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Abstract

Importance: People with bilateral vestibulopathy experience severe balance and mobility issues.
Fear and anxiety lead to reduced activity which can further affect balance and fall risk. Understanding
and intervening on falls in this population is essential. The aims of this narrative review are to provide
an overview of current knowledge and applied methodology on fall incidence, causes and injuries in
bilateral vestibulopathy.

Observations: A total of ten articles reporting falls incidence in people with bilateral vestibulopathy
were deemed eligible, including two prospective and eight retrospective studies, with a total of 317
participants of which 43% experienced a fall over the assessed time period. When reported, the most
common perceived causes of falls were loss of balance, darkness and uneven ground. Information on
sustained injuries was limited, with bruises and scrapes being the most common, and only four
fractures being reported. As most studies included falls as a secondary, descriptive outcome
measure, falls data obtained using best practice guidelines was lacking: only five studies reported
their definition of a fall, of which two studies explicitly reported the way subjects were asked about fall
status; only two studies performed a prospective daily fall assessment using monthly fall diaries
(recommended practice) while the remaining studies retrospectively collected fall-related data through
questionnaires or interviews; and while most studies reported the number of (non-)fallers, the number
of total falls in individual studies was lacking.

Conclusions and Relevance: Findings from this review indicate that falls in people with bilateral

vestibulopathy are common but remain an understudied consequence of the disease. Larger
prospective studies, following best practice guidelines for fall data collection, with the aim of obtaining
and reporting falls data are required to improved current fall risk assessment and interventions in

bilateral vestibulopathy.
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Introduction

Falls are one of the leading causes of injuries and are related to an important risk of
morbidity and mortality.”-? Vestibular disorders result in both an increased mortality
from all causes? and deficits in gait and balance control.*'° In particular, people with
bilateral vestibulopathy (BVP) are at an increased risk of falls, with one survey
showing a 31-fold increased risk over five years compared to the USA national
average."

Bilateral vestibulopathy is characterized by a partial, or complete loss of vestibular
function due to dysfunction of both vestibular end-organs, the 8" cranial nerve, or a
combination of both.'?'3 Although a bilateral loss of vestibular function is fairly
uncommon with a prevalence of 28/100,000 US adults in 2008 (likely an
underestimation due to diagnosis difficulties'>15.16), it is a highly disabling disorder.
People with BVP often report frequently falling, alongside many other related
symptoms such as imbalance, dizziness, oscillopsia, and vertigo, all of which
contribute to a decreased quality of life.'7-22 These adverse effects of BVP highlight
the impact on function and participation. Alongside the direct consequences of a fall
(e.g. injuries and loss of independence), secondary, indirect complications such as
limiting activities of daily life, becoming more sedentary, moving more rigidly to
reduce symptoms and increased concern about falling may further negatively impact
physical and psychological well-being and quality of life.13.16.2324 Despite the
importance of understanding and intervening on falls in this population, there is a
distinct lack of data in the literature that might give actionable insight into the
incidence and causes of falls in BVP, as well as the most common fall-related

injuries.
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The purpose of this narrative review is to provide an overview of current knowledge
on the incidence and circumstances of falls in BVP and to determine the gaps in
knowledge and the drawbacks of current methods to obtain this information within
this population. This would help guide further research on falls incidence and

prevention in BVP.

Methods

For this review, articles were deemed eligible to include if they reported falls
incidence data (using any method) among people with bilateral hypofunction or
vestibulopathy (>18 years of age). Note that since the Barany Society Diagnostic
Criteria were only recently published,?® we did not include or exclude articles on the
diagnostic criteria used, but this information was collected from the included studies.
Studies were gathered by means of manually screening search results and reference
lists from previous projects, including one systematic review, '° the doctoral theses of
authors NH2® and CM?” and personal bibliographic databases of the authors. In
addition, a broad search was completed in PubMed and Web of Science by CM and
DH (PubMed search string: ((bilateral[Title/Abstract] AND vestibul*[Title/Abstract]))
AND (gait[Title/Abstract] OR balance[Title/Abstract] OR walk*[Title/Abstract] OR
stand*[Title/Abstract] OR stance[Title/Abstract] OR locomot*[Title/Abstract] OR
fall*[Title/Abstract])). Finally, CM and NH performed snowball searches for all
relevant articles. Note that due to the amount of literature previously obtained by the
authors, a new PRISMA-compliant systematic search process was not conducted or
deemed necessary. All available data on patient characteristics, BVP aetiology, and
falls incidence, causes and injuries (data and methodology) were extracted. When

there appeared to be missing or erroneous data in the articles, or when only data on
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combined groups of patients (e.g., unilateral vestibulopathy and BVP data combined)
were provided, authors of those articles were contacted by email for further
clarification. To evaluate the fall data collection and reporting methods, the
recommendations of Lamb, et al.,28 shown in Table 1, were used for reference as

best practice recommendations.

Insert Table 1 here

Observations

In total, ten articles®'12%-36 were reviewed, including a total of 317 patients (155
women) with ages ranging between 30 and 90 years old. A total of 135 fallers (43%)
were identified (Table 2). The most commonly reported aetiologies were ‘idiopathic’
(n=115), followed by ‘unknown’ (n=38) and ‘ototoxicity’ (n=34) although three
studies?%3236 did not report any aetiology (n=71). Regarding diagnostic criteria, only
one of the included studies® used the Barany Society Diagnostic Criteria, while the
other studies most frequently used combinations of caloric testing with varying cut-
offs,®:11.29.31,32,34.36 yideo head impulse testing®2%32.33 and rotary chair testing.2°:30:36

Full details of the criteria used can be found in Supplementary Table 1.

Insert Table 2

Details on how fall assessments were performed in the included studies can be
found in Table 3. A total of five studies?®32-35 reported a definition of a fall the same
or similar to that of a fall as proposed by Lamb, et al.?® (Recommendation 1, Table
1). For the second recommendation, only two studies3435 explicitly reported the way

participants were asked about fall status, both were in line with the recommendation.

5
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All studies defined a specific timeframe ranging from the previous 4 weeks,*° to the
previous 6 months,%3'36 12 months, 3235 yp until the onset of the disease.?® Only
two studies®334 performed a prospective fall assessment using monthly fall diaries,
with one study3? using telephone interviews to collect missing data
(Recommendation 3). Neither of the two prospective studies used telephone
interviews or face-to-face interviews to collect further details on falls and injuries. The
remaining studies retrospectively collected fall-related data through questionnaires or
interviews. Concerning Recommendation 4, only four studies®23-3® reported the total
number of fall episodes ranging from 1933 to 104 falls.3® Also, the number of single
fallers, twice fallers and multiple fallers were lacking in most of the included
studies,12%-33.36 and none of the included studies reported the fall rate per person
year or time to first fall. Where possible, the fall rate per person years was calculated
(Table 2), which ranged between 4.1634 and 0.87.35 Lastly, none of the studies

adjusted for physical activity, which was in line with Recommendation 5.

Insert Table 3

Four studies investigated the causes and locations of the falls, as well as any injuries
because of the fall.?%33-35 One study® investigated causes and locations. Two
studies’"32 only investigated the injuries sustained from the fall. The remaining
studies3%3'-%6 did not report whether they collected additional details of the fall
episodes. Specific details on fall episodes can be found in Table 4. Studies
investigating the location of falls®33-35 reported a total of 87 fall episodes in an indoor
setting, such as at home or in a public building, versus 73 falls in an outdoor setting

such as the garden or public space. Causes were mostly attributed to a loss of
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balance,3*3% darkness,®3? or uneven ground.®33 Most of the injuries sustained by the
subjects were limited to bruises, cuts or scrapes,3*3% while injuries needing medical
attention, such as fractures, or rendering the subject unable to work, were

limited.29:34.35

Insert Table 4

Discussion

The purpose of this narrative review was to provide an overview of current
knowledge on the incidence and circumstances of falls in BVP, to determine the
gaps in knowledge and the drawbacks of current methods to obtain this information
within the BVP population. Overall, ten studies reporting falls incidence in people
with BVP (two prospective333* and eight retrospective?®1129-32.35.36) were considered
in this review, with a total of 317 participants with BVP (28 of which from the
prospective studies). In this sample, 43% of people experienced a fall over the
assessed time period, with loss of balance, darkness and uneven ground being the
most common perceived causes in the four studies that assessed these
outcomes.?%33-35 Information on injuries was limited, the most common being bruises
and scrapes. Four fractures (two rib and two hip) were also reported. The limited
number of severe injuries due to falls may appear positive but people with vestibular
disorders are known to reduce social and physical activity participation,3”-3 thereby
reducing their exposure to risky situations. In the future, it would be important to
evaluate physical activity in relation to falls and fall related injury.

Only two studies that reported prospective falls incidence data were found, and

these had small samples of participants with BVP (28 in total).333* Prospective falls
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monitoring is considered the gold standard method for obtaining reliable information
related to falls due to, among other issues, difficulty in recalling falls and their
consequences, especially if not severe.?83° Lamb, et al.28 introduced consensus-
driven recommendations for research on falls and related to the methods to obtain
falls information, these included using a standard definition of a fall, collecting falls
data prospectively with daily recording (i.e., diary or calendar) and monthly reporting
(a monthly questionnaire) with additional telephone or face-to-face interviews to
complete missing data and obtain further details of falls and injuries. While the two
prospective studies included in this review used the standard definition and daily
diaries and monthly questionnaires in accordance with these guidelines, neither
study mentioned telephone or face-to-face interviews to obtain additional
information. Most of the included studies reported the number of fallers and non-
fallers within their samples. However, the maijority did not report the number of falls
or the fall rate per person year (where the required information was available in the
articles, we have calculated this and included it in the results). In addition to the
recommendations for obtaining information on falls, Lamb, et al.?® also recommend
reporting these outcome measures as standard. Similarly, they provide guidelines for
the standardised reporting of injury data. The lack of application of best practice in
obtaining falls data may be because no studies used falls as their primary outcome
or tested the effects of an intervention on falls, with most studies including falls as a
secondary, descriptive outcome measure. In summary, in order to obtain a more
extensive and reliable picture of falls incidence, cause and injuries in BVP, larger,
prospective studies following the recommendations of Lamb, et al.?® are needed.
Three articles were identified, but not included in our results, that presented relevant

information on falls incidence but combined data from patients with unilateral
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vestibulopathy with data from patients with BVP.4%-42 As the prognosis of the two
categories of vestibulopathy are quite different, the information cannot necessarily be
combined and used to draw conclusions specific to BVP, as was the goal of this
review. These studies reported that 74%, 41% and 55% of included participants had
experienced at least one fall in the last 12, 6 and 12 months, respectively. Six-month
prospective monitoring in Schniepp, et al.*? also found that 36% of 69 patients fell at
least once over a six-month period. We strongly recommend that future research
provide as much disease-specific data as possible and avoid presenting data for
combined groups. A related matter to note is that only one of the included studies®®
used the Barany Society Diagnostic Criteria. This may be attributed to the fact that
many of the included studies collected data prior to the publication of these criteria.
As it is not known how slight differences in diagnostic criteria might impact balance
and fall risk, this results in a less precise picture of falls in BVP.

Four articles reported some information about the participants’ perceived causes and
locations of falls.29:33-35 The most common causes were loss of balance, darkness
and uneven ground. These common causes represent a different profile than that
seen in healthy adults, for whom trips and slips are frequently reported to be the
most common causes.?”434° The locations of falls were roughly evenly split between
inside and outside locations with two studies reporting a high proportion of falls on
stairs, whereas one study did not find stairs to be particularly common.34 Based on
this limited data, the only general recommendation that can be made currently is that
adequate lighting in the homes of people with BVP should be confirmed. Other home
modifications to reduce fall risk like those for the general older adult population may
also be worth considering,®%5' but have not yet been evaluated in the BVP

population. In addition to the causes mentioned above that imply a pathological
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vestibular-ocular reflex and/or visual dependence as a contributing factor to falls in
BVP, a number of potential physiological mechanisms may also be considered in
future research, including attention deficits,%? increased walking variability®3* and
altered stability control during steady state5® and perturbed walking” which may
contribute to increased risk of stability loss and decreased ability to recover stability,
once lost.

Regarding other potential interventions to reduce falls in BVP, no study was
identified with falls as a primary outcome. Exercise, physical therapy and vestibular
rehabilitation interventions have generally not been very successful in BVP.54-%
Emerging technical therapeutic interventions using vibrotactile feedback and noisy
galvanic vestibular stimulation may hold some promise.’-%® Recent advances in the
vestibular implant in humans are promising, with partial or complete restoration of
various vestibular reflexes and functions having already been demonstrated (for
further details, see: Perez Fornos, et al.,’° Guinand, et al.,®' McCrum, et al.,%2 Perez
Fornos, et al.,®3 van de Berg, et al.,’* Chow, et al.,%). However, the evaluation of the
effectiveness of such interventions, in particular in relation to falls and improving

patients’ mobility in daily life, requires more investigation.

Conclusions

Falls are more common and have different causes in people with BVP compared to
the healthy population but remain a relatively understudied consequence of the
disease. To better guide improvements in fall risk assessment and interventions in
BVP, larger prospective studies following best practice recommendations?® for

obtaining and reporting falls data are required.
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Tables

Table 1. Recommendations to assess daily life falls as proposed by the ‘Prevention of Falls Network
Europe’ (ProFaNe)?®

1.

A fall should be defined as “an unexpected event in which the participants come to rest on
the ground, floor, or lower level.”

2.

Ascertainment must consider the lay perspective of falls. Participants should be asked, “In
the past month, have you had any fall including a slip or trip in which you lost your balance
and landed on the floor or ground or lower level?”

Falls should be recorded using prospective daily recording and a notification system with a
minimum of monthly reporting. Telephone or face-to-face interviews should be used to rectify
missing data and to ascertain further details of falls and injuries.

Fall data should be summarized as number of falls, number of fallers/non-fallers/frequent
fallers, fall rate per person year, and time to first fall (as a safety measure).

Primary analysis of fall data should not be adjusted for physical activity, and reporting should
include the absolute risk difference between groups.
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Table 2. Characteristics of the included study populations

Time .
Since T_|me Fall rate
Origi # Age Age Onset Since # Non- # Single Two Multiple I_=aII (falls
rigin Subject (years) (years) Onset Faller falls episode per
Women (month fallers fall (n) falls (n)
s — Mean -SD s) (months) s (n) s (n) person
- . &
Mean SD years)
Prospective studies
McCrum, et Netherlan
al 34(2019)8 ds 10 5 57.3 8.1 4 6 2 0 4 40 4.16
Swanenbur Switzerlan
g, etal.® d 18 6 61.11 15.19 10 8 19 1.06
(2017)
Retrospective studies
Brown, et
al 3 (2001) us 13 7 65 18 13.6 20.3 7 6
3032?;'353; Belgium 119 55 504 125 1488 1356 71 45 8/69* 869  14/69* 104 151%
Grove, et
al 3 (2021) us 5 3 58.65 9.39 4 1
Herdman,
etal.?® us 45 27 63.2 13.7 22 23 *
(2000)
Karapolat,
et al.3 Turkey 19 13 56.95 11.36 44.68 72.66 12 7
(2014)
Schlick, et
al 32 (2016) Germany 21 7 62.8 16.4 90.3 98.2 11 10
Schniepp,
etal.® Germany 55 20 74 12 31 29 34 21 13 0 8 32 1.16
(2017)
Ward, et
al. 1" (2013) us 12 11 4 8

Notes. $: Data concerning falls were not reported within the published manuscript but was obtained via the corresponding author (CM) — questionnaires for one month
were not returned for 3 participants ; ¥: Data from Dobbels, et al.35 (2020) represents a subset of the whole population included within the study.; &: Fall rate calculated

as: total # falls / total years assessed; *: a percentage of multiple fallers is reported in the paper, but the percentage does not correspond to other patient numbers in
the article. Since the source of the error could not be determined, the value has been excluded.
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Table 3. Details on fall assessments

Assessment Characteristics

Fall-related Data Collected

Assessment

Fall definition method Time Period Cause Location Injuries
Prospective studies
McCrum, et [t the pasF year, h_ave you g ey el lne el Diary & Fixed Timeframe - Following 12
al.34(2019)8 a slip or trip in which you lost your balance and Glesile e months X X X
’ landed on the floor or ground or lower level?”
Swanenbur “An unexpected event in which the participant . . . .
g, etal3 comes to rest on the ground, floor, or lower Dlgry & . Fixed Timeframe - Following 12 X X X
(2017) level.” Questionnaire months
Retrospective studies
Brown, et Not stated Interview Fixed Timeframe - Previous 4
al.30 (2001) weeks
“Have you fallen in the past year due to slipping . . _ .
Z%Ekzgloszg’)t or tripping, losing balance thereby ending on the Questionnaire Fixed Tlmef::cr)r:](tahsPrewous 12 X X X
) floor or another lower level?”

grgsv(ez,oezt” Not stated Not stated Fixed Tlmelr‘;aonr?%; Previous 6
Herdman, et “A loss of balance in which the person ended up Intervi Si di t
al.% (2000) on the floor” nterview ince disease onse X X X
Karapolat, . . .
et al.3’ Not stated Interview jid Tlmel;;inr:;; FIENEIS ©
(2014)

. “An unexpected event in which the participant . . i .
SCQ"CK’ et comes to rest on the ground, floor, or lower Questionnaire Fixed Timeframe - Previous 12 X
al.®? (2016) level” months
Schniepp, et . Fixed Timeframe - Previous 6
al.? (2017) Not stated Interview months X X
Ward, et . . Fixed Timeframe Previous 12
al." (2013) Not stated Questionnaire months X

Notes. $: Data concerning falls were not reported within the published manuscript but was obtained via the corresponding author (CM);
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Table 4. Specific details on fall episodes.

Location of falls

Cause of falls

Injuries related to falls

Prospective studies

McCrum, et
al.34(2019)%

Swanenbur
g, et al.33
(2017)

A total of 18 fall episodes were inside the house
(i.e., flat surface: n=10, on a staircase: n=6,
getting out of bed: n=1, shower/bath: n=1); 7
occurred outside at home (step/stairs: n=1, on a
path: n=3, in the garden: n=3); and 9 outdoor
away from home (footpath: n=4, getting out of a
vehicle: n=3, public building: n=1, on the beach:
n=1)

A total of 19 falls were recorded, of which 10
occurred outside, and 9 inside a building.
Nearly half of the fall episodes (n=8) were
related to stair negotiation where 6 fall episodes
occurred at the last steps when descending the
stairs

Most falls were attributed to losing balance
(n=20), followed by tripping (n=3) or feeling
dizzy (n=3)

Sixteen falls were related to lightning
conditions: 3 in the morning, 8 at noon and 5 in
the afternoon. Five falls were related to head
turns during standing (n=2) or running (n=3).

A total of 13 falls that led to injuries were
reported which included 10 instances of
bruises, 5 of cuts or grazes and 1 hip fracture.

Inquired, but no information reported.

Retrospective studies

Brown, et
al.3% (2001)

Dobbels, et
al.?% (2020)

Grove, et
al.3¢ (2021)
Herdman,
et al.2®
(2000)
Karapolat,
et al.3
(2014)
Schlick, et
al.32 (2016)

A total of 46 fall episodes were inside the house
(i.e., stairs: n=11, flat surface: n=11,
shower/bath: n=8, chair: n=8, toilet: n=3); 40 in
the garden; and 18 away from home (someone
else’s house: n=5, public building: n=6, car:
n=2, gutter: n=5).

Inquired, but no information reported.®

Most falls were due to loss of balance (n=23),
followed by tripping (n=8), slipping (n=7), or
dizziness (n=7).

Inquired, but no information reported.%

A total of 33 fall related injuries were reported:
bruises: n=17, scrapes: n=8, backache: n=5, rib
fracture: n=2; hip fracture: n=1.

None of the injuries related to falls needed
medical attention.

A total of 2 fall episodes required medical
attention.
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ST, Only two fall events took place during A total of 28 out of 32 (88%) reported falls were

9
?;;1"7) ambulation at home. related to darkness or uneven ground.
Ward. et Three subjects reported a fall related injury, one
1 ¢ subject missed 3 months of work due to bodily
al.’ (2013) injury

Notes. $: Data concerning falls were not reported within the published manuscript but was obtained via the corresponding author (CM); &. Herdman, et al.28 (2000)
state that “data concerning the circumstances in which the falls occur were incomplete as many patients were not clear as to why they had fallen.”
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eTable 1: Diagnostic Criteria

Barany Society
Diagnostic Criteria

Diagnostic Criteria — Other Tests and Cut-Offs

vHIT  Calorics Rcétﬁ;?rry Rotator,
(Gain (SPV (Gain (VHIT Cut-Off Calorics Cut-Off Chairy Cut-Off ENG Other
<0.6) <69s) <0.1)
Prospective studies
McCrum, et o
al.34(2019) No No No X SPV <20°/s
Swanenburg, :
et al.3 (2017) No No No X Gain <0.7
Retrospective studies
A moderate or severe loss of
vestibular function as rated by a
neurologist based on the patient's
vestibular function tests (ENG,
rotational chair, ocular motor, and
B t positional testing). The rating
alr‘;:v(gb%” No No No X X scale for each ear was as follows:
| 0 = absent, 1 = severe, 2 =
moderate, 3 = mild, and 4 =
normal vestibular function.
Patients with scores of 2.5 or
lower for each ear were included
in the analysis.
3032?;'52’3; Yes Yes Yes
inYiaran;ion Abnormally low
SP%/ <10°/s gain for at least
Grove, et al.3¢ cold iFrigatic;n 0 Sl
(2021)’ ' No No No X SPV <5°/s X frequencies (e.g.
and toal o el
<30°/s acceleration test
Herd For the head thrust test, the
a|egrg (nzwggb)et No No No X X <5°/s SPV X Gain <0.2 patient’s head was first pitched

forward ~30°, and the patient was
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Karapolat, et
al.3! (2014)

Schlick, et
al.32 (2016)

Schniepp, et
al.® (2017)

Ward, et al.™
(2013)

No

No

No

No

No

No

No

No

No

No

No

No

X (air)
bilaterally
pathological
bilaterally
pathological
X

SPV in warm
and cold
irrigation

<12°/s

SPV <5°/s in

all four tests

Sum of SPV

during warm
and cold
irrigation

<10°/s
SPV <5°/s
bilaterally

asked to fixate on a stationary
target. The patient’s head was
moved through a small amplitude,
first slowly and then rapidly, in the
yaw plane. The direction of the
rapid head impulses was
randomized in order to be
unpredictable. Patients were
tested on both a near and a far
target with appropriate visual
correction. When the head thrust
resulted in a corrective saccade to
refixate on the target, the test
result was considered positive for
the side of the head thrust
(indicating vestibular
hypofunction).




