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This manuscript is the first in a series on vestibular neuropharmacology, and serves to

establish why it is important to develop pharmacologic interventions to treat disorders of the

vestibular system. We will review the prevalence of vestibular disorders, present studies that

describe the impact of vestibular disorders on quality of life and clinically significant

outcomes such as falls, and discuss the need for rational, targeted treatment. We will

advance a central hypothesis, that for vestibular disorders with a well-defined

pathophysiology, targeted, effective treatments exist.

The prevalence of vestibular disorders has been estimated in several population-based

studies, and can be categorized into studies that evaluated a cardinal symptom of vestibular

dysfunction, vertigo; studies that estimated vestibular function using balance testing, and

studies that considered the prevalence of specific vestibular disorders. We will review each

category of population-based study in this order. A study in Germany queried a

representative sample of the population about vestibular vertigo, which was defined as

rotational vertigo (illusion of self-motion or object motion), positional vertigo (vertigo or

dizziness precipitated by changes of head position, such as lying down or turning in bed) or

recurrent dizziness with nausea and oscillopsia or imbalance. Neurotologic interviews in

1003 subjects were used to validate the questionnaire. The study found lifetime adult

prevalence of vestibular vertigo of 7.4%, a 4.9% 1-year prevalence, and a 1.4% 1-year

incidence. Vestibular vertigo was 3 times more common in the elderly, and exhibited a

nearly 3-fold female preponderance [27,29].

We recently estimated the prevalence of vestibular dysfunction in the US population using

data from the 2001–2004 National Health and Nutrition Examination Survey (NHANES),

where balance function was assessed using the modified Romberg test, an objective

measure. We found that 35% of US adults age 40 years and older had evidence of balance

dysfunction based on this postural metric [1]. The odds of balance dysfunction increased

significantly with age, such that 85% of individuals age 80 and above had evidence of

balance dysfunction. Additionally, the odds of balance dysfunction were found to be 70%

higher among individuals with diabetes mellitus [1]. Dose-response relationships were

observed, such that subjects with longer duration of disease and greater disease severity (as
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measured by Hemoglobin A1C levels) had poorer balance function. Moreover, patients with

other diabetes-related complications, including peripheral neuropathy and retinopathy, were

significantly more likely to have concomitant balance dysfunction.

Turning to specific vestibular disorders, benign paroxysmal positional vertigo (BPPV) is the

most common vestibular disorder, and may account for up to one-third of vertigo

presentations to dizziness clinics [26]. Based on a telephone survey of a representative

sample of the adult German population, where BPPV was defined as at least 5 attacks of

vertigo in last year lasting < 1 minute without concomitant neurological symptoms and

invariably provoked by typical changes in head position, a 2.4% lifetime prevalence of

BPPV was observed, along with 1-year prevalence of 1.6%, and a 0.6% incidence of new

cases. BPPV was more common in older adults, with a prevalence of 3.4% in individuals

over age 60, and the cumulative lifetime incidence was almost 10% by age 80 [36].

Vestibular migraine appears to be the second most common cause of dizziness. A survey of

the German health system demonstrated a prevalence of vestibular migraine of 6–7% among

patients who presented to a neurotology clinic, and a prevalence of 9% in patients who

presented to a migraine clinic [26]. Using a telephone survey administered to a

representative sample of the German adult population where vestibular migraine was

defined as 1) recurrent vestibular vertigo; 2) migraine according to the International

Headache Society; 3) migrainous symptoms during at least two vertiginous attacks

(migrainous headache, photophobia, phonophobia, or aura symptoms); and 4) vertigo not

attributed to another disorder, a lifetime prevalence of vestibular migraine of 0.98% was

observed, as well as a 0.89% 1-year prevalence [28]. Additionally, vestibular migraine is the

most common diagnosis in children with vertigo [12].

Several population-based studies have attempted to estimate the prevalence of Menière’s

disease. One study in the United States evaluated the number of new cases that presented to

otolaryngologists at the Mayo Clinic (with a defined catchment population), where a case

was defined as the presence of fluctuating/progressive sensorineural hearing loss with

“spells” of vertigo. An annual incidence of 15.3 per 100,000 population was observed [40].

Another study conducted in Southern Finland used a questionnaire that asked whether

individuals had experienced vertigo associated with a moving sensation, hearing loss, or

tinnitus. After excluding subjects who may have had another reason for these symptoms

such as former head trauma, ear surgery, stroke, noise exposure, epilepsy, specific

provocative factors for vertigo (e.g. head movement), 16 positive responses out of 3138

surveys were collected for definite Menière’s disease, equivalent to a prevalence of

515/100,000 [17]. Another more recent study looking at the US Health Claims Database

identified 473,000 coded diagnoses of Menière’s disease (ICD-9 386.0) in January 2005–

2007 out of 60 million claims, equivalent to a prevalence of 190/100,000 [16].

The incidence of vestibular neuritis was estimated in a study in Japan, where it was found

that 7% of patients presenting to dizziness outpatient clinics had evidence of vestibular

neuritis, equivalent to an incidence rate of 3.5/100,000. Interestingly, a male predominance

of vestibular neuritis was observed unlike other vestibular conditions where a female

preponderance is typically observed [32]. The prevalence of superior canal dehiscence
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syndrome (SCDS) is difficult to estimate, given that individuals who have a dehiscence may

not always be symptomatic or may not have the diagnosis of SCDS. A study of cadaveric

temporal bones does provide an approximation: A physical dehiscence of the superior canal

was present in ~0.5% of 1000 cadaveric temporal bones, equivalent to a lifetime prevalence

of 0.5% [7]. It should be noted, however, that this may be an overestimate given that these

subjects did not necessarily exhibit the clinical manifestations of SCDS, and that donors to

temporal bone registries may be more likely to suffer from otologic diseases.

The impact of vestibular disorders appears to be considerable. Individuals with vestibular

vertigo in a study in Germany reported interruption of their daily activities, and the need for

sick leave or medical consultation in 80% of subjects [27]. Another study evaluated the

social impact of dizziness through the Social Life and Work Impact of Dizziness

questionnaire administered in populations in Italy and England. Twenty-seven percent of

subjects with dizziness reported changing jobs, 21% gave up work, and 50% reported

reduced efficiency at work. Fifty-seven percent reported a disruption in their social life, 35%

reported family difficulties, and 50% reported difficulties with travel [5].

Vestibular disorders have also been shown to impact mood and cognitive status. Patients

who presented to a neurotology clinic with a documented vestibular disorder experienced

greater than expected anxiety and depression distress [25]. Individuals with vestibular

disorders also frequently report cognitive impairment or “brain fog” as well as difficulties in

spatial memory/attention. Decreased hippocampal size has been observed in patients with

bilateral vestibular loss [15,33].

Some of the more striking evidence of the impact of vestibular disorders comes from the

study of the quality of life (QOL) in individuals with specific vestibular disorders. A study

in which the QOL index Short-Form 36 was administered to patients with Meniere’s disease

demonstrated that Menière’s disease has a similar impact on QOL as chronic health

problems, and that vertigo symptoms have the greatest impact on QOL [41]. Another study

evaluated the comparative QOL associated with Meniere’s disease, and found that active

Menière’s disease had a QOL that was intermediate between Alzheimer’s disease not

requiring institutionalization, and patients with AIDS or cancer, 6 days before death [3].

The impact of vestibular disorders may also be determined based on the increased risk of

clinically significant outcomes such as falls. In the previously-mentioned study using data

from NHANES, individuals with balance dysfunction had a 2.6-fold increase in the odds of

falling, and those who were clinically symptomatic (i.e. reported dizziness) had a 12-fold

increase in the odds of falling. Falls are a highly prevalent event among older individuals:

over 1 in 3 community-dwelling adults age > 65 fall each year. Falls exert a tremendous

individual and societal toll: 10% of falls result in major injuries such as hip fractures, falls

with injury increase the risk of nursing home placement 10-fold, and the costs of falls in the

United States are estimated to exceed $20 billion annually [11,13,34,35].

The central hypothesis of this paper is that for vestibular disorders with well-defined

pathophysiology, targeted, effective treatments exist. We will provide several examples to

support this hypothesis, and allow this hypothesis to set the stage for the subsequent papers
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on vestibular neuropharmacology. BPPV is an example of a vestibular disorder whose

pathophysiology is well-understood and for which an effective treatment exists based on this

pathophysiologic understanding. BPPV results from the displacement of otoconia from the

utricular macular to the semicircular canals, typically to the posterior canal. Treatment of

BPPV involves repositioning maneuvers, which move otoconia out of the affected canal and

into the vestibule, where they are thought to dissolve. For example, the Epley maneuver uses

gravity to treat canalolithiasis of the posterior canal by moving the patient through 4

positions with each position maintained for 30 seconds to allow settling of the particles to

the lowest gravitational position. Strong evidence from numerous studies suggests that

particle repositioning therapy reduces symptoms of BPPV and results in a conversion from a

positive to negative Dix-Hallpike maneuver in up to 80% of patients [19–21].

Superior canal dehiscence syndrome (SCDS) is another example of a vestibular disorder

where the pathophysiology is well-established and a targeted, effective treatment has been

developed. In SCDS, a third mobile window into the middle cranial fossa produces the

symptoms of sound-induced vertigo (Tullio’s phenomenon), pressure-induced vertigo, bone-

conduction hyperacusis, and autophony. The diagnosis is made based on a high-resolution

CT scan of the temporal bone, which demonstrates a dehiscent superior semicircular canal.

Plugging the dehiscent canal via middle fossa craniotomy, which eliminates the third mobile

window, has been shown to decrease symptoms, normalize physiologic testing including

vestibular-evoked myogenic potentials (VEMPs) and the audiometric air-bone gap, and

improve quality of life based on the Dizziness Handicap Inventory (DHI) [8,9,24].

As a corollary to our central hypothesis, for vestibular disorders with poorly-defined

pathophysiology, there is limited evidence for targeted, effective treatments. An example of

a poorly-understood vestibular disorder is vestibular deficiency associated with aging, or

presbystasis. As discussed previously, we observed using population-based data from

NHANES that the prevalence of balance dysfunction increased significantly with age. Based

on these findings we sought to further characterize the changes in vestibular physiologic

function associated with aging. First, we evaluated whether age-related deficits occur

symmetrically or selectively across the 5 vestibular end-organs – the 3 semicircular canals

(horizontal, superior and posterior) and 2 otolith organs (saccule and utricle). We conducted

a pilot study characterizing semicircular canal and otolith function in 50 healthy individuals

age 70 and above. We used dynamic visual acuity during head thrusts (htDVA) as a measure

of semicircular canal function, based on prior data from our laboratory demonstrating that

the htDVA test is highly correlated with search coil testing while being significantly less

time- and resource-intensive to administer [31]. We used air-conducted sound-evoked

cervical vestibular-evoked myogenic potential (VEMP) testing as a measure of saccular

function, and midline skull tap-evoked ocular VEMP testing to assess utricular function,

based on studies demonstrating the validity of these otolith-specific measures [38,39]. We

found that vestibular function declined asymmetrically across the vestibular end-organs: 80–

90% of individuals age 70 and above had evidence of semicircular canal dysfunction,

whereas only 50% of participants had abnormal saccular function and 20% had utricular

impairment. Interestingly, histopathologic analyses of age-related changes in the temporal

bone corroborate these findings, demonstrating a greater loss of vestibular hair cells in the

cristae ampullares of the semicircular canals relative to the otolithic maculae [30].
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At present, treatment options for presbystasis, and bilateral vestibular deficiency (BVD) in

general, are limited. Vestibular rehabilitation is a mainstay of treatment, whereby patients

compensate for their vestibular loss by using visual or proprioceptive cues under the

direction of a therapist [6,23]. Other options include the use of sensory substitution methods

such as biofeedback prostheses, whereby a body-worn device delivers sensory feedback

(e.g. vibrotactile, auditory) to patients to orient the trunk during body sway [4,14,18,22,37].

However, strong, systematic evidence in support of rehabilitative strategies for the treatment

of BVD and the improvement in clinically-significant outcomes (e.g. quality of life, falls) is

lacking. The multi-channel vestibular prosthesis represents a promising new technology for

the treatment of BVD that is awaiting human trials [10].

In this paper we have demonstrated that vestibular disorders are quite prevalent, and that the

impact on overall health and well-being are considerable. The urgent need for treatment is a

function of both the prevalence and impact of vestibular disorders. This need is exemplified

in the case of presbystasis, which appears to be highly prevalent among older individuals

and results in significant morbidity including falls. We have suggested that for vestibular

disorders with well-defined pathophysiology, targeted, effective treatments exist. Although

the particular treatments we reviewed were not pharmacologic, the treatment of Menière’s

disease, vestibular migraine, and the behavioral consequences of chronic vertigo (e.g. the

anxiety, phobia and motion sickness associated with chronic subjective dizziness) represent

important potential targets for pharmacologic intervention. The development of effective

treatment modalities will require a heightened understanding of the pathophysiologic basis

of vestibular disease, followed by controlled studies on the efficacy of pharmacologic

interventions in the treatment of vestibular disease.

References

1. Agrawal Y, Carey JP, et al. Disorders of balance and vestibular function in US adults: data from the
National Health and Nutrition Examination Survey, 2001–2004. Arch Intern Med. 2009; 169(10):
938–944. [PubMed: 19468085]

2. Agrawal Y, Carey JP, et al. Diabetes, vestibular dysfunction, and falls: analyses from the National
Health and Nutrition Examination Survey. Otol Neurotol. 2010; 31(9):1445–1450. [PubMed:
20856157]

3. Anderson JP, Harris JP. Impact of Meniere’s disease on quality of life. Otol Neurotol. 2001; 22(6):
888–894. [PubMed: 11698814]

4. Basta D, Rossi-Izquierdo M, et al. Efficacy of a vibrotactile neurofeedback training in stance and
gait conditions for the treatment of balance deficits: A double-blind, placebo-controlled multicenter
study. Otol Neurotol. 2011; 32(9):1492–1499. [PubMed: 22089958]

5. Bronstein AM, Golding JF, et al. The social impact of dizziness in London and Siena. J Neurol.
2010; 257(2):183–190. [PubMed: 19701661]

6. Brown KE, Whitney SL, et al. Physical therapy outcomes for persons with bilateral vestibular loss.
Laryngoscope. 2001; 111(10):1812–1817. [PubMed: 11801950]

7. Carey JP, Minor LB, et al. Dehiscence or thinning of bone overlying the superior semicircular canal
in a temporal bone survey. Arch Otolaryngol Head Neck Surg. 2000; 126(2):137–147. [PubMed:
10680863]

8. Crane BT, Lin FR, et al. Improvement in autophony symptoms after superior canal dehiscence
repair. Otol Neurotol. 31(1):140–146. [PubMed: 20050268]

9. Crane BT, Minor LB, et al. Superior Canal Dehiscence Plugging Reduces Dizziness Handicap.
Laryngoscope. 2008

Agrawal et al. Page 5

J Vestib Res. Author manuscript; available in PMC 2014 June 24.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



10. Della Santina CC, Migliaccio AA, et al. Current and future management of bilateral loss of
vestibular sensation – an update on the Johns Hopkins Multichannel Vestibular Prosthesis Project.
Cochlear Implants Int. 11(Suppl 2):2–11. [PubMed: 21756683]

11. Englander F, Hodson TJ, et al. Economic dimensions of slip and fall injuries. J Forensic Sci. 1996;
41(5):733–746. [PubMed: 8789837]

12. Erbek SH, Erbek SS, et al. Vertigo in childhood: A clinical experience. Int J Pediatr
Otorhinolaryngol. 2006; 70(9):1547–1554. [PubMed: 16730074]

13. Findorff MJ, Wyman JF, et al. Measuring the direct health-care costs of a fall injury event. Nurs
Res. 2007; 56(4):283–287. [PubMed: 17625468]

14. Goebel JA, Sinks BC, et al. Effectiveness of head-mounted vibrotactile stimulation in subjects with
bilateral vestibular loss: A phase 1 clinical trial. Otol Neurotol. 2009; 30(2):210–216. [PubMed:
19106768]

15. Gufoni M, Guidetti G, et al. The relationship between cognitive impairment, anxiety-depression
symptoms and balance and spatial orientation complaints in the elderly. Acta Otorhinolaryngol
Ital. 2005; 25(3 Suppl 79):12–21. [PubMed: 16447680]

16. Harris JP, Alexander TH. Current-day prevalence of Meniere’s syndrome. Audiol Neurootol. 2010;
15(5):318–322. [PubMed: 20173319]

17. Havia M, Kentala E, et al. Prevalence of Meniere’s disease in general population of Southern
Finland. Otolaryngol Head Neck Surg. 2005; 133(5):762–768. [PubMed: 16274806]

18. Hegeman J, Honegger F, et al. The balance control of bilateral peripheral vestibular loss subjects
and its improvement with auditory prosthetic feedback. J Vestib Res. 2005; 15(2):109–117.
[PubMed: 15951624]

19. Helminski JO, Zee DS, et al. Effectiveness of particle repositioning maneuvers in the treatment of
benign paroxysmal positional vertigo: A systematic review. Phys Ther. 2010; 90(5):663–678.
[PubMed: 20338918]

20. Hilton M, Pinder D. The Epley (canalith repositioning) manoeuvre for benign paroxysmal
positional vertigo. Cochrane Database Syst Rev. 2004; (2):CD003162. [PubMed: 15106194]

21. Hunt WT, Zimmermann EF, et al. Modifications of the Epley (canalith repositioning) manoeuvre
for posterior canal benign paroxysmal positional vertigo (BPPV). Cochrane Database Syst Rev.
2012; 4:CD008675. [PubMed: 22513962]

22. Kentala E, Vivas J, et al. Reduction of postural sway by use of a vibrotactile balance prosthesis
prototype in subjects with vestibular deficits. Ann Otol Rhinol Laryngol. 2003; 112(5):404–409.
[PubMed: 12784977]

23. Krebs DE, Gill-Body KM, et al. Double-blind, placebo-controlled trial of rehabilitation for
bilateral vestibular hypofunction: preliminary report. Otolaryngol Head Neck Surg. 1993; 109(4):
735–741. [PubMed: 8233513]

24. Minor LB, Solomon D, et al. Sound- and/or pressure-induced vertigo due to bone dehiscence of the
superior semicircular canal. Arch Otolaryngol Head Neck Surg. 1998; 124(3):249–258. [PubMed:
9525507]

25. Monzani D, Casolari L, et al. Psychological distress and disability in patients with vertigo. J
Psychosom Res. 2001; 50(6):319–323. [PubMed: 11438113]

26. Neuhauser H, Leopold M, et al. The interrelations of migraine, vertigo, and migrainous vertigo.
Neurology. 2001; 56(4):436–441. [PubMed: 11222783]

27. Neuhauser HK. Epidemiology of vertigo. Curr Opin Neurol. 2007; 20(1):40–46. [PubMed:
17215687]

28. Neuhauser HK, Radtke A, et al. Migrainous vertigo: prevalence and impact on quality of life.
Neurology. 2006; 67(6):1028–1033. [PubMed: 17000973]

29. Neuhauser HK, von Brevern M, et al. Epidemiology of vestibular vertigo: A neurotologic survey
of the general population. Neurology. 2005; 65(6):898–904. [PubMed: 16186531]

30. Rosenhall U. Degenerative patterns in the aging human vestibular neuro-epithelia. Acta
Otolaryngol. 1973; 76(2):208–220. [PubMed: 4543916]

31. Schubert MC, Migliaccio AA, et al. Dynamic visual acuity during passive head thrusts in canal
planes. J Assoc Res Otolaryngol. 2006; 7(4):329–338. [PubMed: 16810569]

Agrawal et al. Page 6

J Vestib Res. Author manuscript; available in PMC 2014 June 24.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



32. Sekitani T, Imate Y, et al. Vestibular neuronitis: epidemiological survey by questionnaire in Japan.
Acta Otolaryngol Suppl. 1993; 503:9–12. [PubMed: 8470507]

33. Smith PF, Zheng Y, et al. Does vestibular damage cause cognitive dysfunction in humans? J Vestib
Res. 2005; 15(1):1–9. [PubMed: 15908735]

34. Tinetti ME. Clinical practice. Preventing falls in elderly persons. N Engl J Med. 2003; 348(1):42–
49. [PubMed: 12510042]

35. Tinetti ME, Williams CS. Falls, injuries due to falls, and the risk of admission to a nursing home.
N Engl J Med. 1997; 337(18):1279–1284. [PubMed: 9345078]

36. von Brevern M, Radtke A, et al. Epidemiology of benign paroxysmal positional vertigo: A
population based study. J Neurol Neurosurg Psychiatry. 2007; 78(7):710–715. [PubMed:
17135456]

37. Wall C 3rd, Kentala E. Control of sway using vibrotactile feedback of body tilt in patients with
moderate and severe postural control deficits. J Vestib Res. 2005; 15(5–6):313–325. [PubMed:
16614476]

38. Welgampola MS, Colebatch JG. Characteristics and clinical applications of vestibular-evoked
myogenic potentials. Neurology. 2005; 64(10):1682–1688. [PubMed: 15911791]

39. Welgampola MS, Migliaccio AA, et al. The human sound-evoked vestibulo-ocular reflex and its
electromyographic correlate. Clin Neurophysiol. 2009; 120(1):158–166. [PubMed: 19070541]

40. Wladislavosky-Waserman P, Facer GW, et al. Meniere’s disease: a 30-year epidemiologic and
clinical study in Rochester, Mn, 1951–1980. Laryngoscope. 1984; 94(8):1098–1102. [PubMed:
6611471]

41. Yardley L, Dibb B, et al. Factors associated with quality of life in Meniere’s disease. Clin
Otolaryngol Allied Sci. 2003; 28(5):436–441. [PubMed: 12969347]

Agrawal et al. Page 7

J Vestib Res. Author manuscript; available in PMC 2014 June 24.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript


