the need for an external CD player and is
essentially as fast as using monitored live voice
(MLV) presentation since the next word in
sequence is presented as soon as the most recent
word is scored as correct or incorrect. Speech
audiometry, particularly word recognition tests,
can be a powerful counseling tool that may
motivate a patient to seek a treatment change
while demonstrating the need for intervention.8

Pure Tone Air Conduction Audiometry

It is essential and ideal to obtain a baseline
pure tone air conduction audiogram and to do
so prior to the start of treatment. This will
determine if a preexisting hearing loss is
present and documents HLs prior to treat-
ment5,26 to which future serial testing can be
compared. Frequencies tested should be from
250 Hz to 16 kHz including both 3 and
6 kHz.8 It is reasonable to eliminate 250 Hz
due to ambient noise concerns if testing is
conducted outside of the test booth. Some
clinicians may choose to test out to 20 kHz;
however, ANSI has not published calibration
values for the frequencies above 16 kHz. The
audiometer manufacturer provides calibration
values beyond 16 kHz.

Pure tone testing within the standard fre-
quency range only will not allow for early
identification of ototoxicity.6 By the time hea-
ring loss is detected within the standard

Table 2 Maximum Permissible Ambient
Noise Levels (MPANL; dB SPL) in ANSI S3.
1–1999 for Ears not Covered

Ears not covered

Center frequency MPANL

125 24.0

250 16.0

500 11.0

800 10.0

1,000 8.0

1,600 9.0

2,000 9.0

3,150 8.0

4,000 6.0

6,300 8.0

8,000 9.0
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frequency range, the patient already may be
experiencing communication difficulties.27

Animal research and clinical trials on
humans administered ototoxic drugs have
shown that damage to the cochlea initially
occurs in the basal end of the cochlea which
causes hearing loss to progress from high to low
frequencies.7 Knight et al completed baseline
and follow-up standard frequency and EHF
testing on 17 children as part of a study compa-
ring standard frequency audiometry, EHF
audiometry, and DPOAEs.16 Ninety-four per-
cent of the children showed bilateral ototoxicity
in the EHF range.

Comparatively, only 47% of the children
showed bilateral ototoxicity in the standard
frequency range.16 This supports research and
clinical data that EHF audiometry is more
sensitive to early identification of ototoxic hea-
ring loss. Nonetheless, it is important to docu-
ment audiometric thresholds within the
standard frequency range for comparison with
future tests and to determine how well the
patient hears speech for normal conversation.6

Unlike the standard frequency range,
which is based on octave and mid-octave fre-
quencies only, the resolution of the EHF range
is broken down into approximately 1/6 octave
points between 8 and 16 kHz. The frequencies
above 8 kHz typically include the following: 9,

10, 11.2, 12.5, 14, 16, 18, and 20 kHz (please
check your audiometer’s technical specifications
for the frequencies included above 8 kHz).
Testing within this extended frequency range
is critical to the overall success of the monito-
ring program as it is the most sensitive test
frequency range for early identification of oto-
toxicity.5,6,18 It is recommended that all fre-
quencies between 8 and 16 kHz be tested
during the baseline audiogram and subsequent
serial audiograms.

In a 1994 study by Fausti et al, they
reported on a shortened, yet sensitive, protocol
to identify a higher percentage of patients with
ototoxic hearing loss as early as possible during
treatment.5 They tested a total of 222 ears of
patients who were treated with either ami-
noglycoside antibiotics and cisplatin and com-
pared standard frequency audiometry to EHF
audiometry. These data were analyzed to deter-
mine which of the two protocols (standard
frequency or EHF) alone would initially iden-
tify the highest percentage of patients with a
change in HLs. The results showed a clear
advantage to testing in the EHF range as
86.5% of the ears tested showed a change in
HLs in the EHF range compared with only
34.6% for the standard frequency range.27

As part of the same study, a third protocol to
identify a hearing loss was utilized and referred

Figure 3 Maximum permissible ambient noise levels (MPANLs) (in decibels re: 20 Pa, American National
Standards Institute S3.1-1999) for audiometric test room is shown as function of frequency when HDA 200
(circles) circumaural earphones and Etymotic ER2 (triangles) earphones are used. Hospital noise (asterisk)
levels as function of frequency measured in 1/3-octave frequency bands are also shown.45 Data show that
reliable behavioral hearing thresholds can be obtained for frequencies above 2,000 Hz in most circumstances.
In addition, room noise using OtoID is measured must before presentation of each tone as extra measure that
noise levels in room are well controlled. Using insert earphones for collecting distortion-product otoacoustic
emissions, all f2 frequencies can be used.
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to as the high-frequency slope. This metric was
composed of the highest five adjacent frequen-
cies that had thresholds �100 dB sound press-
ure level (SPL). These five frequencies were
patient specific. If only these frequencies were
used to monitor changes in threshold, 89.2% of
the ears tested were identified as having a
significant change in hearing thresholds, the
most sensitive of the three protocols.28 The
authors concluded that the “use of the five-
frequency monitoring protocol should result in
a high detection rate in a significantly shortened
testing procedure that could be tolerated by a
greater number of patients.”28

This shortened procedure was eventually
expanded to include the seven highest frequencies
with a threshold of �100 dB SPL and became
known as the sensitive region for ototoxicity
(SRO). In 2014, Konrad-Martin et al proposed
a comprehensive ototoxic monitoring program
utilizing the SRO technique as the proposed
behavioral hearing testing method of choice.22

This recommendation is based on research sho-
wing a 94% sensitivity in detecting hearing loss
when utilizing the SRO technique.22 This is true
whether the SRO is above or below 8 kHz. They
felt that hearing tests lose their sensitivity for
subjects with good pretreatment hearing when
testing does not include frequencies near the
high-frequency hearing limit.22

The baseline test should be expanded to
incorporate the SRO since, by doing so, it may
be possible to limit pure tone air conduction
testing during treatment to the highest seven
frequencies comprising the SRO.

Instrumentation will play a role in an
audiologist’s ability to incorporate the SRO
into their test protocol. Most audiometers
that can test EHF have at least a 1/6 octave
resolution between 8 and 16 kHz. Most, if not
all, of the clinical audiometers are capable of
increased resolution per octave across the entire
test frequency spectrum; however, not all audio-
meters have that level of resolution below
8 kHz (please check the technical specifications
of your audiometer).25

Pure Tone Bone Conduction Testing

Pure tone threshold measurement via bone
conduction should be administered as part of

the baseline assessment at octave frequencies
from 500 Hz to 4 kHz. This is especially true
for any frequency where the air conduction
threshold is greater than 10 dB HL.

While it may not be necessary to measure
bone conduction thresholds during the monito-
ring phase of the AOMP, it is important to
establish bone conduction baseline levels prior
to treatment. Any change in air conduction
HLs detected during a monitoring session will
require retesting of bone conduction thresholds
to determine if the change in hearing is conduc-
tive or sensorineural in nature. In the pediatric
population, for example, which is already prone
to otitis media with effusion, the use of immu-
nosuppressive chemotherapeutic drugs and/or
cranial radiation places them at greater risk for
this condition.27,28 Older children and adults
also may develop otitis media with effusion if
treated similarly.

A stable, conductive hearing loss should
not complicate the monitoring process; howe-
ver, a fluctuating conductive hearing loss will
make it difficult to track changes in HLs
compared with baseline that are directly related
to the ototoxic treatment.29

Speech Audiometry

Speech reception threshold and WRS tests are
included in the baseline assessment. Measuring
a WRS to a monosyllabic word list is very
important when counseling the patient and
the family about the impact and consequences
of a hearing loss affecting the speech frequency
region of the audiogram. The use of supporting
materials that may include the use of the speech
intelligibility index (SII) score and plotting the
audiogram with the speech region superimpo-
sed are methods that can simplify and bring
meaning to the practical reality of hearing loss
in the patient’s daily life.

The ANSI S3.6 Specifications for Audio-
meters standard recommends the use of recor-
ded speech material when performing speech
audiometry. Yet only 42% of American Aca-
demy of Audiology members who responded to
a 2012 survey stated they consistently use
recorded materials when performing WRS
tests.30 Since it is possible that serial testing
will be completed outside of the test booth
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under what may be less than ideal conditions,
and to ensure the most accurate and reliable
test, recorded speech material is the method of
choice for the AOMP.

Today’s audiometers, both standalone and
PCbased, have wave files stored internally of the
basic adult and child monosyllabic word lists.
Presentation of the words is either via a mouse
click or automatically after scoring the previous
word correct or incorrect based on the patient’s
response. By using this method instead of an
external CD player, test time is very similar to
MLV testing, the WRS is more accurate, and
with excellent test–retest reliability.30

Speech audiometry is administered only
during the treatment phase if a change in
pure tone air conduction thresholds is measu-
red. If this change affects the speech frequen-
cies, it is important to determine if the WRS
has also gotten worse. If it has, the patient and
family should be made aware of not only the
change in pure tone air conduction hearing but
also the effect it is having on the speech
frequencies and the patient’s ability to under-
stand speech, especially when in adverse listen-
ing situations. This is a very valuable piece of
information to share as patient counseling as
part of the monitoring program increases the
probability the patient will pursue treatment for
the hearing loss.8

Immittance Testing

Tympanometry and acoustic reflex testing
should be part of the baseline assessment as
there may be a need to administer tympano-
metry and reflexes during the treatment phase.
Brooks and Knight recommended tympano-
metry be routinely performed as part of the
monitoring process for pediatric patients due to
children having a higher prevalence of otitis
media with effusion.32 This provides the audio-
logist the ability to rule out middle ear dysfunc-
tion when audiometric and otoacoustic
emission (OAE) tests show new or additional
hearing loss and/or reduced or absent OAEs,
respectively, when compared with baseline.

As mentioned in the previous section,
certain treatment methods can cause otitis
media with effusion in children and adults.
Therefore, if hearing loss develops or worsens

when monitored during treatment, a conduc-
tive component must be ruled out. Otherwise,
any change in hearing may be misrepresented as
being related to ototoxicity caused by treatment
when it may be conductive in nature.27,28

When testing children less than 7 months
of age, it is necessary to do so using a 1-kHz
probe tone. Literature has shown that this
probe tone frequency is more sensitive to mid-
dle ear dysfunction in neonates and infants (up
to 6 months of age) compared with a 226-Hz
probe tone.32 Some advocate for the use of both
probe tones between 3 and 9 months. Suffice to
say, this approach is well documented and
beyond the scope of this article.

Acoustic reflex thresholds (ART) should
be recorded with both ipsilateral and contrala-
teral stimulation and used in conjunction with
tympanometry, when possible. The ART test
provides corroborating evidence for possible
middle ear dysfunction. In patients who cannot
be tested behaviorally, the ART test can be a
valuable tool by tracking changes in the ARTs
during the treatment phase. The ART will be
elevated beyond the normal range (70–100 dB
HL) or absent when severe to profound hearing
loss develops.33 However, for this purpose, the
ART test must be interpreted with caution as
acoustic reflexes can be recorded in ears with
moderate to severe sensorineural hearing losses
with recruitment, such as occurs when the
cochlea is compromised.

Otoacoustic Emissions

In the 1994 ASHA guidelines, OAE testing
was one of three objective procedures recom-
mended for testing unresponsive patients.5

Indeed, OAEs, specifically DPOAE, are ideally
suited to assess cochlear function at the level of
the OHCs in patients who will not or cannot
respond to behavioral testing. This includes
patients receiving treatment with the ototoxic
medications mentioned earlier in this article.

OHCs located at the base of the cochlea are
damaged before any other cochlear struc-
ture,3,31 thereby affecting hearing thresholds
in the higher frequencies first. Eventually, as
the damage progresses toward the apical end of
the cochlea, hearing loss in the lower frequen-
cies develops.3,31,34

MONITORING PROTOCOLS FOR COCHLEAR TOXICITY/LORD 133



While TEOAEs as well as DPOAEs meet
all the criteria for an excellent ototoxic monito-
ring test, TEOAEs are limited to assessing
cochlear function through 5 kHz only.
DPOAEs are not as sensitive to marginal and
mild hearing losses, thereby allowing for moni-
toring patients who have up to a 45-dB HL
loss.28 In other words, TEOAEs are more likely
to be reduced or absent for marginal and milder
sensory hearing loss. Therefore, DPOAE is the
test of choice for use in the AOMP.

DPOAE testing is objective, fast
(<1 minute/ear), reveals subclinical ototoxic
cochlear damage in advance of changes to
pure tone air conduction thresholds from
500 Hz to 8 kHz, is frequency specific, does
not require a response from the patient, can
assess OHC function through 10 kHz, and can
be easily conducted at bedside or in the treat-
ment room.28,34,35

Many patients may not feel well at the time
of the monitoring testing, perhaps making it
difficult, if not impossible for them to respond
to any behavioral tests. Therefore, the use of an
objective test, like DPOAE, that takes less than
a minute per ear, is easy to administer, has good
test–retest reliability over several test sessions,
and is very sensitive to damage within the
cochlea, is extremely valuable.35 This is also
an important monitoring tool when testing
neonates, infants, and young children who can-
not be tested behaviorally due to their age.

DPOAE levels should be established at the
time of the baseline assessment to which mea-
surements taken during treatment can be com-
pared. The recommended frequency range for
testing is 1,500 Hz to 10 kHz (if the equip-
ment allows) with primary tone intensity levels
set to f1 ¼ 65 dB SPL and f2 ¼ 55 dB SPL at
a f2/f1 frequency ratio of 1.22. The recommen-
ded frequency resolution is 1/6 octave or six
points per octave. Testing with an f2 setting
lower than 1,500 Hz is problematic, as back-
ground ambient noise either from the environ-
ment or the patient may interfere. And since
ototoxic hearing loss affects high frequencies
first, the need to test below 1,500 Hz is not
critical or necessary.

An important goal of the baseline assess-
ment is to obtain as much information as
possible for as many tests as possible, including

DPOAE. Testing performed at the time of the
monitoring visit should include a limited num-
ber of tests compared with the baseline assess-
ment. This is more efficient and less of a burden
on the patient who may not be able to tolerate
lengthy audiologic testing.36 The DPOAE
frequency range can be limited to the octave
just below the highest frequency that had an
acceptable OAE. This is similar to the tech-
nique used in pure tone air conduction testing
and is referred to as the SRODP (SRO—
distortion product).3 If any significant changes
occur within this octave region, then the entire
frequency range should be tested.

What is considered a significant change
in the DPOAE response? ASHA (1994) defi-
nes a significant change in pure tone air con-
duction levels within the standard frequency
range; however, currently, there is no standard
defining a significant change in DPOAE levels
compared with baseline.32,37 Dhar and Hall
suggested a 4- or 5-dB decrease in DPOAE
amplitude for a limited number of the highest
frequencies.29 Others suggested a decrease of at
least 6 dB from baseline at SRODP.

3,9

Still others suggested the need to establish
change criteria that exceeds the normal varia-
bility that exists in healthy subjects.37 Changes
in DPOAE response levels must be interpreted
within the context of sources of test–retest
reliability and minimize these sources as
much as possible.38 This is particularly impor-
tant when testing neonates, infants, and young
children in which the normal variability of the
DPOAE changes as a function of age at base-
line, the f2 tested, and the follow-up interval.37

A decrease in the DPOAE response amplitude
of 12 dB from baseline, for example, may be
significant for some pediatric patients but not
for others. The normal variation in DPOAE
response amplitudes is greater for children
compared with adults, thereby suggesting the
need for different change criteria for the two
populations.37

Research and clinical data have shown that
DPOAEs reveal changes in cochlear function at
frequencies before hearing loss appears at the
corresponding frequencies on the audiogram
(Fig. 4).29,35 This factor makes DPOAEs an
excellent ototoxic monitoring tool, as it reveals
physiological change before a perceptual
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difference.38 But in some cases, a hearing loss
never develops even though OHC function has
been compromised.38

Therefore, reporting changes in DPOAE
response levels to the physician as in early indica-
torofototoxicitymaynotengender any change in
treatment, as thisfindingalonemaynotbeagood
predictor for the development of measurable
hearing loss. Regardless, changes in DPOAE
response amplitude that are considered signifi-
cantmust be reported to the attending physician.

Reavis et al measured DPOAEs out to
10 kHz to identify a patient’s DPOAE high-
frequency limit and reported that “when mea-
sured near the high-frequency limit, DPOAEs
are a reliable indicator as to whether an ASHA-
defined significant hearing change has occur-
red.”38 They also developed a multivariate
discriminate function that included the
patient’s baseline HLs, the cumulative medica-

tion dose, and DPOAE changes to the high-
frequency limit at follow-up visits to predict the
probability of hearing change. This model
predicted hearing change occurring at the
time of a treatment visit with more accuracy
than DPOAEs alone.38

Other notable findings from the study of
Reavis et al are as follows:

� The frequency that yielded the most predic-
tive accuracy was the highest DPOAE able
to be recorded. This is similar to the SRO
described earlier for pure tone audiometry.
Their study demonstrated that “higher
DPOAE frequencies are statistically more
sensitive to incipient ototoxicity than lower
frequencies.”38 This finding supports what
Gorga et al reported in 1997 that being
DPOAE test performance improves with
increasing test frequency.39

Figure 4 Pure-tone hearing thresholds and distortion product otoacoustic emissions (DPOAEs) in a 7-year-old
boy with a brainstem tumor undergoing medical management with chemotherapy that included cisplatin.
Changes in DP amplitude occur in advance of pure tone hearing loss.29
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� Although DPOAE measurements were
made out to 10 kHz, the median upper
frequency where a response occurred was
4 kHz compared with the behavioral SRO
(by pure tone audiometry) in their test
population of 12.5 kHz. Nevertheless, this
discrepancy in the respective high-frequency
limits did not affect the predictive accuracy
of the DPOAE. The interesting point is the
DPOAEs were predicting hearing loss at
frequencies higher than the DPOAE test
frequencies that were being monitored.38

� When combined with cumulative platinum
dose and pretreatment hearing, the ability
for DPOAE results to correctly identify
hearing as being stable or changing was
better than DPOAE results alone.38

Clearly, it would be advantageous to deve-
lop criterion that defines what represents a
significant change to DPOAE baseline levels
while, at the same time, also having a
high degree of accuracy as a predictor of hearing
change. Considering that OAEs were recom-
mended as an objective monitoring tool in the
ASHA guidelines 24 years ago, as well as the
AAA Guidelines in 2009, it is surprising that
change criteria have not yet been developed. I
believe there are three possible reasons as to
why: (1) unlike audiometers, no calibration
standards have been published for OAE equip-
ment. As a result, probe design has not been
standardized. The difference in probe design
can contribute to variations in OAE test results
(personal observation); (2) technique with res-
pect to proper ear tip selection and probe
insertion depth can also lead to poor test–retest
reliability by up to 20 dB in some reported
cases40; and (3) the method for in situ calibra-
tion of the primary tone levels can cause errors
above 3 kHz in adult ears and 6 kHz in child-
ren younger than 2 years.37 Other methods of in
situ calibration for DPOAE testing have been
reported in the literature but have not been
integrated into commercially available OAE
instruments at this time.

Auditory Brain Response

It is estimated that approximately 30 to 40% of
patients taking ototoxic medications become

too ill to provide reliable responses during
behavioral audiologic testing.41 In addition,
neonates, infants, and most young children
less than 3 years old cannot be tested behavio-
rally. DPOAE testing is an excellent objective
method to assess cochlear function, but it is not
a test of hearing and cannot estimate behavioral
threshold.

The ABR is an objective test (although it
requires subjective interpretation) of auditory
nerve and brainstem function that can estimate
frequency-specific thresholds using tone burst
stimuli in patients who cannot be tested beha-
viorally. Clinical ABR equipment utilizes
broadband and frequency-specific tone burst
stimuli at octave and midoctave frequencies
from 250 to 8 kHz; however, this frequency
range is not ideal for early identification of
hearing loss due to ototoxic medications. It
can be a time-consuming test if the goal is to
estimate threshold at multiple frequencies. It is
also a test that is not included in the baseline
assessment when the patient is able to be tested
by conventional means.

For very young patients, the ABR can
establish a baseline response to multiple stimuli
but only within the speech frequency range.
Research has shown that higher frequency
stimuli, including frequency-specific tone
bursts from 8 to 14 kHz, and a high-frequency
filtered click can be used to measure the ABR
and possibly be incorporated into an AOMP.41

Fausti et al compared ABR recordings with
conventional clicks, HF clicks, and HF tone
bursts. A fixed intensity level of 50 dB SL was
used to determine if a response was present or
not, as past research by the same author
demonstrated that confirming the presence or
absence of a response was the most reliable
ABR measurement to confirm ototoxic
change.41 In their opinion, it is not feasible to
perform threshold searches in this population
because of the time involved and questionable
reliability of the responses near threshold.41

The need for a quiet, cooperative patient
may prevent measurement of the ABR in
infants and young children. Sedation may be
required for some patients to collect valid ABR
recordings. Since many children require seda-
tion during medical treatment, it is certainly
possible to perform ABR threshold
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measurement at the same time.30 The focus
should be on testing the higher frequencies first
at 4 and 8 kHz. Similar to pure tone audiometry
andDPOAEs, the higher frequencies will show
evidence of ototoxic hearing loss before lower
frequencies.30

Another electrophysiologic test option for
estimating behavioral threshold is the auditory
steady-state response (ASSR). This procedure
is completely objective as subjective interpreta-
tion of a waveform is not required. Modulated
pure tone or narrow band octave band chirp
stimuli can be delivered at multiple frequencies
(up to four/ear) binaurally. Second-generation
ASSR technology is faster and more accurate
compared with first-generation ASSR equip-
ment that became commercially available
approximately 17 years ago. In addition, the
use of the chirp stimuli enhances amplitude of
the response also contributing to reduced test
time.

Sininger et al compared the accuracy and
test time of octave band CE chirp stimuli
presented binaurally at four different frequen-
cies (octave frequencies from 500 to 4 kHz)
with single tone burst ABR at the same fre-
quencies. They found that ASSR was more
accurate than tone burst ABR in that the ASSR
thresholds measured were lower in intensity
than tone burst ABR. ASSR was also faster
than ABR with an average test time of
19.93 minutes. ABR average test time was
32.15 minutes.42 If behavioral estimation is
the goal, ASSR testing offers an advantage in
time, accuracy in threshold estimation, and
removes the subjective interpretation compo-
nent by the audiologist.

What Constitutes a Significant Change

and the Use of Grading Scales?

The primary goal of the AOMP is to identify
patients at risk for developing hearing loss that
affects the speech frequency range that creates
communication issues thereby affecting overall
quality of life.3,5,6,16,18,20 In so doing, evidence
of developing or worsening hearing loss and/or
changes in cochlear function using objective
tests and reporting these changes in a meaning-
ful way may cause the physician to modify the
treatment regimen to either slow down or

prevent further hearing loss. But it is also
important to convey to the physician the impact
the hearing loss is having on the patient’s
communication ability.27

The ASHA guidelines define a significant
change in hearing compared with baseline as
follows:

1. �20 dB HL decrease at any one frequency.
2. �10 dB HL decrease at any two adjacent

test frequencies.
3. Loss of response at three consecutive test

frequencies where responses were previously
obtained.5

Significant changes in hearing need to be
confirmed within 24 hours.5 Once confirmed,
the audiologist is responsible for reporting these
findings to the physician caring for the patient.
But what is the preferred method of reporting
these results? King and Brewer stated that
audiologists must shape “clinical data into a
language that can best be consumed by the
recipient.”27 Jargon should be avoided, and the
results should be presented in the context of
each individual patient.27

According to the ASHA guidelines, these
criteria were to be applied to changes in hearing
only in the standard frequency range up to
8 kHz; however, the same criteria can be used
to determine if a significant change in hearing
has occurred in the EHF range, also.16 The
guidelines do not address the degree of hearing
loss secondary to the significant threshold shift
or the functional impact it may have on a
patient’s communication.

The National Cancer Institute at the
National Institutes of Health published the
most recent version of Common Terminology
Criteria for Adverse Events v5.0 (CTCAE) in
2017.43 The CTCAE is a set of criteria for the
standardized classification of adverse effects of
drugs used in cancer therapy. Adverse events are
grouped based on the severity of the event and
an expected level of intervention required.
Criteria are provided for adults in a monitoring
program, adults not in a monitoring program
(sans baseline test), and pediatric patients.
Unlike the ASHA guidelines, CTCAE criteria
for adults in a monitoring program and pediat-
ric patients categorize changes in HLs,
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functional impact to some extent, along with
descriptions of severity and the need for inter-
vention. The pediatric categories also consider
the frequencies involved in the hearing loss.
The hearing impairment category includes four
grades (1–4) ranging from adverse effects con-
sidered to be mild (Group 1) through severe,
“urgent intervention indicated” (Grade 4).

The four grade classifications for hearing
impairment are as follows (for adults in a
monitoring program/baseline established):

� Grade 1—Threshold shift of 15 to 25 dB
averaged at two contiguous test frequencies
in at least one ear. Intervention not
indicated.

� Grade 2—Threshold shift of >25 dB aver-
aged at two contiguous test frequencies in at
least one ear. Moderate: minimal interven-
tion indicated.

� Grade 3—Threshold shift of >25 dB
averaged at three contiguous test frequen-
cies in at least one ear or therapeutic
intervention indicated. Disabling: inter-
vention indicated.

� Grade 4—Decrease in hearing to profound
bilateral loss (absolute threshold >80 dB
HL at 2 kHz and above); nonserviceable
hearing. Urgent intervention indicated.

For adults not enrolled in a monitoring
program/baseline not established, the grade
classifications are as follows:

� Grade 1—Subjective change in hearing in
the absence of documented hearing loss.

� Grade 2—Hearing loss with hearing aid or
intervention not indicated.

� Grade 3—Hearing loss with hearing aid or
intervention indicated.

� Grade 4—Decrease in hearing to profound
bilateral loss (absolute threshold >80 dB
HL at 2 kHz and above); nonserviceable
hearing. Urgent intervention indicated.

For pediatric patients, the criteria for grade
classifications are as follows:

� Grade 1—Threshold shift >20 dB HL loss
(i.e., 25 dB HL or greater); sensorineural
hearing loss (SNHL) above 4 kHz (i.e., 6 or

8 kHz) in at least one ear.Mild: intervention
not indicated.

� Grade 2—Threshold shift>20 dB at 4 kHz
in at least one ear. Moderate: minimal inter-
vention indicated.

� Grade 3—Hearing loss sufficient to indicate
therapeutic intervention, including hearing
aids; threshold shift >20 dB at 2 to < 4
kHz in at least one ear. Disabling: inter-
vention indicated.

� Grade 4—Audiologic indication for coch-
lear implant; > 40 dB HL (i.e., 45 dB HL
or more); SNHL at 2 kHz and above.
Urgent intervention indicated.

This grading system accounts for increas-
ing shifts in HLs and describes the severity of
the shift. As such, there is an implied relation-
ship between the amount of change in HLs
and the severity of the adverse event (AE)
assuming that baseline hearing is normal. If a
preexisting hearing loss exists, a Grade 1 AE,
for example, may not be associated with just a
“mild” functional impairment. Therefore,
communication with the physician may
require slightly more than just a simple grade
level classification, such as a statement add-
ressing the current functional impact of the
absolute HLs.

Frequencies included in the CTCAE cri-
teria are 1, 2, 3, 4, 6, and 8 kHz. TheEHF range
is not included in the calculation of threshold
shift; however, the purpose of the adverse effect
grading system is to identify circumstances that
have an impact on the patient that may lead to
or require intervention.44

Other grading scales have been developed
for use with either adult or pediatric patients.
Many expand the scope of the parameters to
include a portion of the EHF range and absolute
HLs with more emphasis on higher frequencies
including those in theEHFrange.Others donot
grade findings based on shifts due to ototoxicity
but only focus on functional impact.

Grading scales should be simple to use by the
audiologist and easy to understand by the physi-
cian: must identify hearing changes and absolute
HLs and the resultant handicapping effect. Inte-
rested readers are referred to the article by Brewer
and King for an excellent, comprehensive analysis
of ototoxic grading scales.27
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Despite the value of including DPOAE
testing as part of the AOMP, currently there are
no published guidelines that define a significant
change in DPOAE levels compared with base-
line results. Many have suggested a change in
the overall DPOAE amplitude ranging from 5
to 9 dB at two or more frequencies in the
SRODP range.3,9,18,29

Reavis et al tested four inpatients not
receiving ototoxic medications over a period
of 7 months to determine criteria for defining a
“significant” change in DPOAE levels. They
found that a decrease in DPOAE level of 4 dB
or greater, or a loss of response at two or more
adjacent frequencies, would result in a false-
positive rate of 5% or less over a 4-week
period.38

A fixed intensity frequency sweep measu-
ringDP amplitude is most frequently used in an
AOMP; however, other metrics have been
investigated that may be more sensitive to
detect changes in cochlear function. The other
DPOAE measures investigated include DP
threshold measurement by using a fixed fre-
quency input/output protocol or the calculation
of group delay as a function of f2/f1 ratio.
(Group delay is calculated based on the time
it takes between the presentation of the stimuli
and the time the microphone measures the
DPOAE in the ear canal.36,38) Research has
shown that a DPOAEmeasurement other than
just DP amplitude may be more sensitive and
less problematic.38

There is a need for a standardized set of
audiologic guidelines30 defining a significant
shift for OAE measures, to categorize the
functional impact of hearing loss regardless of
the degree of ototoxicity and to expand the
ASHA guidelines defining significant changes
for EHF and OAE.

Instrumentation

Audiologic testing protocols for patients on
ototoxic medication treatment plans must be
quick, efficient, and accurate. In addition, the
tests administered must be sensitive for detec-
ting significant changes in hearing and/or
cochlear function related to ototoxicity, while
at the same time limiting the number of false-
positive outcomes. Furthermore, portable

equipment should be available for testing at
bedside or in the treatment area.32

Audiometers must be able to test both the
standard (125 Hz–8 kHz) and extended high-
frequency (9–20 kHz) regions; immittance
instruments must be fully diagnostic in scope
and include ipsilateral and contralateral acoustic
reflex testing; and OAE devices must be able to
administer a distortion product OAE test at
least up to 8 kHz and, preferably, to 10 kHz.
Audiologists should have access to auditory
evoked potential equipment in the event a
patient requires a frequency-specific ABR
(essential in pediatric AOMPs).

Baseline and monitoring tests should be
conducted in a sound-treated audiometric test
booth, if possible.When testing is administered
outside of a booth, knowledge of octave band
ambient noise levels determines to what HL
audiometric threshold can be tested. Since serial
threshold testing during treatment is mostly
conducted at EHF or the highest frequencies in
the standard frequency range, ambient noise
levels in a quiet room will not adversely impact
air conduction threshold measurement.

There are several compact, portable
audiometers that have a frequency range of
125 Hz to 20 kHz. Circumaural headphones
are required for testing beyond 8 kHz (some
can be calibrated to test the full frequency
range). Most audiometers are also able to store
test results either internally or on a PC
allowing for convenient comparison to the
baseline test.

Fully capable, diagnostic, portableDPOAE
devices have been in common use for almost two
decades. Many can be hand carried and are able
to store test results for easy transfer to a PC.
When an audiologist is not available to provide
the serial test, a well-trained nonaudiology staff
member can perform the DPOAE test which
the audiologist can review to determine if any
significant changes occurred. The devicemust be
capable of a DP gram resolution of at least 6
points/octave and be capable of generating a f2
frequency at least through 8 kHz, although
10 kHz if preferable. There are some devices
able to extend the highest f2 frequency to
16 kHz; however, this requires a special OAE
probe which is not commonly available on
commercial DPOAE devices.
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Research has shown that standingwaves can
occur within a patient’s ear canal caused by
interactions between the incident and reflected
sound waves because of the calibration method.
When this occurs, errors in estimates of both
stimulus and DPOAE level of up to 20 dB are
possible.7

When partial cancellation or enhance-
ment of the sound wave occurs, it results in
a pressure magnitude that is either lower or
higher at the plane of the OAE probe than it
is at the eardrum. Due to these inaccuracies at
the plane of the probe, the system software
adjusts the input voltage level delivered to the
transducer which will either increase or
decrease the primary tone test levels to com-
pensate for this inaccurate calibration. Errors
in DPOAE calibration like this affect higher
frequency regions, primarily in adults, from 3
to 7 kHz and at 10 kHz.7 It is very important
to confirm that the primary tone levels (L1
and L2) are within � 3 dB or � 5 dB of the
preferred target levels. Otherwise, the
DPOAE results may be invalid resulting in
an incorrect interpretation of test findings.
Other calibration methods exist that overcome
this problem but are not currently available on
commercial products.

Finally, new FDA-approved automated
audiometers are available that meet the ANSI
standard for audiometers and offer great pro-
mise for use in AOMPs. These new devices
address the challenges of staffing, location, and
logistics. One is a patient-driven device that is
equipped for testing pure tone air, bone, and
speech audiometry using circumaural headpho-
nes with forehead bone oscillator placement.
Masking is applied when needed. A standalone
audiometer is required and operates via prop-
rietary software via PC control.

Another version also uses circumaural
headphones but is connected to a tablet compu-
ter and is limited to pure tone air conduction
screening or threshold testing. It also meets the
ANSI standard for audiometers, is patient
driven, and can be easily used in a quiet room
outside of the audiology clinic and a test booth.
Currently, neither of these models can test
above 8 kHz. Test results are stored electroni-
cally for review by the supervising audiologist.
Quality indicators provide critical feedback and

ensure accuracy. The automated, self-directed
feature makes it ideal for use in AOMPs.

Testing instruments are not an obstacle to
implementation of a successful AOMP. Fully
capable, portable, and, in some cases, auto-
mated audiometers and DPOAE devices are
FDA approved and commercially available.
Automated, self-directed audiometric testing
is a reality and offers convenience, accuracy,
and reliability.

SUMMARY
On the surface, audiologic monitoring for
patients taking ototoxic medications for cancer
or infection treatment may seem straightfor-
ward. That being to establish a baseline test
followed by serial testing to document any
change in hearing status throughout treatment
and thereafter. When a change occurs that is
considered significant and permanent during
treatment, it must be reported to the physician
who will then decide if modifying the treatment
plan is safe and feasible. But there is muchmore
to a successful AOMP.

Identifying the occurrence of ototoxicity
does not necessarily provide any insight into the
absolute HLs of the patient. Can a significant
change in hearing occur that is not considered
handicapping? For example, if a patient has
baseline HLs between 0 and 5 dBHL at all test
frequencies and a significant change (e.g.,
ASHA 1994) occurs in the EHF range, this
will not influence the patient’s communication
ability. But it is important for these findings to
be reported to the physician in the context of
the change itself as an early identifier of
ototoxicity.

Hopefully, the physician can change the
treatment regimen before the ototoxicity
extends into the speech frequency range. Con-
versely, if the hearing loss does extend into the
speech frequency range and continues to dete-
riorate, how important is it to not only inform
the physician of the additional significant chan-
ges taking place in hearing but to convey the
functional impact it is having? And if that
additional information is conveyed, will it
have more influence on the physician to make
changes in the treatment regimen now that the
patient is having difficulty communicating? Of
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course, there are cases when altering medical
treatment is not an option.

Regardless, the audiologist will be aware of
the handicapping nature of the hearing loss and
must provide counseling to the patient and
family about the ototoxicity that has occurred,
the potential for additional ototoxicity and
hearing loss while at the same time discussing
available audiologic treatment options that will
positively impact quality of life.

Even with the advent of otoprotectents to
mitigate the effects of ototoxic medications,
the need for comprehensive AOMPs will
remain.

CONCLUSION
Ototoxic monitoring programs need to
become standard of care for all patients recei-
ving treatment with ototoxic medications.
Audiologists must take the lead to implement
programs that are thorough, efficient, and
accurate. Significant changes in hearing
must be reported to the physician immediately
for a decision about changing the treatment
plan. Ototoxicity that affects the speech fre-
quencies may require intervention; therefore,
patients and their families should be counseled
throughout the AOMP to increase the like-
lihood they will seek audiologic care for the
hearing loss.

HIGHLIGHTS

• Audiologic ototoxicity monitoring is not well
established and continues to be an inconsis-
tent practice for many adult oncology and
infectious disease patients.8

• Audiologists should take the lead in efforts to
implement audiologic ototoxic monitoring
programs through education of medical per-
sonnel involved in the care of patients on
ototoxic medication and on the impact oto-
toxic hearing loss may have on a patient’s
quality of life.

• As the survival rate for cancer patients conti-
nues to rise, the need for early identification,
serial monitoring, counseling, and possible
intervention with appropriate audiologic
care and treatment is critical to maintain
and improve the patient’s quality of life.

• Baseline testing should be conducted prior
to treatment. Modification to the conven-
tional audiologic test battery is necessary to
accommodate patient needs throughout
treatment.

• EHF shows evidence of change due to oto-
toxicity before DPOAE testing and both
before standard frequency audiometry.5

• EHF audiometry is the most important test in
the AOMP and should be administered at the
baseline assessment and all subsequent moni-
toring tests.

• Changes inDPOAE levels precede changes in
hearing levels.

• Threshold shifts in adjacent frequencies indi-
cate more systematic change and increase the
likelihood of a true decrease in hearing
sensitivity.

• Any significant change in hearing thresholds
must be confirmed with a repeat test within 24
hours5 and reported to the physician and
medical team immediately.

• Physicians in charge of the medication regi-
men may state ahead of time that any changes
in hearing level during treatment will not
bring about a change in the treatment plan.
In that case, Campbell recommended that
only the standard frequency range be tested.23

• Noise exposure can exacerbate the ototoxic
effects of both aminoglycosides and
cisplatin.23

• Preexisting hearing loss affecting the high
frequencies negatively affects the ability to
utilize EHF audiometry and DPOAE as an
effective monitoring tool.23

• Most changes in hearing occur in the octave
preceding the highest audible frequency.6

• The presence of preexisting hearing loss is
important in identifying risks, presenting
them to the patient, and setting the stage for
follow-up counseling and/or rehabilitation.45

• Effective grading scales that report the func-
tional impact ototoxicity has on a patient need
to be included in the AOMP.

• New audiometric tools should make testing
more efficient and convenient for the patient
and staff.
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