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Abstract

Background and Objectives
Current understanding based on older studies is that pc-BPPV is far more common than hec-
BPPV. Such studies are limited by small sample sizes, and often the supine roll test for hc-BPPV is
not performed. To better estimate the prevalence of hc-BPPV, we studied a large cross-section of
patients with VOG-diagnosed BPPV.

Methods

Using a cross-sectional study of patients with BPPV, we investigated patients referred to
NeuroEquilibrium specialty clinics throughout India between January 1, 2021, and December
31, 2021. All patients were evaluated with video oculography (VOG) during positional tests,
and all diagnoses were confirmed by a neurotologist and neurologist.

Results

Of 3,975 patients with VOG-confirmed and specialist-diagnosed BPPV (median age, S1 years;
56.6% women), pc-BPPV accounted for 1,901 (47.8%), hc-BPPV was seen in 1,842 (46.3%),
and anterior canal BPPV was found in 28 (0.7%) patients.

Discussion

This study found that hc-BPPV is far more common than previously reported. It is important to
perform the supine roll test in addition to the Dix-Hallpike in all patients suspected with BPPV.
Better training to diagnose patients with BPPV and to accurately recognize the nystagmus
pattern of hc-BPPV should be a priority.

Introduction

Benign paroxysmal positional vertigo (BPPV) is defined by brief episodes of dizziness, usually
lasting less than 1 minute that are triggered by change of position and resolve with rest. It is a
clinical diagnosis based on triggered and transient nystagmus that is evoked by diagnostic posi-
tional maneuvers. The cause is calcium carbonate particles called otoliths which migrate from the
utricle into one of the 3 semicircular canals. Once in the canal, they may float freely (canal-
olithiasis)" or attach to the cupula (cupulolithiasis).” Most studies have identified posterior canal
BPPV (pc-BPPV) as the dominant form (60%-90%), followed by horizontal canal (hc-BPPV)
(5%-15%) and then anterior canal (1%).>

Positional tests are used to diagnose BPPV by moving the subject’s head in the plane of the
affected canal causing the debris to move under the effect of gravity. The Dix-Hallpike test is used
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to diagnose pc-BPPV, the supine roll test is used to diagnose
hc-BPPV, and the supine head hanging test is used to diagnose
anterior canal BPPV.* Although the episodes are brief and BPPV
is ultimately a self-limiting condition, patients often experience
debilitating symptoms. Many clinicians do not consider the di-
agnosis of BPPV unless the patient endorses spinning vertigo, as
opposed to other descriptors of dizziness. Incorrect diagnosis
(including misidentifying the affected canal) and lack of treatment
can negatively affect quality of life, and BPPV may be far from
“benign”. Patients are at increased risk for falls, injuries, and
impairment in the performance of daily activities.” "' Providers
experience frustration with future patients (“the Epley never
works for me”).'> Despite the established efficacy of the
repositioning maneuvers, various studies confirmed their
underuse,'*"* and only 10% of BPPV patients are treated with
canalolith-repositioning maneuvers.">'® It is estimated that
more than 65% of patients with BPPV undergo unnecessary
diagnostic testing or therapeutic interventions.'*'” The ob-
jective of this study was to better understand the prevalence of

hc-BPPV.

Methods

We examined data from a retrospective cohort of patients
seen between January 1,2021, and December 31,2021 at 124
NeuroEquilibrium Dizziness Clinics in various cities across
India where patients complaining of vertigo and dizziness
were evaluated. These clinics are located in several multi-
specialty hospitals and ENT and neurology clinics. At the
time of the encounter, a digitized history-taking module was
used to prospectively collect information including symptom
onset, duration of episodes, evolution over time, and asso-
ciated symptoms such as hearing loss, tinnitus, headaches,
falls, and loss of consciousness. Neurotological evaluation
including video oculography (VOG), subjective visual ver-
tical (SVV), dynamic visual acuity (DVA), and video head
impulse test (VHIT)/caloric test was performed in all pa-
tients. The VOG recorded spontaneous nystagmus (with and
without fixation) and nystagmus on positional testing in-
cluding supine roll test, Dix-Hallpike, and supine head
hanging tests. Our protocol was to perform the supine roll
test before the Dix-Hallpike test. The VOG equipment used
in this study was manufactured by NeuroEquilibrium
(NeuroEquilibrium.com). The VOG and the positional tests
were performed before other tests.

Inclusion criteria were patients with dizziness and nystagmus
detected on positional testing that was consistent with BPPV
according to the criteria described by Bhattacharyya.'® We
excluded patients who presented with symptoms not com-
patible with BPPV including loss of consciousness, slurred
speech and blurred vision, patients with spontaneous nys-
tagmus or nystagmus that did not otherwise match that seen
in BPPV, and patients with restrictions of neck mobility that
precluded the safe performance of positional testing. Patients
with vestibular migraine as defined by the consensus
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Table 1 Characteristics of 3,975 Adult Patients With a
Diagnosis of Benign Paroxysmal Positional

Vertigo (BPPV)
Characteristic Category W
N =3975
Age (y) Median (IQR) 51 [40-62]
Age group (y) 18-44 1361 (34.2)
45-64 1705 (42.9)
=65 909 (22.9)
Sex Male 1727 (43.5)
Female 2248 (56.6)
Region East 427 (10.7)
South 570 (14.3)
West 1326 (33.4)
North 1652 (41.6)
Type of BPPV Posterior 1901 (47.8)
Horizontal 1842 (46.3)
Geotropic 1221 (66.3)
Apogeotropic 621 (33.7)
Anterior 28(0.7)
Multicanal 204 (5.1)
History of head injury Yes 468 (11.8)
No 3507 (88.2)
Vestibular suppressant use Yes 2334 (58.7)
No 1641 (41.3)

documents of the Barany Society and the International
Headache Society were also excluded from this study.19

Final diagnosis was made by consensus of a neurotologist
(AB) and a neurologist using the NeuroEquilibrium cloud-
based remote diagnostic platform that included data from
the history, investigation findings, and VOG videos. Be-
cause reviewers were part of the active patient care team, all
clinical patient information was available to them, but they
were blinded to personal patient information. In the case
of a difference of opinion, final diagnosis was achieved by
consensus.

Descriptive analyses were performed to present the distribution
of each characteristic of patients included. The y” test for the
categorical characteristics or nonparametric Wilcoxon rank test
for the continuous characteristics were performed to determine
the difference of each characteristics by the type of BPPV. All
data analyses were performed using SAS V.9.4 (SAS Institute
Inc., Cary, NC), and a two-sided p-value less than 0.05 was
considered statistically significant.
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Table 2 Characteristics of 3,975 Adult Patients With a Diagnosis of Benign Paroxysmal Positional Vertigo (BPPV) by Type
of BPPV in India in 2021

Type of BPPV
Characteristic Category Number (%) Posterior Horizontal Multi Anterior
n =3975 n=1901 n=1842 n =204 n=28
Age, median (IQR)? 51 (40-62) 50 (39-60) 52 (40-65) 52.5 (42-62) 45.5 (35-56)
Age group? 18-29 255 (6) 132(7) 111 (6) 8 (4) 4(14)
30-39 696 (18) 355(19) 305(17) 30(15) 6 (21)
40-49 857 (22) 446 (23) 357 (19) 48 (24) 6(21)
50-59 904 (23) 441 (23) 402 (22) 52 (25) 9(32)
60-69 781 (20) 346 (18) 392 (21) 40 (20) 3(11)
>70 482 (12) 181 (10) 275 (15) 26 (13) 0(0)
Age group (y)? 18-44 1361 (34) 707 (37) 579 (31) 64 (31) 11 (39)
45-64 1351 (34) 832 (44) 761 (41) 95 (47) 17 (61)
>65 1263 (32) 362 (19) 502 (27) 45 (22) 0(0)
Sex? Male 1727 (43) 763 (40) 875 (48) 83 (41) 6(21)
Female 2248 (57) 1138 (60) 967 (53) 121 (59) 22 (79)
Region? East 427 (1) 181 (10) 225 (12) 16 (8) 5(18)
South 570 (14) 283 (15) 258 (14) 25(12) 4(14)
West 1326 (33) 592 (31) 654 (36) 73 (36) 7 (25)
North 1652 (42) 845 (44) 705 (38) 90 (44) 12 (43)
History of head injury?® Yes 468 (12) 194 (10) 232 (13) 36 (18) 6 (21)
No 3507 (88) 1707 (90) 1610 (87) 168 (82) 22(79)
Symptom of last attack® Blackout 71 (2) 32(2) 38(2) 1(0) 0(0)
Feeling of being pushed 30(1) 12.(1) 17 (1) 0 (0) 1(4)
Light headed 87 (2) 40 (2) 45 (2) 2(1) 0(0)
Rotating or spinning 2936 (74) 1437 (76) 1305 (71) 170 (83) 24 (86)
Sensation of falling 314 (8) 140 (7) 164 (9) 10 (5) 0(0)
Unsteadiness 537 (14) 240 (13) 273 (15) 21 (10) 3(11)
Duration of last attack (s)? Median (IQR) 60 (10-300) 60 (10-300) 120 (10-600) 60 (10-270) 60 ( 5-1550)
Side of canal affected® Left 1984 (50) 906 (48) 966 (52) 108 (53) 4(14)
Right 1974 (50) 995 (52) 876 (48) 94 (46) 9(32)
Not applicable 17 (0) 0(0) 0(0) 2(1) 15 (54)
Type of clinic® ENT 1946 (49) 959 (50) 880 (48) 93 (46) 14 (50)
Neurology 1319 (33) 627 (33) 598 (32) 83 (41) 11(39)
Multispecialty 710 (18) 315(17) 364 (20) 28 (14) 3(11)
Vestibular suppressant use® Yes 2334 (59) 1131 (60) 1059 (57) 132 (65) 12 (43)
No 1641 (41) 770 (41) 783 (43) 72 (35) 16 (57)

Column percentages were presented.
2 p <0.05 for age, sex, region, history of head injury, symptom of last attack, type of clinic, duration of last attack (s).
£0.05 < p < 0.1 for vestibular suppressant use.
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Table 3 Characteristics of 3,975 Adult Patients With a Diagnosis of Benign Paroxysmal Positional Vertigo (BPPV) by
Region in India in 2021

Type of BPPV
Characteristic Category Number Posterior Horizontal Multi Anterior
n =3975 n =1901 n =1842 n =204 n=28
Region? East 427 (100) 181 (42) 225 (53) 16 (4) 5(1)
South 570 (100) 283 (50) 258 (45) 25 (4) 4(1)
West 1326 (100) 592 (45) 654 (49) 73 (6) 7
North 1652 (100) 845 (51) 705 (43) 90 (5) 12(1)

Row percentages were presented.
@ p < 0.05 for region.

There is no conflict to report with the NeuroEquilibrium
Diagnostic Systems Private Limited platform except that 2 of
the authors are directors (RB, AB).

Data Availability
Anonymized data not published within this article will be
made available by request from any qualified investigator.

Standard Protocol Approvals, Registrations,
and Patient Consents

All patients gave written consent for their anonymized clin-
ical data to be used for research purposes. Ethical review and
approval were not required for the study in accordance with
the local legislation and institutional requirements.

Results

Of the 3975 patients with VOG-confirmed BPPV, pc-BPPV was
diagnosed in 1901 (47.8%), hc-BPPV was diagnosed in 1842
(46.3%), and anterior canal BPPV was found in 28 (0.7%).
Multicanal BPPV was present in 204 (5.1%) patients (Table 1).
In he-BPPV, 66.3% were the geotropic variant and 33.7% were
the apogeotropic variant. The median age, sex, region, history of
head injury, symptom of last attack, type of clinic, and duration of
last attack were all statistically significantly different comparing
posterior and horizontal canal BPPV (p < 0.05, Tables 2 and 3).
Less than 75% of patients described their symptoms as true
spinning vertigo. In addition, 11.8% had history of head injury,
and 58.7% were taking vestibular suppressants.

Discussion

To our knowledge, this is the largest case series of patients with
VOG-evaluated BPPV ever reported. The prevalence of hc-BPPV
is much higher in our study than previously reported, although 2
previous studies reported similar results.”>*' Because of our large
number of patients, there were some differences between patients
with pc-BPPV and he-BPPV that were statistically significant but
not clinically meaningful. For example, the differences between
regions, a proxy for sensitivity analysis, found differences, but
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overall, the results found much higher proportions of hc-BPPV
than have been generally reported. Another strength of our study
is that all BPPV diagnoses were confirmed by VOG and a
neurotologist/neurologist consensus. Although VOG is rarely
used in routine frontline practice, its use in all our patients allows
for a confident and precise determination of the affected canal.”>
VOG recording of positional tests with removal of optic fixation
allow visualization and recording of the true character of nystag-
mus. As compared with naked eye examination, VOG recording
allows the clinician to be able to detect subtle nystagmus which
may be otherwise missed and also helps very strong nystagmus to
be correctly analyzed regarding direction and torsion.

Our finding that hc-BPPV is nearly as common as pc-BPPV has
important implications for frontline providers. It has been sug-
gested that patients with the hc-BPPV variant have worse per-
ceived disability than the other canal variants."* This likely affects
the canal affected in patients presenting to frontline clinicians
because patients with worse symptoms are more likely to see
their general practitioner or seek care in an emergency de-
partment (ED). In fact, a study of 772 consecutive patients with
BPPV found that a higher proportion of patients with BPPV who
presented to the ED had hc-BPPV compared with those who
presented to an outpatient clinic, consistent with the notion that
those with hc-BPPV were more symptomatic.*

Most nonspecialists are less familiar with hc-BPPV and the supine
roll test (simulation Video 1).2*?® This results in missed op-
portunities for correct diagnosis and treatment.”” Omitting the
supine roll test could lead to underestimation of the prevalence
of he-BPPV.'***** An important feature of our clinical protocol
is that the supine roll test was performed before doing the Dix-
Hallpike test, whereas most clinicians start with the Dix-Hallpike
test, which may affect the results. Simulation data suggest that the
Dix-Hallpike test can displace otolith debris from their position
in the horizontal canal affecting the outcome of the supine roll
test” (simulation Video 2). Precise diagnosis of BPPV including
the canal and the side affected is critical for successful
treatment.””® Our results are also hypothesis-generating, sug-
gesting that performing the supine roll before the Dix-Hallpike
may allow for better identification of hc-BPPV.
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TAKE-HOME POINTS

Appendix (continued)

> hc-BPPV is more common than previously
described.

> In addition to the Dix-Hallpike test, the supine roll
test should also be performed.

> Better training to diagnose patients with BPPV and
accurately recognize the nystagmus pattern of hc-
BPPV should be a priority.

A limitation of this study is its retrospective nature. This could
have introduced confounders causing the higher incidence of
hc-BPPV in India that would be impossible to identify. One
potential confounder was the possibility of misclassifying ves-
tibular migraine as hc-BPPV. Vestibular migraine may present
with positional nystagmus, but the nystagmus typically does not
follow the crescendo-decrescendo pattern of BPPV nystagmus
and also lasts for a longer time.”’ To avoid incorrectly di-
agnosing BPPV in patients with vestibular migraine, we used
the best-known consensus guidelines while collecting these
data to avoid making such errors.”® The rigor of our diagnostic
evaluation makes this unlikely to have occurred frequently.

Horizontal canal-BPPV is more common than previously
reported. It is important to perform the supine roll test in
addition to the Dix-Hallpike in all dizzy patients suspected of
having BPPV. Better training to diagnose patients with BPPV
and to accurately recognize the nystagmus pattern of hc-
BPPV should be a priority.
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