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Abstract
There is a recognized association of Meniere’s disease (MD) and benign paroxysmal positional vertigo (BPPV). However,
the frequency and clinical characteristics of BPPV in MD are unclear. The aim of this review was to determine the mean
frequency and clinical features of BPPV in MD. Three databases were searched: MEDLINE, PubMed and Google Academia.
Studies reporting the frequency of BPPV in MD were pooled. A total of 4198 references were identified, of which 20 studies
were considered eligible. The pooled frequency of BPPV in MD was 14% (95% CI 9–18%). It was 38% (95% CI 26–49%) in
longitudinal studies and 8% (95% CI 6–11%) in cross-sectional ones. BPPV comorbid with MD was mostly observed in the
ear affected by hydrops, in females, in patients with more advanced disease. Canalolithiasis of the horizontal semicircular
canal was more common in patients with BPPV associated with MD than in idiopathic BPPV. BPPV in MD was more prone
to recurrence and required more canal repositioning maneuvers.
Keywords Benign paroxysmal positional vertigo · Meniere’s disease · Hydrops · Otolithiasis · Vertigo

Introduction
Benign paroxysmal positional vertigo (BPPV) is the most
common cause of vertigo in clinical practice. It develops
because of degeneration of the utricular neuroepithelium
leading to the detachment of otoconia, which freely float in
semicircular canals (SCCs), or attach to the cupula, making the labyrinth sensitive to gravitational forces [1]. Most
BPPV cases are idiopathic; however, some are secondary.
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The latter develop in inner ear diseases, after vestibular neuritis or head trauma [1, 2].
Meniere’s disease (MD) is a chronic progressive multifactorial condition presenting with recurrent vertigo attacks,
fluctuating hearing loss, tinnitus and aural fullness [3]. The
basic pathophysiological feature of MD is excessive endolymph in the endolymphatic space, called endolymphatic
hydrops. The cause of the hydrops is unknown. The main
theories are a viral infection, autoimmune involvement of
the sac, a genetically determined abnormality of endolymph
control, and variations in the size and position of the sac and
endolymphatic duct [4].
According to Schuknecht’s histopathological studies [5],
vertiginous attacks in MD develop as a result of the rupture
of Reissner’s membrane and potassium intoxication of the
perilymph. Contemporary studies do not support this theory
[6].
The drainage theory by Gibson and Arenberg attempts to
explain the attacks by a dysfunctional or blocked endolymphatic sac, which impairs longitudinal flow of endolymph,
leading to its buildup in the sinus of the endolymphatic duct.
Excessive endolymph refluxes through the utricular valve
of Bast and into the ampullae of the semicircular canals and
results in the attack of vertigo [6].
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Recently, it was hypothesized that detached saccular otoconia may be a causative factor for hydrops. There is radiological evidence that detached saccular otoconia may cause
obstruction of the reuniting duct leading to endolymphatic
hydrops [7]. The combination of the otoconia theory with
the drainage theory could explain the pathophysiology of
MD [8, 9].
There is a recognized association of Meniere’s disease
and BPPV [10, 11]. The spectrum of onset age for BPPV
and Meniere’s disease are so similar that it raises the question of a possible role of otoconia in the development and
progression of MD [8, 9].
The true frequency of BPPV in MD is unclear. It varies
from 0.3 to 70% according to different studies [12, 13]. It is
also unclear whether clinical characteristics of BPPV in MD
differ from idiopathic ones. The aim of this review: to determine the frequency and clinical features of BPPV in MD.

Methods
The systematic review was undertaken following MOOSE
guidelines for meta-analysis of observational studies and
reported following the PRISMA guidelines [14, 15].

Search strategy, screening and data extraction
Three databases were searched: MEDLINE, PubMed and
Google Academia (from inception to Nov 2018). The following search terms were used as free text or controlled
vocabulary (i.e., medical subject headings, EMTREE) as
appropriate for each database: ’Meniere’s disease’ AND
’hydrops’, ’bppv’, ’benign paroxysmal positional vertigo’,
’otolithiasis’, ‘canalolithiasis’, ‘cupulolithiasis’, ‘otoconia’.
Titles and abstracts of all references were screened and full
text articles were examined by one author (MK) to determine
whether they met the inclusion criteria. Further literature was
sought through the reference lists of eligible studies (MK).
Data extraction was conducted by one researcher (MK) and
included region/country, recruitment site, study period, age,
sample size, frequency of BPPV in MD, method of diagnosis,
correlates and outcomes. We included all published observational studies reporting the frequency or characteristics of
BPPV in MD, with detailed methodology for diagnosis (i.e.,
diagnostic guidelines or specified tests). All observational
study designs were accepted with the exception of case report
and case series of fewer than ten participants.

Statistical analysis
Studies reporting the frequency of BPPV in MD were
pooled. We conducted quantitative synthesis and produced
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forest plots in Stata 13 using random effects analysis. Subgroup analysis was conducted based on study design (i.e.
longitudinal versus cross-sectional). Statistical heterogeneity
and consistency were assessed using the standard Q statistic,
with p < 0.05 and I2.

Results
A total of 4198 references were identified, of which 59 full
text articles were retrieved to assess for inclusion/exclusion
criteria. A total of 20 studies met our criteria and were considered eligible [11, 16–34] (Fig. 1). Included papers contained data obtained from 3223 people.
All 20 studies were hospital based, and 18 of them had
consecutive recruitment. Fourteen studies were retrospective. The frequency of BPPV in MD was reported in 12 studies, whilst only the clinical characteristics of BPPV in MD
were reported in the rest of the 8 studies.
MD was diagnosed using guidelines of the American
Academy of Otolaryngology-Head and Neck Surgery (AAOHNS) [35] in 16 studies. Patients underwent Dix–Hallpike
maneuver and the supine roll test for the detection of BPPV.
Video- or electronystagmography was used in 10 studies.

Frequency of BPPV in MD
Frequency of BPPV in MD varied from 3.2 to 44% [30, 31].
Two studies reporting frequencies of 75–80% [12] and 0.3%
[13] were excluded, because methods were unclear in the
former, whilst only patients with BPPV in the ear affected
by MD were calculated in the latter. The pooled frequency
of BPPV in MD was 14% (95% CI 9–18%) (Fig. 2). In
subgroup analysis, the frequency of BPPV in MD was
38% (95% CI 26–49%) in longitudinal studies where MD
patients were examined more than once, and was higher
than in cross-sectional studies, where it was 8% (95% CI
6–11%).

Demographic features of patients with BPPV
and MD
The majority of patients with comorbid BPPV and MD
were females: 78.6% [26], 86.7% [25], 88 [28], 91.6% [27],
and 93% [11]. Female preponderance in the BPPV and MD
group in comparison to pure BPPV group was reported
in two studies [11, 28], but it was not supported by one
study [31]. Patients with BPPV and MD were older than
those with MD alone [31].

Identification

Journal of Neurology

Records identified through
database searching
(n = 4,307)

Additional records identified through
the reference lists of included studies
(n = 21)

Records screened
(n = 4,198)

Records excluded
(n = 4,119)

Eligibility

Full-text articles
assessed for eligibility
(n = 59)

Full-text articles excluded, with
reasons (n = 39)

Included

Screening

Records after duplicates removed
(n = 4,198)

Studies included in
qualitative synthesis
(n =20)

Different publication type (n = 38)
Different study population (n = 1)

Fig. 1  PRISMA flow diagram for the systematic review process

Side and semicircular canal affected by BPPV in MD
BPPV developed in the ear with hydrops in 60–100% of MD,
unilateral at the time of study (Table 1). In patients with
comorbidity, BPPV was more likely to involve the horizontal SCC [11, 26]. BPPV involving multiple SCCs was more
[26] or less [11] common in patients with MD (Table 1).
Canal paresis reflecting inner ear permanent damage was
more common in the BPPV and MD group in comparison
to pure BPPV according to 3 works [11, 26, 32].

Development of BPPV in relation to MD
Three studies (n = 84) showed that in over 90% of cases,
BPPV developed after MD, and one study (n = 9) reported
that all patients developed BPPV before MD (Table 2).
In one study, 89.7% of cases of BPPV developed at the
stages 2–3 of MD, and only 10.3% of cases of BPPV were
identified at stage 1 of MD [11]. Another study showed that

93.3% of patients with MD and BPPV had stage 2–3 hearing
loss, and significantly fewer patients with comorbidity had
stage 1 hearing loss in comparison to those with pure MD
[25]. Patients with MD and BPPV suffered longer from MD
than those without BPPV (25.8 vs 13.2 months respectively,
p = 0.02) according to one study [21].

Response to repositioning maneuvers and relapse
rate of BPPV in MD
Response to repositioning maneuvers in patients with BPPV
and MD varied greatly according to the different studies.
Gross et al. [22] reported that all nine recruited patients with
comorbidity had intractable BPPV, while the rest reported
high overall success rate of treatment: 79.5% [26], 90.9%
[29] and 100% [16]. One therapeutic session was successful
in 63.36% [29], 64.7% [28], 80.6% [16] and 83.3% [34] of
cases of BPPV in MD. Li et al. reported that 10 out of 15
patients (66.7%) with comorbidity recovered from BPPV
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Frequency
(95% confidence interval), %

Sample size

Source and subgroups

Weight,%

Cross-sectional
van Esch 2016

469

3 (2, 5)

9.61

Gross 2000

163

6 (2, 9)

9.18

Izquierdo 2009

431

6 (4, 9)

9.48

48

8 (1, 16)

7.48

Gananca 2007

841

9 (7, 10)

9.56

Handa 2005

155

10 (5, 14)

8.79

Li 2010

150

10 (5, 15)

8.74

85

14 (7, 22)

7.66

104

14 (8, 21)

7.95

39

15 (4, 27)

5.96

8 (6, 11)

84.42

Iganaki 2008

Ralli 2003
Palchun 2017
Motasaddi-Zarandi 2015
Subtotal (I-squared = 75.7%, p = 0.000)
Longitudinal
Taura 2014

296

32 (27, 38)

8.54

Proctor 2000

122

44 (35, 53)

7.04

Subtotal (I-squared = 80.3%, p = 0.024)

38 (26, 49)

15.58

Overall (I-squared = 94.3%, p = 0.000)

14 (9, 18)

100.00

NOTE: Weights are from random effects analysis
0%

25%

50%

Fig. 2  Frequency of BPPV in MD

Table 1  Involvement of
the ear affected by MD and
semicircular canals by BPPV in
patients with comorbidity

Study

Na

Affected ear

Posterior canal
BPPV

Horizontal
canal BPPV

Anterior
canal
BPPV

Handa (2005)
Li (2010)
Taura (2014)
Zhu (2018)
Yetiser (2007)
Guo (2015)
Balatsouras (2012)
Motasaddi-Zarandi (2015)
Ralli (2003)
Hugh (1997)
Luryi (2018)b
Zhu (2018)
Gananca (2007)
Proctor (2000)
Gross (2000)
Inagaki (2008)

15
15
72
13
17
36
29
6
12
23
112
21
40
28
7
4

N/A
13 (87%)
49 (68%)
N/A
N/A
31 (86%)
26 (86.2%)
N/A
N/A
16 (69.6%)
81 (72.2%)
13 (61.5%)
39 (97.5%)
17 (60.6%)
7 (100%)
N/A

12 (80%)
13 (87%)
25 (34.7%)
8 (61.5%)
8 (47%)
22 (61%)
22 (75.9%)
6 (100%)
12 (100%)
N/A
96 (85.7%)
N/A
N/A
N/A
N/A
4 (100%)

2 (13%)
2 (13%)
47 (65.3%)
5 (38.5%)
9 (53%)
14 (39%)
7 (24.1%)
–
–
N/A
13 (11.6%)
N/A
N/A
N/A
N/A
–

1 (7%)
–
–
–
–
–
–
–
–
N/A
3 (2.7%)
N/A
N/A
N/A
N/A
–

a
b
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Cases of bilateral MD were excluded
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Table 2  The temporal
relationship between the
development of BPPV and MD

Study

N

Before MD

Concurrently

After MD

Undetermined

Hughes (1997)
Gross (2000)
Gananca (2007)
Rossi Izquierdo (2009)
Motasaddi-Zarandi (2015)

45
9
62
22
6

1 (2.2%)
9 (100%)
1 (1.5%)
2 (9%)
–

–
–
4 (6.5%)
–
–

15 (33.3%)
–
57 (92%)
20 (91%)
6 (100%)

29 (64.5%)
–
–
–
–

after 3–4 therapeutic sessions, 4 (26.7%) after at least 5 sessions and 1 (6.6%) required surgical treatment [24]. Patients
with BPPV and MD required more canal repositioning
maneuvers than those with pure BPPV in one study [11],
while in another one there was no difference between two
groups [32].
BPPV in patients with MD was more prone to relapse in
comparison to idiopathic BPPV [11, 32]. The recurrence
rate of BPPV in MD patients was 19.2% [16], 44.4% [11]
and 50% [33, 34].

Discussion
Causal relationship between otolithiasis
and hydrops
Pooled average frequency of BPPV in MD was 14% and was
2.5 times higher in longitudinal studies when MD patients
were examined more than once.
The causal relationship between BPPV and MD was
suggested by the higher prevalence of otolithiasis in the
hydropic ear according to our systematic review. However,
otolithiasis in the unaffected ear could be explained by several factors. For instance, people with unilateral hearing loss
due to MD may prefer to sleep on the side of the affected ear
and make the unaffected ear vulnerable to developing BPPV.
The high prevalence of BPPV in MD could be explained
by utricle damage caused by hydrops and subsequent otoconia detachment [36]. Distension of the membranous
labyrinth due to hydrops may also lead to the loss of its
resilience, otolith detachment and its partial obstruction.
Enlargement of the vestibular aqueduct may also contribute
to the development of BPPV in MD [37].
Some authors suggested that both BPPV and MD can be
associated with the presence of free-floating particles within
the vestibular fluid chambers [38]. Jahn proposed that cellular and proteinaceous components may generate colloidal
osmoactivity and lead to hydrops, while the calcified elements may cause gravitational forces and lead to BPPV. In
some patients, endolymphatic debris may have both features
leading to comorbid BPPV and MD [39]. Otolithiasis could

lead to the development of MD, by causing hydrops through
obstructing reuniting ducts [8, 9]. Although in the studies
with a relatively large number of participants [16, 19], BPPV
developed after the symptoms of MD, only in 1.5–2% of cases
BPPV was diagnosed before MD. However, the latter figures
could be underestimated, as some cases of BPPV are mild,
resolve spontaneously and could be missed by health-care
professionals.
The association between BPPV and MD has been confirmed by histopathologic temporal bone studies reporting significantly higher incidence of cupular or free-floating deposits
in SCCs in patients with MD than in controls. It mostly correlated with the duration of the disease and condition of the
labyrinth, rather than with the age, proving the causal relationship between these two conditions [40].
Head trauma and viral infection were also suggested as
common causative factors for both otolithiasis and hydrops.
Epidemiological studies showed that both conditions are common after head injury (19% for MD and 28% for BPPV) [39].
On the other hand, Gacek reported histological data demonstrating similar degeneration of vestibular ganglion in patients
with MD and BPPV, postulating that herpes virus reactivation can lead to the injury of the membranous labyrinth and
can be a common cause for both disorders [41]. Some authors
reported positive effect of antiviral medications in MD also
lending support to this hypothesis [42].

Clinical and demographic features of BPPV in MD
BPPV mostly developed in females with MD. On one hand, it
could be associated with impaired calcium metabolism, which
is often seen in perimenopausal females [43]. On the other
hand, female preponderance in MD patients could be a result
of misdiagnosis of MD with vestibular migraine, as both disorders could be very similar at early stages [44].
BPPV in MD more often affected the horizontal SCC. This
predilection of horizontal semicircular canal to the development of otolithiasis in MD does not have a clear explanation.
Some authors believe that anatomical factors are responsible.
According to Gürkov et al. horizontal SCC is the predominant
canal affected in MD [45].
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Response to repositioning maneuvers and relapse
rate of BPPV in MD
Poor response to repositioning maneuvers and high level
of relapses of BPPV in MD could be explained by several
potential mechanisms. Anatomical changes of labyrinth
due to hydrops probably are a main reason for intractability of BPPV in MD. Partial obstruction of the posterior
SCC by a dilated saccule could lead to adherence of otoliths to the membranous labyrinth [46]. Partial obstruction
allows otoliths to move within canals and prevents them
from returning to vestibules.
Stricture of the membranous labyrinth resulting from
loss of its resilience after repeated distension due to EH
may be another cause. The membrane may collapse inward
and lead to severe narrowing of the SCC [22].
Some authors suggest that higher proportion of cupulolithiasis in MD could result in higher frequency of canalith
repositioning procedure failure in this group of patients.
However, clinical and pathological observations do not
support this theory. Latency, transience and fatigability of
nystagmus observed in the majority of cases are typical for
canalolithiasis [47]. Intraoperative and post-mortem studies reporting free-floating particles in inner ear structures
also support that canalolithiasis underlies BPPV in MD [5,
46]. Improperly performed repositioning maneuvers may
be another factor contributing to the intractability of BPPV
in MD, although most of the reports were from specialized
neuro-otology units.
The limitation of this meta-analysis is a high degree
of heterogeneity between the studies. Most of the studies were cross-sectional, while few longitudinal studies
observed patients for relatively short period of time which
could lead to underestimation of the frequency of BPPV
in MD.
More research is needed in this area. Future studies
should elucidate the nature of association between BPPV
and MD: whether the former is an etiological factor or a
mere complication in relation to the latter. Longitudinal
studies of patients with BPPV as well as invention of highresolution lifetime imaging techniques of the labyrinth may
be helpful.

Conclusion
BPPV is common in patients with MD, especially among
females. It develops at any stage of the disease, but more
often in advanced stages. BPPV patients comorbid with MD
have horizontal SCCs affected more often. The management
of patients with comorbid MD and BPPV may require more
repositioning maneuvers.
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