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Abstract. This opinion statement proposes a set of candidacy criteria for vestibular implantation of adult patients with
bilateral vestibulopathy (BVP) in a research setting. The criteria include disabling chronic symptoms like postural imbalance,
unsteadiness of gait and/or head movement-induced oscillopsia, combined with objective signs of reduced or absent vestibular
function in both ears. These signs include abnormal test results recorded during head impulses (video head impulse test or
scleral coil technique), bithermal caloric testing and rotatory chair testing (sinusoidal stimulation of 0.1 Hz). Vestibular implant
(VI) implantation criteria are not the same as diagnostic criteria for bilateral vestibulopathy. The major difference between
VI-implantation criteria and the approved diagnostic criteria for BVP are that all included vestibular tests of semicircular
canal function (head impulse test, caloric test, and rotatory chair test) need to show significant impairments of vestibular
function in the implantation criteria. For this, a two-step paradigm was developed. First, at least one of the vestibular tests
needs to fulfill stringent criteria, close to those for BVP. If this is applicable, then the other vestibular tests have to fulfill a
second set of criteria which are less stringent than the original criteria for BVP. If the VI-implantation is intended to excite
the utricle and/or saccule (otolith stimulation), responses to cervical and ocular vestibular evoked myogenic potentials must
be absent in addition to the above mentioned abnormalities of semicircular canal function. Finally, requirements for safe
and potentially effective stimulation should be met, including implanting patients with BVP of peripheral origin only, and
assessing possible medical and psychiatric contraindications.

1This article received a correction notice (Erratum) with the
reference: 10.3233/VES-229001, available at https://content.ios
press.com/articles/journal-of-vestibular-research/ves229001.
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1. Introduction

Bilateral vestibulopathy (BVP) is a disorder most
often resulting from reduced peripheral vestibular
function [1, 2]. Patients can suffer from many dis-
abling symptoms, like imbalance and oscillopsia
(illusory visual movement of the environment) [3].
BVP leads to reduced mobility, up to 30 times higher
risk of falling, significant loss of quality of life, and an
increased socio-economic burden on individuals and
on society [4]. The etiologies of BVP are heteroge-
nous and vary from ototoxicity, e.g., from exposure
to gentamicin or streptomycin, to genetic factors,
e.g., DFNA9, CANVAS or spinocerebellar ataxia,
infectious causes, e.g., meningitis, auto immunity,
e.g., Cogan’s syndrome, trauma, and neurodegener-
ative diseases [2, 5, 6]. However, in up to 51–75%
of patients with BVP, the etiology remains unclear
[2–4, 7]. In some patients there may be a transition
from presbyvestibulopathy to BVP due to aging or
neurodegeneration [8].

A diagnosis of BVP can be made using the diagnos-
tic criteria consensus document of the classification
committee of the Bárány Society [9]. However, clini-
cal reality shows that establishing a diagnosis of BVP
is challenging in many cases [10]. Pitfalls in diagno-
sis of BVP include: 1) different clinical pictures with
and without dizziness, postural imbalance, vertigo,
or oscillopsia, 2) falsely normal clinical bedside head
impulse test (HIT) results due to covert compensatory
saccades, and 3) frequently normal appearing test
results with rotatory chair testing, especially in the
higher frequencies around 5 Hz [2, 11–13]. Finally,
there is no agreement on normative data for laboratory
testing of vestibular function [14]. These challenges
can often lead to misdiagnoses or a delay in diag-
nosis, on average a delay of 33 months, up to more
than 8 years [10]. Therefore, prevalence rates for BVP
which vary from 28 to 81 per 100.000 people, are
very likely to be an underestimation [15, 16]. If so,
neurotologists are likely to encounter more of these
patients in their daily clinic than previously reported,
especially in older patients.

Unfortunately, the prognosis is poor for recov-
ery of vestibular function in patients with BVP [17].
Furthermore, symptoms often do not resolve despite
participation in vestibular rehabilitation therapy

and cessation of vestibular-suppressant medications.
Currently available treatment options have a low like-
lihood of benefit, especially for unpredictable and
high-frequency movements [18, 19].

In the last decade, multiple research groups have
proposed the concept of a vestibular implant (VI) to
partially restore vestibular function in patients with
BVP [20–23]. The VI, which is currently still consid-
ered a research device, is in concept analogous to the
cochlear implant. It captures head movements with
motion sensors and processes them into electrical sig-
nals. These electrical signals are then conveyed to
the vestibular nerve by electrodes that are implanted
near the vestibular nerve branches that innervate the
semicircular canals, i.e. the anterior, lateral and pos-
terior canal ampullary nerves, or otolith organs, i.e.
the utricular and saccular nerves, collectively called
macular nerves [23–26]. Research in humans has
demonstrated feasibility of the VI to partially restore
vestibular function. First, it was reproducibly shown
that it is possible to increase the vestibulo-ocular
reflex (VOR) gain with a VI [27–30], and to influ-
ence the vestibulocollic and vestibulospinal reflexes
[31, 32]. Secondly, functional benefits were demon-
strated by restoring the dynamic visual acuity in
close-to-reality situations and in the high-frequency
range [33, 34]. Therefore, it was concluded that the
VI could become a clinically useful device for treat-
ment of patients with BVP, and possibly for other
vestibular disorders like chronically uncompensated
unilateral vestibulopathy [35]. Patients also have indi-
cated the need for VI research; their main expectation
is improvement of their overall mobility (van Stiphout
et al., submitted).

Currently, one of the main current questions in the
field of VI research is: Whom should be implanted
for research? Until now, no uniform implantation
criteria for research have been established and as a
consequence, research groups have applied different
criteria [21, 29, 36]. Therefore, in order to facili-
tate better comparison between future clinical trials
regarding efficacy, safety, and other outcome mea-
sures, there is a need for establishing uniform criteria
for the selection of patients appropriate for implanta-
tion of a VI.

The classification committee of the Bárány soci-
ety previously described the diagnostic criteria for
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BVP, which is also called bilateral vestibular fail-
ure, -deficiency, -areflexia, -hypofunction and -loss
[9]. These criteria comprise a combination of symp-
toms and quantitative VOR measures of the lateral
semicircular canal. However, function of verti-
cal semicircular canals and otolith organs are not
included [9]. The criteria for VI-implantation should
go beyond the existing criteria for BVP, in order to
demonstrate significant impairment of all canals in
all frequency ranges, and (on indication) the otolith
organs, since:

1) VI-implantation is practically irreversible for
the vestibular system: the diagnosis should
therefore be verified by more than one vestibu-
lar test;

2) VI-implantation is not restricted to the lateral
semicircular canals, but can also involve the
other semicircular canals and the otolith organs:
the function of these structures should therefore
be evaluated before implantation;

3) VI-implantation can impair residual vestibular
function, e.g. by surgical plugging of the semi-
circular canals: the VI should not damage the
vestibular system more than it can help restore
it.

Furthermore, VI-implantation is a unilateral pro-
cedure and may in the future not be restricted to
BVP: indications might evolve to include second-side
implantation or otherwise to treat chronically uncom-
pensated unilateral vestibulopathy [35]. Although
this document only focuses on BVP, other indica-
tions for VI-implantation should not be excluded
from future research.

The objective of this opinion statement is to pro-
vide clear and, as far as possible, evidence-based
criteria for VI-implantation in adult patients with
BVP in a research setting. Since research regarding
this subject is an ongoing process, it is not the aim
to define criteria that are “set in stone”. To the con-
trary, this document aims to provide a basis for the
first preclinical VI-implantations, and to lay the foun-
dation for future development of VI-implantation
[2, 37–40].

2. Methods

Members from all four research groups currently
investigating vestibular implantation in humans were
invited to participate in this opinion statement by the
first author. All four groups participated. In addition,

other research collaborators and members of both the
Bárány Society and Politzer Society were included.
This opinion statement was developed according to
the template established by the Classification Com-
mittee of the Bárány Society [41], although this is
not an official document of the Bárány society. A lit-
erature search was performed and draft criteria were
developed. These criteria were supported by notes
and comments. An iterative process of discussion and
refinement by all authors resulted in the final opinion
statement.

3. VI-implantation criteria

The diagnostic criteria of BVP according to the
Bárány Society were modified and extended, since
they are a necessary but not sufficient prerequisite.
Therefore, the following more precise criteria are rec-
ommended as provisional criteria for the selection of
patients appropriate for implantation with a VI1. To
be eligible for VI-implantation, patients must meet
all of the following criteria:

A. Chronic vestibular syndrome with the follow-
ing disabling2 symptoms:

– Unsteadiness when walking or standing
plus at least one of the following:

◦ Movement-induced blurred vision or
oscillopsia during walking or quick
head/body movements, and/or

◦ Worsening of unsteadiness in darkness
and/or on uneven ground

B. Symptoms greatest during head movement
C. Bilaterally reduced or absent angular VOR

function documented by at least one of the
following major criteria:

– Bilaterally pathological horizontal angu-
lar VOR gain ≤0.6 and at least bilaterally
one vertical angular VOR gain < 0.7, mea-
sured by the video-HIT or scleral-coil
technique3

– Reduced caloric response (sum of bither-
mal max. peak SPV on each side ≤6◦/sec
for 30 sec water stimuli or <10◦/sec for
60 sec water or air stimuli)4

– Reduced horizontal angular VOR
gain ≤0.1 upon sinusoidal stimulation on
a rotatory chair (0.1 Hz, Vmax = 50◦/sec)
and a phase lead >68◦ (time constant
<5 sec)
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C’. Obligatory only in case of implantation of
otolith structures: Bilaterally absent cVEMP
and oVEMP responses5

D. In case only one or two criteria from C are
matched (and also criterion C’ is matched
in case of otolith stimulation), the remaining
test(s) should comply with the following minor
criteria:

– Bilaterally pathological VOR gains of
at least two semicircular canals <0.7,
measured by the video-HIT or scleral-coil
technique

– Reduced caloric response (sum of bither-
mal max. peak SPV on each side <10◦/sec
for water and air stimuli of ≥30 sec)

– Reduced horizontal angular VOR
gain <0.2 upon sinusoidal stimulation
on a rotatory chair (0.1 Hz, Vmax = 50◦/
sec)

E. Symptoms are not better accounted for by
another disease

F. Fitting the additional requirements relevant to
initial preclinical trials

– Age 18 years and above
– BVP results most likely from a peripheral

origin6

– Vestibular function and symptoms are
unlikely to significantly improve, accord-
ing to the duration of symptoms and
clinicians’ estimations7

– Patent vestibular end-organ and intact
vestibular nerve8

– Ability to use the device and follow a per-
sonalized rehabilitation program9

– Ability to undergo the surgery10

G. No current psychological or psychiatric disor-
der that could significantly interfere with use
or evaluation of the VI11

4. Notes

1. It is advised to become familiar with the notes
and comments of the diagnostic criteria for BVP
established by the Bárány Society [9] because
patients meeting diagnostic criteria for BVP
might also meet these candidacy criteria for
vestibular implantation.

2. Disabling is considered as “interfering with
activities of daily living”. It is up to the patient
and clinician to decide whether symptoms are
disabling in each specific case. A Dizziness

Handicap Inventory total score of >30 would
be preferred [42].

3. vHIT should be performed and analyzed by a
trained examiner, using a validated vHIT device
and taking precautions to minimize vHIT gog-
gle slip with respect to the skull, which is
common and typically results in artifacts that
influence vHIT VOR gain. VOR gain is the ratio
between angular eye velocity and angular head
velocity. For these implantation criteria, two
options are possible to calculate the VOR gain:
1) the ratio of the area under the curve of angular
eye velocity over time, divided by the area under
the curve of angular head velocity over time,
or; 2) angular eye velocity at a fixed time (typ-
ically around 60 ms after onset of the impulse),
divided by angular head velocity at the same
time [9]. It is advised to calculate the VOR-gain
of each canal using a minimum of seven artifact-
free impulses. Head impulses should have a
peak acceleration of at least 1000◦/sec2 [11].

4. The caloric test should preferably be performed
using cold and warm (30◦ and 44◦ respec-
tively) irrigations of water, lasting for ≥30
seconds, with a total volume of at least 250 ml.
Alternatively, warm and cool air insufflation (8
liters/min) can be used instead of water. Air
caloric tests should only be performed with a
60 sec stimulus to be able to comply with crite-
rion C. Precautions should be used to ensure
that VOR responses to a prior stimulus are
not falsely recorded as responses to a subse-
quent stimulus due to persistence of the previous
response. Therefore, techniques designed to
minimize persistence of caloric effects from
one stimulus trial that could confound mea-
surements during a subsequent trial, such as
interposing a stimulus interval of five minutes
between successive monothermal irrigations,
should be used [11].

5. Criterion C’ only applies when otolith implan-
tation is considered. If only semicircular canal
implantation is considered, VEMPs do not have
to be absent in the candidate ear. However,
relative function of the left and right utricle
and saccule as quantified by VEMP responses,
should be considered along with pre-operative
semicircular canal and cochlear function when
deciding whether and which side to implant.

6. A disorder of peripheral origin is defined by
having an etiology localized to the inner ear (e.g.
hair cell loss or dysfunction due to gentamicin
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ototoxicity, a genetic abnormality, infection,
ischemia, trauma or other labyrinthine injury).
No persistent central vestibular involvement can
be present, e.g., no tumors of the vestibular
nerve, no brainstem lesions, and no cerebel-
lar ataxia. An idiopathic BVP without any
central vestibular signs on physical exam-
ination including ocular motor testing and
with a normal MRI of the brain and inter-
nal auditory canals, can be regarded as “most
likely from a peripheral origin.” Disorders
with clear signs of structural nerve pathology,
e.g., vestibular schwannoma or after vestibular
neurectomy, and disorders with indications that
the vestibular nerves might not be functioning
properly, e.g., after radiotherapy of the cerebel-
lopontine angle, should not be considered for
VI-implantation.

7. The clinician should estimate that it is very
unlikely vestibular function will recover to val-
ues higher than the criteria mentioned above,
and that vestibular symptoms will significantly
improve. In cases that do not require early
implantation (see “Comments - Timing of
implantation and rehabilitation”), it is preferred
to have a “wait and see period” of at least six
months from onset of symptoms, including an
adequate vestibular rehabilitation program with
the patient off all vestibular suppressant medi-
cations for at least three months. After that, it is
up to the clinician to estimate whether vestibu-
lar implantation can be considered. If there is
a delay in diagnosis of BVP, and a patient
has already experienced symptoms typical of
BVP for more than 6 months [10], vestibular
implantation can be considered without an addi-
tional “wait and see period” as long as adequate
treatment, e.g., rehabilitation off vestibular sup-
pressants, has already been provided. In cases
that require early implantation (e.g. meningitis
with concern for impending labyrinthitis ossifi-
cans), it is up to the clinician to estimate whether
vestibular function and symptoms are likely to
recover or not. If the probability is low, vestibu-
lar implantation can be considered.

8. Prior to intralabyrinthine electrode insertion,
the structures to be implanted (semicircular
canals and/or otolith organs) should be deter-
mined to be patent for surgical insertion as
determined by high resolution temporal bone
CT. In conditions with an increased risk of a
non-patent labyrinth, e.g. meningitis with con-

cern for development of labyrinthitis ossificans,
patency should be checked with MRI and/or CT.
Patients without a patent labyrinth are not yet
considered for intralabyrinthine electrode inser-
tion. There should be no clear signs of structural
nerve pathology or indications that the nerve
could not be functioning properly (see note 6).

9. Factors for successful use of a VI system
and accomplishment of a personal rehabilita-
tion program include, among others: ability to
understand and use the system, ability to tol-
erate the external device and implant, e.g. no
allergy for the components of the device, ability
to tolerate repeated activation and deactivation
of the device, ability to fulfill the rehabilitation
program with respect to physical condition and
logistic factors, e.g. travel distance, willingness
to avoid vestibular suppressant medications that
can interfere with central nervous system com-
pensation after sudden onset of asymmetry in
vestibular input from the two ears.

10. The whole vestibular implant team should
agree on the operability of the patient. This
includes considering co-morbidities, e.g. Amer-
ican Society of Anesthesiologists Physical
Status Classification System [43], and the status
of the middle ear on the side to be implanted,
e.g. no chronic otitis media.

11. If a psychological or psychiatric disorder, e.g.,
depression, anxiety disorder, borderline person-
ality disorder, is present and considered likely
to hinder thorough evaluation and treatment
of the VI recipient according to the clinician,
VI-implantation should be avoided. Persistent
Postural Perceptual Dizziness (PPPD) is not
considered an exclusion criterion, nor is a his-
tory of psychological or psychiatric disorders
that are not currently present or are judged not
likely to relapse during the research trial.

5. Comments

5.1. Vestibular implantation criteria differ from
bilateral vestibulopathy criteria

In its current forms, vestibular implantation
surgery can irreversibly impair any residual vestibular
function. Since a vestibular test is never infallible, e.g.
the caloric test results can be subject to anatomical
variabilities leading to false positive outcomes [11], a
two-step paradigm for vestibular testing was imple-
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mented. This implies that one abnormal vestibular
test is not enough to confirm implantation eligibility:
a double confirmation from the other two vestibular
tests is needed. In contrast to BVP diagnostic criteria,
all vestibular tests mentioned above are suggested to
screen for implantation eligibility. However, not all
patients suffering from severe BVP who might be
candidates for vestibular implantation show consis-
tently low vestibular test results on all vestibular tests.
For example, a subject might have a caloric response
of ≤6◦/sec but an angular vHIT VOR gain of >0.6
instead of ≤0.6 [42]. Therefore, for the confirmation
step, criteria for vestibular test results are less strict
(see point D of the criteria). Due to this double confir-
mation, the vestibular test results under point C were
changed from “<” to “≤”. Whether all these values are
still low enough to prevent clinically relevant damage
of useful sensory function by vestibular implantation,
should still be investigated.

Criteria in point F were included to increase the
likelihood that VI-implantation will be safe and effec-
tive.

5.2. Disabling symptoms

No questionnaires are available currently that are
specifically designed to determine the level of dis-
ability in BVP patients. Therefore, it was decided
to defer to clinician expertise and opinion regard-
ing the disability due to BVP in each specific case.
A total score on the Dizziness Handicap Inventory
of >30 would be preferred, since this could show
at least moderate handicap [44, 45]. It was decided
not to make this score obligatory since in a cohort
of 90 patients with bilateral vestibulopathy, more
than 40% of the patients scored below 31, while
still a subset of them reported significant complaints
[42]. This could imply that the Dizziness Handicap
Inventory might not be the best tool to quantify the
handicap in bilateral vestibulopathy patients. How-
ever, it could still help guide some clinicians in
their judgment.

5.3. Types of surgery and implantation criteria

For vestibular implantation, two types of surgery
are possible: intralabyrinthine, i.e., fenestrating the
semicircular canals and/or vestibulum and insert-
ing the electrodes, and extralabyrinthine, i.e., not
intentionally opening the semicircular canals and/or
vestibulum and trying to place the electrodes directly
on the nerves close to the semicircular canals or the

internal auditory canal [46]. The intralabyrinthine
approach modifies the biomechanical properties of
the canals and can lead to loss of the residual inner
ear function including hearing loss. Theoretically,
the extralabyrinthine approach might reduce this
risk. However, the full risks of the extralabyrinthine
approach are not yet fully determined, and the facial
nerve is exposed to a higher risk with the extra-
labyrinthine approach [47]. Therefore, it was decided
to consider both techniques as being associated with
a risk of inducing vestibular hypofunction.

Tests of otolith function were not included in
the diagnostic criteria for bilateral vestibulopathy.
Since implantation of otolith structures [23] is almost
certain to cause otolith hypofunction due to mechan-
ical disruption of the membranous labyrinth during
implantation, oVEMPS and cVEMPS were included
in the implantation criteria when the otolith structures
are being considered for implantation (see C’).

5.4. Video head impulse testing

Based on previous findings in BVP patients, it was
chosen to set the angular VOR gain of the vertical
semicircular canals and the gain of the lateral semi-
circular canal in those patients whose caloric test or
rotatory chair test already fit the implantation cri-
teria to <0.7 [42]. This value might be subject to
change, depending on new insights. Only one ver-
tical semicircular canal on each side needs to fulfill
the criterion of an angular VOR gain <0.7, since it
was shown that selective sparing of a single semicir-
cular canal is possible [48] while a clinically relevant
BVP is still present, making the patient probably eli-
gible for implantation. It should be noted that artifacts
frequently occur [49] when using the Video Head
Impulse Test to assess the lateral and especially the
vertical semicircular canals. Therefore, test results
that are noisy, distorted by artifacts, or otherwise
unreliable, should not be included in the analysis [2].

Non-quantitative head impulse testing (HIT), i.e., a
physical examination without a means of high speed
eye movement recording, was not included in the
implantation criteria, due to its limited sensitivity
and specificity in the setting of covert corrective sac-
cades [12]. Bedside HIT also is not able to quantify
precisely the effect of the vestibular implant after
implantation, in contrast to vHIT or scleral coil ocu-
lography.

The suppression head impulse paradigm (SHIMP)
was not included in the criteria, since vHIT has
already been shown to be effective in demonstrat-
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ing the vestibular deficit. The clinical relevance of
SHIMPs in BVP should still be determined [50].

5.5. The caloric test

Since not all laboratories are able to use water irri-
gations, e.g., due to regulations, it was decided to also
include the air caloric test in the VI-implantation cri-
teria. When using the air caloric test, it is advised to
irrigate at 8 liters/min for at least 60 seconds to be able
to comply with criterion C, since air might be a less
strong stimulus than water. This paradigm is advised
based on the experience with the air caloric test in
patients following VI-implantation [29]. In case of a
60 sec stimulus (water or air), <10◦/sec is used as a
criterion rather than ≤6◦/sec because stimulation for
an additional 30 sec beyond the initial 30 sec of stim-
ulation is very likely to increase the magnitude of the
response.

Caloric test values for implantation are defined in
point D as the sum of bithermal caloric irrigations
<10◦/sec on each side using irrigations for ≥30 sec-
onds. This criterion is based on previous reports in
which patients with a sum of all bithermal irriga-
tions <20◦/sec still reported significant imbalance
and/or oscillopsia [2, 39]. This might make these
patients candidates for vestibular implantation. How-
ever, these values might still be subject to change,
depending on new insights. In both criteria C and
D, water and air stimuli have the same cut-off value
when irrigating for 60 sec (criterion C) and ≥30 sec
(criterion D). The committee is aware that these dif-
ferent stimuli probably do not lead to equal results.
However, experience with caloric test results as an
inclusion criterion for vestibular implantation only
exists with 30 sec water stimuli and 60 sec air stim-
uli. In order to facilitate centers who might use 60 sec
water stimuli, this stimulation paradigm was added
to the criteria although specific values for vestibular
implantation when using 60 sec water stimuli are not
available.

Ice water caloric irrigations are not required in the
implantation criteria since a sum of bithermal max.
peak SPV on each side ≤6◦/sec for ≥30 sec water
stimuli or <10◦/sec for 60 sec stimuli, was judged to
be adequate as a major criterion (point C of criteria)
for vestibular implantation.

5.6. Rotatory chair testing

The criterion for horizontal angular VOR gain
measured with sinusoidal stimulation on a rotatory

chair is defined in point D as <0.2. This value is
higher than the one used in the diagnostic crite-
ria for BVP. It has been shown that patients with
BVP with a horizontal VOR gain ≥0.1 at a stimu-
lus frequency of 0.1 Hz still experienced significant
imbalance and/or oscillopsia, making them possible
candidates for vestibular implantation [2]. The upper
value of <0.2 is based on expert opinion only, and
should still be investigated further in the future. For
very low VOR responses, the calculation of VOR
gain, and especially of VOR phase and VOR time
constants may be unreliable. Results should therefore
be evaluated critically and interpreted with caution
[2].

5.7. Vestibular evoked myogenic potentials

It is preferred to test cVEMP and oVEMP
responses before and after vestibular implantation.
VEMP responses must be compared to normative
values established for the system used by the par-
ticular laboratory [51]. In case of implantation of
otolith structures, cVEMP and oVEMP responses
should be absent bilaterally. Although the otolith
system can probably have a gradual decline in func-
tion and does not work as an “on-off” system
[52], VEMPS are not currently clinically suited to
detect subtle changes in otolith function or define
“minimal residual otolith function”. It was decided
therefore that otolith implantation should only be
performed in patients with bilaterally absent VEMP
responses and not take into account other parameters,
e.g. increase of thresholds. More specifically, both
cVEMP and oVEMP responses should be absent,
since otolith implantation might interfere with the
function of both otolith organs. With absent cVEMP
and oVEMP responses, it is expected that the ben-
efit of vestibular implantation will be higher than
the drawbacks of the potential iatrogenically induced
vestibular hypofunction due to vestibular implanta-
tion of the otolith endorgans. This criterion is subject
to change, depending on new insights. Note that in
case of otolith endorgan implantation, VEMPs are
used in addition to the other criteria; that is, the
other criteria should also be fulfilled. These patients
should also have bilaterally impaired semicircu-
lar canal function and, therefore, patients suffering
from so-called “dissociated bilateral vestibulopa-
thy” are currently not candidates for VI-implantation
[53].

VEMP responses do not need to be absent when
only implanting the semicircular canals. Many symp-
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tomatic patients with BVP can have preserved
otolith responses [37, 54–56]. The presence of
VEMP responses indicates that on an aggregate
basis some otolithic signal is present, but it does
not demonstrate useful otolith function. Further-
more, correct implantation of semicircular canals
and electrical stimulation does not necessarily lead
to destruction of the otolith organs [57]. Never-
theless, the committee strongly advises to always
measure VEMP responses before and after vestibu-
lar implantation, to investigate the influence of
vestibular implantation on otolith structures and their
responses.

5.8. Implantation criteria include only adults

At this moment, evidence regarding the effects
of BVP in the pediatric population is considered to
be too scarce to consider implanting the pediatric
population. It is advised by the committee to first
investigate this subject further in adults, and extend
this knowledge to the development of outcome mea-
sures for vestibular implantation specifically tailored
to the pediatric population.

5.9. Implanting only BVP of peripheral origin

The VI replaces the vestibular organ by captur-
ing head motion and sending electrical signals to
the vestibular nerves. A VI-implantation attempts to
serve as an artificial replacement of the peripheral
vestibular organ and it does not replace the whole
vestibular nerve or central vestibular system. Only
few human implantations have been performed until
now [21, 23, 29, 36] and the influence of deficits
of the vestibular nerve and central vestibular system
on performance of the VI have not been studied yet.
However, it is expected that with current techniques,
the VI will not effectively treat a deficit of the vestibu-
lar nerve or the central vestibular system. Currently, it
is therefore preferred to implant a patient only when
symptoms mainly result from an inner ear deficit. In
the future, it should be investigated whether BVP not
only or not mainly resulting from an inner ear deficit,
can be treated with a VI.

5.10. Timing of implantation and rehabilitation

The prognosis of BVP is poor in most cases [11].
Most patients do not show significant recovery from
their vestibular function loss. In addition, six months
after a vestibular nerve injury, recovery is probably

complete [58]. Therefore, a “wait and see” period
of at least 6 months after the onset of symptoms
was chosen before considering vestibular implan-
tation. In cases with a possible reversible etiology
or that require early implantation (e.g. labyrinthitis
ossificans), the “wait and see” period is tailored to
the prognosis of the disorder comparable to cochlear
implantation. Due to lack of sufficient tools to predict
the prognosis for each specific case, it was decided to
value the clinicians’ expertise and opinion regarding
the prognosis of recovery.

Data are not yet available on the effectiveness of
VI-implantation and the influence of etiology and
duration of the disease on efficacy. It is hypoth-
esized that “dying back” of the vestibular nerve
could compromise effective vestibular stimulation,
although long standing vestibular losses have also
shown promising results with a VI [29, 30, 35, 36].
For now, it is preferred to avoid a “wait and see”
period of more than six months, if possible. There-
fore, if BVP already exists for more than six months
without any improvement, the “wait and see” period
of six months is not applicable. The “wait and see”
period of six months after onset of the disease also
facilitates time for an adequate vestibular rehabilita-
tion program. An adequate vestibular rehabilitation
program should include once a week supervised
rehabilitation sessions for three months, in addition
to a daily home exercise program, as advised by
the American Physical Therapy Association [59]. If
symptoms are present for more than six months, it
should be decided for each individual case whether
vestibular rehabilitation is still indicated.

5.11. Imaging

An MRI-scan of the internal auditory canals and
cerebellopontine angle is advised in the vestibular
implantation work-up for two reasons: 1) to evaluate
the presence or absence of vestibular nerves, and to
evaluate the patency of the labyrinth in cases with
an increased risk of a non-patent labyrinth (see note
8). Conditions with an absent vestibular nerve pre-
clude VI-implantation on the side with the absent
nerve. Conditions without a patent labyrinth, e.g.,
labyrinthitis ossificans, are not now considered for
intralabyrinthine electrode insertion although in the
future a “vestibular drill-out” might be considered;
and 2) to screen for additional findings in cases with-
out a definite etiology. Significant findings on MRI
have been reported in 14% of BVP-cases. Some of
these findings might hinder vestibular implantation
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or influence the sidedness of implantation, e.g. uni-
lateral vestibular schwannoma [2]. It is preferred
to use high resolution (<1 mm) T1 and T2 images
of the cerebellopontine angle, preferably with intra-
venous gadolinium contrast, to be able to detect extra-
labyrinthine and intralabyrinthine disorders, e.g., an
intralabyrinthine vestibular schwannoma. A CT scan
of the mastoid region is helpful for surgical planning,
to assess labyrinth patency, and to rule out middle
ear or mastoid disease that could prevent safe and
successful vestibular implantation.

5.12. Hearing and vestibular implantation

Hearing status has explicitly not been incorporated
in the vestibular implantation criteria. Hearing might
be preserved in the acute phase after intralabyrinthine
implantation, although this is not always the case
[60]. The extralabyrinthine approach was developed
in hopes of reducing the risk of hearing loss or creat-
ing vestibular hypofunction [47, 61]. However, at the
present time, only deaf patients have been implanted
with the extralabyrinthine approach. The safety for
hearing has therefore not yet been determined.

Two versions of the vestibular implant are
available: the vestibular implant aimed at only restor-
ing vestibular function and the vestibulo-cochlear
implant aimed at restoring vestibular and hearing
function by incorporating also a cochlear implant.
Taking the available evidence into account, it was
decided that in case of a vestibular implant only, it
is too early to develop formal auditory criteria. Hear-
ing status is therefore not a determining factor for
implantation, although the hearing status of both ears
should be taken into account. The better hearing ear
should not be implanted. Furthermore, it is advised
to only implant patients in whom, according to the
clinician, coping mechanisms and the hearing status
of the contralateral ear are sufficient to be able to
successfully cope with a possible single sided deaf-
ness on the implanted side. With a vestibulo-cochlear
implant, criteria for cochlear implantation in the ear to
be implanted are applicable, in addition to the criteria
for vestibular implantation.
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