
Ototoxicity	Update



What is “Ototoxicity”?

• Ototoxicity is the damage 
caused by toxic effects of 
certain drugs or chemicals to 
the hearing and/or balance 
organs

• Ototoxicity can cause temporary
or permanent damage to the 
inner ear





Symptoms of Ototoxicity
• Tinnitus or “ringing in the ears”

– Tinnitus = Noise in the head; roaring whistling, 
“crickets”, water rushing, buzzing, humming

• Sensorineural hearing loss (SNHL), 
usually bilateral, may be 
asymmetrical

• Imbalance, dysequilibrium
• Dizziness
• Deafness



Ototoxic	Drugs
• Antibiotics 

– Aminoglycosides
– Macrolides

• Loop Diuretics
• Chemotherapy
• Analgesics

– NSAIDS
– Opioids

• Antimalarials
• Antiepileptics
• Antiheparinizing agants
• Beta blockers
• Erectile dysfunction drugs



Mechanisms of entry

1. (3.)Perilymph via diffusion through round window 
2. Vascular through blood supply



What happens in the ear?



Aminoglycoside Antibiotics

• All aminoglyside antibiotics 
are known for their potential 
to cause permanent ototoxicity 
if they enter the inner ear

– Some carry a higher risk of 
hearing loss 

– Others are more likely to cause 
balance problems

– Some affect both hearing & balance 



Aminoglycosides
• Neomycin 

– The most cochleotoxic of all 
aminoglycosides

– commonly prescribed in ear drops and 
mucosal washes

• Gentamicin – high vestibular 
toxicity

• Kanamycin
• Tobramycin       cochleotoxic 
SNHL

• Amikacin
• Streptomycin – high vestibular 
toxicity



Macrolides
• Inner hair cell damage greater than 
outer hair cells

• speech frequencies affected>High 
freq.

• Dose-related & often reversible
• Onset within 3 days of starting
• First report of macrolide-induced 
ototoxicity was in 1973 
(erythromycin) & azithromycin in 
1994*

• clarithromycin & erythromycin also 
associated with SNHL as well as 
cardiotoxicity

Wallace MR, Miller LK, Nguyen MT, Shields AR. 
Ototoxicity with azithromycin. Lancet 1994;
343(8891):241.



Vancomycin
• Used to treat severe infections, 
life-threatening MRSA (resistant 
Staph)

• Onset with tinnitus
• Usually only when used in 
combination with other ototoxic 
medications &/or high serum 
levels

• Risk increases with hepatic and 
renal failure

• Close monitoring of serum 
concentrations



Loop Diuretics
• Family of “water pills” that act 
on the ascending limb of the loop
of Henle in the kidneys, known to 
potentially cause temporary or 
permanent ototoxicity
– Used for hypertension, CHF, renal 
insuff.

• Often presents with tinnitus and 
may be relieved by stopping the 
drug

• Toxic effect on Stria Vascularis
(SV) in the cochlea (hearing 
organ), altering ionic gradient

• Edema and cystic degeneration of 
SV seen postmortem*

*Santos F, Nadol JB. Temporal bone histopathology 
of furosemide ototoxicity. Laryngoscope Investig
Otolaryngol 2017;2(5):204‐7.



Loop Diuretics
• Furosemide (Lasix®)

– Common
• Bumetanide

– Lower risk than Lasix
• Ethacrynic acid

– Higher risk and reserved for sulfa 
allergy

• 6-7% of patients taking these 
are affected 



Chemotherapy
• Certain cytotoxic or anti-
neoplastic drugs cause 
irreversible ototoxicity:
– Platinum-based (Cisplatin, 
Carboplatin) chemo kills outer 
auditory hair cells, SV & spiral 
ganglion neurons

– oxaliplatin is less ototoxic due to 
not being taken up readily by 
cochlear cells

• Vinca Alkaloids (Vincristine) 
leads to reversible ototoxicity

• 61% affected  Monitoring 
protocols are recommended



NSAIDS
• Aspirin ototoxicity is 
reversible
– Usually presents with tinnitus 

• Acetaminophen (Tylenol®) causes 
irreversible ototoxicity and 
severe to profound SNHL when 
taken at very high doses 
repeatedly/chronically
– Also causes hepatic (liver) 
toxicity

• Synergism with 



High-dose Opiate abuse
• Sudden onset, rapidly-
progressive SNHL affecting both 
ears  deafness within weeks 
if opiate use is not stopped

• ≥20-30 pills a day (vicodin®, 
hydrocodone, oxycontin, etc.)

• Acetaminophen combinations 
• Irreversible, unresponsive to 
steroids



Quinine

• Quinine and quinine aspirin 
(acetylsalicylic acid, ASA) 
cause reversible tinnitus and 
SNHL, balance issues
– Quinine may also be prescribed for 
restless leg syndrome and is an 
antimalarial drug

– Tonic water contains quinine, as 
does Quinidine, Chloroquine, 
Aralenand Q-vel



Antiepileptics
• Phenytoin sodium (Dilantin®) has been 
reported cause bilateral vestibular 
loss in high doses*

• At therapeutic doses, Carbamazepine, 
valproate, lamotrigine, and 
gabapentin may result in tinnitus, 
hyperacusis, SNHL, dizziness, ataxia, 
imbalance, nystagmus, saccadic and 
pursuit abnormalities, auditory 
nerve, and brainstem auditory 
dysfunction
– Measurable abnormalities on ABR and 
nystagmography

*Kattah JC. Clinical characteristics and etiology of 
bilateral   vestibular loss in a    

cohort from Central Illinois. Front Neurol
2018;9:46.



Environmental Agents

Carbon monoxide

Toluene



Noise Exposure
• Noise levels above 85 dB sound 
level 

• Depends on exposure time and 
loudness levels 
– The louder the sound, the shorter 
time it will take to cause damage 
(e.g. gunshot or fireworks)

– OSHA standards for workplace noise 
level protection

• Noise-induced SNHL damages hair 
cells and neurites, spiral 
ganglion neurons



Who is at RISK of ototoxicity?
• Cystic fibrosis patients

– 17% up to 40% affected1
• due to frequent aminoglycoside antibiotics

• Genetics play a critical role in 
aminoglycoside ototoxicity
– e.g., A1555G mutation in MT-RNR1gene, 
estimated in 0.2% of population2

• Cancer patients who receive platinum-
based chemotherapy 
– TPMT, COMT, ABCC3, or ACYP2 SNP 
rs1872328 genetic mutations

• Opioid addicts
• Renal (kidney) insufficiency, 
dehydration

2Prevalence of mitochondrial 1555A‐>G mutation in 
European children & adults. NEJM 2009;360:640‐4

1Occurance and risk of ototoxicity in cystic fibrosis patients receiving repeated 
high‐dose aminoglycoside therapy. Antimicrob Agents 
Chemother 2001;45:2502‐9.



How can we prevent ototoxicity?
• Baseline audiogram, otoacoustic
emissions  testing before starting 
toxic agent
– Monitoring serum drug levels and hearing

• Premedication: aspirin, NAC, alpha 
lipoic acid, sodium thiosulfate, 
ginko biloba

• Steroid injections just prior to 
toxic exposure

• Decibel trial – IT aminoglycoside 
blocker

• Ebselen trial (enrolling at MUSC)
– $1 8 million-dollar grant awarded by



Ototoxicity Grading 

• Establishment of grading 
criteria by:
– American Speech-Language-Hearing 
Association (ASHA)

• Threshold elevations of 20 db or more 
at 1 frequency, 10 dB or more at 2, 
or NR at 3 consecutive frequencies

– NCI Common Terminology Criteria 
for Adverse Events (CTCCAE)

– Brock hearing loss grades



CTCAE ototoxiciy grades
• Grade 1 – threshold shift 
(loss/elevation) of 15-25 dB PTA in 
at least one ear

• Grade 2 – threshold shift of >25-90 
dB at 2 consecutive test frequencies 
in ≥one ear

• Grade 3 – Hearing loss sufficient to 
indicate therapeutic intervention 
≥20-30 dB PTA elev. 

• Grade 4 – fulfills criteria for 
cochlear implantation and requiring 
additional speech-language services



Brock’s hearing loss grades

• Grade 0: Hearing thresholds 
less than 40 dB HL across all 
frequencies

• Grade 1: Hearing thresholds ≥40 
dB at 8000 Hz

• Grade 2: ≥40 dB at 4000-8000 Hz
• Grade 3: ≥40 dB at 2000-8000 Hz
• Grade 4: ≥40 dB at 1000-8000 Hz



How can ototoxicity be treated?
• Hearing amplification

– Hearing aids
• Cochlear implantation

– Surgery (outpatient)
• Frequency Trial
• Vestibular implant in clinical 
trials
– Baltimore (Johns Hopkins) and St. 
Louis   (Washington Univ.)



Frequency Therapeutics, Inc.



Frequency Therapeutics, Inc.

• Auditory hair cell regeneration 
trial
– Phase II starting in January 2019



Thank You!


