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Editorial on the Research Topic
 Bilateral vestibulopathy




This Research Topic gathers contributions that highlight characteristics of bilateral vestibulopathy (BVP), tools for studying and tracking this condition, and describe other factors that may impact mobility and cognitive function. We also include studies that highlight the importance of considering environmental factors (e.g., noise exposure history) in subjects that have no known cause of BVP or vestibular hypofunction (VH). The purpose of this topic is to highlight recent advances and propose a potential consideration for idiopathic cases of BVP.

Bilateral vestibulopathy (BVP) was first described in James (1882) and understanding of the symptoms and diagnostic findings of this condition has developed significantly since this time. Diagnostic criteria have emerged and include imbalance and unsteady gait that worsens in darkness or on uneven surfaces, oscillopsia, and bilateral loss of vestibular end-organ and/or peripheral vestibular nerve function.

BVP is not a rare condition. It has been estimated that severe-to-profound BVP occurs in approximately 28:100,00 or 64,000 individuals in the US (Ward et al., 2013). In cases that develop slowly, symptoms may not be perceived due to their slow onset. However, when the symptoms reach a level of severity, increased visual impairment related to oscillopsia, difficulty balancing, loss of self-perception of motion, and fall risk become serious concerns. Generally, at this time, patients are evaluated and diagnosed. Ward et al. (2013) queried patients with BVP about their degree of disability. In that study, 44% of patients stopped driving because of their symptoms and 75% became unemployed. In another study, 90% of respondents reported an impairment in health health-related quality of life (Guinand et al., 2012). The etiology is unclear for almost half of patients evaluated, but in remaining cases causes include surgery, genetic mutations, drug exposure (aminoglycosides and platins), bilateral Meniere's Syndrome, bilateral vascular occlusion, infection, and tumors of the temporal bone. Research is emerging that suggests cumulative noise exposure over one's lifespan may also be a factor underlying this debilitating condition.

Beyond the disabilities noted above, previous work has documented hippocampal atrophy and impaired spatial memory in BVP patients (e.g., Brandt et al., 2005). An elegant study by Maguire et al. (1997) used positron emission tomography (PET) to investigate the hippocampus in London taxi drivers. Gray matter volume (voxel-based morphometry) in the posterior hippocampus of London cab drivers was greater than age-matched controls and the size of this increase was associated with years spent driving a taxi. In this topic, Lee et al. compare canal function and questionnaire data with changes in neural connections and volume of key brain regions. Their observations may be linked to cognitive dysfunction. Results of this work support the importance of routine clinical measures such as questionnaires and horizontal canal testing for diagnosis of BVP, but also highlight the importance of neuroimaging in identifying and monitoring factors that can significantly impact daily functioning, not only due to dizziness and imbalance, but also due to depression and cognitive impairment. This work also demonstrates that in addition to hippocampal atrophy, changes in functional connections that support the salience network are altered (Lee et al.).

Development of questionnaires that are simple to complete and can be interpreted to assess severity and changes related to treatment or progression of BVP are of significant value. Using questionnaires such as the Bilateral Vestibulopathy Questionnaire, described in this topic, are of significant value as a quick high-level assessment tool (van Stiphout et al.).

Hearing status of BVP patients is also investigated in this topic. Moyaert et al. demonstrate that only 21% of patients with BVP have normal hearing and nearly half have profound hearing loss in at least one ear. Within this group, 40% of patients with idiopathic BVL have profound hearing loss and only 17% have normal hearing. An inability to identify a single event that may have caused BVL suggests that in some subjects, BVL develops through cumulative insults over time (e.g., environmental noise exposure).

Canal functional tests are a critical component of BVP assessment. Otolith organ tests also have the potential to provide early diagnosis of idiopathic cases of BV. This may be particularly relevant where cumulative exposure to environmental factors that damage the vestibular periphery are involved. For instance, if noise is shown to be a contributing factor, then the otolith organs are most affected by environmental noise, followed by the semicircular canal cristae (Stewart et al., 2016). In this topic, firefighters, who are exposed to a range of damaging noise frequencies and vibrations were studied, and it was observed that in addition to elevated high-frequency hearing thresholds, firefighters also had reduced cervical vestibular evoked myogenic potential (VEMP) amplitudes and elevated thresholds, versus controls (Snapp et al.). Another contribution to this topic demonstrates the successful generation of reliable and reproducible VEMPs in rats. While this has been done in other studies (e.g., Hsu et al., 2008), development of this method for use in animal models has been difficult. Interestingly, Raciti et al. have reported that ACS-evoked VEMPs in rats are best at 6-10 kHz. Variability in best frequency could be species-dependent; however, this novel finding may change how we view the impact of a larger range of frequencies on vestibular function and dysfunction.

Lastly, this topic characterizes factors that impact walking. It is shown that rats exposed to noise that has been previously shown to causes vestibular injury resulting in physiological deficits (Stewart et al., 2020) walk more slowly in a simple balance beam crossing task (Bartikofsky et al.). It is also demonstrated that even in young, healthy adults, distractions lead to perturbations and errors in gait (Bazzi and Cacace). In subjects with BVP, it is likely that a significantly greater amount of attention must be paid to walking, particularly since reduced cognitive function is observed. Distractions, even very small ones, may lead to falls and serious injuries that impact health, safety, and independence.

We hope that readers will find benefit in this topic's integration of recent studies of BVP, otolith organ dysfunction, and factors that influence mobility.


Author contributions

CS: Writing – original draft, Writing – review & editing. WK: Writing – original draft, Writing – review & editing. RA: Writing – original draft, Writing – review & editing. DM: Writing – original draft, Writing – review & editing.



Funding

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



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.



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

 Brandt, T., Shautzer, F., Hamilton, D. A., Bruning, R., Markowitsch, H. J., Kalla, R., et al. (2005). Vestibular loss causes hippocampal atrophy and impaired spatial memory in humans. Brain 128, 2732–2741. doi: 10.1093/brain/awh617

 Guinand, N., Boselie, F., Guyot, J. P., and Kingma, H. (2012). Quality of life of patients with bilateral vestibulopathy. Ann. Otol. Rhinol. Laryngol. 121, 471–477. doi: 10.1177/000348941212100708

 Hsu, W. C., Wang, J. D., Lue, J. H., Day, A. S., and Young, Y. H. (2008). Physiological and morphological assessment of the saccule in Guinea pigs after noise exposure. Arch. Otolaryngol. Head Neck Surg. 134, 1099–1106. doi: 10.1001/archotol.134.10.1099

 James, W. (1882). The sense of dizziness in deaf-mutes. Am. Ann. Deaf Dumb. 28, 102–117.

 Maguire, E. A., Frackowiak, R. S., and Frith, C. D. (1997). Recalling routes around London: activation of the right hippocampus in taxi drivers. J. Neurosci. 17, 7103–7110. doi: 10.1523/JNEUROSCI.17-18-07103.1997

 Stewart, C., Yu, Y., Huang, J., Maklad, A., Tang, X., Allison, J., et al. (2016). Effects of high intensity noise on the vestibular system in rats. Hear Res. 335, 118–127. doi: 10.1016/j.heares.2016.03.002

 Stewart, C. E., Bauer, D. S., Kanicki, A. C., Altschuler, R. A., and King, W. M. (2020). Intense noise exposure alters peripheral vestibular structures and physiology. J. Neurophysiol. 123, 658–669. doi: 10.1152/jn.00642.2019

 Ward, B. K., Agrawal, Y., Hoffman, H. J., Carey, J. P., and Della Santina, C. C. (2013). Prevalence and impact of bilateral vestibular hypofunction: results from the 2008 US National Health Interview Survey. JAMA Otolaryngol. Head Neck Surg. 139, 803–810. doi: 10.1001/jamaoto.2013.3913

Copyright
 © 2024 Stewart, King, Altschuler and McCaslin. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Editorial: Bilateral vestibulopathy



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		References

















OPS/images/cover.jpg
'i‘rontlers | Frontiers in Integrative Neuroscience












OPS/images/crossmark.jpg
©

|






OPS/images/logo.jpg
' frontiers ‘ Frontiers in Integrative Neuroscience







