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Background: The hydrocodone/acetaminophen combination is one of the most com-
monly used analgesic preparations. Isolated incidences of suspected association be-
tween hydrocodone abuse and rapidly progressive hearing loss have been reported. In
this study, we describe the clinical characteristics of 5 patients presenting with progres-
sive hearing loss and a history of hydrocodone use.

Methods: Patients presenting with rapidly progressive bilateral hearing loss who had a
documented history of hydrocodone use were selected for the study. The presentation,
audiologic findings, associated comorbidities, and treatment outcomes were reviewed

Results: All patients displayed rapidly progressive sensorineural hearing loss without
vestibular symptoms. Hearing loss was asymmetric in 3 patients at initial presentation,
but progressed to profound loss, usually within months. Steroid treatment has no ef-
fect on the progression of the hearing loss. The admitted quantity of hydrocodone con-
sumed ranged from 10 to 300 mg per day. Hepatitis C was the most common comor-
bidity, present in 60% of the patients. All patients underwent cochlear implantation with
satisfactory results.

Conclusions: The chronic use of hydrocodone can be associated with progressive sen-
sorineural hearing loss. Successful auditory rehabilitation can be achieved with cochlear
implantation. Genetic polymorphisms of drug metabolizing enzymes as well as associat-
ed comorbidities such as hepatitis C infection may be significant in the development of
hydrocodone ototoxicity, though additional investigations are necessary.
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he combination of hydrocodone and

acetaminophen is commonly prescribed for

relief of acute and chronic pain. According to
the National Center for Health Statistics 2002 data,
acetaminophen and hydrocodone are first and fourth
on the list of most prescribed generic drugs during US
ambulatory health care visits, with more than 75 and
32 million citations respectively (1).

Hydrocodone is effective both as an antitussive
and narcotic analgesic. Commonly reportedly adverse
reactions to the hydrocodone/acetaminophen com-
bination include dizziness, nausea, vomiting, drowsi-
ness, and euphoria. More serious side effects such as
respiratory depression and mood disturbance are rare.
As with all narcotics, hydrocodone can lead to psycho-
logical and physical dependence. It is the most widely
prescribed opioid in the U.S. in addition to being one
of the most widely abused prescription drugs (2).

Hearing loss is an infrequently recognized ad-
verse side effect of hydrocodone use with only a few
case reports to date (3,4). Indeed, association between
any other narcotic and hearing loss is also restricted
to a few case reports (5-7). In this study we describe
the clinical characteristics of 5 patients who presented
with progressive sensorineural hearing loss suspected
to be related to their history of chronic hydrocodone/
acetaminophen use.

METHODS:

All patients in the series presented to the otology
clinic with the chief complaint of progressive hearing
loss and were evaluated by the senior neurotologist.
All 5 subjects underwent a complete history and physi-
cal examination as well as additional diagnostic work-
up to identify the likely cause for the sensorineural
hearing loss. The hearing loss was further evaluated
by serial audiograms confirming severe to profound
progressive sensorineural hearing loss in all patients.
Additional workup included serological studies to

evaluate for autoimmune etiologies as well as radio-
logical evaluation including computed tomography
imaging of the temporal bone and magnetic reso-
nance imaging.

Relevant patient information regarding use of
hydrocodone/acetaminophen combination includ-
ing amount, duration, and associated neurotological
symptoms were elicited either at the time of initial
presentation or during follow-up visits. All patients
subsequently underwent cochlear implantation for
the acquired sensorineural hearing loss.

REsuLTs:

The age of the patients at the time of presenta-
tion ranged from 28 to 57 years in this series, with
3 male and 2 female subjects. The admitted amount
of hydrocodone consumption varied widely ranging
from 10 to 300 mg per day. The duration of use prior
to hearing loss also varied widely ranging from months
to years (Table I). Only one patient was using the drug
with physician supervision. There was no prior history
of ear disease or hearing loss in any patient. The initial
audiogram usually showed a moderate hearing loss.
As hearing loss rapidly progressed, communication
was severely affected as these individuals uniformly
had little, if any, lip reading ability (Fig. I). Cessation
of drug use was reported by 4 of the patients, though
this is difficult to confirm. There was no spontaneous
recovery of hearing in any case after reported cessa-
tion of drug use.

All patients presented for evaluation of progres-
sive bilateral sensorineural hearing loss, although hear-
ing loss was asymmetrical in 3 patients. Tinnitus was the
most commonly reported associated symptom, present
in 3 patients. Except for history of hydrocodone use,
no clear etiology or predisposing factor for hearing loss
could be identified in these patients. Four patients had
complete autoimmune serology panel studies that were
unrevealing except one patient was noted to have a

Table 1. Patient demographics.

Patient | Sex Age Amount Duration Of Indication for Duration of Associated
Hydrocodone Used Use Hydrocodone Hearing Loss Symptoms

1 F 28 >50 mg/day >2 years None, illicit use 2 years Tinnitus

2 M 47 Unknown >1 year None, illicit use 4 - 5 months Tinnitus

3 M 49 ~100 mg/day 1 - 2 months None, illicit use 1 - 2 months None

4 F 48 10 mg/day >5 years Chronic back pain? 2 months Headache

5 M 57 200 - 300 mg/day Unknown None, illicit use 10 years Tinnitus
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mildly elevated rheumatoid factor level. Rheumatolog-
ic consultation and additional workup failed to identify
any systemic autoimmune process. Four patients were
treated with steroids with no improvement in hearing.
Brain and temporal bone imaging studies were within
normal limits in all patients.

Hepatitis C was the most commonly documented
comorbid condition, seen in 3 patients (Patients 2, 3,
4). One patient had documented cirrhosis (Patient 2)
as a result of the hepatitis and was considered a pos-
sible candidate for liver transplant. Use of interferon
for treatment of hepatitis C has been associated with
sudden hearing loss (8,9). However, only one patient
had been treated with interferon, and this was 4 years

prior to the onset of hearing loss.

All patients progressed to a severe to profound
sensorineural hearing loss and underwent unilateral
cochlear implantation. All patients tolerated the co-
chlear implantation procedure well without complica-
tions. Post-operative follow-up period ranged from
2 to 21 months with a mean follow-up period of 10
months. Post-operative performance on Consonant-
Nucleus-Consonant (CNC) monosyllabic words score
ranged from 18% to 56%, the hearing-in-noise test
(HINT) score ranged from 78% to 100%, and the CUNY
sentence recognition test score ranged from 95% to
100% for the three subjects that completed the evalu-
ation.
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Discussion:

Hydrocodone and acetaminophin are widely used
medications and rapidly progressive sensorineural
hearing loss is very rare, thus the possibility of a chance
association is raised. Unilateral sudden onset sensori-
neural hearing loss has a population prevalence of
approximately 1:10,000 persons per year (10).Bilateral
cases account for only about 1 - 2% of sudden losses
(11). Even in a busy otological practice, patients with
progression of hearing loss by 10 - 20 dB in one month
are rarely encountered.

The rarity of rapidly progressive bilateral sensori-
neural hearing loss results in a relatively short, but om-
inous, differential diagnosis. Intracranial infections or
malignancies, severe head trauma, and multiple scle-
rosis are typically accompanied by other neurological
deficits. Individuals with otosyphilis and autoimmune
inner ear disease commonly report disequilibrium or
vertigo and will display recovery of hearing or arrest
of progression with appropriate treatment including
corticosteroids. Multiple medications have been impli-
cated in producing hearing loss, though aminoglyco-
side antibiotics are probably the most common. Onset
of hearing loss in conjunction with administration of
the drug is expected in these cases. History, laboratory
testing, imaging, and response to steroid treatment
exclude these possibilties.

There are 2 published reports on suspected hydro-
codone/acetaminophen combination abuse-related
progressive sensorineural hearing loss (3,4). Substan-
tial variation is seen in the amount of hydrocodone/
acetaminophen consumed as well as the timing of
hearing loss onset. Thus, it is unlikely that ototoxic-
ity is a predictable consequence of a specific cumu-
lative dose. Furthermore, sudden hearing loss is not
reported in the treatment of pain due to advanced
malignancy, when daily intake of hydrocodone can
commonly exceed 30 mg/day. We also observed senso-
rineural hearing loss in a patient who reportedly had
taken the medication within recommended dosages
(e.g. 10 mg/day) for years.

The likely explanation for hydrocodone/acetamin-
ophen ototoxicity is altered pharmacokinetics due to
genetic factors or comorbid conditions. While stan-
dard drug dosages are based on pharmacokinetic data
obtained from randomly selected healthy individuals,
inherent differences between individuals will likely
result in variations in drug metabolism. This disparity
can be attributed to genetic variations in drug trans-
port proteins, drug receptors, and/or genetic polymor-

phisms of drug metabolizing enzymes. These metabo-
lizing enzymes can be broadly categorized into type |
oxidative enzymes such as cytochrome P450 (CYP) and
phase Il detoxifying enzymes such as glutathione S-
transferase (12).

Hydrocodone is a semi-synthetic opioid compound,
structurally related to codeine. It has a relatively low
binding affinity for the p opiate receptor. Structurally,
hydrocodone is distinguished from codeine by the keto
group at the C6 position instead of a hydroxyl group,
thus preventing it from undergoing extensive conju-
gation as in codeine. However, like codeine, hydro-
codone primarily undergoes O-demethylation at the
C3 position by CYP2D6 enzyme and forms hydromor-
phone, which has significantly higher affinity for the
Y opiate receptor than the parent compound (13,14).
Hydrocodone also undergoes N-demethylation by the
CYP3A4 to norhydrocodone, although the extent and
a significance of this metabolic pathway has not been
well characterized. It has been estimated that approxi-
mately 7% of the Caucasian population has an inactive
CYP2D6 phenotype; in those with a functional CYP2D6
enzyme the enzymatic activity can vary tremendously
between individuals. Recently it has been suggested
that genetic polymorphisms of the CYP2D6 enzyme can
have an impact on the metabolism and therapeutic ef-
ficacy of hydrocodone (15).

It is also surmised that individuals with genetically
altered CYP2D6 activity will manifest increased toxic-
ity of drugs metabolized via this enzyme. Jannetto et
al postulated that individuals with reduced CYP2D6
activity (poor metabolizers) would be at greater risk
of toxicity, but when they examined 26 deaths due to
oxycodone overdose they did not find an increased
prevalence of poor metabolizers compared to a ran-
domly selected control population (16). Alternatively,
de Leon et al described the adverse reactions to hydro-
codone in ultrarapid metabolizers (17). Neither find-
ing affirms or excludes the possibility of heightened
sensitivity to opiates resulting in ototoxicity in geneti-
cally predisposed individuals. It is conceivable that ge-
netic variations in hydrocodone metabolism secondary
to enzyme polymorphisms in CYP2D6 or CYP3D4 may
predispose certain individuals to adverse reactions to
the drug, which would be consistent with the sporadic
nature of the observed association between hearing
loss and hydrocodone exposure. Future research may
include sequencing of drug metabolizing enzymes for
detection of the presence of genetic polymorphisms
in affected individuals.
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Since hydrocodone is only available in the US in
combination with other drugs, the possibility of ac-
etaminophen contributing to the observed hearing
loss cannot be completely ruled out. Although hep-
atotoxicity with acetaminophen overdose is a well-
recognized adverse effect, we are not aware of any
report of associated hearing loss in the literature.
The co-administration of acetaminophen may also
alter hydrocodone metabolism. High dose acetamin-
ophen (>6 gm/d) is associated with degradation of
CYP3A4 which would impair metabolism of hydro-
codone to norhydrocodone and thus would increase
hydrocodone metabolism to hydromorphone (18).

Interestingly, hepatitis C was the most commonly
observed comorbidity in this series with three patients
testing positive for HCV serology. The finding may not
be entirely innocuous. HCV infection can cause signifi-
cant liver damage as evidenced by our patient with cir-
rhosis. Alteration in activity of CYP enzymes may also
occur in HCV infection associated with production of
liver-kidney-microsome autoantibody type 1 (LKM1).
The LKM1 autoantibody targets CYP2D6, though the
resulting effect on enzyme activity is uncertain (19).

The site of lesion for hydrocodone/acetamino-
phen toxicity is undetermined, but the lack of signifi-
cant vestibular abnormality and satisfactory auditory
rehabilitation with cochlear implantation suggests iso-
lated cochlear involvement. The distribution of opioid
receptors in the inner ear is described in rodents, with
the p receptor typically found in spiral and Scarpa’s
ganglia (20,21). The delta and kappa receptors are
seen in hair cells. Additional knowledge of the distri-
bution of opioid receptors in the human inner ear is

required to further formulate a hypothesis regarding
opioid toxicity.

From our review, the following guidelines may be
used for diagnosis of hydrocodone/acetaminophen in-
duced hearing loss. First, the clinician should document
bilateral rapidly progressive hearing loss. All patients in
this series displayed a rapid and unrelenting progres-
sion to profound loss, typically within a few months.
No patient had a pure tone audiometry in either ear of
better than 85 dB. Secondly, there was uniform absence
of vestibular symptoms. Thirdly, there was no response
to oral steroids and often continued progression of
hearing loss in spite of this treatment. Next, there were
no symptoms or laboratory evidence of intracranial in-
fection or concurrent autoimmune disease with the ex-
ception of possible HCV induced autoimmune hepatitis.
Finally, prolonged daily use of hydrocodone or oxyco-
done, or high doses over a short interval preceding on-
set of hearing loss, are documented.

ConcLusIOnN

In this study, we report the possible association
between progressive sensorineural hearing loss and
hydrocodone/acetaminophen use. A clinical picture
of rapid bilateral hearing loss and concurrent narcotic
use should raise suspicion of possible toxicity. Success-
ful auditory rehabilitation can be achieved with co-
chlear implantation. Genetic polymorphisms of drug
metabolizing enzymes as well as associated comor-
bidities such as hepatitis C infection may be significant
in the development of hydrocodone/acetaminophen
ototoxicity, although additional experimental investi-
gations are necessary.
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