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Fall Risk Management in Audiology and
ENT Practice: The Role of Cognitive,
Vestibular, and Auditory Function

There is significant multidisciplinary interest in modifying risk factors for falling
in the population of older adults.

Introduction:

alls are the leading cause of fatal
F and non-fatal injuries for Americans,
often leading to loss of independence
and quality of life. One-third of older adults
fall annually, creating a significant strain on
the medical economic system of the United
States and costing an estimated 34 billion
dollars annually to cover the direct medical
expenses and hospitalizations.' This has led
to a significant multidisciplinary interest
in modifying risk factors for falling in the
population of older adults. The association
between hearing loss, vestibular dysfunc-
tion, and cognitive impairment and how
each contributes to imbalance and elevated
fall risk have been well documented in the
literature. Figure 1 summarizes the findings
and the association between these comor-
bidities and falls. The specialties of audiol-
ogy and otolaryngology are often the most
sought-after specialists for patients with
complaints of audio-vestibular dysfunction.
Recent investigators® have published the
relationship between cognitive dysfunction,
elevated postural instability, and fall risk.
Human equilibrium is a complex process
involving peripheral sensory modalities and
the central nervous system. Figure 2 is a
schematic of postural control in humans.

Comorbidity Association With Fall Risk

Hearing Loss

Risk of falling 3x higher in patients with hearing loss
compared to those with normal hearing. (Viljanen
et al. 2009; Lin & Ferrucci 2012; Tin-Lok Jian, Li, &
Agarwal, 2016).

Cognitive Impairment

Vestibular Dysfunction

Patients with mild cognitive impairment 14X more
likely to have degraded postural stability and ele-
vated fall risk. (Chua, Fauble, & Gans, 2022)

Adults with vestibular dysfunction 12X increase in
risk of falling (Agarwal et al. 2004)

Figure 1. Summary of findings associating fall risk with comorbities of hearing loss, cognitive impairment, and vestibular dys-

Modern equilibrium theory recognizes the
contribution and interaction of the vestibu-
lar, visual, and proprioceptive mechanisms.
While the role of these three sensory modal-
ities is well understood, recent scientific
literature and clinical findings suggest audi-
tory function also plays a large role in main-
taining balance and mitigating fall risk.>*
The impact of untreated hearing loss
on cognitive function is well documented
in the literature, and hearing loss is recog-
nized as the number one modifiable risk
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factor for cognitive decline. Furthermore,
patients with even mild cognitive impair-
ment in domains of; visuo-spatial process-
ing, executive function, memory recall, and
reaction times are 14 times more likely to
have degraded postural stability and ele-
vated fall risk.® It is estimated that the
vestibular system is responsible for at least
85% of the sensory information required
to maintain normal equilibrium. Therefore,
even minor vestibular dysfunction will sig-
nificantly increase fall risk.” If there are
additional comorbidities affecting vision or
somatosensory function, as is common in
the older population, e.g., peripheral neu-
ropathy, glaucoma, and retinopathy, the risk
is amplified.

Comprehensive Evaluation Protocols

Having an established framework for the
interaction between these sensory modali-
ties and their impact on cognition is impor-
tant in managing fall risk. Patients present-



A response to sensory
information is sent to
the musculoskeletal
system to maintain our
center of gravity.

Figure 2. Basic schematic of postural control in humans.

ing to providers with generic complaints of imbalance, recent falls,
or dizziness should undergo postural stability testing, comprehen-
sive neurodiagnostic evaluation of the audio-vestibular system,
and cognitive screening as the first step of a fall risk management
program.

Evaluation of these patients may be influenced by access to
instrumentation and clinical experience but should be as thorough
as possible. A comprehensive case history is mandatory. Questions
should include; a history of falls, where they occurred inside the
home or away, near falls, and any fear of falling. Fall risk assessment
should include a standardized test of postural stability to evaluate
global equilibrium function. This may be completed with technol-
ogy (e.g., computerized dynamic posturography, force plate, etc.)
or at the bedside with validated protocols (e.g., Gans SOP, TUG,
POMA, Single Leg Stance, Tinetti, etc.). For a summary of available
postural stability, tests see Figure 3.

Neurodiagnostic evaluation of the audio-vestibular system
should include protocols that identify the nature of involvement and
guide treatment recommendations. Likewise, cognitive screening
should be performed with standardized protocols in the cognitive
domains involved in balance function (reaction time, processing
speed, memory recall, executive function, etc.).

Traditionally, cognitive function tests have been administered in
paper and pencil format. These have included Montreal Cognitive
Assessment (MoCA) and Saint Louis University Mental Status
Exam (SLUMS). Recently, an FDA cleared computer-based cogni-
tive screening tool, Cognivue Thrive, has gained attention as an
effective, easy, fast, and standardized tool for use by audiology and
ENT practices.

Cognivue™ is an effective and efficient screening tool, however
pen and paper tests (e.g., MoCA, SLUMS, etc.) also exist. Figure
4 outlines an example of a comprehensive evaluation protocol for
vestibular, auditory, and cognitive function.

Diagnosis-Based Strategies of Management

Following a comprehensive evaluation of the contributory bal-
ance function systems, a fall risk profile may be developed, fol-
lowed by intervention and management recommendations. Patients
should be counseled on results and educated on fall risk manage-
ment. Written and verbal format is recommended with specific
instructions on safety both inside and outside of the home (e.g.,
footwear, night lights, uneven surfaces, rugs, assistive devices, etc.).
Based on the patients age, living arrangements, socioeconomic

Evaluation Description

Patient stands on a dynamic force plate
in a variety of conditions including mov-
ing surface, moving visual surrounding,
and denied vision. Data is recorded and
compared to age, height, and gender
matched norms.

Computerized Dynamic
Postruography (CDP)

Patient starts in a seated position, walks
to a designated target, and returns to the
chair as quickly as possible. The examiner
records the time required to complete
the task.

Timed up and Go (TUG)

This test is broken down into two sub-
tests consisting of balance and gait. The
patient completes conditions ranging
from seated balance to walking. The
patient is scored on each of these tasks
on a scale of 0-2 based on quality of
movement.

Tinetti Performance
Oriented Mobility
Assessment (POMA)

The patient is asked to maintain balance
while walking in steady state, and more
demanding situations (changing speeds,
head turns, etc.). The test consists of 8 dif-
ferent conditions which are each scored
qualitatively from 0-3.

Dynamic Gait Index (DGI)

This testis a combination of the Romberg,
Modified clinical Test of Sensory
Intergration of Balance (mCTSIB), and
Fukuda Stepping Test. The patient stands
in seven different conditions in which the
base of support, surface, and access to
vision are modified. The ability to main-
tain postural control in these conditions
is measured.

Gans Sensory Organization
Performance
(Gans SOP)

The patient is instructed to stand on
one leg unassisted and maintain balance
without the use of their arms (hands on
hips). The examiner measures the dura-
tion that the patient can maintain bal-
ance in this position.

Single Leg Stance

Figure 3. Technology-based and bedside evaluation of postural stability.
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Vestibular Function

Auditory Function

Cognitive Function

e Sensory Organization
Performance (Gans SOP)
e Videonystagmography

e Caloric

e Rotational Chair

e Video Head Impulse Test
e Dynamic Visual Acuity

e Cervical and Ocular VEMP
e Electrocochleography

e Brainstem Auditory Evoked
Response

Tympanometry
Acoustic Reflex

Pure Tone Audiometry
Otoacoustic Emissions
Speech Reception
Word Recognition
Speech-in-Noise

Figure 4. Test protocols of audio vestibular evaluation and cognitive screening.

status, and cognitive function, family or
caregivers should be encouraged to par-
ticipate in the counseling. The finding and
recommendations should also be commu-
nicated with the referring physician. The
patient’s primary or referring physician may
know the patient well and have a long-
time relationship. Their participation in the
patient’s plan of care will greatly influence
the patient’s compliance.

Conditions identified during the evalu-
ation may be best addressed through a
diagnosis-based strategy approach. Is the
patient’s elevated fall risk due to an eas-
ily treated BPPV or do they present with
cognitive decline, bilateral vestibular hypo-
function, orthopedic, and or vision comor-
bidities? The more complex the patient’s
conditions, the more team members may
be necessary. The goal is to maintain the
patient’s safety and their ability to age in
place and live independently.

Patients with hearing loss should be
counseled about the effect of untreated
hearing loss on postural stability and the
increased fall risk, even in individuals as
young as 40 years of age.’

These patients will require an inter-
disciplinary approach to management.
Biomechanical or neurologic involvement
which includes; orthopedic conditions, neu-
ropathy, Parkinsons, or just deconditioning,
which is best managed by physical thera-
pists with specialized training or certifica-
tion. Balance retraining therapy should be
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encouraged for patients at elevated fall risk
with protocols including; strengthening and
conditioning, recovery strategies, activities
of daily living, and assistive device use.

identified
through screening should be discussed with

Cognitive  impairment
the referring physician and addressed by
the appropriate team, often comprised of;
psychology, neurology, speech-language
pathology, or occupational therapy. As cog-
nitive impairment is associated with ele-
vated fall risk, and hearing loss has been
identified as a modifiable risk factor for
cognitive decline, immediate treatment with
amplification should be strongly recom-
mended for patients with hearing loss and
cognitive impairment.?

The following case study outlines a clini-
cal pathway for evaluation and management
recommendations for a patient presenting
with recent falls and complaints of dizziness.

Case Study

History

A 67-year-old female presents to the
clinic with primary complaints of dizziness
and imbalance. She remarks on an imbal-
ance that has been progressively worsening
over the last year and that about two months
ago, she had an attack of vertigo lasting a
few hours. Since then, she has experienced
oscillopsia, and head movement provoked
dizziness. She reports her balance func-
tion has worsened significantly. In the last

e Reaction Time

e Memory Recall

e Visuospacial Processing
e Processing Speed

e Executive Function

month, she has fallen twice outside of her
home while shopping, neither of which
resulted in significant injury. She has also
developed a more sedentary lifestyle due to
fear of falls and return of a vertigo episode.
She has never been to physical therapy and
says she is “very careful when walking” The
patient denies any change in hearing but
states for years she has had difficulty hear-
ing in noisy restaurants. Medical history
is remarkable for type 2 diabetes and neu-
ropathy in both feet. She wears glasses, and
has had a recent optometric examination
but does report diabetic related retinopathy;,
worse in her left eye.

Examination

Postural stability testing was complet-
ed with the Gans Sensory Organization
Performance (SOP). The patient’s pattern
of postural stability was consistent with a
multifactorial disequilibrium. SOP testing
was indicative of grossly degraded balance
function and elevated fall risk. Figure 5
shows the patient’s performance on the SOP.

Audiometric studies were completed and
revealed a mid to high frequency mod-
erately severe sensorineural hearing loss.
Middle ear function was intact and hearing
thresholds were symmetrical.

Neurodiagnostic evaluation of vestibular
function revealed a non-compensated left
peripheral vestibular hypofunction. This
was evidenced by reduced VOR gain in
response to bilateral bithermal caloric air
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Figure 5. Case findings in the Gans test. Falls in conditions 3-7 demonstrates inability to maintain postural control in any conditions with modified base of support or on dynamic surface.

irrigations and the corresponding patterns
of abnormality with rotational chair, vHIT,
and VEMP studies.

Cognitive screening was completed using
the Cognivue™ Thrive screening protocol.
The patient scored in the moderate range
for both memory (MEM) and visuospatial
(VSP) domains and poor for reaction time
(RT), processing speed (PS), and executive
function (EF).

Recommendations

Given the multifactorial nature of
involvement the patient was counseled
extensively on findings and the following
multidisciplinary treatment plan was dis-
cussed:

1. Follow-up visit with an audiologist
to discuss amplification as management
of the identified hearing loss. Although
her primary functional impairment was
not hearing difficulty, the patient was edu-
cated on the role of untreated hearing loss
in cognitive and equilibrium function. She
ultimately moved forward with the recom-
mended amplification treatment plan.

2. Recommended hybrid protocols of
vestibular and balance rehabilitation therapy
with an American Institute of Balance certi-
fied physical therapist. As neurodiagnostic
evaluation identified a non-compensated
left vestibular hypofunction, ideal protocols
would include gaze stabilization, adapta-
tion, habituation, and substitution to facili-
tate compensation. Additionally, balance
retraining protocols of strengthening and
conditioning, recovery strategies, activities
of daily living, and fall risk management
would be beneficial. All protocols should be
completed with tasks of executive function.

3. Abnormal Cognivue scores were dis-
cussed with the patient and her referring

physician, who ultimately recommended
consultation with neurology/neuropsychol-
ogy.

4. Finally, the patient was counseled
extensively on fall risk management and
safety both inside the home and out.
Information was provided in a both written
and verbal format and received well by both
the patient and her spouse.

Summary

Balance function is a complex process.
Normal balance function requires intact
sensory input from multiple peripheral sen-
sory systems and an intact central nervous
system. The assessment of each sensory
system and their integration into the total-
ity of the individual’s postural stability in
static and dynamic conditions will provide
the most predictive evaluation. This may be
accomplished with standardized screening
protocols or comprehensive neurodiagnos-
tic vestibular testing, if available. Numerous
investigators and clinicians are now stress-
ing the inclusion of cognitive screening as
an important component in fall risk assess-
ment. The cognitive overload of attending to
a highly dynamic world for individuals with
hearing loss, vestibular dysfunction, and
cognitive decline increases the likelihood of
a fall. An individualized intervention and
management Plan of Care with appropri-
ate practitioner team members will provide
the patient with the best therapy outcomes,
reduce the likelihood of a fall, and improve
their quality of life.
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