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Oto-Neurology

(the study of the ear and the brain)

Source of inspiration?
A Family support and encouragement

A Love of music: appreciation, composition,
rehearsal, recording, mixing, performance

A Fascination with sound (acoustics)
A Physics of the ear: circuits of the ear and brain

A Practical application of university physics and
acoustics theory

A Interaction with people rather than lab rodents




Tinnitus Prevalence

4.4 -15.1% of population in adults aged 20 to >80
7.61 20.1% in those aged 50 to >80
Worldwide prevalence range = 4-20%

Statistics increase with age and vary with how the survey questions
are asked

Too o oo o

Commonly quoted USA figures currently under scrutiny:
50 million experience tinnitus at some point in their lives
12 million seek consultation

2 million are severely distressed

o o o o

(Hoffman and Reed, 2004; American Tinnitus Association, ATA)



Tinnitus Prevalence

1994-1995 US NHIS Disability Supplement Study
(Hoffman & Reed, 2004)

Question asked: nbDo you now |
buzzing in the ears that has lasted for at least 3
mont hs?o0

Prevalence = 4.4 % total adults (age 20 to >80 yrs)
Prevalence = 7.6 % adults over 50 years

Extrapolation for Arizona based on 2008 estimates:

Approximately 4,790,633 million adults age 20 years or
older in AZ x 4.4% prevalence = 210,788 people in
Arizona with tinnitus > 3 months

4,790,633 adults x 4.4% prevalence = 210,788



Tinnitus Prevalence
(Wisconsin Beaver Dam Hearing Loss Study, 1993-1995)

Questi on asked was nHave
ringing or noise in the ears over the past year of
at least moderate severity and/or tinnitus that
caused difficulty fall!

Ages studied 50 to > 80 years

Prevalence = 8.2 %

I



Estimated Tinnitus Prevalence in USA

A February 2009, the United States has a
total resident population of 305,000,000 us

Pop Clock, US Census Bureau)

A 27.6% are under the age of 20
A Adult population > 20 years = 220,820,000
A 220,820,000 x 4.4 % tinnitus prevalence =

9,716,080 adults with chronic tinnitus > 3
mo.



http://en.wikipedia.org/wiki/United_States

The Toll of Selected Nervous
System Disorders

(NIH estimates in Brain Facts, Society for Neuroscience, 2002)

Condition  Total cases/year Costs per year

A Hearing Loss 28 million $ 56 billion
A Depression 19 44

AAl zhei mer 6s 4.5
A Stroke 4 51

A Schizophrenia 3 33
APar ki nsonods 1

A TBI 75 48

A MS 40 7

A Spinal Injury .25 10



Soldiers with tinnitus In the current war

(from The Independent Budget 2008-2010 fiscal years, a publication for
veterans by veterans of all branches of the armed forces

70,000 cases of tinnitus diagnosed in veterans deployed to Iraq and
Afghanistan in Operations Enduring and Iraqi Freedom (OEF/OIF)

Risks include: repeated exposure to mortar attacks, suicide bombs,
repeated blasts from improvised explosive devices (IEDs).

Invisible wounds result such as: hearing loss, tinnitus, hyperacusis,
post-traumatic stress disorder, cognitive impairment from milder
forms of traumatic brain injury, major depression

Survival rate among wounded veterans is 90% but

Gaps remain in the recognition, diagnosis, treatment and rehabilitation
of these oO0invisibled injuries



Tinnitus & VA Service Connection

(American Tinnitus Association; Independent Budget)

A Currently, tinnitus is #1 service connected disability of
returning veterans

A Tinnitus, limb injuries and hearing loss are the top three
conditions accounting for war-related costs

A Traumatic brain injury and PTSD are less common than
hearing loss and tinnitus

A Service connection for tinnitus has increased 18% per
year since 2001

A Total number of veterans awarded disability as of 2006
IS approximately 390,933

A 2011 estimates: 818,811 veterans compensated at costs
to taxpayers of $1.1 billion



Ludwig Van Beethoven, Portrait in Oil, J.K.Stieler 1819-20
Scream (1893), Edvard Munch, National Gallery, Oslo




Why must Pete where headphones in this situation?




History
A Pulsatile
A Non-pulsatile
A Onseti gradual or sudden
A Possible trigger
A Noise exposure 7 impulse or chronic
A Hearing loss
A Abnormal sound sensitivity
A Ear fullness
A Dizziness, vertigo or imbalance



History

A Head or neck trauma

A Stroke risk factors

A Metabolic

A Dental

A Temporomandibular joint disorder
A Sound or pressure induced vertigo
A Headache

A Medications

A Nutrition

A Other



Historical Insights

How does tinnitus affect
Loudness, Awareness, Annoyance?

Mood, sleep, concentration?

Hearing discrimination?

Abnormal sound sensitivity?



Most Common Subgroups

A Hearing loss associated with aging

A Noise induced hearing loss

A Head or neck trauma (ie motor vehicle accident or fall)

A Viral infections causing single sided deafness
(ie, labyrinthitis)

A Vascular lesions

AMeni ereds syndr ome

A Undetermined cause

A Stress



Sample of Tinnitus Triggers

A Noise

A Motor vehicle accidents (whiplash) (Folmer & Martin,
April 2001, Neurology)

A Falls

A TMJ (temporomandibular disorders)
A Dental surgery

A Facial plastic surgery

A Ear surgery

A Neck pain and stiffness

A Middle ear disease

A Stress



Medications that cause Hearing
Loss, Tinnitus and Imbalance

Ototoxic Medications:

A Platinum-based chemotherapeutics drugs:
Cis-platinum, carboplatin

A IV aminoglycoside antibiotics (in order of
auditory toxicity progressing to
vestibulotoxicity): kanamycin, amikacin,
tobramycin, gentamicin, streptomycin,
netilmicin, dibekacin, sisomicin



Medications that cause Hearing
Loss, Tinnitus and Imbalance

Ototoxic Medications:

A High doses of anti-inflammatory drugs:

as
AC

A

pirin, ibuprofen, ketoprofen, Aleve,
Vil, other NSAIDs

L, oop diuretics: furc

ethacrynic acid



Tinnitopsychometrics

A Tinnitus Handicap Inventory (THI)

A Tinnitus Reaction Questionnaire (TRQ)
A Tinnitus Severity Index (TSI)

A Problems Caused by Tinnitus

A Tinnitus Handicap Questionnaire (THQ)

A Tinnitus Functional Index (TF1) i scale is being
finalized by Mary Meikle, PhD et al at OHSU




Tinnitopsychometrics

A Beck Depression Inventory (BDI)

A Beck Anxiety Inventory (BAI)

A Hamilton Depression Scale

A Yale-Brown Obsessive Compulsive Disorder
A Epworth Sleepiness Scale

A Pittsburgh Sleep Quality Index

A Several other personality & quality of life scales
are available



Examination Findings

A Listen for bruits over eyes, ears, neck, heart
A Palatal myoclonus - inspect palate

A Somatic modulation

A Neck range of motion

A TMJ

A Hearing

A Sound sensitivity

A TM - infection, atelectasis, middle ear disease,
abnormal jugular vein, glomus tumor



Audiometric Tests for the Tinnitus Patient

A Interoctave audiometry (125Hz-8000Hz)

A Extended high-frequency interoctave audiogram
A Loudness Discomfort Levels (LDLS)

A Distortion Product OAEs (DPOAES)

A Tinnitus pitch, volume & minimum masking level
(MML) using broadband noise



Audiometric Tests for the Tinnitus Patient

A Acoustic Reflex Decay to record tympanic
membrane pulsations in cases of pulsatile
tinnitus (especially unilaterally)

A Audition sound therapy to gauge partial of
complete masking potential

A Test for residual inhibition (RI)
A Hearing aid assessment and trial fitting(s)



Caution!
These tests may be hazardous to those with

hyperacusis, misophonia, phonophobia

A Auditory Brainstem Evoked Response
(ABR)

A Tympanometry (immitance testing)

A Loudness Discomfort Levels (LDLs, UCLS)
A Vestibular evoked myogenic potentials
AMRI/MRA

AVol ume of audiol ogi st
through headphones



Discuss why the following tests may be
contraindicated In severe hyperacusics such as
Category 4 T or H and those with Tonic Tensor

Tympani Syndrome (TTTS)?

Audiometric thresholds 125-8000Hz
Speech discrimination

Tympanometry

Auditory brainstem evoked response
Vestibular evoked myogenic potentials
Electrocochleography

Rotational chair testing

Water irrigation of EAC for wax removal
MRI scan



How to perform tinnitus matching
when litigation Is pending?

A Goal is to demonstrate repeated measures with
minimal variance

A Prepare to dial in 2dB increments of various
sound

A Run 5 sets of matches using broadband,
narrowband and pure tones correcting for octave
confusion

A Break for one hour

Source: William H. Martin, Ph.D., Director, Tinnitus Clinic, Oregon
Health Sciences University (OHSU), Portland, OR (personal
communication 2004, 2008)



How to perform tinnitus matching
when litigation Is pending?

A Repeat another set of 5 tinnitus matches

A Ask the patient to notify the AuD / PhD when the
sounds most closely equal the loudness of the
tinnitus perception

A Variance of less than or equal to 2dB between
each test suggests internal consistency which
| ends credi bi Ity to t heg
tinnitus onset

Source: William H. Martin, Ph.D., Director, Tinnitus Clinic, Oregon
Health Sciences University (OHSU), Portland, OR (personal
communication 2004, 2008)



Neuroimaging for Tinnitus Patients

A Carotid Dopplers

A MRI Brain and Internal Auditory Canals
with and without gadolinium

A MRA of Brain, Head and Neck

A CT Angiogram

A Conventional cateter based Dye Angiogram
A Functional MRI (fMRI)

A Positron Emission Tomography (PET)



How loud are MRI scanners and
what precautions must be taken?

A Scanner noise varies between 71dBA-138 dBA:
115-131dB SPL (Ravicz & Melcher, JAAA, 109, 216-231, 2001)

A Hearing protection must be issued

A Patients should experiment with comfortable and
effective earplugs

A MRI compatible ear muffs are available
APatientds may abort scal
A Tinnitus exacerbations may occur

A Several new onset tinnitus cases associated
with MRI scanner noise have surfaced recently



Sleep and Tinnitus

(Hebert & Carrier, 2007, Ear & Hearing, 28(5):649-655)

A One of the most common complaints

A N =102 (51 with, 51 without tinnitus)

A Pittsburgh Sleep Quality Index (PSQI)
A Beck-Il Depression Inventory (BDI)

A Hyperacusis questionnaire

A Tinnitus Reaction Questionnaire (TRQ)
A Matched for health and socioeconomics

A Tinnitus patients have greater sleep difficulties vs.
controls

A Sleep efficiency and sleep quality are affected
A High tinnitus distress associated with poorer sleep



Sleep management

A Bedside sound therapy

A Sound pillows

A Pillow speakers

A Customized speakers mounted near bed
A Ear level sound generators

A Sound therapy processors

A Exercise earlier in the day

A Sleep hygiene including wind down time
A Prescription short acting hypnotics

A L-tryptophan, melatonin, Chamomile tea
A Sleep psychology consults



Sleep Apnea and Tinnitus

Is the cochlea adversely affected by repeated episodes of
nocturnal hypoxia over time?

Inquire about the following:

Snoring

Breath holding at night (apneic spells)
Fatigue

Daytime somnolence

Tendency to nap frequently without delay
Headaches

Exam: Body weight, neck size, airway size, large
tongue base, tonsils, uvula

Epworth Sleepiness Scale > 8



Sleep Apnea and Tinnitus

Is hearing and tinnitus adversely affected by repeated
episodes of nocturnal hypoxia?

Maintain low threshold for inquiring about symptoms suggesting
obstructive sleep apnea (OSA).

Refer to sleep specialist trained as pulmonologist or neurologist
Nocturnal polysomnogram (dual night protocol)
Treatment could include continous positive airway pressure (CPAP)

Snoring, breath holding

Large tongue base

Fatigue

Daytime somnolence

Tendency to nap frequently without delay
Headaches

Body weight, Neck size

Epworth Sleepiness Scale > 8



Pharmacotherapy Tinnitus Trials

A Alprazolam (Xanax®)

A Nortriptyline (i.e., Pamelor® and others)
A Lidocaine

A Mexilitine

A Carbamazepine (Tegretol®)

A Gabapentin (Neurontin®)

A Paroxetine (Paxil®)

A Memantine (Namenda®)

A Campral ® in progress at OHSU Portland
A Others



Rx Trial Insights
A Xanax lowered tinnitus loudness by 7 dB (Johnson,
Vernon et al, 1993)

A Nortriptyline helped with tinnitus, pain, mood (Dobie,
2005)

A Lidocaine studies effective but duration of action proved
very short

A Paroxetine [Paxil®, an serotinin reuptake (-)] I effective
at reducing tinnitus aggravation; no change in tinnitus
loudness match (Robinson and Viirre, 2007)

A Memantine animal study negative (Salvi et al, 2007)
A Campral study suggesting benefit

A New Campral trial underway in Portland with very
rigorous design (funded by two non-profit tinnitus
organizations) (Martin et al, presently)



Medication strategies

A Maintenance therapy

A Rescue therapy

A Pain relief

A Sleep aid

A Anxiolytics

A Anti-depressants

A Mood stabilization

A Neuroprotective

A Antipsychotic pharmacotherapy deferred to psychiatry

A All of these options are discussed in addition to
appropriate ear protection, healthy diet, restorative
sleep, exercise, multivitamins, minerals, otoprotective
antioxidants and essential omega-3 oils



Customizing Treatment

A Medications prescribed in order to:

I Reduce tinnitus loudness by 50%

I Improve sleep

I Lift mood

I Alleviate pain

I Control exacerbations, paroxysms,
fluctuations




Customizing Treatment

A Nutrition, hydration

A Otoprotection

A Exercise

A Sleep

A Lifestyle changes

A General health and wellness
A Personal

A Spiritual

A Other



Sound Therapy Session

A Check for response to masking, partial
masking, therapeutic range of sound with
speakers and with earsets

A Residual Inhibition

A Rate relative tinnitus reduction

A Acceptability of sound therapy timbre
A Explain optimum use of sound levels

A Review habituation of reaction and
perception TRT goals and/or NTT phases



Customizing Treatment

A Counseling (informational, supportive, directive,
cognitive behavioral, individual)

A Sound Therapy (partial or total masking)
A Sound Device accessories

I Sound pillow (pillow speakers)

I CD player

| Digital music player

I Earbuds

I Speakers

I Headphones

I Smart phone with music playing capabilities

(Henry, Trune, Robb & Jastreboff, Tinnitus Retraining Therapy, Clinical
Guidelines, Parts I, 1l, 2006)



Treatment

A Audition various sound therapy samples to
determine partial or complete masking potential
of sound and the pati ent
sound(s)

A Hearing aid assessment and trial fitting(s)
A Hearing aid counseling
A Cochlear Implants

A Experimental: Electrical stimulation in ear or in
brain to modulate the thalamocortical feedback
loops; repetitive transcranial magnetic
stimulation; additional pharmacotherapy



Cognitive Behavioral Therapy (CBT)

A Under study at this time
A Patient must be motivated
A Over 20 cognitive distortions may be identified

A Distortions must be challenged and substituted
with accurate, positive thoughts

A Goal is to overcome the maladaptive cognitive
pattern of looking at tinnitus and implement a
more realistic and positive thought process
(neural plasticity)

A Overcome negative emotions associated with
tinnitus



Follow-up

A Assess subjective ratings VAS 1-10/10
A Rating scales - strive for 50% reduction
A Sleep improvement

A Return to activities that improve QOL

A Adjust medications if necessary

A Review habituation goals and definitions
A Review hearing aids

A Discuss upgrading sound therapy tech and
accessories If necessary




Outcome Measures

A Subjective VAS reports loudness,
annoyance and awareness (%)

A Tinnitopsychometric rating scales > 50%

A Return to recreational or occupational
activities

A Improved sleep



Comprehensive tinnitus care Is time &
labor intensive but very rewarding

A The joy of medicine is realized when a little extra
time Is devoted to addressing the needs of the
patient

A Discussing all treatment options with the patient,
validating their concerns, answering their
guestions, and developing a therapeutic
relationship over time Is crucial to success

A Hope, control and relief is possible for those
experiencing tinnitus distress

A Some tinnitus cures can be orchestrated




Questions?



An Introduction to Tinnitus
Retraining Therapy (TRT)

The Jastreboff Neurophysiological Model of
Tinnitus dates back to 1988 at Yale
University.

Pawel J. Jastreboff, PhD T neuroscientist
Jonathan Hazell, MD T ear surgeon

University of Maryland, Baltimore Tinnitus
Clinic 1990-c. 2000

Emory University Tinnitus Clinic, 2001-2008



Rationaled Neurophysiological Model

A Only 20% of those who have permanent
tinnitus consider it a significant problem

AAiProbl emd tinnitus ir
structures
I Not just hearing system

Al Ot her o brain areas &
emotional and stress responses



Neurophysiological Model
(P. J. Jastreboff, 2001, 2006)

APostul ates fAprobl emo
Involvement of:

I Limbic system (emotions)
I Autonomic nervous system (stress)

A Thus, treatment of tinnitus should focus on
limbic and autonomic nervous systems

I Only secondary attention given to tinnitus
sensation itself



Neurophysiological Modelo
Non-Auditory SYyStems ... sasvesor. 1000, 2006

Auditory & Other Cortical Areas A Model focuses
Perception & Evaluation on non-
(Consciousness, Memory, Attention) auditory
T structures
(T > A Tinnitus
Auditory . becomes a
Subconscious ’ LImEbé]Coﬁzitsem prob_lem when
Detection/Processir limbic and
autonomic
T - nervous
. systems are
Cochlea Autonomic Nervous ~ctivated
Source SystemStress




The ALiI mbi " 3

A Underlies emotions

I Negative: Fear, anger, sadness, depression,
anxiety, hostility

I Positive: Pleasure, contentment, ecstasy,
calm, etc.

A All emotions traceable to neuronal circuits
IN brain
I These circuits targeted by drugs designed to
modify emotional state



The Limbic System

Thalamus

Hippocampus




Two Components of Emotions: 1.
Conscious Experience

A Being aware of our happiness, sadness,
anger, grief, etc.

I Controlled primarily by higher (cortical)
structures

ACingulate cortex, frontal lobes, and others




Two Components of Emotions:
2. Physical Sensation

A State of the body during an emotional
response

AFor example, fAfearo

I Increased heart rate and breathing

I Dryness of mouth, tense muscles, sweaty
palms

A Mediated by subcortical structures
I Primarily amygdala




The Amygdala

A Key limbic structure for determining
emotional significance of events

A Receives direct input from sensory systems,
Including auditory nervous system

A Sends projections to many other brain areas
to coordinate responses

A For example, danger (seeing a snake)
results in sense of fear, increased heart rate
and breathing, etc.0 controlled by amygdala

A LeDoux et al (NYU) 1998, 2003



» Major Components of the Limbic System

Corpus Limbic
callosum ( (

Mammillary

body
Amygdala

Hippocampus

Hippocampus of
right hemisphere
(ghosted in)

Cerebellum



Amygdala

A Seat of fear and emotion

A Lateral nucleus = receives input from
MGB, Cortex

A Central nucleus = sends output to ANS
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Autonomic Nervous System

A Maintains stable internal environment
(homeostasis)

A Controls heart, glands, smooth muscle
(operates 24/7)
AThe fAinvoluntary ner\

Il n contrast to Avol unt .
controls skeletal muscles



| Autonomlc Nervous System
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Autonomic Nervous System:
Two Systems

1. Sympathetic nervous system
2. Parasympathetic nervous system

A Work in opposition to each other
I Maintain internal state of body
I Systems are completely under subconsciol
control

A Both controlled by hypothalamus

3.3




Sympathetic Nervous System

A Controls bodily responses to danger

iAFi ght or flighto response

A Body must respond to:

I Emotional stress ﬁ
i Combat ,gﬁ@mw
I Athletic competition |

I Temperature change, etc.

A Heart rate increases, lungs expand, pupils

dilate, more blood flows to muscles, etc.




Sympathetic Nervous System

Tracheaf
Bronchi

Liver

Abdominal blood
vessels

. Pancreas
Adrenal medulla

HSmal integiins

Kidney

Bladder and Genitals

L
L



Parasympathetic Nervous

System

AiRest and diges
A Main function is energy storage

A Activities involve bodily function
In normal, non-stressful
situations

I Digestive processes
I Other resting state activities




Parasympathetic Nervous
System
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Hypothalamus Controls Autonomic
Nervous System

AHypot hal amus (fAdunde.]
A Autonomic nervous system receives input
from limbic system (emotions)

I All emotional input goes through
hypothalamus

A Hypothalamus is main control center for
maintaining internal state






