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Inner Ear Damage Induces 
Tinnitus
•Cisplatin
•Noise ExposureNoise Exposure
•Presbycusis

Significant Central Effects
•Cell Death in Hippocampus
•Suppress Neurogenesis
•Decrease synapses with age

Tinnitus & Hearing Loss
555 Patients (Nicolas-Puel et al. 2002)

•Presbycusis 42%

•Noise Trauma 22%

•Meniere’s 6.3%

•Sudden Onset 4.0%

Audiogram (20-27 years)
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12-14% of general population-tinnitus
1 of 4 seek medical treatment
1% experience-debilitating tinnitus

50% combat soldiers develop tinnitus
55% Patients with Cochlear Implant

Tinnitus  Who Gets it?

55% Patients with Cochlear Implant 
Severe or debilitating tinnitus 

•Hyperacusis-Loudness Intolerance
•~70 of Tinnitus patients have hyperacusis

"I remember waking up on the morning of 
April 12, 1994, with a high-pitched 
squealing in my ears, I thought it was the 

Debilitating TinnitusDebilitating Tinnitus

microwave going off downstairs, but I 
wasn't able to find the sound anywhere.  
Ultimately, I went into a state of 
depression and couldn't even work. I have 
spent the last four years looking for help,
but I have been told to learn to live with it."
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Jastreboff Neurophysiological Model

Gray oval primary area responsible for hyperacusis    (Jastreboff, 2007)

What Does What Does Tinnitus  Cost?Tinnitus  Cost?

Tinnitus Perceived in Damage Ear
-Tinnitus Generator in Ear

Tumor-Cut Auditory Nerve
•N A ti it S t t B i•No Activity Sent to Brain
•Tinnitus Persists

•Maybe Tinnitus Generated in CNS

Positron Emission Tomography
• Utilizes radioisotope-isotope is unstable 

• Gives off positrons (positively charged electron)

• Annihilation-occurs when positron (+) collides with 
electrons .  

Disintegration of positron gives off 2 gamma rays• Disintegration of positron gives off 2 gamma rays 
that move in opposite directions

-e+

gamma raygamma ray

Annihilation 
1-4 mm

• 15O labeled water-estimate rCBF, neural 
activity

• Conditions

R Q i  

Positron Emission Tomography (PET)
• Functional Imaging-Sound Evoked

• Rest-Quiet scanner

• Tone bursts

• SPM-Statistics

PET Scanner Noise ~70 dB SPL, Steady, Low Frequency

Ear Plugs + Active Noise Reduction
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R L R L R LNormal Hearing Listeners-4000 Hz
•Tone Right Ear versus Quiet

L & R Auditory Cortex

L Medial Geniculate

L Lateral Lemniscus

L Brainstem Tegmentum

L Parafloccular Lobe

4000 HzRight Ear

Note: Sound to right ear 
activates both left & right 
auditory cortex

Conditions

• Resting Brain Activity

Somatic Tinnitus
-Modulate Tinnitus with Oral Facial Maneuver

Resting Brain Activity

• 2000 Hz tone, 80 dB

• OFM-Jaw Clench

Oral-Facial Maneuver & Right Ear Tinnitus
1 patient loudness increases, 2 patients loudness decreases

Loudness decrease (Rest-OFM) + Loudness increase (OFM-Rest)

•CBF Significant Change

•Left auditory cortex 
(BA21, BA41) 

•Left hippocampus-limbicLeft hippocampus limbic 
region

RR R LLL

•Right medial 
geniculate

R L L

Normal Subjects—2000 Hz, 80 dB SPL Right Ear
•Monaural stimulation activates left & right auditory cortex

•L thalamus

•L transverse temporal 
gyrus BA41

•L hippocampus
2000 Hz

R

L
R

Auditory cortex

•R superior temporal 
gyrus BA22

•R transverse temporal 
gyrus BA41

2000 Hz

LR R L

Tone Activation 
Tinnitus Patients
•2 kHz tone burst, 80 dB SPL

•Tinnitus patients greater 
than normal activation in left 
auditory cortex (BA38 and y (
BA41)-Hyperactive
•Patients normal hearing 2 kHz

•Patients hearing loss 4 kHz
BA38

BA41
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Gaze‐Evoked/Modulated Tinnitus
Tumor on Acoustic-Vestibular Nerve
Surgical Removal

Cut Auditory Nerve: DeafnessCut Auditory Nerve: Deafness
Gaze-Evoked Tinnitus

Lateral gaze: tinnitus appears/get louder
125 Gaze-Evoked Tinnitus Patients

Acoustic Neuroma Newsletters

First Case Report-Whittaker (1982)
Contrast-enhanced CT scan

•44 year old woman
•3.6 cm tumor
•GET - right lateral

Single subject SPM analysis

Left AN, gaze 
to left.  

ClockwiseClockwise 
rotatory 
nystagmus 
on R gaze

•Activation-Angular Gyrus Next to Auditory Cortex

3 Subject SPM, R Acoustic Neuroma

Brainstem-near Cochlear Nucleus & Superior Olive

Pre-Existing Somatic and Visual Input to 
Auditory Cortex in Non-Human Primate
Musacchia & Schroeder 2009

Auditory Cortex

Somatosensory Invasion of Deaf Auditory Cortex
Allman & Meredith, 2009
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Lidocaine & Tinnitus
• Otology-Suppresses Tinnitus!

• Cardiology-Induces Tinnitus!

•Lidocaine-Increases & Deceases Tinnitus Loudness
•Reduction in tinnitus decrease in rCBF
•Increases in tinnitus increase in rCBF

Right Auditory 
Cortex-Only 
region that 
shows a change 
in rCBR with 
change in 
tinnitus loudness

Loss Sensory Input
•Alters Central Auditory System
•Abnormal Plasticity 

Tinnitus Trigger

•Analogous to Phantom Limb Pain
Animal Models
•Physiology
•Biochemical 
•Molecular

Schedule Induced Polydipsia (SIP)
• Intermittent pellet delivery (1/min) is used to 
drive drinking in food deprived rats

Animal Model of Tinnitus (SIPAC)

• Intermittent pellet delivery (1/min) is 
used to drive drinking in food 
deprived rats

•Avoidance Conditioning (AC)

Drinking (Licks) is put under stimulus 
control by pairing sound with foot 
shock

Quiet = Lick-for-Water Food Pellet 1/minute
Schedule Induced Polydipsia-Avoidance Conditioning
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A B

Noise-Induced Tinnitus Assessed with SIPIC

120 dB, 2 h, OBN Centered at 11 kHz

Salicylate-Dose-Response Study

Average Lick Data (n=5)
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Treatment

Baseline Saline 50mg/kg 100mg/kg 150mg/kg 350mg/kg

Li
ck

 C
ou

nt

0

1000

2000

3000

4000
Licks in Noise

Tinnitus

Sodium Salicylate (150 mg/kg/d, 2 d)

s 4000

5000

6000

7000
(n=6)

Memantine (NMDA) Antagonist-Tinnitus Treatment
• Memantine Causes Slight Increase Licks in Quiet
• Not Significant; Not Dose Dependent
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Scopolamine, Anti-Cholinergic-Tinnitus Treatment
1 mg/kg-Slight Increase Licks in Quiet, Not Significant
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DrugDrug Kv7.2Kv7.2--7.57.5 Kv7.1 Kv7.1 BK (KBK (KCaCa))

Maxipost PositivePositive NegativeNegative PositivePositive

Potassium Channels•Greatest Ion Channel Diversity•Important targets for therapy •Kv7.2-7.5 in cochlea

Maxipost
(BMS 204342)

Positive Positive 
modulator modulator 
(activation) (activation) 

Negative Negative 
Modulator Modulator 
(inhibition) (inhibition) 

Positive Positive 
modulator modulator 
(activation) (activation) 

R-Maxipost Negative Negative 
modulator modulator 
(inhibition)(inhibition)

Negative Negative 
Modulator Modulator 
(inhibition) (inhibition) 

Positive Positive 
modulator modulator 
(activation) (activation) 
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E ffects  o f R -M axipost (n=6)
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CAP: Salicylate-Systemic Injection
Salicylate Suppresses CAP from Inner Ear
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Acute Effects (300 mg/kg Salicylate)Acute Effects (300 mg/kg Salicylate)
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Salicylate Damages Spiral Ganglions NeuronsSalicylate Damages Spiral Ganglions Neurons
Hair Cells Remain IntactHair Cells Remain Intact

Salicylate- Dose-Dependent Shrinkage in SGN
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Control 5 mM SS

Salicylate Induces Polycaspase Labeling in SGN

10 µmA B 10 µm

SGN

NF

SGN 

What Neurophysiological Changes Occur in Auditory 
Cortex During Salicylate Induced Tinnitus?
•Use 16 Channel Microwire Electrodes to Record from 
Neurons in Auditory Cortex of Awake Rats

A B16 Channel Microwire Electrode

16 Electrode tipsConnector

Gl B id

16 Electrode tips
Connector

Glue BridgeGlue BridgeGlue Bridge

Recording From Awake Rat Single Unit and Evoked Potential Recorded 
from Same Electrode in Awake Rat
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Salicylate-Little Effect on Inferior Colliculus

Use Startle Reflex-Behavioral Test of Hyperactivity
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8 kHz
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Isoflurane Blocks Salicylate-Induced Enhancement
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Ketamine Enhances Effect of Salicylate on AC
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Salicylate Suppresses GABA-mediated Inhibition

Auditory 
Cortex

GABAergic 
Interneuron

Tinnitus-Loss of Cochlear Input
Cochlear damage reduces input to 

central auditory system (gas pedal)
Auditory system turns up its gain 

(Reduced Inhibition) to compensate for 
hearing loss and lack of cochlear input

+
Cochlear Activity

Decreased
CNS Inhibition

Decreased
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