
The following article appeared in the September 2005 issue (Vol. 9, No. 1, pp. 17-22) of the Division 6
publication Perspectives on Hearing and Hearing Disorders: Research and Diagnostics. To learn more about
Division 6, contact the ASHA Action Center at 1-800-498-2071 or visit the division’s Web page at
www.asha.org/about/membership-certification/divs/div_6.htm.

Audiological Monitoring of Patients Receiving Ototoxic Drugs
Dawn Konrad-Martin
Veterans Affairs Rehabilitation Research and Development Service, National Center for Rehabilitative

Auditory Research, VA Medical Center
Portland, OR

Department of Otolaryngology, Oregon Health & Science University
Portland, OR

Jane S. Gordon, Kelly M. Reavis, Debra J. Wilmington, Wendy J. Helt
Veterans Affairs Rehabilitation Research and Development Service, National Center for Rehabilitative

Auditory Research, VA Medical Center
Portland, OR

Stephen A. Fausti
Veterans Affairs Rehabilitation Research and Development Service,  National Center for Rehabilitative

Auditory Research, VA Medical Center
Portland, OR

Department of Otolaryngology, Oregon Health & Science University
Portland, OR

Over 200 medications commonly prescribed for the
treatment of cancers and some infections can cause
inner ear damage, or ototoxicity (ASHA, 2004). Ototox-
icity can result in auditory and/or vestibular dysfunc-
tion, and the effects can be temporary, but are often
permanent. Symptoms of ototoxicity include tinnitus,
dizziness, and difficulty understanding speech in
noise. Approximately 4 million patients annually in
the United States are at risk for hearing loss from
aminoglycoside antibiotics (e.g. gentamicin) and plati-
num-based chemotherapy agents (e.g., cisplatin). Loop
diuretics (e.g., furosemside) can also cause ototoxicity,
particularly when administered concurrently with
other ototoxic drugs (Brummett, 1980). Furthermore,
noise exposure has a synergistic effect, increasing the
risk of hearing loss during therapeutic treatment with
ototoxic drugs (Brown, Brummett, Fox, & Bendrick,
1980).

For patients treated with ototoxic drugs, hearing
loss can adversely affect speech communication, cop-

ing skills, and quality of life. Ototoxicity is poorly cor-
related with drug dosage (Blakley & Meyers, 1993),
peak serum levels (Black & Pesznecker, 1993), and other
toxicities, such as renal toxicity (Rougier et al., 2003),
making it difficult to predict when symptoms will
present. Ototoxic hearing loss often progresses unno-
ticed until a communication problem becomes appar-
ent, signifying that hearing loss within the speech fre-
quency range has occurred. Therefore, the early detec-
tion of ototoxicity must involve direct auditory func-
tion assessment.

Purpose and Benefits of Monitoring
Serial ototoxic monitoring tests utilize a hearing

change criterion value defined as the difference value
between two measurements of the same test recorded
on separate occasions. Monitoring tests must be sensi-
tive to ototoxic damage (high hit rate), specific (low
false positive rate), and reliable (low test-retest vari-
ability) across measurements. Significant clinical
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change occurs when the difference value between suc-
cessive measurements exceeds documented normal
variability.

Prospective audiometric testing and the early iden-
tification of ototoxic hearing loss are critical to facili-
tate alternative treatments, wherever possible, that can
minimize or prevent communication impairment. If
hearing changes are identified, physicians may alter
dosages or discontinue treatment with current medi-
cations, switch to less toxic medications, or continue
treatment and prepare the patient and family to cope
with hearing loss. If no hearing changes are noted,
physicians may aggressively treat the disease with in-
creased confidence. Early identification and monitor-
ing of ototoxic hearing loss provides opportunities for
counseling regarding communication strategies, the
synergistic effects of noise exposure with ototoxic medi-
cation, and implementation of aural rehabilitation.

Early Identification
Because ototoxic damage begins in the cochlear

base and progresses toward the apex (Barron & Daig-
neault, 1987), use of clinical tests sensitive to changes
in the basal (high frequency) region provide the earli-
est detection of ototoxic damage. Ototoxicity identifi-
cation before speech frequencies are compromised can
alert providers prior to impairment of communication
ability. The foundation of ototoxicity monitoring is the
serial collection of pure-tone behavioral thresholds.
Ultra-high frequency audiometry and evoked
otoacoustic emission (OAE) testing are measurement
techniques that identify ototoxic damage earlier than
conventional pure-tone threshold testing.

Serial hearing assessment at the highest audible
frequencies for each patient using ultra-high frequency
thresholds (> 8 kHz) allows early detection of ototox-
icity before speech frequencies are affected (Fausti et
al., 1993). The majority (94%) of test-retest differences
reported for ultra-high-frequency thresholds using
modern equipment were within + 10 dB for frequen-
cies between 9 and 14 kHz in patients not receiving
ototoxic drugs, thus showing good reliability. False
positive rates, which indicate threshold changes in
subjects not exposed to ototoxic drugs, were low (0-
7%) both in a sound booth and on the hospital ward
under controlled conditions (see Gordon, Phillips,
Helt, Konrad-Martin, & Fausti, 2005, for a detailed re-
view of this literature). Therefore, the use of ultra-high
frequency audiometry is a highly reliable, sensitive,
and specific technique for detecting ototoxicity.

Full-frequency pure-tone threshold testing is im-
practical for those who fatigue easily and are inca-
pable of completing lengthy behavioral tests. Fausti

and colleagues have proposed a shortened procedure
targeting a limited range of frequencies near the upper
frequency limit of hearing for each individual (Fausti
et al., 1999). The highest frequency with a threshold at
or below 100 dB SPL followed by the next six lower
adjacent frequencies in 1/6-octave steps, defines a one-
octave range of frequencies found to be a sensitive
range of ototoxicity (SRO). In rare cases, ototoxic dam-
age may occur first at a lower frequency; however, the
reported hit rate for this shortened SRO test protocol is
approximately 90% in large groups of adult patients
with ototoxic hearing changes (Fausti et al., 2003). Ul-
tra-high frequency audiometry has been successfully
evaluated in children above age 5, although effective-
ness of the SRO protocol has not yet been studied in
children receiving ototoxic drugs. The SRO protocol
improves clinical efficiency for serial monitoring while
maintaining high sensitivity to ototoxic damage. Stan-
dardized criteria have been developed for use with
pure-tone thresholds obtained at conventional and
ultra-high frequencies, and these criteria have proven
effective in large groups of subjects receiving ototoxic
drugs.

Another measure of early ototoxicity is the OAE,
an objective (non-behavioral) measure that can be used
in patients who cannot respond reliably to behavioral
testing techniques. Initial ototoxic damage is typically
confined to the outer hair cells in animals treated with
ototoxic drugs (Hodges & Lonsbury-Martin, 1998).
Evoked OAEs are acoustic responses generated by outer
hair cells within the cochlear end organ, suggesting
that OAEs may be a sensitive indicator of ototoxic dam-
age. Distortion product OAEs (DPOAEs), responses
elicited using two tones, are particularly effective for
the early detection of ototoxicity. Researchers have
shown that changes in OAEs preceded changes in be-
havioral (pure-tone) thresholds in patients receiving
ototoxic drugs (Lonsbury-Martin & Martin, 2001;
Stavroulaki, Apos-tolopoulos, Segas, Tsakanikos, &
Adamopoulos, 2001). Researchers have produced nor-
mative data demonstrating excellent test-retest reliabil-
ity of DPOAEs (e.g., Franklin, McCoy, Martin, &
Lonsbury-Martin, 1992). These results suggest that
OAEs can be used to monitor ototoxic damage with a
high degree of reliability and sensitivity. Furthermore,
OAEs can be obtained in infants, young children, and
sedated adults.

High frequency (8-14 kHz) auditory brainstem re-
sponses (ABR) using narrow band filtered clicks can
also provide early detection of ototoxic change for pa-
tients with limited responsiveness (Fausti et al., 1992).
ABRs are often used to estimate thresholds and usu-
ally are within 15 dB of behavioral thresholds. These
results can be useful to determine threshold changes
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over time. It is important to remember that ABRs and
OAEs are not tests of hearing, but rather test the re-
sponsiveness and stability of the auditory system dur-
ing drug treatment. In this way, these objective mea-
sures are an effective measure of ototoxic-induced
changes in auditory function.

Detecting Hearing Change
To detect ototoxicity, it is necessary to monitor a

response that is both sensitive to ototoxic damage and
reliable over time. Serial audiograms using conven-
tional and ultra-high frequency threshold testing,
evoked OAEs, and ABR can effectively detect clinically
significant changes in auditory function. ASHA (1994)
developed hearing change criteria for serial audiograms
(which must be confirmed by retest) which include:
>20 dB pure-tone threshold shift at one frequency, >10
dB shift at two consecutive test frequencies, or thresh-
old response shifting to “no response” at three con-
secutive test frequencies. The use of a large (20 dB)
single frequency threshold shift or comparatively
smaller shifts at adjacent frequencies was established
by evidence suggesting that threshold shifts at adja-
cent test frequencies indicate more systematic change
compared to shifts at any single frequency and are less
likely to result in false positive responses (Simpson,
Schwan, & Rintelmann, 1992).

Currently, there are no accepted protocols or cri-
teria for ototoxic change using objective measures.
However, test-retest variability in control subjects can
provide the basis for developing ototoxic monitoring
protocols. Roede, Harris, Probst, and Xu (1993) advo-
cated change criteria based on the mean test-retest vari-
ability of the OAE plus 2 standard deviations, which
was 5.4 dB at 70 dB SPL and 8.3 dB at 55 dB SPL in the
population tested. Thus, an OAE change was consid-
ered significant if it were greater than the normal vari-
ability observed in approximately 95% of subjects not
receiving ototoxic drugs. Beattie, Kenworthy, and Luna
(2003) proposed similar change criteria using standard
error of the measurement difference to determine sig-
nificant OAE test-retest differences, suggesting that for
OAEs obtained at 65 dB SPL, the amplitude difference
must exceed 7 dB between 1-4 kHz to indicate a true
change. Differences in OAE change criteria reported
in the literature are likely related to differences in the
equipment, OAE parameters, and statistical methods.
Verifying that each clinic’s OAE test-retest variability
is comparable to the literature is essential, as variabil-
ity is increased by inconsistent probe placement and
in patients versus healthy subjects. Further research is
needed to validate the use of these OAE change crite-
ria in large groups of subjects receiving ototoxic drugs.

Ototoxic change criteria for ABRs have also been
based on test-retest reliability examined in subjects not
receiving ototoxic drugs. Changes in ABRs elicited by
high frequency tonebursts have been defined as a 0.3
ms latency shift for wave I or wave V or the change of a
previously scoreable response to unscoreable (Fausti
et al., 1992). In a study of neonates receiving gentami-
cin, ABR change criteria defined as ABR latency delay
> mean test-retest variability in non-drug exposed neo-
nates plus 2 standard deviations, was 1.8 + 0.8ms for
wave I and 5.7 + 0.8ms for wave V (De Lauretis, De
Capua, Barbieri, Bellussi, & Passali, 1999). Again, fur-
ther research is needed to validate the use of ABR
change criteria in studies involving subjects receiving
ototoxic drugs.

Implementing a Program

Identifying and Scheduling Patients
Implementing an ototoxicity early detection and

monitoring program requires the identification of pa-
tients at highest risk for ototoxicity, including those
receiving highly ototoxic medications (cisplatinum,
carboplatinum, aminoglycoside antibiotics) as well as
individuals with risk factors for ototoxicity. Risk fac-
tors include poor general medical condition with low
levels of red blood cells or serum proteins (Blakley,
Gupta, Myers, & Schwan, 1994); poor renal function
(Forge & Schacht, 2000); co-administration of multiple
ototoxic agents; age (neonates and the elderly); and
heredity factors such as familial tendency for suscep-
tibility to ototoxicity (Black & Pesznecker, 1993). Re-
sources for identifying patients at risk include (a) medi-
cal personnel who can provide information regarding
medications, patient alertness level, and availability
and (b) hospital pharmacy medication lists, which
provide patient names, treatment medication, and lo-
cation in the hospital. Once drug therapy has been
scheduled, initial contact must be made to explain
purpose, benefits, and procedures involved with oto-
toxicity monitoring. The ability of a patient to provide
reliable behavioral responses must also be determined
and audiometric evaluations coordinated with the
patient’s availability and provider approval.

Timing of Evaluations and Testing
Schedule

Ototoxicity is determined by comparing data from
the Baseline Evaluation obtained prior to ototoxic drug
administration to subsequent evaluations, with each
patient serving as his or her own control. Evidence
from animal studies suggests that ototoxicity occurs
approximately 72 hours after aminoglycoside antibi-
otics administration (Brummett & Fox, 1982), whereas
cisplatin can cause ototoxicity following a single treat-
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ment (Durrant, Rodgers, Meyers, & Johnson, 1990).
Based on these studies and ASHA guidelines (ASHA,
1994), the Baseline Evaluation should occur no later
than 24 hours following the administration of chemo-
therapeutic drugs and no more than 72 hours follow-
ing administration of aminoglycoside antibiotics. A re-
check of thresholds within 24 hours of the Baseline
Evaluation can determine patient reliability for pure-
tone threshold testing.

Baseline Evaluation
Baseline Evaluations should begin with histories

of medical treatment, noise exposure, tinnitus, and ra-
diation treatment. It is essential to document concomi-
tant ototoxic medications, noise exposure, and radia-
tion, as they all can act synergistically with ototoxic
medications. Also, any tinnitus present at baseline
must be documented, as the onset of and changes in
pre-existing tinnitus are potential side effects of oto-
toxic damage.

Full audiometric evaluations are recommended for
Baseline testing of responsive patients including: otos-
copy, tympanometry, acoustic reflex testing, pure-tone
air and bone conduction thresholds, and speech re-
ception and discrimination testing. The combination
of tympanometry, acoustic reflex testing, and bone con-
duction testing can identify conductive pathologies,
which confound the ototoxicity identification. Use of
pulsed tones is recommended for pure-tone threshold
testing, because they are easier to distinguish at high
frequencies and low intensities for patients with sen-
sorineural hearing loss and/or tinnitus (Burk & Wiley,
2004). Pure-tone testing of octave frequencies from 0.5
to 8.0 kHz (plus the interoctave frequencies 3 and 6
kHz), and of 1/6th-octave frequencies from 9.0 to 20
kHz is recommended. Speech audiometry (discrimina-
tion) is not a reliable indicator of ototoxic hearing loss,
but is included in the Baseline Evaluation and in as-
sessment after hearing changes are detected to aid
counseling and aural rehabilitation efforts.

A shortened protocol including only the most in-
formative tests is necessary for monitoring infants and
pediatric patients with reduced attention spans and
adult patients with limited response capabilities, such
as those who fatigue easily, exhibit impaired orienta-
tion, or impaired alertness. Otoscopy, tympanometry,
acoustic reflex testing, and objective measures of audi-
tory function such as OAEs or ABRs should be included
and will provide at least a gross measure of auditory
function. Objective measures should also be included
when patients with limited responsiveness become less
responsive over the course of treatment.

Monitor and Post-Treatment Evaluations
Monitoring Evaluations are usually performed

prior to each dose for chemotherapy patients and one
to two times per week for patients receiving ototoxic
antibiotics. Monitoring and appropriate referrals for
further auditory and vestibular testing also are war-
ranted any time a patient reports increased hearing
difficulties, tinnitus, aural fullness, or dizziness. Con-
firming significant changes by retest will reduce false
positive rates (ASHA, 1994). Post-treatment evalua-
tions are necessary to confirm that hearing is stable,
because ototoxic hearing loss can occur up to 6 months
following drug exposure.

Monitoring Evaluations include follow-up ques-
tionnaires documenting subjective otologic complaints
(tinnitus or dizziness) and the recent addition of any
synergistic components (noise exposure, other ototoxic
drugs, and/or radiation treatment). Audiometric tests
conducted during this evaluation in alert patients are
otoscopy, tympanometry, acoustic reflex testing, and
pure-tone air conduction threshold testing within the
SRO. If a significant pure-tone threshold change is
noted, full-frequency testing should be conducted to
document hearing change. If behavioral measures can-
not be used, the objective measure selected for the
Baseline Evaluation should be used for monitoring
purposes. Middle ear dysfunction must be ruled out
after changes are observed in behavioral thresholds,
and ABR or OAE testing should be done to verify that
changes are due to cochlear damage. The monitoring
test should also be repeated on a separate day if any
changes are observed. Once hearing change is con-
firmed, a more complete audiometric evaluation may
be warranted. Frequent testing should continue until
hearing has stabilized.

Post-treatment Evaluations are important for docu-
menting significant hearing changes, identifying pro-
gressive hearing changes, and/or documenting any
hearing recovery. These Evaluations should be con-
ducted one month and 3 months after final treatment
using the Monitoring procedures. Six months follow-
ing cessation of treatment, a repeat of the full Baseline
test battery should be completed to assess the patient’s
overall hearing health and determine need for further
aural rehabilitation. It may be necessary to continue
monitoring longer than 6 months, if hearing has not
stabilized. In a longitudinal study by Bertolini and
colleagues, pure-tone thresholds in young children
demonstrating ototoxicity degraded further from 11%
during early post-drug evaluations to 44% after 2 years
(Bertolini et al., 2004).
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Summary
Treatment with ototoxic medications can cause

hearing loss with potential social, emotional, and vo-
cational consequences. The early detection of ototoxic-
induced hearing loss is therefore essential to
patients and their health care providers, including
those patients who are unable to provide reliable be-
havioral responses. Ototoxicity monitoring provides
opportunities to consider alternative treatment regi-
mens to minimize or prevent hearing loss progression.
Audiological management of such patients can be an
integral part of a therapeutic treatment plan, im-
proving quality of life during and after treatment.
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