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Thank You!

Patricia L. Purcell, M.D., M.P.H.
Patricia L. Purcell, M.D. M.P.H., is an assistant professor and clinical researcher in Pediatric
Otolaryngology at C.S. Mott Children’s Hospital. She earned her M.D. at the University of
Texas Southwestern Medical Center in Dallas, Texas and completed residency in
Otolaryngology – Head & Neck Surgery at the University of Washington in Seattle. She
completed an additional two-year research fellowship during residency during which she
earned a Master’s in Public Health in Health Services through the University of Washington
School of Public Health. After residency, she moved to Toronto, Ontario, Canada, to complete
a two-year fellowship in pediatric otolaryngology at The Hospital for Sick Children. She is
passionate about patient care and public health policy relating to children with hearing loss
and other head & neck disorders.
Areas of Interest
Dr Purcell’s research interests focus on improving our assessment and treatment of children
with hearing loss, including children with unilateral hearing loss and hearing loss associated
with congenital cytomegalovirus (CMV).
Clinical Interests
Dr Purcell’s clinical interests center upon the medical and surgical management of children
with pediatric head and neck disorders. She is interested in the multidisciplinary care of
children with chronic ear disease, cholesteatoma and hearing loss.
Financial Disclosures: Employed by and receives a salary from Michigan Medicine
Non-Financial Disclosures: None
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Today’s Agenda

Pediatric Vestibular Disorders
• Medical Evaluation

• Brief review of balance system function
• Discussion of etiologies, risk factors for vestibular loss,
and how to determine if/what testing is warranted and
age appropriate
• Review of signs of pediatric dizziness or vestibular
dysfunction
• Discussion of test protocols by age, modifications, and
realistic expectations
• Case Studies
• Review and Conclusions

• Vestibular Testing
• Is it helpful for kids?
• How do we do it?
• Vestibular Rehabilitation

Otolaryngology – Head & Neck Surgery
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Balance relies upon 3 systems

Balance relies upon 3 systems
Vision
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Balance relies upon 3 systems

Balance relies upon 3 systems

Proprioception

Vision

Proprioception

Vision

Vestibular Labyrinth
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Central nervous system
processing

Central nervous system
processing
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Proprioception

Vision
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Central nervous system
processing
Vision

History taking depends on age of patient

Proprioception

• Under 4 years of age
• Between 4-12 years of age
• Teenagers
Bilateral
vestibular loss =
balance function
mean 4.4 years Vestibular Labyrinth
Otolaryngology – Head & Neck Surgery
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Age of Patient

Age of Patient
Under 4 years of age

Under 4 years of age
Motor Milestones
• Support head by 4-6 months
• Sit independently by 7-9 months
• Walk independently by 15-18 months
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Age of Patient

Age of Patient
Under 4 years of age

Between 4-12 years of age

Motor Milestones
• Support head by 4-6 months
• Sit independently by 7-9 months
• Walk independently by 15-18 months
Parental concerns
• Delayed when compared to other children
• Lack of progression, or even regression
• Abnormal eye movements
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Age of Patient

Age of Patient
Between 4-12 years of age

Between 4-12 years of age

Parental concerns
• “Clumsy”
• Avoids sports
• Complains of dizziness

Parental concerns
• “Clumsy”
• Avoids sports
• Complains of dizziness
Screening in clinic
• One-leg stand with eyes open (8 sec)
• One-leg stand with eye closed (4 sec)
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Age of Patient

Age of Patient
Teenager

Teenager
Patient concerns
• Dizziness
• Headache
• Hearing changes
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Audiometric testing should be performed

Age of Patient
Teenager

30-70% of children with
sensorineural hearing
loss have vestibular
dysfunction

Patient concerns
• Dizziness
• Headache
• Hearing changes
In-office vestibular exam

The presence of
hearing loss affects
differential diagnoses
and treatment
Cushing SL et al. Otol Neurotol 2013;34:422–28.
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Auditory and Vestibular Systems have a
common embryologic origin

Differential Diagnoses
With hearing loss:

Without hearing loss:

Development of the mouse inner ear and origin of its sensory organs. Morsli H, Choo D, Ryan A, Johnson R, Wu DK.
J Neurosci. 1998 May 1; 18(9):3327-35.
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Differential Diagnoses
With hearing loss:
– Cochleovestibular
anomalies
– Labyrinthitis
– Retrocochlear lesion
(ie schwannoma)
– Chronic otitis
– Temporal bone
fracture
– Ototoxicity

Differential Diagnoses
With hearing loss:
– Cochleovestibular
anomalies
– Labyrinthitis
– Retrocochlear lesion
(ie schwannoma)
– Chronic otitis
– Temporal bone
fracture
– Ototoxicity

Without hearing loss:

Otolaryngology – Head & Neck Surgery
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Without hearing loss:
– Vestibular migraine
– Recurrent vertigo of
childhood
– Vestibular neuritis
– Ocular disorder

Otolaryngology – Head & Neck Surgery
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Most common etiologies of vertigo in children

Most common etiologies of vertigo in children
Almost half had migraine variant

Sylvette R. Wiener-Vacher (2008) Vestibular disorders in children, International
Journal of Audiology, 47:9, 578-583, DOI: 10.1080/14992020802334358

Sylvette R. Wiener-Vacher (2008) Vestibular disorders in children, International
Journal of Audiology, 47:9, 578-583, DOI: 10.1080/14992020802334358
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Most common etiologies of vertigo in children

Most common etiologies of vertigo in children

About 10% had vision problem

About 10% had congenital anomaly

Sylvette R. Wiener-Vacher (2008) Vestibular disorders in children, International
Journal of Audiology, 47:9, 578-583, DOI: 10.1080/14992020802334358

Sylvette R. Wiener-Vacher (2008) Vestibular disorders in children, International
Journal of Audiology, 47:9, 578-583, DOI: 10.1080/14992020802334358
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Most common etiologies of vertigo in children

Most common etiologies of vertigo in children
Most common
diagnoses in adults
are rare in children

8% had inner ear inflammation

Sylvette R. Wiener-Vacher (2008) Vestibular disorders in children, International
Journal of Audiology, 47:9, 578-583, DOI: 10.1080/14992020802334358

Sylvette R. Wiener-Vacher (2008) Vestibular disorders in children, International
Journal of Audiology, 47:9, 578-583, DOI: 10.1080/14992020802334358
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Vestibular migraine of childhood

Case Report - History

Diagnostic criteria

•
•
•
•
•
•

• At least 5 episodes of vestibular symptoms of
moderate/severe intensity lasting 5 min to 72 hours
• History of migraines with or without aura
• One or more of the following migraine features with
at least 50% of vestibular episodes:
- Headache with at least 2 of the following:
one-sided location
pulsating quality
moderate or severe pain intensity
- Photophobia or phonophobia
- Visual aura

14 year old male
1 year history of intermittent vertigo
Episodes last for seconds to a few minutes
Perceives vision changes with loud noises
Intermittently feels as if he is falling to the right
History of chronic otitis media with bilateral
perforations

Otolaryngology – Head & Neck Surgery

35

36

6

10/21/2021

Bilateral conductive hearing loss

Case Report - Physical
• Gen: Well-appearing, no distress
• Eyes: Intact ocular movements without
nystagmus
• Ears: Bilateral otorrhea with small anterior
perforations; mild vertigo with suctioning of the
right ear
• Sways to the right with Romberg testing
• Gait slightly wide-based

Otolaryngology – Head & Neck Surgery
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CT Temporal Bone – Coronal View

Vestibular Testing
VNG
• Right beating in 2/8 positions. Left beating in 1/8 positions
• Unable to complete caloric testing
Rotary Chair
• Essentially normal gain, phase and symmetry
• Normal suppression of VOR
Oculomotor
• Positive for oscillopsia
• Test of dynamic vision provoked blurred and bouncing vision.

Right superior semicircular canal dehiscence (yellow arrow)
“Third window” allows sound to escape the normally closed system of the inner ear
Vertigo due to vibrations activating hair cells within the superior semicircular canal

Posturography
• Severe dysfunction pattern (Hx of avascular left hip necrosis)
Otolaryngology – Head & Neck Surgery
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Diagnostic summary

And now let’s learn about vestibular
testing in children…

Vestibular disorder due to:
– Chronic otitis media
– Right superior semicircular canal dehiscence
Additional imbalance due to musculoskeletal
problem
– Avascular hip necrosis

Initial treatment: Vestibular PT
Otolaryngology – Head & Neck Surgery
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So why dizzy kids?

Great Catches!

• Personal impact

• “I noticed today how very poor his balance is, that he could not walk, start/stop
down the hall without being held up by his mother’s hand.”

– Migraines began age 2
– Labelled lazy/clumsy
– Late to walk, never learned to ride a bike,
struggled at recess
– Pulled out of academic classes for extra gym
class
– Did not receive neurology referral until 2nd grade
(paralysis), NEVER received PT referral

• “This is my HA patient. She has been getting what sounds like vestibular
migraine for the past several months and is having it almost daily. Would she
benefit from vestibular eval?”
• “Mom reports she recently had a call from his school about frequent falls, and
that he is in the nurse's office about everyday secondary to a fall. She states his
balance is unchanged and he falls frequently at home as well. Is he a candidate
for testing or physical therapy?”

• Reward/Gratification
– Kids are just really fun!
– Impact on their lives can be huge (ADLs,
confidence)
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Symptoms of Dizziness/Vestibular
Impairment

Signs of Pediatric Dizziness and/or
Vestibular Dysfunction

• Children may not have the vocabulary to describe their
dizziness
• They also may not know that it is abnormal to feel that way
• Children get labelled “clumsy”, “clutzy”, or “lazy”
• Children with congenital vestibular anomalies will often NOT
have symptoms of vertigo/dizziness
• Frequent falls, bruising/skinned knees, avoiding PE class
• Visual disturbances
• Headaches
• Fear reaction, wide eyes with motion
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Motor Delay and Vestibular Loss
Etiologies and Risk Factors for Pediatric
Vestibular Loss:
Determining When to Refer

• Gross motor developmental delay has been observed in children with
hearing loss
• Delays in holding head upright, sitting, standing, walking, and crawling
• More pronounced with additional cognitive impairment or additional
diagnoses
• There does appear to be a correlation between the degree of motor delay
and vestibular loss, although there is a definite spectrum
• Gross motor delays have been found to be persistent or even progressive in
children with vestibular loss, despite neuroplasticity (Janky et. Al., 2018)
• Children with bilateral vestibular loss are unlikely to catch up to their peers
without intervention, with some early data reporting that their motor skills
max out around that of a 4-5 year old
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Testing Rationale

Testing Types

• Alleviate fears and validate concerns with
appropriate counseling
• Determine site of lesion (central, peripheral, side,
irritative/paretic)
• Rule out more significant or “scary” diagnosis
• Initiate appropriate course of treatment or
intervention
• Discuss lifestyle changes or behavior modifications
• Refer to the appropriate professionals as needed

• All referrals must have a recent audiogram (one
year, or within 6 months if hearing is suspected
or known to fluctuate)

49

• Combined audiology/physical therapy
appointment
• Vestibular testing – limited or full time
• Physical therapy evaluation
• Otology appointment
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How Do I Know When To Refer?

Common Referrals

• Keep in mind that suggesting a referral does not mean that it has to be completed
• Parents may or may not want to follow through
• “The parents are in agreement with this plan”
• “The parents are not interested in this at this time”
• The referring doctor may choose not to place the referral
• Referrals are appropriate any time a new medical diagnosis is suspected, particularly if
that diagnosis requires intervention. I.E. Probable vestibular migraine with migraine
prophylaxis medication not tried yet
• Referral to Otology or a trusted Otolaryngologist can often be a good first step if the
diagnosis is unclear
• Physical therapy referral can be suggested for general motor delay, neck/back pain or
stiffness, or dizziness/vertigo
• Better to over-refer than to wish you had suggested it years before
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• Physical therapy (vestibular focused or general)
• Otology or neurotology
• Neurology
• Genetic counseling
• Endocrinology
• Dentistry
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What is a Vestibular Physical Therapist?

The Role of Physical Therapy

• Vestibular rehabilitation therapy (VRT) is a specialized type of physical therapy
focusing on problems caused by vestibular diseases, such as vertigo, gaze
instability, imbalance, nausea/vomiting, and falls
• A customized exercise program, often completed at home, is developed after the
clinical assessment, vestibular testing, medical consult, and input from the patient
• Different factors, such as vestibular status, medical conditions, adherence to
program, and co-morbid diagnoses can impact the potential for recovery
• Focuses on habituation, gaze stability, and balance training exercises
• Requires special training
• Can search for providers online: https://vestibular.org/healthcare-directory/

53

54

9

10/21/2021

Childhood Development

Some Expected Motor Skills

• Peripheral vestibular system and visual system are fully
functional at the adult level early in development (<24 months)
• However, the strategy and use of these systems occurs slowly
between 3 and 6 years of age and is not considered complete
until age 7.5 to 8 (Frossberg & Nashner, 1982)
• Maturation of the system to maintain “balance” continues through
around age 12 to 15 years
• Some parts of the vestibular system can be evaluated at birth!

• 3-4 months – raises head up when pulled to sit
• 4 months – rolls back to side
• 5 months – rolls back to front
• 7 months – sits independently
• 8-10 months – crawls independently
• 11-12 months – pulls to stand at furniture
• 18 months – walks independently, squats and returns to standing,
beginning to run, frequent falls
• 2 years – can jump in place with two feet, can kick a ball
• 3 years – can jump forward, can balance on one foot for 2 seconds
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Bruininks-Oseretsky Test of Motor
Proficiency (BOTMP)
• Age range 4:0-21:11
• Assesses the motor proficiency of children
• Includes a wide balance beam with separate fine motor and gross motor kits
• Eight subtests
– Fine Manual Control
•
•

Fine Motor Precision
Fine Motor Integration

– Manual Coordination
•
•

Manual Dexterity
Upper-Limb Coordination

• Gaze Stabilization

• Gait Stabilization

• Exercises aimed at improving vision while
the head is moving

• Exercises aimed at improving motor
abilities, such as standing or walking

• Typically begin while looking at a still
object

• Reduce risk of falls or injury

• Daily practice of exercise with slow
progression in difficulty

• May include muscle strengthening

– Body Coordination
•

Bilateral Coordination

•

Balance

• Begin while sitting or standing still
• Daily practice of exercise with slow
progression in difficulty

– Strength and Agility
•

Running Speed and Agility

•

Strength
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General Accommodations for
Children

Test Protocols, Accommodations, and
Realistic Expectations:
Working with Children

• Use of car seat/stroller as necessary
• Allow snacks, blankets, favorite toys for comfort
• Children can sit on laps or parent can stand in enclosure (rotary
chair)
• Smaller goggles and/or washcloths or bubble wrap
• Sensory type toys (bean bag, light up toy) for fidgeting and distraction
• Cartoons on an iPad or phone
• Cater test battery to age and maturity level of the child
– A 3 year old may be able to participate in rotary chair, VEMP, and vHIT
– A 6 year old may be able to participate in full test battery with
accommodations and encouragement
– A 10 year old can typically be tested like an adult
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Computerized Dynamic
Posturography (CDP)

Dynamic Visual Acuity Screening

• Method for assessing upright balance
function
• Using eyes, ears, feet, knees, ankles,
hips to maintain balance
• Computerized and available for toddlers
and up
• Utilizes safety harness
• Low tech version – peek-a-boo on
squishy foam

• Method for assessing vestibulo-ocular reflex and
visual stabilization, checking for oscillopsia
(blurring or double vision)
• Patient is asked to read the smallest line possible
on an eye chart (wearing their own glasses)
• Clinician then actively shakes the patient’s head
at 2 Hz and records the difference in lines
• 3 lines difference is a positive screening and
consistent with a unilateral vestibular
hypofunction, 5 lines consistent with bilateral
vestibular hypofunction
• Can also ask if child notices any blurring,
bouncing, or symptoms with the activity
• Is NOT a direct test of vestibular function
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Video Head Impulse Testing
(vHIT)

Rotary Chair
• Chair rotates slowly left and right
at different speeds
• Child sits in the chair with seatbelt
or in car seat or parent’s lap
• Child wears goggles if possible, if
not a video camera is directed at
their face
• Light up toys (afraid of the dark)
• Look for visual suppression of
nystagmus

• Utilizes the VOR to look for covert and
overt corrections to head movements
• The patient is given a small, unexpected,
abrupt head turn by the operator – the
patient does NOT actively turn their own
head
• Patients with vestibular loss do not have
the neural drivers to compensate for the
head turn

• For those with vestibular loss, as their
head is turned to the affected side their
eyes do not correct for the head turn and
move away from the target
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Vestibular Evoked Myogenic
Potentials (VEMPs)

Caloric Testing
• Warm and cool water (or air) into
each ear one at a time
• One of two tests that separate
right from left function, can show
a weakness
• Child wears goggles
• Play fun naming games
• Children may be dizzy or
lightheaded for 60-70 seconds
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• An assessment of otolith function and both
branches of the vestibular nerve
• VEMP responses are obtainable in young
children, however consistent muscle
contraction is difficult to obtain
• Child watches a video or stickers
• Child hears loud, thumping noises
• Can identify presence or absence of function
• Requires normal tympanogram without
perforation
• Sound level may need to be adjusted for
smaller children
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Electrocochleography
(ECoG/ECochG)

Testing Not Routinely Completed

• Variant of the ABR looking at the ratio between the summating
potential (SP) and action potential (AP)

• Oculomotor testing – non-localizing, often a lot of
artifact in children

• Intended to diagnose Meniere’s disease, but also is abnormal
for hydrops and third window disorders

• Positional testing – non-localizing, can be boring,
length of time to complete

• Place a small gel electrode on the eardrum under microscope
and sticker electrodes on the forehead and behind mastoids

• Dix-Hallpike testing – not as common in children,
time to complete

• Child listens to loud clicking sounds with eyes closed

• Bithermal calorics – monothermal can confirm
status, difficult to get true peak on children to
calculate asymmetry
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Case Studies

Case Study #1
• 11 y.o. male with history of right cochlear
implant, interested in pursuing left cochlear
implant
• Referred for rotary chair and caloric testing prior
to implantation to determine vestibular system
status
• Results will factor into whether he is implanted
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Case Study #1: Red Flags

Case Study #1: Test Results
• Single leg stand (SLS) with eyes open – 3 seconds (best of three trials).
Eyes closed – less than 1 second. Patient very reluctant to attempt.

•
•
•
•

Hearing loss of unknown etiology
Cochlear implantation
Began walking around age 2-3
Able to ride a bike, but very “wobbly” and does not
enjoy
• More off-balance than peers, frequent falls
• Afraid of the dark, although does sleep with lights off
(and a nightlight) at home
• Stop and think – what do you expect to find? What
tests would you do first?
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• vHIT revealed large overt and covert saccades (left gain 0.55, right gain
0.20)
• At least a 5 line DVA difference with symbols chart. Patient could not
complete testing with alphabet chart with head movement, even the
largest line.
• Attempted rotary chair – patient crying, screaming, inconsolable.
Reduced gain noted at 0.64 Hz
• No spontaneous or pre caloric nystagmus (eyes uncovered due to fear)
• Left warm water caloric attempted - could not task, crescendodecrescendo left-beating nystagmus was noted with a peak around 5
deg/sec.
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Case Study #1: Next Steps and
Outcome

Case Study #2

• Patient referred to vestibular physical therapist

• 8 y.o. male with history of sudden onset
dizziness in August 2020

– Well below average on BOTMP 2: Balance Subset
– MCTSIB well below average, less than 1 second with eyes closed on foam
– Provided with home exercise program

• Received second cochlear implant after consultation with the cochlear
implant team and neurotologists at cochlear implant conference

• Sometimes vertigo, often nausea, “walks like a
penguin” during episode but this quickly resolves

• Referral to genetic counseling

• Nothing helps during episodes

• Great progress with physical therapy!
– Improved dynamic visual acuity

• Stop and think – what do you expect to find?

– Walking up stairs without railing
– Improved standing on foam, eyes open and single leg stand
– Core exercises for balance
– Fewer falls
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Case Study #2: Red Flags

Case Study #2: Test Results

• Newly identified mild low frequency SNHL rising to
within normal limits at 1000 Hz hearing loss in the right
ear identified on outside testing
• Denies hearing fluctuations
• No imbalance between spells and met motor milestones
on time
• Denies falls
• Diagnosed with diabetes insipidus
• Stop and think – what do you expect to find? What
tests would you do first?
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• Left ECoG SP/AP ratio 1.09
– Left waves delayed compared
to right waves

• vHIT revealed normal gain
bilaterally
• Repeat audiogram – right
moderate sloping to
moderately-severe
sensorineural hearing loss
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Case Study #2: Next Steps and
Outcome

Case Study #3

• Urgent referral to otologist (pediatric vestibular specialist)

• 8 y.o. female with true vertigo when lying flat for
a month

– MRI and CT within normal limits
– Hearing acuity stable for follow up audiograms
– Initiated low sodium diet and discussed disease process for Meniere’s disease

• Fit with hearing aid on right ear (Maize and Blue!)

• Negative Dix-Hallpike testing

• No more dizziness episodes after first few weeks of low sodium diet

• Normal hearing acuity bilaterally per outside
testing

• Patient began football and soccer to improve physical fitness and
improve balance
• Will continue to monitor hearing acuity bilaterally regularly and referred
to genetic counseling

77

• Initially a few times a week, now occurring any
time she lies flat

78
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Case Study #3: Red Flags

Case Study #3: Test Results

• Symptoms occur when eyes are closed and improve
with eyes open
• Previous history of ear infections
• Met motor milestones on time
• Can hop on one foot, good at gymnastics, learning to
ice skate
• No falls or near miss falls
• Family history of migraine
• Stop and think – what do you expect to find? What tests
would you do first?
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• Normal posturography
• Normal rotary chair
• Robust and symmetrical calorics
• Normal vestibular physical therapy evaluation
• Normal MRI
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Case Study #3: Next Steps and
Outcome

Conclusions and Goals

• Referral to pediatric neurology for suspected vestibular migraines
• Referral to vestibular physical therapy
– Working with busy visual field
– Position changes
– Exercise program

• Discussion of migraine triggers, migraine diet, and healthy sleep habits
• Decision to cancel neurology appointment as diet and lifestyle changes
are controlling symptoms
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Overall Audiology Testing
Objectives
• Look for objective indications of central or
peripheral vestibular system involvement
• Confirm presence or absence of vestibular function
• Screen for functional deficits (oscillopsia,
imbalance)
• Identify good candidate for PT or need for further
work-up
• Identify hypofunction and discuss safety concerns
• Provide reassurance to the family and child
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If not me… Who?
• Trust your gut… if it’s saying something is wrong, you are
probably right!
• Testing and physical therapy never permanently harmed
anyone
• Reframe vestibular hypofunction in your mind… maybe
that adult patient who has been falling recently has had
vestibular hypofunction since childhood and is now
experiencing declining vision or numbness/tingling in the
legs or feet
• Consider utilizing a questionnaire or screening tool that
fits your practice. We would be happy to help you find
something that fits your needs!
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