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Bilateral vestibulopathy (BVP) is characterized by its heterogeneous and chronic 
nature with various clinical presentations and multiple etiologies. This current 
narrative review reflects on the main insights and developments regarding clinical 
presentation. In addition, it proposes a new diagnostic algorithm, and describes 
available and potential future therapeutic modalities.
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1 Background

Bilateral vestibulopathy (BVP) was first described in 1936 in patients with Menière’s disease 
who had been managed with bilateral vestibular neurectomy (1, 2). BVP has also been known 
as Dandy syndrome (after the neurosurgeon who performed 907 vestibular neurectomies), 
bilateral vestibular hypofunction, bilateral vestibular impairment, bilateral vestibular areflexia 
and bilateral vestibular loss (3–5). The Consensus document of the Classification Committee of 
the Bárány Society (2017) recommends “bilateral vestibulopathy” as the preferred term (6). As 
the variation in the terms for BVP imply, it is defined by a bilaterally reduced or absent function 
of the vestibular end organs and/or nerves, ganglia, the vestibular root entry zone and/or the 
brain, which negatively impacts vestibular functioning resulting in symptoms of impaired gaze 
stabilization and imbalance (7). The reported prevalence varies from 28 to 81 per 100,000 
people. However, this is believed to be a significant under estimation based on misdiagnosis 
(8–12). This is partly caused by the heterogeneous presentation of the disorder, with its various 
clinical characteristics and multiple etiologies (5, 7, 13, 14). BVP negatively impacts quality of 
life and the socio-economic burden of BVP is substantial, due to work-related disability and 
health service utilization (8, 15–17). Here we offer an evidence-based approach for the clinician 
in approaching the patient with a potential BVP.
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2 Clinical characteristics

2.1 Etiology

BVP may be the result of over 20 different etiologies (Table 1) (7). 
Nonetheless, the reported percentages of idiopathic BVP vary between 
20 and 75% (7, 14, 19–21). The more common causes of BVP are 
genetic disorders (e.g., DFNA9), ototoxicity exposure (e.g., 
aminoglycosides antibiotics, chemotherapy), and infectious causes 
(e.g., meningitis). Less frequently, BVP may be caused by bilateral 
Menière’s Disease, trauma, auto-immune disease [e.g., Cogan’s 
syndrome, Autoimmune Inner Ear Disease (AIED)], and 
neurodegenerative disorders [e.g., Cerebellar Ataxia with 
Neuronopathy and Vestibular Areflexia Syndrome (CANVAS)] (19, 
22, 23). BVP may also be a component of peripheral neuropathy [e.g., 
Chronic Inflammatory Demyelinating Polyradiculoneuropathy 
(CIDP) and Charcot–Marie Tooth (CMT) disease], congenital 
syndromes (e.g., Usher and Turner syndromes) and Wernicke’s 
encephalopathy (19, 24). Furthermore, an association between 
vestibular migraine and the development of BVP has been described 
(7, 25). Largely depending on etiology, BVP can have a rapid or slowly 
progressive onset (mostly due to ototoxicity and genetic causes 
respectively). BVP can also develop following recurrent episodes of 
vertigo, as is particularly seen in patients with bilateral (sequential or 
consecutive) Menière’s Disease (7).

2.2 Symptoms

Two of the main physical symptoms of BVP are movement-
induced blurred vision (oscillopsia) and unsteadiness when walking 
or standing which often worsens on uneven ground or in darkness. 
These symptoms are primarily due to impaired vestibular-ocular and 

vestibular-spinal reflexes (6). Furthermore, BVP may be associated 
with cognitive and emotional symptoms such as difficulties with 
performing dual tasks, impaired concentration, forgetfulness, reduced 
spatial orientation, anxiety, anger, and sadness (26–29).

Neither vertigo nor abnormal nystagmus are typical symptoms of 
BVP as both are generally related to an acute asymmetry in vestibular 
function (i.e., an acute unilateral vestibulopathy) and are in general 
not caused by a symmetrical decrease in vestibular function (30). The 
exception here is bilateral sequential vestibulo-ocular reflex (VOR) 
reduction. In other words, vertigo and nystagmus can be related to the 
underlying etiology of BVP (e.g., Menière’s disease), but are generally 
not a sign of BVP itself.

In particular the unsteadiness can be  difficult to recognize as 
balance control is a multisensory process (31–33). Compensation via 
sensory reweighting plays a key role in attempted recovery from 
BVP. In this process, the remaining senses such as vision, 
somatosensory input (e.g., pressure perception) and proprioception 
are preferentially utilized (34). As a result of sensory reweighting, 
many spatiotemporal gait parameters do not differ between BVP 
patients and healthy controls at their preferred walking speed. 
However, BVP patients do tend to walk with an increased cadence 
(35). When testing gait at fixed walking speeds, gait parameters such 
as step length and step width variability differ significantly to those of 
healthy controls (33). Sensory reweighting also explains why certain 
complaints worsen in situations where other sensory inputs are less 
effective, such as worsening of unsteadiness in poorly lit environments. 
This phenomenon offers a partial explanation for the higher incidence 
of falls and severe fall-related injuries in the BVP population (18, 
36–38). In addition, loss of somatosensory input (in particular from 
the soles of the feet) also increases unsteadiness and is a proven risk 
factor for falls in BVP patients (39). Other risk factors for falls include 
advanced age, a decline in cognitive resources and having a sedentary 
lifestyle (38).

TABLE 1  Etiologies of bilateral vestibulopathy (18, 19).

Idiopathic

Genetic DFNA9, DFNA11, DFNA15, DFNB4, mutation chromosome 5q, 6q, 11q, 22q Muckle Wells (NLPR3)

Toxic/metabolic Antibiotics (particularly aminoglycosides), furosemide, amiodarone, aspirin, chemotherapeutics (e.g., cisplatin), immunotherapy (e.g., immune 

checkpoint inhibitors), anti-epileptic drugs (particularly aromatic anti-epileptic drugs), alcohol, styrene poisoning, combination non-steroidal 

anti-inflammatory drugs with penicillin

Infectious Meningitis, syphilis, Lyme disease, bilateral vestibular neuritis (Herpes Simplex Virus), Herpes zoster, rubella

Other ear pathology Bilateral Menière’s disease, otosclerosis, bilateral labyrinthitis, cholesteatoma, vestibular atelectasis, presbyvestibulopathy

Trauma Head trauma, iatrogenic (e.g., bilateral Cochlear Implant, local radiotherapy)

Autoimmune Cogan’s syndome, Susac syndrome, Sarcoïdosis, Granulomatosis with polyangiitis, Sjögren syndrome, inflammatory bowel disease, Behçet’s 

disease, celiac disease, polyarteritis nodosa, antiphospholipid syndrome, Anti-GQ1b antibody syndrome, Autoimmune Inner Ear Disease, other 

systemic diseases

Neuropathies Guillain-Barre Syndrome (GBS), and Chronic Inflammatory Demyelinating Polyradiculoneuropathy (CIDP), Charcot–Marie Tooth (CMT) 

disease, Fabry’s disease

Neurodegenerative CANVAS, Friedreich Ataxia, multiple system atrophy, SCA3, SCA6, SCA27B,

Congenital/syndromal Usher, Turner, enlarged vestibular aqueduct syndrome, Alport syndrome, coloboma-heart-atresia-retarded-genital-ear (CHARGE) syndrome

Vascular Vertebrobasilar dolichoectasia

Tumors Bilateral vestibular schwannoma, Neurofibromatosis type 2, metastasis, lymphoma

Other Auditory neuropathy spectrum disorders, superficial siderosis, hypothyroidism, vitamin B12 deficiency, folate deficiency, vestibular migraine, 

Wernicke’s encephalopathy.
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Due to the absence of standardized and validated Patient Reported 
Outcome Measures (PROMs) capable of capturing the subjective 
severity and burden of the complete spectrum of BVP symptoms, the 
Bilateral Vestibulopathy Questionnaire (BVQ) was recently developed. 
The BVQ serves as a comprehensive tool for assessing the spectrum of 
BVP symptoms and its impact on daily life, in order to quantify 
treatment efficacy and improve clinical decision making (40, 41).

3 Physical examination and laboratory 
assessment

Physical and laboratory assessment in BVP patients mainly 
focuses on two aspects: (1) identifying the presence or absence of 
central vestibular signs (e.g., gaze evoked nystagmus, downbeat 
nystagmus, dysmetria, etc.), and (2) confirming BVP.

3.1 Physical examination

In identifying central vestibular signs, it is advised to perform 
cerebellar testing, including oculomotor examination, evaluation of 
coordination (e.g., finger-to-nose test for identifying dysmetria, rapid 
alternating movements for identifying dysdiadochokinesia) and 
evaluation of gait and posture. As abnormalities in oculomotor 
functioning may be the first signs of central pathology, oculomotor 
examination should always be performed (42). The Head Impulse Test 
(HIT) is sensitive in identification of severe BVP, particularly when 
performed by an expert (43). However, false-negative results may 
be found in the presence of covert saccades, mild BVP and when the 
HIT is performed by less experienced clinicians (5, 43, 44). Another 
key oculomotor test is the visually enhanced VOR (VVOR), which is 
specific for the combination of BVP and cerebellar impairment. The 
VVOR is performed by turning a patient’s head slowly side-to-side 
while the patient fixates at an earth-fixed target (e.g., the clinicians 
nose). The VVOR is abnormal in case the ensuing eye movements are 
broken-up or saccadic, rather than smooth. The VVOR is a simple, 
brief and reproducible bedside test (45). In addition to oculomotor 
examination and the HIT, Romberg’s test (including Romberg in 
tandem or Romberg on foam rubber) and evaluation for neuropathy 
is recommended (39, 46, 47).

3.2 Laboratory assessment

The Consensus document of the Classification Committee of the 
Bárány Society describes the diagnostic criteria for BVP as 
summarized in Table 2 (6). Regarding the three objective VOR test 
measurements (Table 2, part C), both caloric testing and horizontal 
vHIT appear to be  more sensitive for detecting impairment of 
vestibular function than the torsion swing test (rotatory chair testing). 
The latter proved to be most sensitive in measuring residual vestibular 
function (19). When performing the vHIT, it is important to be aware 
that the sensitivity may depend on the type of device used, as vHIT 
systems are not yet standardized across different manufacturers (48). 
In addition to the HIT, the Suppression Head Impulse Paradigm 
(SHIMP) was introduced as a diagnostic tool for identifying VOR 
alterations in BVP patients. The advantage of SHIMP is that it 

significantly reduces covert saccades (49, 50), which might allow for 
more reliable VOR gain calculation. However, a recent study in BVP 
patients showed that the clinical benefit of SHIMP compared to HIT 
was marginal, given that both paradigms successfully detected BVP in 
the majority of patients (93%) (50). Despite the comparable diagnostic 
capabilities of SHIMP and HIT, the former, characterized as a ‘covert 
saccade killer’, may serve as a viable alternative in clinical settings 
where access to a vHIT-system is unavailable (50). In order to facilitate 
the most efficient diagnostic workflow, it is worth considering to first 
perform vHIT (due to the lower patient burden), followed by caloric 
testing, before performing the torsion swing test. In this way, the test 
battery can be discontinued as soon as the patient meets one of the 
diagnostic test criteria.

Other possible vestibular function measurements are cervical 
and ocular Vestibular Evoked Myogenic Potentials (c- and oVEMPs). 
However, various studies have found a high degree of variability in 
VEMP responses within BVP populations, and more importantly, 
there remains a lack of certainty regarding whether isolated bilateral 
impairment of both otolith organs causes significant disability (19, 
51, 52). Therefore, c- and oVEMPs are as yet not included in the 
Bárány diagnostic criteria as a definite stand-alone diagnostic 
modality in BVP.

Several outcome measures are available for quantifying the 
functional manifestations of BVP. The functional HIT (fHIT) proved 
to be a feasible test for evaluating oscillopsia by testing the Dynamic 
Visual Acuity (DVA) (53). Another assessment complementary to the 
fHIT, is testing the DVA while walking on a treadmill, which is 
strongly related to activities of daily living and therefore has significant 
ecological validity (54, 55). Unfortunately, the DVA while walking on 
a treadmill cannot always be  performed in elderly patients, as 
increased age in combination with BVP leads to a higher drop out rate 
during test performance (54). Lastly, the vestibular system contributes 
to detecting self-motion. Earlier research showed that self-motion 
perception is significantly decreased in patients with BVP compared 
to control subjects, and therefore self-motion perception could also 
be considered as a functional outcome measure in the future (56–58).

TABLE 2  Diagnostic criteria for bilateral vestibulopathy, as described by 
the Bárány Society (6).

A. Chronic vestibular 

syndrome with the 

following symptoms

	 1	 Unsteadiness when walking or standing plus at least 

one of 2 or 3

	 2	 Movement-induced blurred vision or oscillopsia 

during walking or quick head/body movements and/or

	 3	 Worsening of unsteadiness in darkness and/or on 

uneven ground

B. No symptoms while sitting or lying down under static conditions

C. Bilaterally 

reduced or absent 

angular VOR 

function 

documented by

	 -	 Bilaterally pathological horizontal angular VOR gain 

<0.6, measured by the video-HIT or scleral-coil technique 

and/or

	 -	 Reduced caloric response (sum of bithermal max. 

Peak SPV on each side <6°/sec) and/or

	 -	 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 degrees (time 

constant <5 sec).

D. Not better accounted for by another disease
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4 Proposal of a diagnostic algorithm 
for BVP

Establishing the diagnosis of BVP is often delayed. To facilitate a 
prompt, accurate and robust diagnostic process, a new protocol has 
been proposed based on the current knowledge summarized in this 
narrative review (Figure  1). The diagnostic process for vestibular 
disorders starts with an adequate medical history. A tool for improving 
history taking is the 4-step approach which focuses on: (1) potential 
attacks of vertigo and/or dizziness, (2) potential chronic vestibular 
symptoms, (3) any additional functional, psychological or psychiatric 
co-morbidities, and taken together leading to (4) a comprehensive 
differential diagnosis (59). Regarding episodes of vertigo or dizziness 
attacks in the context of BVP principally depends on etiology (e.g., 
positive history taking for experiencing vertigo attacks in a patient 
with bilateral Menière’s Disease). Chronic symptoms are however 
always present in BVP and can be  summarized according to the 
DISCOHAT acronym (worsening of symptoms in Darkness and/or 
uneven ground, Imbalance, Supermarket effect, Cognitive complaints, 
Oscillopsia, Head movements worsen symptoms, Autonomic 
complaints, and Tiredness), with a particular focus on imbalance/
unsteadiness and oscillopsia (60).

In every patient with a positive history for imbalance/unsteadiness 
and/or oscillopsia without any other neurological symptoms (e.g., 
dysarthria, dysmetria, dysesthesia), a thorough physical examination 
focused on oculomotor testing, HIT, cerebellar testing, and testing for 
neuropathy is indicated. This is all necessary in order to identify 
patients with combined peripheral and central neurological disorders 
such as CANVAS or the recently described Spinocerebellar Ataxia 
Type 27B (SCA27B) (7, 61). Oculomotor abnormalities such as 
broken-up visual pursuit, gaze-evoked nystagmus and abnormal 
saccades to target, point to pathology of the cerebellum and its 

connections (62). In addition to oculomotor signs, other localizing 
abnormalities observed during examination include cerebellar 
dysarthria, often described as ‘slurred’ or ‘drunken’ speech, as well as 
limb ataxia, such as the presence of an intention tremor during the 
finger-to-nose test. These clinical manifestations are frequently 
encountered in cases of cerebellar impairment (63).

In addition to the physical examination, at least one vestibular 
laboratory examination to objectify the vestibular function must 
be performed, preferably by means of a vHIT or caloric test (5). vHIT 
is favored over HIT as it provides a calculated VOR gain and 
recognizes the influence of covert saccades and other eye movement 
abnormalities (5). Regarding caloric testing, it is important to irrigate 
with at least 250 mL of water for a duration of 30s for both cold (30°C) 
and warm (44°C) irrigations with a 5-min stimulus interval between 
irrigations. Furthermore, it is necessary to not only look for a potential 
asymmetry (%) but also evaluate absolute caloric values (°/sec). The 
torsion swing test is less suitable to use as a single diagnostic tool since 
it appears to be less sensitive for detecting vestibular impairment as 
compared to vHIT and the caloric test (7, 19). Therefore, the torsion 
swing test is not included in the diagnostic algorithm.

Where history, physical examination and vestibular function tests 
lead to a BVP diagnosis without neurological involvement, the next 
step is attempting to identify the etiology (Figure 1, lower left side of 
the flow chart). Important information includes past medical history 
(e.g., surgery, auto-immunity, infectious diseases such as Lyme disease 
or syphilis), family history (genetic disorders), use of medication 
(ototoxicity), subjective hearing loss and auto-immune symptoms 
(including those of inflammatory eye disease and fluctuating hearing 
loss). Where a treatable etiology is identified (e.g., autoimmune or 
infectious disease), then this obviously becomes the clinical priority. 
Where the etiology remains idiopathic, a one-time contrast-enhanced 
MRI of the posterior fossa is advised because of the relatively high 

FIGURE 1

A new diagnostic protocol for bilateral vestibulopathy (BVP). The 4-step approach is discussed elaborately elsewhere (59). DISCOHAT  =  the acronym of 
‘Darkness worsens symptoms, Imbalance, Supermarket effect, Cognitive complaints, Oscillopsia, Head movements worsen symptoms, Autonomic 
complaints, Tiredness’. *Be aware that the presence of covert saccades, mild BVP and HIT by nonexperts can result in false-negative results. 
**Suspected based on sensory examination findings and/or imbalance out of proportion to isolated BVP. ***MRI abnormalities are not required as 
clinical signs, e.g., oculomotor abnormalities, may precede MRI cerebellar changes.

https://doi.org/10.3389/fneur.2023.1308485
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


van Stiphout et al.� 10.3389/fneur.2023.1308485

Frontiers in Neurology 05 frontiersin.org

yield of positive findings (e.g., vestibular schwannoma). Contrast-
enhanced MRI scans are preferred over non-contrast MRI scans as 
they increase the detection rate of small schwannomas, particularly 
intralabyrinthine ones, which may be missed by radiologists who are 
less familiar with intralabyrinthine pathology (64). Blood tests are not 
routinely advised because of the low yield (7).

Where history, physical examination, and vestibular function tests 
lead to a BVP diagnosis in combination with neurological signs, the 
next step is the evaluation of peripheral sensory neuropathy and/or 
cerebellar features by performing clinical tests such as a nerve 
conduction study and/or a MRI scan (Figure  1, right side of the 
flow chart).

Regarding peripheral neuropathy, studies show that up to 53 
percent of patients with a peripheral neuropathy also suffer from 
vestibular hypofunction (65). Conditions where this combination is 
seen, include Chronic Inflammatory Demyelinating 
Polyradiculoneuropathy (CIDP), Charcot–Marie Tooth (CMT) 
disease, Guillain-Barre Syndrome (GBS), neurosarcoidosis and other 
inflammatory and inherited diseases (noting that diseases such as 
GBS, CIDP and neurosarcoidosis require treatment which may 
be lifesaving) (66–71). Therefore, further testing for, e.g., CIDP and 
CMT needs to be  considered in cases of bilateral vestibulopathy 
accompanied by abnormal nerve conduction studies indicating a 
peripheral sensory neuropathy.

Regarding cerebellar features, BVP is increasingly identified as an 
extracerebellar feature of the many cerebellar ataxias, including the 
most common sporadic and inherited diseases such as idiopathic late-
onset cerebellar ataxia (ILOCA), idiopathic Cerebellar Ataxia with 
Bilateral Vestibulopathy (iCABV), spinocerebellar ataxia (SCA) 3 and 
6, Friedreich ataxia (FRDA), Cerebellar Ataxia, Neuronopathy, 
Vestibular Areflexia syndrome (CANVAS)/RFC1-related disease, and 
most recently SCA27B (FGF14 GAA expansion) (23, 61, 72–76). 
Where cerebellar signs on examination, or MRI changes such as 
atrophy are found (with or without sensory peripheral neuropathy), 
further testing for the above-mentioned etiologies is advised. It is 
important to bear in mind that cerebellar signs on examination 
(particularly oculomotor abnormalities) may be seen well before MRI 
changes are found. In other words, the normal appearance of the 
cerebellum on MRI scanning does not exclude cerebellar impairment, 
especially in the earlier stages of cerebellar disease (77).

5 Treatment

Unfortunately, to date, the prognosis for recovery of vestibular 
function is poor (14). Detailed patient counseling and education with 
a focus on explaining the cause of the symptoms is therefore of 
great importance.

Vestibular rehabilitation therapy remains the mainstay of 
treatment for vestibular hypofunction. Exercise-based vestibular 
rehabilitation is aimed at (1) adaptation and (2) substitution. 
Adaptation is the process by which the gain of the vestibular reflexes 
are increased, while substitution (or sensory reweighting) involves 
strategies to utilize alternate modalities in place of the vestibular 
hypofunction (78). The reported efficacy of vestibular rehabilitation 
in BVP differs. Two independent systematic reviews found moderate 
to strong evidence supporting the utility of vestibular rehabilitation 

in BVP in improving gaze and postural stability and improving 
overall functional status (79, 80). Additionally, vestibular 
rehabilitation was found to significantly reduce the number of falls in 
patients with combined BVP and cerebellar impairment (81). Sensory 
reweighting (substitution) is however limited since other 
somatosensory systems cannot fully compensate for the elaborate 
function of the vestibular system. In particular, the somatosensory 
system is not able to respond as rapidly as the VOR, the vestibulo-
spinal reflex, and the vestibulo-collic reflex. As a result, the balance 
system as a whole lacks the speed and automatism provided by an 
intact vestibular system (82). In other words, a BVP patient is less 
able to reflexively react to balance perturbations. Sensory substitution 
devices aim to substitute the loss of vestibular input by administering 
tactile or auditory stimulation which may result in some degree of 
improvement in balance control (83–85). However, it is important to 
note that these devices are unable to replace the rapid 
vestibular reflexes.

Other therapeutic approaches, such as noisy galvanic vestibular 
stimulation, aim to enhance the residual vestibular function. Previous 
studies indicated that noisy galvanic vestibular stimulation improves 
postural and gait stability in patients with BVP (86–88). This treatment 
strategy will probably offer the most benefit in patients with residual 
vestibular function (e.g., similar to the functionality of hearing aids: 
hearing aids can augment the hearing performance only in the 
presence of residual hearing).

An artificial balance organ, the vestibular implant, directly 
stimulates the peripheral vestibular nerve and therefore does not 
depend on the presence of residual vestibular function (89, 90). 
Vestibular implant research to date demonstrated partial recovery of 
the VOR and the vestibulo-collic reflex, and hence, rapid vestibular 
responses are achievable (89, 91–93). This approach appears promising 
since the functional improvements closely match the expectations of 
BVP patients regarding vestibular implant treatment (94, 95).

6 Conclusion

The knowledge of BVP has grown expansively since its first 
description in 1936. The proposed diagnostic algorithm facilitates 
in-clinic assessment and diagnosis. In addition to the vestibular 
rehabilitation, therapeutic modalities currently under development 
hold significant promise.

Author contributions

LS: Conceptualization, Methodology, Writing – original draft, 
Writing – review & editing. DS: Writing – review & editing. NG: 
Writing – review & editing. AF: Writing – review & editing. VR: 
Writing – review & editing. RB: Conceptualization, Methodology, 
Supervision, Writing – review & editing.

Funding

The author(s) declare that no financial support was received for 
the research, authorship, and/or publication of this article.

https://doi.org/10.3389/fneur.2023.1308485
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


van Stiphout et al.� 10.3389/fneur.2023.1308485

Frontiers in Neurology 06 frontiersin.org

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board member 
of Frontiers, at the time of submission. This had no impact on the peer 
review process and the final decision.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or claim 
that may be made by its manufacturer, is not guaranteed or endorsed 
by the publisher.

References
	1.	Dandy WE. The surgical treatment of Meniere'disease. Surg Gynecol Obser. (1941) 

72:421–5.

	2.	Ward BK, Tarnutzer AA. Editorial: bilateral Vestibulopathy - current knowledge 
and future directions to improve its diagnosis and treatment. Front Neurol. (2018) 
9:762–2. doi: 10.3389/fneur.2018.00762

	3.	Alarcón AV, Hidalgo LO, Arévalo RJ, Diaz MP. Labyrinthectomy and vestibular 
Neurectomy for intractable vertiginous symptoms. Int Arch Otorhinolaryngol. (2017) 
21:184–90. doi: 10.1055/s-0037-1599242

	4.	Hain TC, Cherchi M, Yacovino DA. Bilateral vestibular loss. Semin Neurol. (2013) 
33:195–203. doi: 10.1055/s-0033-1354597

	5.	van de Berg R, van Tilburg M, Kingma H. Bilateral vestibular hypofunction: 
challenges in establishing the diagnosis in adults. ORL J Otorhinolaryngol Relat Spec. 
(2015) 77:197–218. doi: 10.1159/000433549

	6.	Strupp M, Kim JS, Murofushi T, Straumann D, Jen JC, Rosengren SM, et al. Bilateral 
vestibulopathy: diagnostic criteria consensus document of the classification Committee 
of the Barany Society. J Vestib Res. (2017) 27:177–89. doi: 10.3233/VES-170619

	7.	Lucieer F, Vonk P, Guinand N, Stokroos R, Kingma H, van de Berg R. Bilateral 
vestibular hypofunction: insights in etiologies, clinical subtypes, and diagnostics. Front 
Neurol. (2016) 7:26. doi: 10.3389/fneur.2016.00026

	8.	Guinand N, Boselie F, Guyot JP, Kingma H. Quality of life of patients with bilateral 
vestibulopathy. Ann Otol Rhinol Laryngol. (2012) 121:471–7. doi: 
10.1177/000348941212100708

	9.	Miffon M, Guyot JP. Difficulties faced by patients suffering from Total bilateral 
vestibular loss. ORL J Otorhinolaryngol Relat Spec. (2015) 77:241–7. doi: 
10.1159/000433553

	10.	Piper KS, Juhl CB, Andersen HE, Christensen J, Søndergaard K. Prevalence of 
bilateral vestibulopathy among older adults above 65 years on the indication of vestibular 
impairment and the association with dynamic gait index and dizziness handicap 
inventory. Disabil Rehabil. (2022) 45:1220–8. doi: 10.1080/09638288.2022.2057603

	11.	Vibert D, Liard P, Häusler R. Bilateral idiopathic loss of peripheral vestibular 
function with normal hearing. Acta Otolaryngol. (1995) 115:611–5. doi: 
10.3109/00016489509139375

	12.	Ward BK, Agrawal Y, Hoffman HJ, Carey JP, Della Santina CC. Prevalence and 
impact of bilateral vestibular hypofunction: results from the 2008 US National Health 
Interview Survey. JAMA Otolaryngol Head Neck Surg. (2013) 139:803–10. doi: 10.1001/
jamaoto.2013.3913

	13.	Tarnutzer AA, Bockisch CJ, Buffone E, Weber KP. Hierarchical cluster analysis of 
Semicircular Canal and otolith deficits in bilateral Vestibulopathy. Front Neurol. (2018) 
9:244. doi: 10.3389/fneur.2018.00244

	14.	Zingler VC, Weintz E, Jahn K, Huppert D, Cnyrim C, Brandt T, et al. Causative 
factors, epidemiology, and follow-up of bilateral vestibulopathy. Ann N Y Acad Sci. 
(2009) 1164:505–8. doi: 10.1111/j.1749-6632.2009.03765.x

	15.	Grill E, Strupp M, Müller M, Jahn K. Health services utilization of patients with 
vertigo in primary care: a retrospective cohort study. J Neurol. (2014) 261:1492–8. doi: 
10.1007/s00415-014-7367-y

	16.	Kovacs E, Wang X, Grill E. Economic burden of vertigo: a systematic review. Heal 
Econ Rev. (2019) 9:1–14. doi: 10.1186/s13561-019-0258-2

	17.	Wang X, Strobl R, Holle R, Seidl H, Peters A, Grill E. Vertigo and dizziness cause 
considerable more health care resource use and costs: results from the KORA FF4 study. 
J Neurol. (2019) 266:2120–8. doi: 10.1007/s00415-019-09386-x

	18.	Dobbels B, Lucieer F, Mertens G, Gilles A, Moyaert J, van de Heyning P, et al. 
Prospective cohort study on the predictors of fall risk in 119 patients with bilateral 
vestibulopathy. PLoS One. (2020) 15:e0228768. doi: 10.1371/journal.pone. 
0228768

	19.	van Stiphout L, Pleshkov M, Lucieer F, Dobbels B, Mavrodiev V, Guinand N, et al. 
Patterns of vestibular impairment in bilateral Vestibulopathy and its relation to etiology. 
Front Neurol. (2022) 13:856472. doi: 10.3389/fneur.2022.856472

	20.	Sun DQ, Ward BK, Semenov YR, Carey JP, Della Santina CC. Bilateral vestibular 
deficiency: quality of life and economic implications. JAMA Otolaryngol Head Neck Surg. 
(2014) 140:527–34. doi: 10.1001/jamaoto.2014.490

	21.	Tarnutzer AA, Bockisch CJ, Buffone E, Weiler S, Bachmann LM, Weber KP. 
Disease-specific sparing of the anterior semicircular canals in bilateral vestibulopathy. 
Clin Neurophysiol. (2016) 127:2791–801. doi: 10.1016/j.clinph.2016.05.005

	22.	Greco A, De Virgilio A, Gallo A, Fusconi M, Ruoppolo G, Turchetta R, et al. 
Idiopathic bilateral vestibulopathy: an autoimmune disease? Autoimmun Rev. (2014) 
13:1042–7. doi: 10.1016/j.autrev.2014.08.035

	23.	Szmulewicz DJ, McLean CA, MacDougall HG, Roberts L, Storey E, Halmagyi GM. 
CANVAS an update: clinical presentation, investigation and management. J Vestib Res. 
(2014) 24:465–74. doi: 10.3233/ves-140536

	24.	Kattah JC. Clinical characteristics and etiology of bilateral vestibular loss in a 
cohort from Central Illinois. Front Neurol. (2018) 9:46. doi: 10.3389/fneur.2018.00046

	25.	Wester JL, Ishiyama A, Ishiyama G. Recurrent vestibular migraine Vertigo attacks 
associated with the development of profound bilateral Vestibulopathy: a case series. Otol 
Neurotol. (2017) 38:1145–8. doi: 10.1097/mao.0000000000001486

	26.	Brandt T, Schautzer F, Hamilton DA, Brüning R, Markowitsch HJ, Kalla R, et al. 
Vestibular loss causes hippocampal atrophy and impaired spatial memory in humans. 
Brain. (2005) 128:2732–41. doi: 10.1093/brain/awh617

	27.	Dobbels B, Mertens G, Gilles A, Claes A, Moyaert J, van de Berg R, et al. Cognitive 
function in acquired bilateral Vestibulopathy: a cross-sectional study on cognition, 
hearing, and vestibular loss. Front Neurosci. (2019) 13:340. doi: 10.3389/fnins.2019.00340

	28.	Lucieer F, Duijn S, Van Rompaey V, Perez Fornos A, Guinand N, Guyot JP, et al. 
Full Spectrum of reported symptoms of bilateral Vestibulopathy needs further 
investigation-a systematic review. Front Neurol. (2018) 9:352. doi: 10.3389/
fneur.2018.00352

	29.	Schöberl F, Pradhan C, Grosch M, Brendel M, Jostes F, Obermaier K, et al. Bilateral 
vestibulopathy causes selective deficits in recombining novel routes in real space. Sci Rep. 
(2021) 11:2695. doi: 10.1038/s41598-021-82427-6

	30.	Strupp M, Arbusow V. Acute vestibulopathy. Curr Opin Neurol. (2001) 14:11–20. 
doi: 10.1097/00019052-200102000-00003

	31.	Bronstein AM. Multisensory integration in balance control. Handb Clin Neurol. 
(2016) 137:57–66. doi: 10.1016/B978-0-444-63437-5.00004-2

	32.	Jahn K, Strupp M, Schneider E, Dieterich M, Brandt T. Visually induced gait 
deviations during different locomotion speeds. Exp Brain Res. (2001) 141:370–4. doi: 
10.1007/s002210100884

	33.	McCrum C, Lucieer F, van de Berg R, Willems P, Pérez Fornos A, Guinand N, et al. 
The walking speed-dependency of gait variability in bilateral vestibulopathy and its 
association with clinical tests of vestibular function. Sci Rep. (2019) 9:18392. doi: 
10.1038/s41598-019-54605-0

	34.	Medendorp WP, Alberts B, Verhagen WIM, Koppen M, Selen LPJ. Psychophysical 
evaluation of sensory reweighting in bilateral Vestibulopathy. Front Neurol. (2018) 9:377. 
doi: 10.3389/fneur.2018.00377

	35.	Herssens N, Saeys W, Vereeck L, Meijer K, van de Berg R, Van Rompaey V, et al. 
An exploratory investigation on spatiotemporal parameters, margins of stability, and 
their interaction in bilateral vestibulopathy. Sci Rep. (2021) 11:6427. doi: 10.1038/
s41598-021-85870-7

	36.	Herssens N, Dobbels B, Moyaert J, Van de Berg R, Saeys W, Hallemans A, et al. 
Paving the way toward distinguishing fallers from non-fallers in bilateral Vestibulopathy: 
a wide pilot observation. Front Neurol. (2021) 12:611648. doi: 10.3389/fneur.2021.611648

	37.	Herssens N, How D, van de Berg R, McCrum C. Falls among people with bilateral 
Vestibulopathy: a review of causes, incidence, injuries, and methods. JAMA Otolaryngol 
Head Neck Surg. (2022) 148:187–92. doi: 10.1001/jamaoto.2021.3673

	38.	Wuehr M, Decker J, Schenkel F, Jahn K, Schniepp R. Impact on daily mobility and 
risk of falling in bilateral vestibulopathy. J Neurol. (2022) 269:5746–54. doi: 10.1007/
s00415-022-11043-9

	39.	Schniepp R, Schlick C, Schenkel F, Pradhan C, Jahn K, Brandt T, et al. Clinical and 
neurophysiological risk factors for falls in patients with bilateral vestibulopathy. J Neurol. 
(2017) 264:277–83. doi: 10.1007/s00415-016-8342-6

	40.	van Stiphout L, Hossein I, Kimman M, Whitney SL, Ayiotis A, Strupp M, et al. 
Development and content validity of the bilateral Vestibulopathy questionnaire. Front 
Neurol. (2022) 13:852048. doi: 10.3389/fneur.2022.852048

https://doi.org/10.3389/fneur.2023.1308485
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.3389/fneur.2018.00762
https://doi.org/10.1055/s-0037-1599242
https://doi.org/10.1055/s-0033-1354597
https://doi.org/10.1159/000433549
https://doi.org/10.3233/VES-170619
https://doi.org/10.3389/fneur.2016.00026
https://doi.org/10.1177/000348941212100708
https://doi.org/10.1159/000433553
https://doi.org/10.1080/09638288.2022.2057603
https://doi.org/10.3109/00016489509139375
https://doi.org/10.1001/jamaoto.2013.3913
https://doi.org/10.1001/jamaoto.2013.3913
https://doi.org/10.3389/fneur.2018.00244
https://doi.org/10.1111/j.1749-6632.2009.03765.x
https://doi.org/10.1007/s00415-014-7367-y
https://doi.org/10.1186/s13561-019-0258-2
https://doi.org/10.1007/s00415-019-09386-x
https://doi.org/10.1371/journal.pone.0228768
https://doi.org/10.1371/journal.pone.0228768
https://doi.org/10.3389/fneur.2022.856472
https://doi.org/10.1001/jamaoto.2014.490
https://doi.org/10.1016/j.clinph.2016.05.005
https://doi.org/10.1016/j.autrev.2014.08.035
https://doi.org/10.3233/ves-140536
https://doi.org/10.3389/fneur.2018.00046
https://doi.org/10.1097/mao.0000000000001486
https://doi.org/10.1093/brain/awh617
https://doi.org/10.3389/fnins.2019.00340
https://doi.org/10.3389/fneur.2018.00352
https://doi.org/10.3389/fneur.2018.00352
https://doi.org/10.1038/s41598-021-82427-6
https://doi.org/10.1097/00019052-200102000-00003
https://doi.org/10.1016/B978-0-444-63437-5.00004-2
https://doi.org/10.1007/s002210100884
https://doi.org/10.1038/s41598-019-54605-0
https://doi.org/10.3389/fneur.2018.00377
https://doi.org/10.1038/s41598-021-85870-7
https://doi.org/10.1038/s41598-021-85870-7
https://doi.org/10.3389/fneur.2021.611648
https://doi.org/10.1001/jamaoto.2021.3673
https://doi.org/10.1007/s00415-022-11043-9
https://doi.org/10.1007/s00415-022-11043-9
https://doi.org/10.1007/s00415-016-8342-6
https://doi.org/10.3389/fneur.2022.852048


van Stiphout et al.� 10.3389/fneur.2023.1308485

Frontiers in Neurology 07 frontiersin.org

	41.	van Stiphout L, Rolfes J, Waardenburg S, Kimman M, Guinand N, Perez Fornos 
A, et al. Construct validity and reliability of the bilateral Vestibulopathy questionnaire 
(BVQ). Front Neurol. (2023) 14:1221037. doi: 10.3389/fneur.2023.1221037

	42.	Kattah JC, Talkad AV, Wang DZ, Hsieh YH, Newman-Toker DE. HINTS to 
diagnose stroke in the acute vestibular syndrome: three-step bedside oculomotor 
examination more sensitive than early MRI diffusion-weighted imaging. Stroke. (2009) 
40:3504–10. doi: 10.1161/strokeaha.109.551234

	43.	Yip CW, Glaser M, Frenzel C, Bayer O, Strupp M. Comparison of the bedside 
head-impulse test with the video head-impulse test in a clinical practice setting: a 
prospective study of 500 outpatients. Front Neurol. (2016) 7:58. doi: 10.3389/
fneur.2016.00058

	44.	Machner B, Erber K, Choi JH, Trillenberg P, Sprenger A, Helmchen C. Usability 
of the head impulse test in routine clinical practice in the emergency department to 
differentiate vestibular neuritis from stroke. Eur J Neurol. (2021) 28:1737–44. doi: 
10.1111/ene.14707

	45.	Szmulewicz DJ, MacDougall HG, Storey E, Curthoys IS, Halmagyi MG. A novel 
quantitative bedside test of balance function: the video visually enhanced Vestibulo-
ocular reflex (VVOR) (S19.002). Neurology. (2014) 82:S19–S1002.

	46.	Petersen JA, Straumann D, Weber KP. Clinical diagnosis of bilateral vestibular loss: 
three simple bedside tests. Ther Adv Neurol Disord. (2013) 6:41–5. doi: 
10.1177/1756285612465920

	47.	Zwergal A, Feil K, Schniepp R, Strupp M. Cerebellar dizziness and vertigo: 
etiologies, diagnostic assessment, and treatment. Semin Neurol. (2020) 40:087–96. doi: 
10.1055/s-0039-3400315

	48.	Van Dooren TS, Starkov D, Lucieer FMP, Vermorken B, Janssen AML, Guinand 
N, et al. Comparison of three video head impulse test systems for the diagnosis of 
bilateral vestibulopathy. J Neurol. (2020) 267:256–64. doi: 10.1007/s00415-020-10060-w

	49.	Manzari L, De Angelis S, Princi A.A., Galeoto G, Tramontano M. The clinical use 
of the suppression head impulse paradigm in patients with vestibulopathy: a systematic 
review. Healthcare (Basel). (2022) 10. doi: 10.3390/healthcare10071182

	50.	van Dooren T, Starkov D, Lucieer F, Dobbels B, Janssen M, Guinand N, et al. 
Suppression Head Impulse Test (SHIMP) versus Head Impulse Test (HIMP) When 
Diagnosing Bilateral Vestibulopathy. J Clin Med. (2022) 11. doi: 10.3390/jcm11092444

	51.	Rosengren SM, Welgampola MS, Taylor RL. Vestibular-evoked myogenic 
potentials in bilateral Vestibulopathy. Front Neurol. (2018) 9:252. doi: 10.3389/
fneur.2018.00252

	52.	Zingler VC, Weintz E, Jahn K, Botzel K, Wagner J, Huppert D, et al. Saccular 
function less affected than canal function in bilateral vestibulopathy. J Neurol. (2008) 
255:1332–6. doi: 10.1007/s00415-008-0887-6

	53.	Van Dooren T, Lucieer F, Duijn S, Janssen A, Guinand N, Perez Fornos A, et al. 
The functional head impulse test to assess oscillopsia in bilateral vestibulopathy. Front 
Neurol. (2019) 10:365. doi: 10.3389/fneur.2019.00365

	54.	Starkov D, Snelders M, Lucieer F, Janssen A, Pleshkov M, Kingma H, et al. Bilateral 
vestibulopathy and age: experimental considerations for testing dynamic visual acuity 
on a treadmill. J Neurol. (2020) 267:265–72. doi: 10.1007/s00415-020-10249-z

	55.	Starkov D, Strupp M, Pleshkov M, Kingma H, van de Berg R. Diagnosing 
vestibular hypofunction: an update. J Neurol. (2021) 268:377–85. doi: 10.1007/
s00415-020-10139-4

	56.	Merfeld DM, Priesol A, Lee D, Lewis RF. Potential solutions to several vestibular 
challenges facing clinicians. J Vestib Res. (2010) 20:71–7. doi: 10.3233/ves-2010-0347

	57.	Priesol AJ, Valko Y, Merfeld DM, Lewis RF. Motion perception in patients with 
idiopathic bilateral vestibular hypofunction. Otolaryngol Head Neck Surg. (2014) 
150:1040–2. doi: 10.1177/0194599814526557

	58.	van Stiphout L, Lucieer F, Pleshkov M, Van Rompaey V, Widdershoven J, Guinand 
N, et al. Bilateral vestibulopathy decreases self-motion perception. J Neurol. (2021) 
269:5216–28. doi: 10.1007/s00415-021-10695-3

	59.	van de Berg R, Kingma H. History taking in non-acute vestibular symptoms: a 
4-step approach. J Clin Med. (2021) 10:5726. doi: 10.3390/jcm10245726

	60.	Paredis S, van Stiphout L, Remmen E, Strupp M, Gerards M-C, Kingma H, et al. 
DISCOHAT: an acronym to describe the Spectrum of symptoms related to bilateral 
Vestibulopathy. Front Neurol. (2021) 12:771650. doi: 10.3389/fneur.2021.771650

	61.	Rafehi H, Read J, Szmulewicz DJ, Davies KC, Snell P, Fearnley LG, et al. An 
intronic GAA repeat expansion in FGF14 causes the autosomal-dominant adult-onset 
ataxia SCA50/ATX-FGF14. Am J Hum Genet. (2023) 110:105–19. doi: 10.1016/j.
ajhg.2022.11.015

	62.	Kheradmand A, Zee D. Cerebellum and ocular motor control. Front Neurol. (2011) 
2:53. doi: 10.3389/fneur.2011.00053

	63.	Bodranghien F, Bastian A, Casali C, Hallett M, Louis ED, Manto M, et al. 
Consensus paper: revisiting the symptoms and signs of cerebellar syndrome. Cerebellum. 
(2016) 15:369–91. doi: 10.1007/s12311-015-0687-3

	64.	Salzman KL, Childs AM, Davidson HC, Kennedy RJ, Shelton C, Harnsberger HR. 
Intralabyrinthine schwannomas: imaging diagnosis and classification. AJNR Am  J 
Neuroradiol. (2012) 33:104–9. doi: 10.3174/ajnr.A2712

	65.	Samaha M, Katsarkas A. Vestibular impairment in peripheral sensory 
neuropathies. J Otolaryngol. (2000) 29:299–301.

	66.	Akdal G, Tanrıverdizade T, Şengün İ, Bademkıran F, Koçoğlu K, Yüceyar AN, et al. 
Vestibular impairment in chronic inflammatory demyelinating polyneuropathy. J 
Neurol. (2018) 265:381–7. doi: 10.1007/s00415-017-8712-8

	67.	Blanquet M, Petersen JA, Palla A, Veraguth D, Weber KP, Straumann D, et al. 
Vestibulo-cochlear function in inflammatory neuropathies. Clin Neurophysiol. (2018) 
129:863–73. doi: 10.1016/j.clinph.2017.11.025

	68.	Bradshaw MJ, Pawate S, Koth LL, Cho TA, Gelfand JM. Neurosarcoidosis: 
pathophysiology, diagnosis, and treatment. Neurol Neuroimmunol Neuroinflamm. (2021) 
8:e1084. doi: 10.1212/nxi.0000000000001084

	69.	Frohman EM, Tusa R, Mark AS, Cornblath DR. Vestibular dysfunction in chronic 
inflammatory demyelinating polyneuropathy. Ann Neurol. (1996) 39:529–35. doi: 
10.1002/ana.410390415

	70.	Nadol JB Jr, Hedley-Whyte ET, Amr SS, JT OAM, Kamakura T. Histopathology 
of the inner ear in Charcot-Marie-tooth syndrome caused by a missense variant 
(p.Thr65Ala) in the MPZ gene. Audiol Neurootol. (2018) 23:326–34. doi: 
10.1159/000495176

	71.	Szmulewicz DJ, Waterston JA. Two patients with audiovestibular sarcoidosis. J Clin 
Neurosci. (2012) 19:158–61. doi: 10.1016/j.jocn.2011.07.020

	72.	Fahey MC, Cremer PD, Aw ST, Millist L, Todd MJ, White OB, et al. Vestibular, 
saccadic and fixation abnormalities in genetically confirmed Friedreich ataxia. Brain. 
(2008) 131:1035–45. doi: 10.1093/brain/awm323

	73.	Gordon CR, Joffe V, Vainstein G, Gadoth N. Vestibulo-ocular arreflexia in families 
with spinocerebellar ataxia type 3 (Machado-Joseph disease). J Neurol Neurosurg 
Psychiatry. (2003) 74:1403–6. doi: 10.1136/jnnp.74.10.1403

	74.	Huh YE, Kim JS, Kim HJ, Park SH, Jeon BS, Kim JM, et al. Vestibular performance 
during high-acceleration stimuli correlates with clinical decline in SCA6. Cerebellum. 
(2015) 14:284–91. doi: 10.1007/s12311-015-0650-3

	75.	Ishai R, Seyyedi M, Chancellor AM, McLean CA, Rodriguez ML, Halmagyi GM, 
et al. The pathology of the vestibular system in CANVAS. Otol Neurotol. (2021) 
42:e332–40. doi: 10.1097/mao.0000000000002985

	76.	Szmulewicz D. Combined central and peripheral degenerative vestibular disorders: 
CANVAS, idiopathic cerebellar Ataxia with bilateral Vestibulopathy (CABV) and other 
differential diagnoses of the CABV phenotype. Curr Otorhinolaryngol Rep. (2017) 
5:167–74. doi: 10.1007/s40136-017-0161-5

	77.	Szmulewicz DJ, Waterston JA, Halmagyi GM, Mossman S, Chancellor AM, 
McLean CA, et al. Sensory neuropathy as part of the cerebellar ataxia neuropathy 
vestibular areflexia syndrome. Neurology. (2011) 76:1903–10. doi: 10.1212/
WNL.0b013e31821d746e

	78.	Herdman SJ. Role of vestibular adaptation in vestibular rehabilitation. Otolaryngol 
Head Neck Surg. (1998) 119:49–54. doi: 10.1016/s0194-5998(98)70195-0

	79.	McDonnell MN, Hillier SL. Vestibular rehabilitation for unilateral peripheral 
vestibular dysfunction. Cochrane Database Syst Rev. (2015) 1:Cd005397. doi: 
10.1002/14651858.CD005397.pub4

	80.	Porciuncula F, Johnson CC, Glickman LB. The effect of vestibular rehabilitation 
on adults with bilateral vestibular hypofunction: a systematic review. J Vestib Res. (2012) 
22:283–98. doi: 10.3233/ves-120464

	81.	Hassannia F, Misale P, Sulway S, Olmos GV, Dabiri S, Ranalli P, et al. Effectiveness 
of vestibular rehabilitation therapy in patients with idiopathic cerebellar Ataxia with 
bilateral Vestibulopathy (iCABV). J Vestib Res. (2022) 32:479–85. doi: 10.3233/
ves-210058

	82.	Lucieer FMP, Van Hecke R, van Stiphout L, Duijn S, Perez-Fornos A, Guinand N, 
et al. Bilateral vestibulopathy: beyond imbalance and oscillopsia. J Neurol. (2020) 
267:241–55. doi: 10.1007/s00415-020-10243-5

	83.	Basta D, Rossi-Izquierdo M, Wonneberger K, Brugnera C, Bittar RSM, Greters 
ME, et al. Individualized Vibrotactile neurofeedback training in patients with 
chronic bilateral Vestibulopathy. Brain Sci. (2023) 13:1219. doi: 10.3390/
brainsci13081219

	84.	Dozza M, Chiari L, Horak FB. Audio-biofeedback improves balance in patients 
with bilateral vestibular loss. Arch Phys Med Rehabil. (2005) 86:1401–3. doi: 10.1016/j.
apmr.2004.12.036

	85.	Kingma H, Felipe L, Gerards MC, Gerits P, Guinand N, Perez-Fornos A, et al. 
Vibrotactile feedback improves balance and mobility in patients with severe bilateral 
vestibular loss. J Neurol. (2019) 266:19–26. doi: 10.1007/s00415-018-9133-z

	86.	Fujimoto C, Egami N, Kawahara T, Uemura Y, Yamamoto Y, Yamasoba T, et al. 
Noisy galvanic vestibular stimulation sustainably improves posture in bilateral 
Vestibulopathy. Front Neurol. (2018) 9:900. doi: 10.3389/fneur.2018.00900

	87.	Iwasaki S, Fujimoto C, Egami N, Kinoshita M, Togo F, Yamamoto Y, et al. Noisy 
vestibular stimulation increases gait speed in normals and in bilateral vestibulopathy. 
Brain Stimul. (2018) 11:709–15. doi: 10.1016/j.brs.2018.03.005

	88.	Wuehr M, Decker J, Schniepp R. Noisy galvanic vestibular stimulation: an 
emerging treatment option for bilateral vestibulopathy. J Neurol. (2017) 264:81–6. doi: 
10.1007/s00415-017-8481-4

	89.	Chow MR, Ayiotis AI, Schoo DP, Gimmon Y, Lane KE, Morris BJ, et al. Posture, 
gait, quality of life, and hearing with a vestibular implant. N Engl J Med. (2021) 
384:521–32. doi: 10.1056/NEJMoa2020457

https://doi.org/10.3389/fneur.2023.1308485
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.3389/fneur.2023.1221037
https://doi.org/10.1161/strokeaha.109.551234
https://doi.org/10.3389/fneur.2016.00058
https://doi.org/10.3389/fneur.2016.00058
https://doi.org/10.1111/ene.14707
https://doi.org/10.1177/1756285612465920
https://doi.org/10.1055/s-0039-3400315
https://doi.org/10.1007/s00415-020-10060-w
https://doi.org/10.3390/healthcare10071182
https://doi.org/10.3390/jcm11092444
https://doi.org/10.3389/fneur.2018.00252
https://doi.org/10.3389/fneur.2018.00252
https://doi.org/10.1007/s00415-008-0887-6
https://doi.org/10.3389/fneur.2019.00365
https://doi.org/10.1007/s00415-020-10249-z
https://doi.org/10.1007/s00415-020-10139-4
https://doi.org/10.1007/s00415-020-10139-4
https://doi.org/10.3233/ves-2010-0347
https://doi.org/10.1177/0194599814526557
https://doi.org/10.1007/s00415-021-10695-3
https://doi.org/10.3390/jcm10245726
https://doi.org/10.3389/fneur.2021.771650
https://doi.org/10.1016/j.ajhg.2022.11.015
https://doi.org/10.1016/j.ajhg.2022.11.015
https://doi.org/10.3389/fneur.2011.00053
https://doi.org/10.1007/s12311-015-0687-3
https://doi.org/10.3174/ajnr.A2712
https://doi.org/10.1007/s00415-017-8712-8
https://doi.org/10.1016/j.clinph.2017.11.025
https://doi.org/10.1212/nxi.0000000000001084
https://doi.org/10.1002/ana.410390415
https://doi.org/10.1159/000495176
https://doi.org/10.1016/j.jocn.2011.07.020
https://doi.org/10.1093/brain/awm323
https://doi.org/10.1136/jnnp.74.10.1403
https://doi.org/10.1007/s12311-015-0650-3
https://doi.org/10.1097/mao.0000000000002985
https://doi.org/10.1007/s40136-017-0161-5
https://doi.org/10.1212/WNL.0b013e31821d746e
https://doi.org/10.1212/WNL.0b013e31821d746e
https://doi.org/10.1016/s0194-5998(98)70195-0
https://doi.org/10.1002/14651858.CD005397.pub4
https://doi.org/10.3233/ves-120464
https://doi.org/10.3233/ves-210058
https://doi.org/10.3233/ves-210058
https://doi.org/10.1007/s00415-020-10243-5
https://doi.org/10.3390/brainsci13081219
https://doi.org/10.3390/brainsci13081219
https://doi.org/10.1016/j.apmr.2004.12.036
https://doi.org/10.1016/j.apmr.2004.12.036
https://doi.org/10.1007/s00415-018-9133-z
https://doi.org/10.3389/fneur.2018.00900
https://doi.org/10.1016/j.brs.2018.03.005
https://doi.org/10.1007/s00415-017-8481-4
https://doi.org/10.1056/NEJMoa2020457


van Stiphout et al.� 10.3389/fneur.2023.1308485

Frontiers in Neurology 08 frontiersin.org

	90.	van de Berg R, Guinand N, Nguyen TA, Ranieri M, Cavuscens S, Guyot JP, et al. 
The vestibular implant: frequency-dependency of the electrically evoked vestibulo-
ocular reflex in humans. Front Syst Neurosci. (2014) 8:255. doi: 10.3389/fnsys.2014.00255

	91.	Fornos AP, van de Berg R, Armand S, Cavuscens S, Ranieri M, Cretallaz C, et al. 
Cervical myogenic potentials and co‑ntrolled postural responses elicited by a prototype 
vestibular implant. J Neurol. (2019) 266:33–41. doi: 10.1007/s00415-019-09491-x

	92.	Guinand N, Van de Berg R, Cavuscens S, Stokroos R, Ranieri M, Pelizzone M, et al. 
Restoring visual acuity in dynamic conditions with a vestibular implant. Front Neurosci. 
(2016) 10:577. doi: 10.3389/fnins.2016.00577

	93.	Starkov D, Guinand N, Lucieer F, Ranieri M, Cavuscens S, Pleshkov M, et al. 
Restoring the high-frequency dynamic visual acuity with a vestibular implant prototype 
in humans. Audiol Neurootol. (2019) 25:91–5. doi: 10.1159/000503677

	94.	Stultiens JJA, Lewis RF, Phillips JO, Boutabla A, Della Santina CC, Glueckert R, 
et al. The next challenges of vestibular implantation in humans. J Assoc Res Otolaryngol. 
(2023) 24:401–12. doi: 10.1007/s10162-023-00906-1

	95.	van Stiphout L, Lucieer F, Guinand N, Pérez Fornos A, van de Berg M, Van Rompaey 
V, et al. Bilateral vestibulopathy patients' perspectives on vestibular implant treatment: a 
qualitative study. J Neurol. (2021) 269:5249–57. doi: 10.1007/s00415-021-10920-z

https://doi.org/10.3389/fneur.2023.1308485
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.3389/fnsys.2014.00255
https://doi.org/10.1007/s00415-019-09491-x
https://doi.org/10.3389/fnins.2016.00577
https://doi.org/10.1159/000503677
https://doi.org/10.1007/s10162-023-00906-1
https://doi.org/10.1007/s00415-021-10920-z

	Bilateral vestibulopathy: a clinical update and proposed diagnostic algorithm
	1 Background
	2 Clinical characteristics
	2.1 Etiology
	2.2 Symptoms

	3 Physical examination and laboratory assessment
	3.1 Physical examination
	3.2 Laboratory assessment

	4 Proposal of a diagnostic algorithm for BVP
	5 Treatment
	6 Conclusion
	Author contributions

	References

